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I.  INTRODUCTION

Among its other activites, FAQ has focused on developing natural resources
and approaches for their better utilization in order to increase food production
in developing countrieas,.

Enowledgze gained from scientific research aver the years and its succesaful
application have made a tremendous impact on agriewltural production in recernt
times. The introduction of high yielding varieties ham resulted in greater
demands on plant mutrients which cannot be met from the inherent soil fertility.
Expensive inputs, such as fertilizers, must be introduced if the reguired yield
levels are to be achieved. Rational use of these inputs is imperative, partic-
ularly under the conditions in developing countries where the financial limita-
tions of the farmers are a major constraint. Ewven in the developed countries,
one cannot overleok the rational and economic use of such irputs as fertiligzers
because of financial considerations as well as the ever—growing concerrn for
environmental pollution.

Methods for evaluating mutrient statue in order to obtain better plant
growth and increased yields are constantly being developed arnd improved. New
analytical technicues and procedures for soil and plant analysis have been
invented and tested in many c¢ountries and laboratories. There have been innova-
tions in data processing leading to the preparation of more refined and specific
fertilizer recommendations,

The purpose of the Consultation was:

i. to review advances in a) methodologies for soil and plant
chemical analysis, and b) interpretation of the resulte
obtained and the preparation of fertilizer recommendations
based on these results; 1/

ii, to identify progress made and areas requiring further
attention with regard to the organirzation of soil testing
services in general and, in particular, in developing
countries,
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NOTE ON FERTILIZER TERMINOLOGY — EXFRESSION OF PLANT NUTRIENTS

In the working papers, plant nutrients have been sxpressed sither in the
elemental or oxide form and in soms instances the conversion has been given in
bracksts following whichever has been used. For sase of reference, the following
conversion Tactors are givent

F205 x D.4354 = P P x 2.2919 - P205
K20 x 0.8302 = bid ¥ b4 1.2046 = 1:20
Cald x 0.7147 = ca Ca x 1. 39592 = Cal

Ml x 0.6030 = Mg Mg X 1.6582 - Mg0



I11. CONGLUSIONS AND RECOMMENIATTONS

1s CONCLUSTONS

The need for increased food production and for higher returns from agriculture
makes tha rational use of mineral and organic fertilizera imperative, particularly
becange these inputs are dependent on price fluctuations on the world market which
affact the aconomica of their use.

301l testing and plant analysis in conjunction with fertilizer trials in the
field are indispensable tools in respective research, and for the formulation of
fertilizer recommendationz, The need for improvement and coordination of these
gservicaes i3 of great importance, particularly in developing countries where resources
mist be put to maximum use.

With these basic consgiderations in mind, the participants in the Expert
Consultation arrived at the following conclusions:

is soil testing and plant analysis are important means of inereasing crop
production by the rational use of fertilizers in combination with the
application of other up-to-date management practices;

ii,. supplemented with field experiments, they serve as & tool to gradually
refine fertilizer recommendations and to provide Tor a balanced use of
fertilizers a{ the country or regional level as well as on individual
farma;

iii.  they are helpful in elucidating crop problems originating from seoil
conditions;

iv. as a method for diagnosing the nutrient status of both the plant and
the soil, plant analysis has to be congidered as a valuable complement
to soil analysis;

Vi rlant analysie is an aid in fertilizer experiments in order to obaerve
effects not directly shown by yvield measurements fand to determine the
nutriaﬁhu“uﬁmh&u‘rrﬂm*%nu—ablL—Eﬂu’rrnnf:EfiliIzeré}i

Vi, it is important for determining the fertilizsr needs of many perennial
crops, and to an increasing extent of other crops;

i plant analysis iz required for evaluating the nutritional value of
food stuffs and possible toxicitiea to man and beast.

1e Soil Testing

The axecution of soil testing differs according Lo the degree of developmsnt in
the particular countrys. There are three levels of intensity of testing.

T Low intensity: this level refers to areas currently under production
andfnr degigned for crop producticn but where no previcus fertilizer
trials have bsen conducted, also to areas where deficiency symptoms
in plante occur and ths anticipated or potential yields are not
ohtained. Under such conditicns it i= recommended that:

2. the first steps for establishment of a =ecil testing
service should preferably include the organization of
an analytical laboratory, fertilirzer trials in the field
and pot tests in greenhouses or out of doors:



b. in the case of difficuliy in eatablishing such a
laboratory, the gamples ceollected by specially
fualified people could be sent 4o & laboratory
enteide the country.

ii. Medium intensity: in countries where fertilizer %riale have already
bean conducted and limited soil testing services are available it is
recommended that:

a. efforts shonld be concentrated on calibratien of
chemical analysis with yields in field or poi tests,
az well asz on sclection of the most suitable extract—
anta based on this calivration;

b. particular attention should be given to reliable
sampling technigues, suitable depths and frequencies
of borings for cobiaining representative samplea.
Sampling of soil to 2 depth of 60 to 120 cm i3
recommendead for some particular cases, Tor example, in
determining nitrates and salts for salinity controlj

Ca the minimum number of analytical determinations
required dapends on local conditions but those for pH,
phosphorus, potassivm snd soil organic mattar should
certainly be undsrtaken. In areas where deficiencies
of octher nutrients or %toxicities are suspacted, or
lime requirements are evident, the analysis should
include buffer pH, exchangeable acidity, magnesium,
caleium, ammoniwm and nitrate nitrogen and salinity.
Laboratory ecuipment could include time saving
devices such as aulomatic shakers, pipettes, bursties,
atc;

d. where a soil survey is planned or being conducted, soil
analyzsis facilities should be combined for beth soil
survey and scil testing.

iid, High intensity: in the countries sufficiently advancsd in soll aurvey-
ing, field Tertilizer experiments and research on sell Tertility, =cil
test programmss should include:

. more sophisticated sgquipment fatomlu ahgorption apparatus,
eto.} for quick determinations of masro and micrenutrients
ineluding iron, manganese, copper =ndé #incg

b gome measures fTor protection of equipment Trom heat and
damp, especially in the humid trepics, sheould bhe used
such as air conditionsd rooma and use of dehumidiliers;

Cu more precise field and pot studies should be underiaken
with lime macro anc micronutrients for ealibration
againgt the results of s0il and plant testa;

d, whenevar necesgary and possible, modern computer bechniques
for data processing and preparaticn of fertilirer
roecommendations should be applied;

e, storage and retrisval systems for soilfplant anal ytical
and related datz should be established.
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Plant Analysis

ia Methodol ogy

From the methodological point of view the following successive steps should

be congidered:

W identification of nutrient anomalies;

b confirmation by analysis of representative samples and
pogitive crop responses;

O survey of mutrient status by observation and plant
analysis in order to provide possibilitiea for more
efficient use of available fertilizers and formilations.

ii. Sampling
For each crop the procedure for the sampling of planta should be clearly
gpecified and ghould be carried out under cloze supervision.

iii. Interpretation

A. Flant analyses muat not be conzidered as an alternative
gystem for other existing methods of nutrient diagnosis,
tut should be used in connection with soil properties
and secil analytical data, as well as with other factors
(climatic, management, =tc,);

b FPertilizer experiments must constantly be conducted a=s a
means of improving the interpretation system for both
g0il and plant analysis.

RECOMMENDATIONS

Baged on the discusaions, the following recommendations were proposed,

Analytical methods

ia

iis

iiie

iv,.

Va

Via

Mzthods that are simple and accurats should ba used, taking inte account
the availability and dependability of utilities and maintenance services.
Whenever possible the meet efficient inatrumentsz gheould he used.

Plant and soil analytical tasks should be confined to a single laboratory
under one unified supervision.

The analytical programme for routine analysis should be confined to the
elements known to be of prime importance for economic crope of the
particular country.

It is adviszed to check methods for plant analysis uszed in a particular
laboratory by means of reference {foicial} methods or by participatiom
in sgample exchange programmes.

When plant analysia is to be used for formulatinzg fertiliser recommen—
dations standard methods should be studied with a view fto improving the
gyatem of diagnosis.

The correlation belwsen planl and scil analytical results should
be studied systematically.



2.3

Frocedures

La

1ila

1Ve

W

Teedhack: in developing coumtries posearch on goil and plant analysig
gna routing ftesting cannot be clearly dizsinguished and should net be
grbitrarily separated. Tne must comeleoment the others HReacarch should
zolve the snalytical and interpretation oroblemsz. Tesating laboratories
should aupply the research reeults as gquickly as poesiblea

After having received advice for ferdilisation on the basis of so0il or
plant analysesd, the extensicn officer zhould determine the effectivenaoss
of the recommendationz and give this informatiom to the testing laboratory.

Az alrandy realized with regard So gome experience, ik 1s recommsnded that
good and lasting contact be catablished between research workers in the
field of zpecific crops in ecrder to exchange information Lhrough
cooTdinators.

Whers facilities do nat permit, laboratories e advised to start their
activitics in the field of z20il ieating or planl noSrient diagnosig on a
limited number of crops.

Calibration of the anzlytical methods for soils and plants by field
fertiliser ocxperiments is indiapsnsable, and a series of fertilizer
expariments should therefore be established in all developinzs countries.
Zxceptionally, scoms methods could be used witheut local ealibration if
such a calibration has been done under aimilar scological and management
conditions elsewhera.

Te engure Muture maximmm uze of data produced, it i3 advisable from the
starl te standardize a record-keeping system, Efforts should be made
to ensure wniformity of terminology on an international bagis, as
proposed by FAD in "Juidelines for coding of soil dat 1im,

It iz sirongly recommended thal go0il samples frem these field experiments
be stoped for = long pericd of time, following completion of analysis.
Theas samples could than ba used later in the avaluation of new soil tast
methods, IC the size of the sample is large enough to carry out further
pot studies, the samples ars of aven greatsr value. 3Soil containers
should be labelled to identify them with previcus treatment.

Particunlar attenlion shenld be paid by FAQ to the promotion, establishment
and develonment of »lant and =0il analytical laberatories in developing
countrizs. In order bto reach this goal it is suggested that training of
perscnnel and exchange of information be organized and arrangements be

madn for giving edvice on laboratory equipment, analytical methods and
interprotation sysiems, Financial suppert should be provided when possibla.

Orsanizailonal zapeots

i.

Inatitutional position of the beating servics

2. fnalytical servicas should be closely linked %o
extenalomfadvignry scrvices and should maintair
functicnal! relaticnship with wniversities, res
ztatiomg, =2ic.

Firsl Traft = Prooasals Cor an Inlernational Seil Imta Bank, FAQ, May 1577.
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iii.

b,

Where scil survey organizationa already exist they
should be wery closely coordinatad with the seil
fartilityffesting department.

The institutional pozition of tha =o0il fertilityf
testing organization and its operation should be
backed by the appropriate government authoerity.

Laboratories

=3

Soil and plant analysise, and water analysis when
appropriate, should be logated in the same building
and be under one unified administration.

Laboratories should be congtructed of a size and
ghape gpecifically designed tc suit the narticular
equipment and space requirements for modern
analytical work.

In countries where traneport of soil samples from

the field %o a main laboratory is difficult and

time consuming, sub—laboratories should be eatablished
under the guidance of the central laboratory.

TraininE

A

Analytical amsistants shounld:

= receive in-service iraining as part of their daily
routine works;

- receive after two years of experience a short
period of formal training, as far as possible within
the country, with the object to motivate and
encourage personal interest in the work.

ngtrument techniciansz

——

= Whare there are other laboratories at the zame site,
an ingtrument technician coumld be jointly employed
economically. Such positions uwsually fall into the
lower grades within governmenta' wage structure. If
well trained, weighting in the "eguivalent of local
currency” should be considered to avoid them being
tempted away from govermment service.

~ Tt is strongly recommended that instrument manu-
facturers be encouraged to provide regional fraining
courges in the function and maintenance of their

products and also more detailed training for the wery

gophigticated instrumants.

Analyatfsupervisnr

The analystféu?erviaur should obtain some training in
instrumenl maintenance and kesp abreazasl with modern
developments.



d. Soil sgolentiet

— The scil scisntist in charge should balong to
profegsional and learned socicties 1n order to
kaep abreast of innovations and extend the
knowledgs of hig apecial field,

- He sheuld also pericdically receive fraining in
managerial skills,

ive Standardization

a,. Equipment, methods and technigques used both in laboratories
and in the field should be standardizad.

b, Governments should providse appropriate orientation and
coordination of aid projects to implement the above
racommendations.

G Suitable literature on Enilfplant testing should be made
available,

2ed Financial aspects

i Adequate Tunds should be supplied for the establishment and subgzegquent
maintenance and continued operation of all the services connacted with
the goil advisory gection,

iia Countries experiencing temporary financialffureign currency difficulties
should be assisted in the establishment and continued operation of apil
fertility/testing services. The use of procseds from fertilizer grants
and/or the supply of instruments, training and chemicals would be among
the appropriate means.



III. TECHNICAL PAPERS

Paper 1 PRESENT STATUS OF S0IL AND PLANT ANALYSIS FOR FERTILIZER
RECOMMENTATIONS AND TMPROVEMENT OF SOIL FERTILITY

by

F.0. Viets Jr,
102 Yale Way, Fort Collins, Colorads BO521, USA

1. URGENCY COF THE PROBLEM

There is unanimous agreement that maintaining and actusally improving
soil fertility through good soil management and use of organic wastes and
mineral fertilizers is essential if the world is to provide the food needed in
the next 2T yeers to meet the needs of a world population that will almost double
before the year 2000. Deubling food produeticn will contimie io sap the
mitrients from 8oil now cultivated, Expansgion of agrieulture to land not
now ciltivated may require even more fertilizer beecause of the low nusrient
etatue of much of this land, e.g, the tropies.

Doubling fuocd production will ai leaet double the need for fertilizers.
The amount needed could even triple. Altheugh the supply of raw materials for
fertilizer manufacture appear to be adequate, the costs of menufacture and
transportation may rise even faster than the prices of commodities due to the
increasing shertage of energy and the rapid rise in its cost.

The increasing need for food and the escalating cost of energy and
fertilizers compound the need for improved socil management and the most
efficient uge of feriilizers. Soil testing and plant analysis for the guidance
of management and fertilizer use can and will play a major role in this
increase in the food supply amd efficiency in ite proeduction, S0il testing and
plant analyeis can thus be looked upom as the ultimate in applied soil and
rlant science because they are concerned with prediction, Prediction im
always more difficult than writing the history of what has happened,

There ig a eormon opinion in developed countries that the future proolens
of food supply and fertilizers needed 1o produce it will fall mast heavily on
the developing countries. It is difficult to generalize about developing
countries because they differ in resources, population trends and awarenese of
their problems, Nevertheless, the reasons given for nore acute probless in the
developing countries are several. Some have high birth rates that show little
gign of declining. The consensus of opinion is that most food must be produeced
near where it is conesumed, Importe can supply only a fraction of the needs.
Some countries lack the raw saterials and the energy supplies for fertilizer
mamufacture. Under these conditions, fertilizers must be purchased with foreim
exchange accunulated by exports of raw caterinle and commodities that others
need, or by grante or borrowing:  the last <we methods are not dapendable and
cannot last indefinitely, Soils in some tropical develaping countries
aceupying Ceniral Africa and Latin Arerica that are not oultivated now prae



egpecial problems of low nutrient status and high adsorption capacities that are
difficult to satisfy. Pinally, we lack a large background of scientific
knowledge and research experience with many of these s0ils such as we have
accwralated in North America and Western Burope frow seversl centuries of study
and experience,

For the reasons cited, a focus on the soil testing problems of the
developing couniries is especially warranted, These countries can use a part
of the technology developed in the tecperate zone, bui certainly not all of it,
and should use rone of it without further lasboratory and field testing to see
if it applies,

In the short time and space available I eannot hope to give a complete
review of the history of =o0ll testing and plant analysis. Such a review would
take eeveral wvolumes and has never been done, Rather I hope to concentrate
on what I think have been the -ore significant developmenis and give sone
opinions on where I think these sciences .ay be heading. I have never
operated a soil testing or plant analysis laboratory concerned with routine
handling of samples. I make no apologies for this lack of experience for I
have worked on the developient of soil tests for micronutrient cations,
particularly Zn, and have done some work on the leaf analysis of naize,
Needless to say, I have used nany analytical methods used in such leboratories
in my research en soil-plant relations,

HOW PLANTS FEED

Ever since the publication of Liebig's famous bock 'Die Cheomie in ihrer
Anwendung Auf Agriculture and Physiclogie' in 1840, the theory that plants
derive their nuirients from mineral elewente hae been generally accepted.

This theory put to rest older ideals that plants get their substance fro:
ingeetion of soil particlee and humus, Subsequent research has shown that
there are at least 16 elewents esseniial for the prowth of higher plante. The
Cy H and 0 come froo air and water. The rest co.e mainly from the snil, but
some of them like ammonia (N) ean be sbsorbed through the leaves and many of
them cen be taken up from foliar epraye applied to the folisge. In addition
3i appears to benefit some plante such as rice. Chlorine, although essential,
ig not known to be deficient in nature. Cobalt is essential for Rhizobia.
Although organic compounds can be absorbed by roote and way exert beneficial
effects under cpecial circunstances, most plante ean be grown in sand or
golution cultures just as well as in so0il given proper attention to details.

As a result of the acceptance of the rineral theory of plant nutrition and

the ertension of the list of esseniial elenents, 60il and plant testing has
been confined to detersining the adeguacy of the .ineral elerenis. Atiention
went firet to testing for N, P and K but has been broadened particularly in
recent years to include the sc—called secondary elesente Ca, Mg and S, and

now the micrcoelements Fe, Mn, Cu, Zn, B and Mo,

Excepi for 8i, which nay enter the plant ae sone for: of 8i0,, the view
now held is that all elements enter the plant in ionic for: fros thé soil
solution. There is the poseibility that some ofythen are abeorbed by a direct
exchange of an ion, usually H, between the root surface snd ions adsorbed on
goil colleids. Such & procese of iom exchange ie by no neans essential for the
adequate putrition of the plant. Mnat ions are probably sorbed by the root
against a concentration gradient and so the process preswuably involves the use
of metabolic energy by the root,



A nunber of processes are respongible for eBolution of ione froo the
mineral and organic phaeses of the so0il including simple solution fro:n a
mineral, cation and anion exchange between solution and adsorbed ions on
colloidal surfaces, and nicrobial minerslization of organic matter, In
addition, =nall concentrations of ions are added in rain and irrigation water
and mmach higher concentrations are deliberately induced by use of fertilizers
and organic wastes,

Many of the solution reactions in so0il are carried out by the activity
of bacteria, fungi and other microorganiena. The plent, too, alsc excretes
or secretes H ione, organic acide and chelating agents into the rhizcaphere
that aid in the solubilization of mutrients. Muach more infornation is
needad on the capacity of different plant species and even of cultivars within
species to diseoclve nutrients. I ehall develope the poseible use of such
kmeowledge later.

Perhaps the greatest contribuiion of recenti thecry on ion traneport to
the root has been the delineation of the roles of root exteneion, ion
diffusion, and bulk transport (mass flow) to the sorbing root surface. Hoot
extension allowe the plant to explore new zones fror which ione have not been
extracted. Mass flow or bulk trawsport is simply the sweeping along of ions
ag water moves to the root. Mases iransport is particularly important for
ions that are not adsorbed on scil eolloide such as nitrate and sulphate in
moet temperate zone soile and only sparingly in some subtropical and tropieal
goils. Because of maes flow, a plent sufficiently deficient in ¥ can
extract all of the nitrate from a soil. Potaseium, phosphate and the
mieromutrient catione are adsorbed to soil eclloids with various degrees of
affinity and are greatly retarded in movement with the soil water. Diffusion
ia the main mode of transport fron the solid phase to the root surface for
these "non-mobile" ionse. In many scils having soil solution concentrations
that are high relative to plant needs, masse transport may account for more
than enough of an element to meet the plant needs, Tiffusion may be away
from the root and not towards it. This counter diffusion may occur with Ca,
Mg and 304 in some ecile, tut i= probably rare for P, K and the micromatrient
catione.

The distance involved in diffusion is quite short, fron a fraction of
a millimetre to 1 to 2 y'm depending on the ion and the affinity of the soil.
The significance of thie ehort range and the low deneity of root explaration
per unit volume of field soil means that in a season the plant can effectively
explore only a small fraction of the so0il volume. 'This lack of exploration
often explains the low recovery in a single season of some of the "non-
mobile" elements much as ¥ and P,

The significance of these developments of theory to =oil testing for
non-mobile elemente is that it explaine why a chemical solvent will not
extract the sane amount of nutrient as does the root, and any attept to
match the velues is rather futile, The root can contact only a part of the
g#o0ily a chenical eolvent can contact nll but sone internal surfaces,

Fertilizer fixation has been a much abused ter.. Often the low
recovery of elements such ae P, K and the sicromutrient cations in one crop
season can be explained simply by their insccessibility to the root system
becmmse of slow diffusion mentioned above. In other cases the native soil
may have such a low nutrient content and such high adsorption capacity that
thes root carnot effectively coapete for the added nuirient. Thie appears
to be true for P for wany humid tropical seoils. In other cases there is
true precipitation of P in very refractory formna,



Since the developnent of the glass electirode nuch attention hae been
given to soil pH. Measurement of pH has become routine in scil testing
laboratories. In the usual range of pH 4 fo B it is not the significance of the
pH iteelf, but rather what it ey mean to the availability of essential
mitriente and to the toxcities of non-esmential elerents. Under controlled
conditione in solution oculture free of toxic elenents and with adeguate
maintenance of solution conecentrations, many €pecies can be grown over the
pH range of 4 to 8 or 9. The significance of pH in so0ils ie as an indioator
of other conditions that may prevail. Low pH in soils with illitic and
montmorillonitic clays indicates low base status and the poseible need for
lime for many kinde of cropa. On kaolinitic =o0ils and ones with amorphous
clays it indicates the possibility of toxic concemtrations of Al and eonetimes
Ni. Cme must have a considerable kmowledge of the soil to interpret the pH,

EFFECT OF ENVIRONMENTAL FACTORS

Te interaction of solution, transport and activity of the roct surface
along with mediatiom of micreoorganisms makes the whole syester of nutrient
availability and uptake by the plant very responsive to environmental factors
in the soil and to some extent to the environment above, Lista of these
factore may be found in almost any book on plant matrition and soil fertility.
Most of the processes are accelerated by inereases in tenperature up to their
optima, them decline, The overall effect of the soil temperature regime for
optimum nutrient uptake and plant growth represents a coopromise of fthe wvarious
optima. The agronomist generally finds the optinum so0il and aerial tenperature
by plant ~dasfebisoo tdisecalu gruRe magistizgeealu-apelre-thnb Yo ok,

Hie anly real eontrel over tenperatures is the selection of planting datee where
he has a sufficiently long and favourable noist season to provide alternatives.
He grows gool season crope in the cool season and warm season ones when the
weather is warm or hat.

Oxypen is eesentizl for the oxidative processes in soil, for the
activity of nany of the importent nicrcorganisie including the nitrifiers to
produce nitrate, the activity of all root systere and the plant oxidative
metabolisn eesential for ion uptake. Even rice, taro and some other
aqmuatice require oxygen that ie transported downward through the stesns and
becores avallable to at least a part of the root systen, The axygen content
of the soil is largely controlled by the ancunt cof water in the pore space,
falling rapidly =2 eaturaticn is approached or high biclogical oxygen decand
i= greated by inecorporation of large awounts of resdily deconpossble crganic
wastas, Oxygen content ie also partly controlled by tesperature that affects
mierobial activity and the solubility of O, in water and by spil structure and
eurface crust that say impede oxygen diffugion. Dovnward diffusion ey be
subetantially reduced by puddling or a thick crust., BSeed geriination, which is
largely anaerobic, is not inhibited by oxygen deficiency but subsequent seedling
development, mineral uptake and even water absorption are inhibited by anoxic
conditiome. The plant dies.

The water content of the snil and how near it can be saintained to the
optirmum throughout the season is highly important to watrient availsbility and to
the interpretation of soil tests, All of the processes that escolubilize
mitrients, favour their transport to the roct emrface, and maximize plant growth
are most favourable at goil water contents near "field capscity” but are not
geriongly impeded until higher water content reduces oxygen diffuesion, reduces



top and root development, or leads o leaching of soluble nutrients.

Irought reduces matrient availability as well ae the need for mutrients.
With irrigation or in humid areas with dependable rsin, water deficits are
not a problem for matrient availability, but in seni-arid regione and in the
wet—dry tropice water availsbility et be given very high priority in
interpreting scil teets and the auount of fertilizer that can be risked.

So far, emphasie has been laid ovn the complexity of the syste: by which
plents get their mutrients and the iupact of some of the factors of the climatie
enyironment on it. This emphasis was intentional and had the purpose of
making it clear that those who nake recosmendations must know a lot more about
the scils, the crops and the eclizate than is reveazled in any simple so0il test.

& chemist can produce good analytical data, but without the experience of an
agromemiet or a horticulturist, and sonetimes an economist, he cannot make

sound recommendations, For this resson recormmendationz are usually nmade by
extension epecialists or other advisory personnel who know the sgetting in

which the advice is to apply. Items that rust be considered in addition to
those mentioned are how the fertilizer ie 1o be applied,i.e. broadcast or banded,
Is the cbjective to get the most out of the fertilizer thieg season or is it

ocne of longer range to inprove gradually the fertility of the soil? Econonics
and price projectiions are also involved as there must be narkets at an adequate
price. Credit availzbility and finance costs nust be considered, All of theee
are limitations to which the answere are often not clear even in developed
countries, The risks becone greater for scil testing and fertilizer application
decisione as the uncertainiy increases.

ITFFERENCES AMCHG PLANT SPECIES

Most of what is lmown about the details of the mineral mtrition of plants
has come from intensive siudy of a few species, e.g. ion absorption by barley
roots. This kind of information is extrapolated to other epecies. Much of what
ie known sbout seil chemistry and sclubility of rmtrients has been acowmlated
without regard teo plants or only a few species of plente. Tet we know that
gpecies differ widely in their rooting habite, in the demand of the shoots for
mitrients, the concentration of the scil sclution needed for optinum growtsh
and the exirzeiing power of the root gystem., Although a soll test usually gives
a single value as an index of availability (availsbility is defined as the amount
the plants actually absorb), this value must be interpreted in relation to the
kbind of crop, its stand density and the water reginme of the soil. That is why
20il testing is g0 complex with the conplexity extending far beyond the sinple
leboratory operations.

Muich uniforqity snd rmch diversity exist in the nutrient needs of plante
and their ability to get then. There is not much reason to helieve that the
enltivated varieties of the rajor food crops, wheat, rice, maize, sorghun, millete,
sweet and white potatoes differ wvery :mch within the species. A possible
exception o this staterent was the breeding of the short strawed varieties of
rice resigtant to leodging that could effectively use nore N. I menticned
cultivated gpecies becsuse not tmch attenticn has been given to the selection and
breeding of varieties that sy have special capabilities. However, some varieties
of wheat have remarksble tolerance to Al while other varietiss are very
susceptible. Breeders in producing varieties unlmowingly selecied for this
characteristic becanse presence or sbeence of exchangeable 41 was a property of
the gite and region where ithey worked. Selection for yield produced varieties
with ihe tolersnce. Who knowe how far we might be able to go in developing
varieties with an uwnusual ecapability of extracting P from the so0il or of growing



well on & nuch lower concemtration of P in the soil solution than the

gtandard varieties? Furtheraocre, there are cppertunities for selecting varieties
that may have need for a lower internal concentration of the element than the
gtandard varieties. However, in selecting for a lower internal need we sust not
forget the nutritionzl needs of anirals or man. If the mineral deficiency

cannot be made up with mineral supplementation in the diet in some other way,
gelection for low minersl comtent but high yield could be =self defeating.

The greatest difference asomg feeding habite of plants exiets among Bpecies.
Cassava can grow well with only one-tenth ithe concentration of P in the soil
solution needed by naize, Bome species like buclkwheat can utilise the P froo
rock phosphate mush better than the cereals can. Large differences exist in the
ability of different species to extract elenents such as Cu and Mn fron soil.
Tolerance to iron chlorosis differs widely mnong species and even within species.

Undoubtedly these differences in species and even in multivars affect the
kinds of plant that grow naturslly and in the adaptation of varieties. In the
next quarter century of growing food needs and more expensive fertilizers we must
give more attention to the plant side of the proble: and depend less on the
present philosophy of correcting every deficiency with fertilizers end toxicities
with amendments.

IEFTHI TIONS

50il testing, plant (foliar) analyeie and the cbeervation of deficiency
gynptoms are aids in the problem of disgnosie of some conditicn that cmses plants
to do more poorly than expected. Correction involves the deteraination of
probable camse and the prescription for a care if cne exists,

So0il testing had its beginnings souetine after the acceptance of the
mineral theory of plant nutrition. In its proadest sense soil testing includes
a thorough inventory of the scil properiies ineluding pricary and Becondary
rinerals, particle size, exchange capacity and adeorbed caticns, organic natter, etc.
One canmot apply simple soil tests without as least a genersl knowledge of the
range of the inportant parameters of the scile to which the soil test resulis are
to apply. In the more restricied sense and the cormmonly understood one, soil
testing consists of some biological or chemical test that cean be used as an index
of matrient availability. This nutrient may bhe native or residual from pasil
fertilizer or mamre applications. Thig index of mutrient aveilsbility only
indicates what is present or likely to begone present during the growing season.
How much and what kind of fertilizer to apply involves judgments as to probable
yields, effectiveness of the fertilizer snd other variables uenlioned earlier.
Binlogical soil teets have included various kinds of pot or container tests
using rye, sunflower, lettuce and other plents and fungi such as Aspergillus spp.
or bacteria such as Arzotobacter. The most conplex of the biological tests was the
Mitscherlich one from which inferences could be drawn not only 28 1o matrient
availability, but the response of the soil and the crop to fertilization. Those
of you from Western Eurcpe kmow how many hundreds of thousands of such tests have
been done. Most biclogical tesis are slow and tise consuming. They hawve fallen
fron Favour because of the lower eost and preater rapidity of cheiical testa. A
chenical test is the sezasurement of ione in a solution extracted fron the soil
either without prior incubation of the sample as for P, K, etc. or after
incnbation as for nitrate production.



Flant or foliar snalyeis depends on the predeteriination of some relation
between the mineral content of the whole plant, = selected leaf or peticle and
the growth response to applications of fertilizer. After sach curves or
calibrations have been established analysis of single sanples can be useful for
noting what mietakes were made in the fertilizer programme and for future
gorrection particularly on perennial crops. FPaul Macy was perhaps the first to
ghow that relationships belween growth snd nineral content could be used for
diagnogtic purposes.

A very conprehensive system of mineral, sugar and water content analyses
of leaves, leaf sheaths and stalks for matritional nanagement of sugarcane
called crup logging has been developed and widely used, particularly in Hawaii.

Finally, we should naot forget that observation of deficiency sy.ptome in
the field and thelr accurate interpretation fro: prior experience or corrcboration
by poeitive responge to fertilizer or foliar epraye oay elininate nuch
laboratory analytical work. Competence is needed to separate synptoms due to
mineral shortages from those produced by pathogens, insectes or viral infections.

Mineral deficiency synptoms shown by chlorosis or necrosis of leaves,
death of cells of cambial layers, stuniing and other characteristice peculiar to
certain species are variocus plant signs that socinething is soutely wrong. However,
less severe deficiencies of most elenents may not show as gymptoms even though
the plamt suffers substentially in its rate of growth and final yield. Thie
guboptimal mutrient statue is often called incipient deficiency or hidden
hunger. In one field experiment I found that saize could suffer 2 yield
reduction of 3 100 4o 3 700 kg of grain per hectare due to ¥ deficiency before
there was any evidence cof necrosis along the midrib of {the lower leaves at
gilking. For each leaf per plant showing thie symptom at ®2ilking there was a
further yield reduction of about 940 kg of grain per hectare. Theee results were
obtained with irrigated maize having 43 000 plants per hectare and a yield with
adequate N of about 14 000 kg of grain per heectare, S0i1l analyeis and
particularly leaf snalysis have their greatest usefulness in making evaluations
of nutrient status between the region of deficiency symptons and that sufficient
for a maximum yield.

PRINCIPLES OF S0IL TESTING

At the beginning of s0il ecience agriculiural chemiete thought they could
evaluate the fertility of a scil oy making a total snalyeis for the essentisl
elenente, However, it was scon found that there was lilile relation between
total content and availability to plante except Tor sonils devoid or very low
in total eontent of a nutrient. Many thousands of such analyeses were made and
gome are still being made. They hawve wvalue in studies of s0il genesis but
have little value in evaluating soil fertility, A similar approach was to
extract the 8cil with very strong acids such as beoiling HCL. This approach did
not lead to progress. Then scil scientists turned their attention to sclvents,
other kinds of plants and microorganisme that they thought might imitate the way
plant rocts feed. It wae presumed that the soil water in the inmediate vieinity
of the root was CO_-saturated and o was acidio. This was before the pH scale was
formulated and inﬁgrumentﬁ had been wade to measure it. Thie attempt to
eimulate the plant root led to use of wmoulds that produced high degrees of
acidity on plagues of Boil and the use of weak aecids Lo exfract the soil.

Among the many that have been used are CU_ -saturated water and various dilute
mineral and organic acids such ag oxaliec, lactic, and acetic and cosbinations
of then with each other and with couplexing arents such as F ione. Some of



these worked reasonsbly well in many regions. Two such methods: (a) 0.20 N HE
§0,-0.05 N HC1 developed by Dr, Mehlich, and (%) 0.0 N NH F-0.02% N HC1
deéEIGped by Dre. Bray and Kurtz are widely used on the ne&tral and acidic soile
of the United States.

Concurrently attention was turning to extracting the =oil solution by
displacement with water, organic sclvents or conpressed air, It wae found
that the solution concentration was too dilute for ions like ¥ and P to sustain
plant growth for more than a few days. The eoll test method muet somehow
measure the capacity of the scil winerals and organic natter to remew the
seclution phase. In the early days in the attempt to simulate the plant root
the erphasie was on gettiing good sgreement between what could be extracted
and the anount taken up by the plant. The latter ie the irue rneasure of
availability,

Although as mentioned earlier we now have a nmuch better understanding of
how nutrients are transported fron the solid phase through the solution to and
into the root absorbing cells, the kmowledge is still very far frou complete.
The big unknowne are the interactions of the plant with the =0il and differences
anong kinds of plants. To duplicate exactly the activities of the plant root
with some single extraction appears fto be futile in the present state of
kmowledge.

In fact, wodern soil testing does not take this approach. Rather the
emphasis is on the development of methode based on sound physical chenistry
that may be used more universally and the results of which can be correlated
and calibrated with good field experisentation on nutrient uptake and the
regponse io applied fertilizers,

Let me illustrate what I mean by the sounder physical chemical approach.
In 2 gelution made frow a soil with exchangesble Ca or econtaining free lime,
the Ca and P concentratione are reciprocally related. If the Ca goes up the P
goes down. If P goes up Ca may go down. So modern methods of P extraction
erploy some method of defining the Ca conceniration, In parte of Eurcpe with
acidic soile the extractant used contains 0.1 or 0,01 ¥ CaCl.. In the ¥aHCO
extractant widely u=sed for P in the Western United States ané in nany dry p&r%s
of the world, the Ca solubility is ninimized by buffering the extractant at pH
8.5, Research has shown that the aucunt of P extracted is Eaghly eorrelated
with the labile P as measured with exchange reactions using ~°P. Furthermore,
research has shown that the WaHCO, method gives values that correlate well with

plant uptake on soils varying fro% mildly acidic to those containing high amounts
af lime.

Another exacple of a soil testing procedure based on the physical
chenistry of the systes is the DTPA (diethylenetriaminopentaacetic acid)
procedure developed by Dr. Willard Lindsay and studenis after making
equilibrium studies of the chelate with a nunber of =cils. The chjective was
to control the pH at 7.3D in the presence of 0,01 K CaCl. to aveid the
dissolution of CaCl, and to provide sufficient buffer Daﬁacity to prevent drop
in pH that would inérease the solubility of Fe and Mn, The single.pxtraction
can be used for assessrent of Zn, Cu, Mn and Fe, In =studies with ~“fn added
to soils and guhsequent uptake by waize the sounts of Zn extracted were highly
correlated (r°= 0.97) with the labile Zn as measured by the naize. 1n Tact
in theee container experinentis the amounts of Zn as measured by plant uptake
and by the extraction were aliosi identieal, 4.0 and 4.3 ppr on a sail basis
respectively. Note that I mentioned container experi.ente in which the degree
of s0il expleoration by roote i= much greater thsn in the field. This test is
becoring widely used in areas having these deficiencies and offers the further
advantage that four gicronutrienlts can be weasured on a single exiract.



The last sentence enphasizes that there is a definite trend to adopt
procedures that are not only soundly based on the physical chemistry of the
soil but that permit many determinations on one extract, thus reducing lsboratory
coBtB.

Soil testers are recognizing that the method used should measure not only
the intensity of the soil to supply the mutrient {concentration in the soil
anlution} but alsc the capacity of the soil to maintain this intensity throughout
the sea=on. These sonewhat arbitrary separations are not easy to delineate in a
ecil test. A wvery sandy soil may have a relatively high concentration of P in
solution, but be unable o maintain it when plants are growing. A clay soil
mey have both the intensity and the capacity to supply P throughout the season.
However, cnce a clay Beil becomes depleted in available P ouch more fertilizer
ie required te bring the solution concentration up to a desired intensity.

Testing of soile for W availsbility is the object of another paper
at this meeting so it is sufficient to say that tests for ¥ are anong the most
baffling of all moil tests. They have ranged from estination of organic iatter
and calculation of total R through the C to N ratio, neasarement of total W by
Kjeldahl or Dumas methods and an estination of the percentage of this ¥ that aight
becone available.  Extraction of eoluble N has included nitrate, exchangeable NHd
or their san. ¥ solubilized by hydrolyeis with acids or alkalis has also been
used, More eophisticated tests include nitrate released after aerobie incubation
or soluble N released after anserobic incubation. When residual W fros prior
fertilization acourmlates in the s0il, many teste being used in the United States
Binply measure the nitrate accumlated in the soil before crop planting.
Fertilizer rates can then be adjusted downward to offset this accusulated
nitrate. This kind of testing ie particularly i.portant for crops like sugar
beets whose sugar content may be reduced by over-fertilization. Nitrate
measurerent before planting is also being used in paris of the United States
Midwest to aveid over-fertilization of waize in order to avoid possible water
pellution. In estimation of accusulated nitrate prier to planting of sugar
beets or naize, soils are often sanpled to a depth of one netre,

Cne of the biggest problecs in soil ftesting is Lo give meanings or make
recommendstionse fron the nunbers. Hopefully, the snil test gives an index of
the amocunt of mitrient that oay becowe available during the season, Thie index
can be arrived at only by ceorrelation or calibration with plant nutrient uptake
ag measured in the field, since the latter depends on the kind of crop and the
tenperature, water supply and other factors that operate during the season,

The next step from the soil test is the reco:mendation of how ;wuch fertilizer
should be zpplied to make up the deficit for the yield expecied. This estiaate
involves an appraisal of weather conditions (usually assumed to be average) and
gone knowledge of the 2fficiency of uptake of the fertilizer, We are not at
the point where we can nake such projections on a theoretical basis, but sust
rely on field experinentation. Thus a good soil testing programe nuei
acconpany a good field experiviental programme if the soil tests are to mean
anything.

One of the problems in so0il ftesting hae been the reproducibility of
resulte by different operatore and in different laboratories using the sae
Boil samples and supposedly identical .ethods. Gtudies in the southern and
western states of the U & A have shown a threefold range in values on some
g0il samples. Reproducibility is essentizl for ealibration sgainst field tests
especially when using calibrations of others, which frequenily -ust be done.
Much atiention is now being given to reproducibility. Commercial soil tesling
laboratories in some Stales are cooperating with each other and with publiely
awned lsboratories by freguent analysis of standard or referee sa ples.



A4n additional problem in soil testing is adequate sampling of the
field and making a conposite cn which she laboratory determinations can be
made., Sampling is = subject within iuiself. The area represented hy the
compoEite sample should be as nesrly unifurm as pessible, Judgemsnte ag to
uniformity require observations of changes in topography, drainsse paiterne,
goil sarveys if available, prior cropping hietory, non—unifor: distribution of
animal manures or anything that may contribute to variation. Even with
large apparently uniforn fislds the area saupled for uaking the couposite
sanple should not excesd 1% ha. In developing couniries, often with sualler
fields snd highly varied cropping and fertiliser history, the unit sanpled
rust be much smzller.

There are iany precailions needed in sa:ple handling and stiorage
prior to analysie. However, generalizaticowms are difficult to make.
Procedures are often a coapromise between the ideal and the praciical.
Ideally, samples should be analysed quickly after ecllestiion and at the field
moisture content at time of saspling, Such proceduars 18 seldom poEsible
and =m0 the tester st know something abcut the effects of ti.e znd teperature
of drying on what he is :easuring. Gome soile fix K in nop—exchangesble for:
upon cven drying; other soils release XK. Irying shove 4970 nay velatilize
some NH_. Slow drying atv low tesperabures .ay increase W0, on account of
pineral¥zation and nitrification by microbes, Soils that fHre to grow flooded
crops such as riee should be analysed ae collected fron flooded scil or the
gemples flooded for a time before festing. Flooding generally increases
nutrient availability for crops that withstand flocded conditiome. — Testing
of dried sanples may greatly underestimate nutriemt solubility, particularly P,
cn 8oils that are to be submerged.

There are no uniformly accepted or affieial principles guiding soil
tegtinzg. 'The developrent of principles is still in flux, hopefully improving.
The principles are still charasteristic of an enpirical ecience and that is
what =s0i1l testing is.

FRINGIPLEE CF PLANT ARALYSIS

Flant analysis includes analysis for inorganic elenents, for plant
metsbolites that may accnmulate due o wineral defieiency or measurement of
gone specific engyme whose activity is controlled by the concentration of the
element in critiecally short supply. Azsay For mineral elements has been the
most used procedure, In nmineral analysis the geal is to find a part of the
plant that moet clearly reflects by a wide range of content the mutritional
statue of the plant. Te sinple relatione work best when only one element is
eritically deficient. When uore than cne element is deficient the
relationshipebetween content and yield becoue complex and often uninterpretable.
Like s0il tests, plant tests must be calibrated against field perfornance.
Scmetimes preliminary and often valid calibrations can be established in
container experinents.

Far some elements leaf blades are selected; for others, petioles are
chosen as they represent the translocation path of minerals to the leaves,
Regardless of the plant part choesen, 1t muast be szelecled in a standard way with
respect to agze of plant part, its position on the plant and sometimes with
respect to the time of day, e.g. nitrate. Plants offer the advantage that the
reqiirenente for ssnpling can be rathor specific and defined in terms of
physiological age. For many kinds of plant the sost recently natured leaves
or their petioles are chosen. Like in seil tesiing, adequacy of sampling the
area is highly importazal and olften easiecr than selecting the scil sampling



pattern as plants thenselves are often a better index of uniformity than a

gcil map. Since most analytical methode require grinding of a dry sanple,
careful atiention must be given {o avoiding contamination with the element being
ageayed, Particular care is remquired for the microelements.

OFPCRTUNITIES FOR IMPROVING SOIL AND PLANT PISSUE TRSTING

The data in Table 1 emnphasize some of the problems estill exigting in
soil testing and recommendations, Five different laboratories analysed the
game Boil samplee and made fertilizer recommendations, Theee Tertilizer
materials were applied to plots replicated four times in the same field.
Irrigated sugar beets were planted,. Laboratories A to U were private
labeoratories serving the area, while E was operated by the Nebraska Soil Terting
Service. 411 lsboratories tested the mame samples taken to a depth of 23 en
from the surface. In addition, Leboratory E analysed subsurface sanplee to.a
depth of 180 em for nitrate., The recormendations for kind and smount of
fertilizers varied widely as did the costs of the fertilizer, but no significant
differences in root yield, sugar percentage or total sugar produced resulted.
One can only speculate sbout the wide variation in recommendations that produced
no gignificant differences in practical results,

Table 1 FERTILIZER RECCMMENDATIONS IN LB/ACRE FOR SUGAR BEETS MALE BY FIVE
S0IL TESTING LABORATORTES AND COMPARISONS OF ™E RESULTS IN A
REPLICATED FIELD EXPERIMENT AT MITCHFLL, WEBRASKA

Fertilizer Laboratary L
recocnmendation 4 B ¢ v EVUNL]*®
N 147 TG 100 110 &5
o 110 100 140 109 a
K b a 0 30 Q
SD-‘l_S 20 30 (8] 8] o]
n a 3 & g} )
M ] Fd 3 5] Qo
Cu 01 2 2 0 ]
Fe O=f,5 Q 0 o ]
B 1 a Bk ] a
Elemental S 0 ¥ B0 ¥ 0
Fertilizer cost $/acre  $76.72 21.93 6280 40,77 13.82
Replts
yield tons/acre 24,90 25,04 23.39 23,84 26.09
Sugar percentage 1%.9 16,3 16,1 b b 1820
Sugar lb/acre 890 B 150 7 520 T 490 B 320

* MWL = University of Nebraeka Soil Testing Service,
From Daigger, L., Scientific analysis compares cost of fertility,
Upbeet, 62, 12, 1974, With permissicn.

I have stressed the highly ecpirical nsture of seil and plant tissue testing
for guniding fertilizer practice and =oil Tertility management. When empiricisn
existe, there are great opportunities Tor meking improvemenis through research
and testing in practice, Because of the great conplexity of the soil-water-
plant sysien, =o0il and plant testing will probably alwaye rTemain empiriecal.

By this I mean thai it will never resch the perfection ol engineering that pernits



the degign of new craft cor landing of instranent packages on Mars.

Thie empiricisn need not bother us for so0il and plant tests have been
developed that are reasonable in cost and serve well in the guidance of
fertilizer practices in some regions and for the crops whose problems they
were designed to solve. Perhaps at least two—thirds of the fertilizers used
in the U S 4 1ie applied in accordance with some kind of so0il test. This
ie not to say that all testing is adequate or even honest. There are
instances of deliberate fremd wherein scil testing was claimed but
recommendations called for larger amounte of fertilizer and even for elements
not shown to be deficient by scil and plant tests. The regulation and
policing of soil testing laboratories is amother subject in iteelf.

As stated in the beginning we must pl@gn argat hnne on jnopavenents.
in and extengion of g8oil and plant testing if we are to achieve the needed
food production with efficient use of fertilizers in a world becoming short
of energy and more aware of polluticn, Soil and plant testing represent
the highest form of applied so0il selence and plant physiclogy for they are
concerned with prediction.



Paper 2 PRESENT STATUS OF PLANT ANALYSIS AS A METHOD FOR PHEPARATION OF
FERTILIZER RECOMMENDATIONS

by

A. Cottenie
State University of Ghent, Belgium

1. INTROTOC TIONW

T™he theme 'Flant analysis and fertilizer problems' hae been discusged
in several congresses of the International Soil Science Society, the last time
being in Hannover in 1974, after the Moscow Congrese of the TS5S. These
meetings have been oriented more to the physiclogical - theoretical aspect of
the problem. In 1964 M. Lé&vy organized in Montpellier a'Collogue sur le
Contrfle de 1'Alimentation des Flantes Cultivées), which wae repeated later in
Seville (1968), Budapest (1972) and Chent (1976). 'The intention of these
colloquia was to report practical experience, to estimate the poseibilities of
field applicatiom and to promote, where possible, the techniques of plant
analygis in connection with fertiliser recommendationa.

The idea of using the mineral content of plants as a criterion for the
mutrient status of both plante and =so0il is moet attractive. This principle
was first put into practice by Lagatu and Maume (1934) and followed by many
others, Important works were published by Lundegardh (194%), Goodall and
Gregory (1947} and Chapman {(1966).

&4t this moment, a large number of publications and reports describe as
many applications and experiences in well defined conditions and with regard to
particular crops, soils and local circumstances,

In view of this situation the question arises as to which part of the
available information may be widely applicable and how can we introduce plant
analysis as a methed for deterndining fertilizer recommendations, making meawimm
profit from the existing information.

2a PRINCIPLES OF NUTRIENT DIAGNOSIS BY PLANT ANALYSIS

2.1 Relationship between Content in Plante and in the Orowth Mediwam

Many experiments have shown the relationship between ninersl element
content in leaves and in the growth or substirate. Assuming that an eesential
element is acting as an isclated limiting growth factor, it is guite casy to
show experimentally that a low mineral content indicates a deficiency or
unavailability in the substrate and that a high content in the plant corresponds
with 2 high level and availsbility in the substrate. However, in practice, such
clear—cut situatione are seldon encountered and an equally large number of papers
describe all types of interferences and interactions. These are of course
recognized when experimentally introduced, but iheir identification may be very
difficult in practice when only the final effect of several simultaneocusly
acting factore is ocbazerwved.



2ed

Steenb jerg and Jakobsen (1962) analysed the complex relationship
between available amounts of a nutrient element in the soil or substrate, its
concentration in the plant tissues and the resulting growth or yield. This
ghowed that:

- in cases of severe deficiency the leaf conceniration decreases with the
first application of the nutrient, due tc stinulated growth and subsequent
dilution of the particular mineral element by increased formation of
organic matter (dilution effect).

- less severe deficiency may correspond with a situation where the nutrient
content of the plant remains fairly constant despite increasing available
amounts. This ocecurs when greater uptake is compensated by growth and
formation of organic matter.,

- the next stage consists of a regular response relationship until the
optimum leaf concentration is reached, corresponding with maximum growth
and yield,

- finally no further growth increase is obtained in spite of a continuing
scowmlation of the mutrient element in the plant, which is termed lumry
consumption and which may be followed by an adverse effect or toxicity.

The practical observations of Prevot and Ollangnier (1957) were in conformity with
these statemente and etimulated further research,

Factore Influencing the Mineral Element Composition of Planis

There are many factors influencing indirectly the mineral element content
of plants, which finally is the resultant of all acting parameters.

2.2.1 Seoil parameters

Parameters such as texture, cation exchange capacity, bumus
content, soil density and aeration, oxidation—reduction potential and plH,
all contribute to the availability of nutrient elements. This list
could be extended to climatic and metecrclogical factore which influence
the soil such as rainfall, temperature and light.

2.2,2 Plant species

Plant epecies behave in a pomewhat characteristic way and this is
clearly illustrated by the varying mineral composition of different
plante growing together in the same scil or substrate,

The following observationse have been generally confirmed:
dicotyledons contain more Ca, Mg and B than monocotyledons, the latter
showing higher levels of H.

Crucifers tend to scowmlate sulphur, while rice, cvats and
gpinach are lmown to be relatively rich in Fe. Sodium is quite easily
acemmlated by beets, rye, spinach, cotton and date palm, but remains
at low level in maize, potato and sunflower (Mengel, 1972).

Hitrate accunulation in grass, =8 well as different other
mitritional characteristice proved to be linked {o species.



Many more plant-specific phenomena of mutrient uptake have been
deseribed and sometimes this is connected with the reaction to deficiency
situatione. Thue, different cereale have been found teo be differentially
eensitive to Cu deficiency in the following order: wheat > barley roats =
rye (Smilde and Henkens, 1967).

2.7.3 Physiclogical agse and part of the plant tc be sampled

Iuring the early vegetative periocd, the rate of nutrient uptake is
high and this consequently leads 4o high mutrient contents in the plant
tissues. Increasing production of organic matter ie responsible for a
dilution effect in the middle of the vegetative cyele, corresponding to
decreasing mutrient concentrations. This phenomencn is mest pronounced

with regard to HD% -nitrogen.

Thus, physiclogical age is an important factor of variability and
young metabolically active leaves generally contain higher amountes of
mitrient elements. Accouwrulation of proteins corresponds with higher
levels of W and P, and several observatione confirm that the highest P
and ¥ coentents are found in ceresls at the tillering phase.

ring further growth phosphorus contents generally decrease lese
than N and K; the last mentioned being very mobile and is even partly
returmed hy several crops to the =2cil at the end of the growth period,
On the cther hand, aging of plants may also correspond with increased
contents of some elements such as Ga and Mg EHengal,19T2}.

Different parts or tissues of the plants alsc contain and acowmlate
varying amounte of elements and this of course is important with regard to
the cheoice of the plant part o be analysed, which should be the best
"index part". These cbservations illustrate the necessity to conpile
preciee instructions for saipling. Several methods of foliar diagnosis
specify a sample with the "latest mature leaves'.

The well known Lundeg¥rdh (1945) system of leaf analysis for
characterizing the mutrient status of cereals is hased on sampling
just before flowering.

Though the term feliar diagnosis is used for the methods based on
leaf analysis, cther plant parts may also be taken and Rontchenko and
Soyer (1972) based a eystem of disgnosie on plant sap analysis, where
elepent concentrations may vary in a propertion of 1 to 10,

Stalks and stems, which represent organs cof the plant, nerally
contain large amounts of soluble mutrienmts, such as NOJ and NH, -nitrogen,
K and phnsphate ions. Due to the differences of ion mobility¥ in the
plant, their concentration in the stens is strongly influenced by external
factors (e.z. ecil moisture) which comtrol their uptake. Fruits
generally contain small amounte of mineral elements, because they mainly
act ag stores for organic matier such ae carbohydrates, lipids, etc.

2.2.4 Interactions between mutrient elements

Interactions betwsen elements may teke place in the scil or
subetrate, as well as in the plant. When the upltake or transport of
ore elenent is inhibited by the presence of another, ihe interaction is
called antagonism, This may be related fo the Foroation of organo-
mineral complexes or to the coonpetition of cationg for the exchange sites



o Boil colloide. Mvalent cations are more strongly adsarbed than
monovalent ions and this valency effect ie favoured by increasing
humidity (dilution effect). Ae a result, the element Mg may be so
etrongly retained by =o0il colleide in wet conditione that ite
availability becomes insufficient, while ¥ becomee relatively nuch more
accaspible.

Tifferent mechanisms have been degcribed as being responsible for
competition betweesn elements at the level of plant roote, root free sBpace,
poseible bleecking in the f{ransport syetem and internzl ionic balance in
plants and tisemes,

The latter shows many different aspecte and i= often linked to
metabolic phenomena. P deficient plants generally have a higher ¥ content
when B supply is sufficient. Inereasing P supply resulte in a decrease
of the W content in plants. Other exanples are P-Zn, Fe-ln, Ca-B,

The favourable influence of an element on the upiske and assimilation of
another ie known as synergism.

PRACTICAL ASPECTE OF APFLIED PLANT AWALYSIS

Iifferent authors have reviewed and compiled a large part of the
available information concerning nutrient diagnosis using plent analyeis,
Kot every report on feoliar disgneoeie was equally positive. Hawving siudied
the practical poseibilities of the Lundegirdh-method, Scharrer and Lemme (1953)
believed that their resulis did not confimm any possibility of generaliszed
application. In epite of an existing parallelism between fertilization,
elenent concentration in plante and yield in individuszl cases, the muthors
coneluded that the element levels in plante were not fitted as a basie for
mitrient diagnosis, owing to the fact ihat no reproducibility could be expected.
In spite of such negative findings, an increasing interest has been shown in
rlant analysie and mach work has been published on attempts to improve plant
testing methode in different ways. The tendency at first is Lo experiment
and study the behaviour of a particuler crop in a particular situation and then
to work out a detailed procedure for sanpling, asnzlysis and interpretation,
suited for local use and application.

Many papers on the results so obtained have been published in the
proceedings of the ecllogquia mentioned earlier,

Another approach consists in pooling data obtained under different
circunstances and attespting to exirapolste and synthesize the maximum amount
of generalizable information.

Goodall and Gregory (1947} were the first to cospile a large quantity of
data and their pioneer work was later completed by Chapman (1946, 1971).
Extensive fables of anaslytical values were recently published by Bergnann and
Neubert (1976). In prineiple the concentration ranges are aplit up into
five levels : deficiency symptoms, low range, intercediate, high and toxic
levels corresponding respectively.

In accordance with Finok {(1968), the relationship between nutrient
concentration in plant lisszae and crop pehawviour nay be represented as Follows:



Increasing content

|Exceas or ! Yield decrease, possibly
E [toxiecity | with visual symptoms
D Lusury Good growth, but internal
consumption element accumlation and

possible interactions

Optimal Good growth and generally
€ mutrient good quelity
rﬂtatus .
B Eu:tent No visual symptomse, but
deficiency better yield and quality

by fertilization

.

i cute Visual symptoms and diruu‘tl
ficiency effect of fertilization
and leaf application

starting level of toxicity

limit of yield response

limit of ;o reabu~wympivhs

Sampling is, of course, the first important step and it ie neceesary to
standardize plant or leaf sampling techniques as completely as possible.
Rigid observation of precise indications is essential for any plant analysis

system.

The proper way to take a plant sample for tissue analysis was described by
Benton Jones et al. (1971) who included directions for field crops, vegetables,

fruite and ommamental plants. It is suggested that the

laboratory provides

mailing envelopes and forme, as well as a mailing kit with full instructioms.
Unlese other instructions are given,the general rule is to sample upper
recently matured leaves and the recommended time to sample ig just prior to the
beginning of the reproductive stage for many plante. When matrient disorders

are suspected, sampling may be done at the time at which
nbaerved,

As an example Table 1 gives the sampling instructi
described by Benton Jones et _al. (1971).

the symptoms are

ons for field cropse, as

Many efforts have been made to eliminate causes of possible errors and

different lines of thinking have been developed:

a) Considering that the skeletal or mechanical leaf tissue should not be
inoluded, either because only the mineral elements of the conducting
tigsues have any relation to growth and development, or because
selected tissues show greater sensitivity, only softer green tissues
should be analysed or extracting agents such as beiling water ete.

should be used (Thomas, 1945).



SAMPLING FIELD CROFS FOR TISSUE ANALYSIS

or

Two or three fully developed 1eavad:

Stage of growth Flant part to sample Number of
plants
to sample
plaize
1, Seedling stage (less than 30 cm) All the aerial portion 20=10
or
2. Prior to tasselling The entire fully developed leaf 15-25
- below the whorl
3. From tasselling and shooting The entire leaf at the earnode | 15=25 |
to silking (or immediately above or below it) i
Sampling after silking cccurs is not recommended
Scybeane or other beans
1. Seedling stage (lese than 30 cm) A1l the aerial portionm 20=30

midway between the younger cenire
leaves and the nldest leaf whorl on
the outside

?. Prior to or during initial flowering 20=30
at the top of the plant
Sampling after pods begin to set not recommended
Small grains (including rice)
1. Seedling stage (less than 30 en) All the aerial portion 50=-100
or
2. Prior to heading The 4 uppermost leaves
Sampling after heading not recommended
Hay, pasture, or forage grassed
Prior to seed head emergence or The 4 uppernost leaf blades 40=50
at the optimum stage for best
quality forage
Alfalfa
Prior to or at 1/10 blooming stage Mature leaf blades taken sbout | 40-50
1/3 of the way down the plant i
|
Clover and other legumes |
Prior to blooming Mature leaf blades taken about 40=50
1/3 of the way down from top of
the plant
Sugarbeet |
Mid-season Fully expanded and mature leaves 30=40




Stage of growth

Flant part to sample

ffumber of -1
plants {

to sample
Tobacco
Before blooming Uppermost fully developed g=12 !
laaf {
|
Prior to or at heading Second leaf from top of plant 15-25
§ggarcana |
Up to 4 menths old Third or fourth fully developed Th=22
leaf from top
Groundnuts
Prior to or at blooming stage Mature leaves from both the 40=50
main stem and either cotyledon
| lateral branch
Cotton |
Prior to or at first blooming Toungeat fully mature leaves on 0=40
or when first squares appear main stem

B) S0 as to eliminate the dilution effeect and other factors

interfering with elemen® eoncentrations in plants, Finck

and Schlichting (19357) proposed to judge the nutrient substrate
on the basis of total uptake by snall plants, e.g. the quantitics
of elecents taken up by young cereal plante.

Bergman and Neubert (1974) alsu gave warning of short tern
variations in scluble concentrations, total contemts being more
comstant and reflecting sone "addition-effect",

The nutrient uptalee, which is the product of eoncentration and produced

masa, is the resultant of all active factors.

Therefore, Bergmann and

Neubert {19?5} advised that uptake should be considered when the principal aim

ig to predict the expected yield,
nutrient aituation relative to fertilizer rerquirenents,

Cn the other hand, Cor dizsnozing the
they recommended

worlting with concentrations which show the ratic between elemenks taken up

and the already produced plent mass,

abrorption may give an increase in growth or not.

This will show whether furlher



Indeed, even when the total uptake of an elenent is low, owing to
restricted growth as a consegquence of other linditing factors, its
concentration may be sufficiently high to show that further treatment will no
longer give better growth, In such a case it is necessary first to correct
the real limiting factors. Moreover, it ie clear that the deternination of
total uptake in field conditione would be technically very difficult.

Some years ago, different systeme for muick field plant—-tissue
testing were developed, but Chapman E1966, 1971} stated that with the
development of instrumental methode of analysis, there is little to be =aid in
in favour of quick tests and the various extraction methods (of sap, by
water, buffered acetic acid extractanis, cte.). Iuring recent years, the
trend has indeed been to undertake quantitative analyses on o sufficiently
large scale in ceniral lahoratnries with good analytical equipnent and
slkdlled perscnnel, rather than to use semi—-quentitative quiek test nethods
in the field,

In epite of this, it seens "that there is 8till 2 place for rapid field
tests on green plant tiseune, even though much more developmnent research,
especially correlating nutrient content on specific plant parts at specific
ages with yield or performance ig needed for most crops" (Chapman, 1971),

In practice, it seepns possible that mobile, truck-mounted small-scale
testing laboratories might be wused for such tasks. Their wajor advantsge
would be to permit a matrient diagnosis in the early etages of eropping with
an eventual improvement in profit of {the ourrent ecrop. Marly disgnosis of
nineral deficiencies by meens of plant snalyeis was siudied by Broeshert and
van Schouwenburg (1961), using cats a5 a test crop. Large fluctuations in
the chemical composition of normal plants, however, represent a main
diffieulty, + is thie variability, however, which is precisely the bagis
for any possible disgnesie by plant analyseis. The variation range differs
maricedly from one element io ancther and it iz therefore neceseary to study
the uptake pattern of mineral elemente by various plant specieE,

The elemente X, Na, Bg and Cl are highly variable and this means that
different factorse may influence their concentrations in the plante. e
identification by plant analysis of their available levels in the s0il needs
isolation of this cause of variation by careful standardization of the
nethodology. The variations of N, P and Ca in the plants are mainly related
to physiological age. Tserling (1971) stated that plants of the sane speciecs
require the sane amounts of nutrients for their normal growth and showed
experinentally that their cherical composition should be brought to one and
the sane optimum value irrespective of the scil on which they grow, Thie
"optimum level" corresponde with sulficient nutrition, while the so called
"eritical level" is indicative of serious deficiency and a sharp reduction
in yield. e cplimum contents of mutrients for cereal crope as detersined by
Tserling (1976} are close to thase of Lundgzardh, while thoee for orchard
trees and forest plants correspond with the optimum eontents given in
Chappnan's boox,



PARTICULAR FROBLEMS AND APPLICATIONS

It is impossible to review or tc swimarize the nwierous publications on
particular applications and problems related to plant testing for nutrient
reqiirement evaluation. Locally employed techniques and experiences are
neither always conclusive nor uniform., Walsh and Beaton's book (1973) "Soil
Testing and Flant Analysis" contains ten chapters, treating eeparately the
methodology for sugar beete, sugarcane, cotton, soybeans and groundnute,
small grains, maize and grain sorghum, vegetable crops, orchards, forage crops
and forests, each of them written by a specialist. The beet results have
generally been chtained with perennial crope in the Mediterranean and tropical
countries, Thus useful information is available concerning grapes, citrue
crops, olives, banana, oll palm, rubber, cotton, papaya eta,

Clearly foliar diagnosis has been most successfully applied to fruit
and induefrial crops. Martin-Prevel {197¢) reported internationsl
cooperation with a view to inproving sampling methods and foliar diagnosis
of banana, and bringing together nearly all scientists working in this field.

it is cleap that the eanpling procedure for banana leaves, with surface
areas of 1 4o 2 n~, conetitutes an important parameter of the method. 04l
palm has proved te be an ideal crop for foliar diagnoeis and ite well defined
phyl%ctaxis permite an essy standardization of leaf sanpling (Bolle-Jonee
19715).

Braud (1972) reported successful results with ecotion for identifying
Iy 5y P end ¥ deficiences, based on a large nunber of experiments in
different countries of tropical Alrica. fnalytical data from fertilizer
experiments of the subtractive type were transformed into a "mutrition index",
o allowing the comparison of results cbtained in different regions. The
mitrition index for a given element is deternined as:

X = 100 xq;/ﬁﬂ

whers XG ie the content of the element in the leaves

and KE is the critical level of that element or the content below which
the yield is less than 90% of that obtained with complete fertilization.

Sometimes plenmt analysis is net carried out to detest mitrient
deficiencies but to obeerve the affect of fertiliser applications, In this
event 1t is a practical tocl for evaluating the behaviour of fertiliczer
elaments as a function of soil characteristics. Besides the deternination
of immediate fertilizer reguirements, snalyeis of plante at different stages of
development has been ueed by Tserling (1976) to follow the uptake patierns of
elenents relative to organogenesis, with a view to elucidating the effect cf
mineral mitrition on the process of yield fornation.



ANALYTICAL ASPECTS

Plants can be analyesed in different ways and the distinction
between precise laboratory analysis and field methods by means of quick tissume
testing has already been mentioned. Tt is our feeling that field testing
is liable to lack of reliability for different reascns, while modern
instrumentation, which makes poseible the expansion of plant analysis, can
only be avallsble in a laboratory, operating centrally for a given region.
There are different possible levels of instrumentation and it seems inadvieable
to start in & too sophisticated way. Major nmutrient elements and the most
important trace elepente can acourately be determined with spectrophotometric,
flame photometric and atomic absorption methods.

An international committee (Comité Interinstitute pour 1'Etude des
Méthodes du Diagnostic Foliare) has published analytical procedures, worked
cut and tested by more than 20 different European laboratories. Theses
techniques are proposed to serve at least for reference, comparison and
gtandardization purposes. 'The same comnmitiee has also established a set of
gtandard samples, containing 13 different plant epecies, chosen in order to
cover a large range of element concentrations (Pinta, 1968; 1972; 1975).

Table 2 ghows the range of concentraticons of different major and trace
elements found in plants, as well as in sclutions of plant ash obtained after
calcining 1 kg dry matter and bringing the solution to & final wvolume of 50 ml.

Conclusiong concerning analytical nuirient diagnosie will only be wvalid
if concentration differences as a result of nutrient deficiencies are large
encugh to overcome sampling errors.

For practiczl use the analytical methode must pernit the demcnstration
of biclogically significant differences between two sanples, without pushing
the analytical criteria to a uselese degree of precision.

The meximun allowsble standard error O, in order to confir a
concentration difference &, nay be calculated using the formila

HS(EQ)E e & - I:‘l:1 + ‘52:'1_1

where t, and 1, are the eritical t values of the Student distribution and
n i6 the mumber of replicatione {Cottenie et al 1972},

Table 3 contain® the calculated maximum standard errors O, at the level
P = 0.05, for three chosen levels of confidence (B0, 90 and 97 percent) and
with 2 and 3 analytical replications,

The sane data may be graphically represented so that a continuous scale
iz ohtained, Making use of such a graph enzbles one eaeily to state the
required precision of the analytical method,

Analytical technicques have been considerably refined during the last
few years and ihe number of elements being studied has also expanded fronm
N, Fy, ¥ to ineclude Ca, Mg, &, W&, Cl and trace elements such as Fe, Mn, Zn, 3,
Cu, Mc.



Tahlae 2 NORMAL CONCENTRATION RANGES OF MINERAL ELEMENTS IN PLANTS AND
- PLANT ASH SOLUTIONS
Element Dry matter content PPR in ash solutions
(%) (ppm) (1 g dry matter for 50 ml)
N 0.2 5 2 000 - 50 000 40 = 1 000
P 0.1 2 1 000 = 20 000 2 - 400
3 o o A 1 000 = 10 00O 20 - 200
o1 0,05 ~ 1 500 = 10 000 0= 200
Ca 0,1 =5 1 000 - 50 000 20 = 1 600
Mg 0.02 = 1 200 = 10 000 4 - 200
K 32 = 6 2 000 - &0 00O 40 - 1 200
Na : 002 = 4 200 - 40 000 4 - B0OO
_.ll_
Fe 10 - 500 0.2 - 10
n 10 Eoo D2 - 16
Zn 5 400 0,1 = B
Cu 2 40 0.04 = 0.8
B 2 &0 0.04 = 1.6
Mo 0.01 10 0.002 - 0.2
Co 0.01 5 0,002 = 0.1
Al 10 SO0 0o - 10
Fb 1 20 0.02 - 0.4
Wi 0.01 = 10 0,002 = 0.2
Cr | 0.0 - & 0,002 - Ou16
Table 3 MAXIMUM STANIARD ERRORS (d) PERMITIING DETECTION OF A GIVEN DIFFERENCE
(6) AT ™E LEVEL p = 0.05
1
Number of
replications(n) 2 3
Confidence level(E) &o 90 o5 B0 90 95
Differencea(8)
5 000 1 256 1 040 B56.0 1 993 1 671 1 436
1 000 1% - 206, 1 171.2 98,5 34,2 287.2
4500 L 125,6 104.0 562 199.3 16741 143.6
250 62 .80 52,02 42.81 99,64 Bi.54 71.81
50 12.56 10,40 #,361 19.94 16,71 1d. 36
29 | 6,280 5.202 4.281 9.964 8,394 T.181
20 G024 4,161 3,425 7.971 64663 50 745
10 p.ol1z 2.081 1.712 3.984 3.342 2,872
n 1.254 1040 0.8h6 1.95% 1.671 1.436
l 2 QL.502 0.416 0,342 0. 797 0,068 o.=74
0.5 0.126 0.104 0,086 0.199 0167 0.144
0.1 0.02% 0.021 0.017 0.040 0.011 0,029




INTERPRETATION

The results obtained by one or another type of plant analysis need
interpretation which nay be made in different ways. Tables with critical
values of H, P, 8 etc. for a nmamber of crops are very useful, especially wWhen
deficiencies are strongly pronounced. However, variations from year to year and
place to place as a result of soil-climate-plant interactions may be difficult to
interpret. Tranefer of interpretation tables is only possible after careful
experimental verification. It is recommended that judgenent be based on
ocomparison with reputable lmown standards. Critical and optimum rangee should
ke developed and verified under regional and local conditions amd carefully
checked by comparison with the information availasble from other regions.

Flant analyeis systems may be introduced in stagee related to the
munber of samples and elements to be examined and to interpretation technigques
and inetrumentation, In order to assure the greatest future uee of =zll
data produced, it is advisable to standardize from the start a record keeping
systen suited to later expansion.

Az a consequence of the increasing maes of data, more and more institutes
make use of a computer in connection with interpretation. A computer also
makes it feasible foi

- compare &n individual resalt with all available information
- identify groupe of wvariables which are correlated with each other
- estimate the quantitative influence of a particular variable factor

- group cases with behaviour in common and identify the factors which
distinguish them from other groups.

The identification of an existing deficiency (or excess] ie only the
firgt step which must lead tc the determination of matrient remuirements and
fertilizer advice, The latter is eslzbvlished as a funetion of soil character—
istice, experimental information and economie factore. Considering that
"plant indices simply indicate the nature and degree of balance of the nutrients
in the plant, from which one can estzblish what is demanded by the plant at a
given site, but not give an asmtonatic indication of the amount of a particular
element which mst be added to the seil", and that plant compositicon is
influenced by soil composition, but that the correct interpretation of plant
analyeis can only give plant requirenents, not scil remquirements, Beanfils
{1973, 1976} hae proposed an original interpretation method called "IHagnosis
and Recommendation Integrated System" (D R I ).

The authur who aime at the establishment of a ealibration technique for
the plantfénvlrunment systen of general wvalidity, that is to say applicable
to a particular crop grown under any conditions, at any place and at any etage
of its development, has the merit of propesing a system in which Lhe final
ccnolusions sre based on =28 much information as poseible. Thue plant
analyeis as a means of nutrient disgnosis muet not be considered as an altermative
to other existing methods and possibilities, tut should be used in connection with
20il characterizaticn and cther sources of information.



In = simpler way the analytical data are generally translated into a
Judgement, which can be formalated in various waye 3

= for individual elements, five conceniration classes are often distinguished;

- a2 "mtrition index" may be calculated, as mentioned under Secticn 3,
provided that sufficient experimental information is available for
knowing the "eritical lewel" KG $

- in many cases interpretation ie made using the ratioe between elements,
Another possibility consists of caleulating the proportional amount of an
element within a group to which it belongs, e.g. the % K present in the
gsum of & group of cations such as Ca + Mg + K (+ Na), In this
comnection it should be noted that combining elements in sums, ratios,
etc. is clearly only permissible if their guantities are expressed as
chemical equivalents and not as milligrammes.

FUNIRE TRENDS AND CONSEQUENT NEEDS

The use of plant analysis as a tool in research and for the practical
purpose of deteeiing nutrient anomalies and deficiencies has steadily been
increasing. The number and volume of publications on these subjects has
increassed very greatly daring the last decade, Many papers describe the
results of local experience with all types of crop. Fortunately some anthors
have already reviewed and compiled much of this information (Chapman, 196f,

1971; Bergmann and Neubert, 1976), but there remaine a need for integration and

generalization, The uestiom of possible transfer of key data in time and space
remaing to be solved. Meanwhile progress is being made in different aspects and
the following trends can be identified:

ia Laboratory emuipnent and instrumentation is sonstantly becoming heavier and
conEequently more expensive. Automation and therefore gentralization
2llow us to handle more samples, to determnine more elements and to
ghorten the analyeie tine,

On the other hand, field methods seem not to be completely sbandoned,
though organization and techniques may lead us towards mobile units in
the form of small truck—mounted field laboratories.

Skilled perecnnel ie always a determinant factor for relisble work and
waintenance of the laboratcries.

Gemtralizalion and increasing laberstory capacity require the setting up of
an efficient eystem of sampling, identification, dispatching, transport and
pre~treatment of plant material. These operations are of major

importeance in ensuring the ultimate efficiency and usefulness of the

wWhole organization.

ii. The analytical programmes are not only spreading to the major elements N, P,
Ky Mg, Ca, 3 but more interest is alsc shown in different irace elements.
Furthermore, there is a tendency Lo develop methods for distingnishing
between the mineral fraction of an element and its incorporation in
crgano—mineral complexes. At the same tine different organic plant
Tiseue conpounds are recelving increaeed attention. Thie is related
%o the biclegiezl characteristics and rmuality of the growing plant
a% an indication and a result of its nutritional status.



i1iji. YNew aspproachee are developing which deviate from the original "foliar
diagnosis" in different woysi

a. analysis of plant sep (Jaime et al. 1976; Routchenko and Soyer,
1972) ;

b. biochemical testing methods based on the determination of enzymatic
aotivities, which are epecific for individual elements, have been
proposed by Bar-Akiva (1969, 1972). For example, using leaf discs
incubation, the following determinations were described:

- peroxidase-activity (low in Fe deficient plants)

- ascorbate oxidase (low if Cu is deficient)

- carbonic snhydrase (low when %n ie deficient)

~ nitrate reductase (low if Mo and also N are deficient);

cs morphological changes, identified by miercscopic examination, have
been studied by Pissarek (1974) as a potential tool for nutrient
diagnosis.

i, Methods of interpretation require improvement and new ideas and
procedures are progressively being developed (Beaufils, 1976). One
may expect an increasing deperscnalization in the senege that the
interpretation should no longer be a matter of individwal experience
or intuition, but become fully cbjeciive and reproducible, irrespective
of the person involved., Much work remains tc be done in this respect
and in order to progress, proper iransfer of results and feedback of
information is essential.

CONCLULING REMARKS

Probably nowhere in the world are all optimal material, human and
organizational conditione simaltaneously present. Our knowledge, which is
8till very incomplete, is based on nany scattered results, presented and
discussed in the pericdical colleguia on plant analysis. In 1971, Chapman
wrote "it is evident that as we lock to the future, there will be an
inoreasing need to use plant and ecil snalysis methode to guide and
optimize fertilizer usage, to conserve natural rescurces and decrease or
prevent pollution', and this view is largely eonfirmed today.

Analytical techniques are sufficiently developed, but more work remains
to do in order o achieve:

- fully satiefectory standardization of sanpling methods;

ii. better possibilities for the transfer of eriteria and norms or
guidelines for interpretatian;

iii. improved interpretation systens based on objective, mathematical
menipulation of analytical and agricultural data.

Thie comprises as well practical, fundamental and developmental
aspects, Even when no large funds may be available for organizing these tasks,
ugeful contributions may be within the limited means of agrochenical
institutes, In doing soc, it is important to be informed about the experience

obtained with the same crops and analcgous problens under different cirounstances.

Therefore good and lasting contact should be established between interested
scientists,
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Raleigh, North Garolina 27611, USA

Soil and plant testing in the United States of Anerica continues to
play an important part in providing growers of crops with valuable services
in the evaluaticn of diagnostic problems, nutrient balsnce, lime and
fertilizer regquirements. To this end, inerezsing nurbers of so0il and plant
eamples are being tested with methodeleogy that is constantly under
surveillance on a Btate and regional basis for improved ascuracy and
uniformity in expressing test resalts snd fertilizer recommendations,

1. ORCGANTZATIONAL AND FINANCIAL ASFECTS OF S50IL AND PLANT TESTING SERVIGES
deil snd plans testing services in the United States are offered by

i Landgrant colleges — a} Extension Service, b) Research Station
ii. Department of Agriculture, North Garolina

iii. Private commercial laboratories.

Funding for each group is (i) by public tax funde, which eone
states have and cthers do not, off-setting charges; (ii] by public tax funds
and 2 fax on fertilizer (P5 cents/ton), lime and sypeum (= cents/ton);
(iii) commerecial operation, direct charge per sample, off-setiing cost charges
through dealers in fertilirzer and lime when the laboratory is operated by
fertilizer or related industrial companies, contract arrangemente with
large farme for eomplebe services, including sampling, mnalysis, line and
fertilizer recommendations.

Activities in landgrant colleges also include work on correlation,
interpretation, uniformity of reporiing systems snd methodology by
individuals concerned with improving sampling technicues, extraction reagents
and wther analytical procedures.

In North Carolina, the Agroncmic Jivision provides services in eoil
testing, plent analysie and nematcde assay. For the 1975%=74 season these
services were nade available to 32 GHt farmers and home owners by testing
146 422 =0il szmples (1 350 23% deterninations), 535 pland sanples (10 036
deterninationz) and ? 5% nematode sanples [1&5 5330 determinations) at a
cost of §3.12 per zample. The cost of this service which included salaries
for 33 permanent and 4 femporary persconmel, a1l operational mervices,
education, research and administration was covered by the special tax plus
$£1.00 per esanple for nematode assay and $3.00 per ganple for plant analyeis=.
The coet per sanple for the =0il tesh service alone was $2.4°.

The estimated nunbers of soil sanples tesbed 1n the S84 for the yesrs
1960, 1968 and 1973 were 2 059 280, 4 =37 531 and 2 092 280, respectively.
The dramatic decrease after 1960 wasz alnast wholly due Lo the Nerth Central
degion where the decline between 1908 and 1973 was 1 383 709 samples as conpared
ta 1447 2591 naticnally. Iuring this perind the proportion of soils tested
by commereial laboraturies increased and those by governnont decreased,
Aoutine scil sanples tested oy tne Torin Carolina Agronunia Mvision ander
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a computerized system increased from 75 278 im 1972/73 to 133 205 in 1975/76 or a
total for all types of samples of 146 422,

The number of plant samples tested in 1968 was 149 800 by government and
177 109 by commercial laboratories. By far the largest mumber (115 000 samples) was
tested in California, of whiech 100 000 were tested by commercial laboratories,
Plant testing has tended to inerease. The determinationz routinely undertaken
include the macronutrients, nitrogen, phosphorus, potassium, magnesium and calecium
and the micronutrients iron, manganese, copper and zine. Sulphur, boron and
molybdemum are determined largely on a special recuest basis, and involve an extra
charge. The charge levied per plant sample usually ranges from §2.50 to $16.00,
the higher fees reflecting the larger number of determinations per sample.

METHODOLOGICAL PROBLEMS IN SOIL AND PLANT TESTING

Soil Testing

Selection of an extractant for soil test evalustion should be
contingent on its ability to extract a representative portion of the plant—
available-mitrients. In the case of phoephorue, thisg should include the
water soluble and represeniative portions of plant-available calcium, aluminium
and iron forms, while in the case of potassium, magnesium, calcium, and eodium
(if deaired} ghould include the water scluble and exchangeable forme. From the
etandpoint of economy and efficiency in mass analysis, these nutrients and
poesibly manganese, zinc and others should be evaluated in the sane extract.
From present evidence it appears that none of the extractants used in the
US A was considered fully suitable for the soil test evaluation of a large
nunber of nutrients covering a wide range of scil properties in a eingle extract,

For the extraction of phosphorus the most widely used methods include
Bray No.1 (0.025N HCL-0,03K NH,F), Olsen et al, (0.5N NaHGO, at pH 8.5) and
Mehlich double acid (DA) (0.05% HoL—0.025K H.S0 ). ™e Bray and Olsen methods
were also used in some laboratories Ffor the fotassium test, while the Mehlich
IA methed is used routinely for phosphorus, potassium, magnesiwm, calcium and
Manganese ., The IA extractant has also been used for zine, having been
successfully correlated with 0.8 hydrochloric acid., For copper, particularly
with Histosols, a stronger extractant (0.5N HC1-0.05N AlCl.) developed by
Mehlich and Bowling was found to correlate well with crop éesponsu to copper,

Since 1969, the North Central Region (NCR.13) Soil Testing Committee has
been engaged in standardising procedures of soil testing laboratories, based on
mmerous eanpling exchanges and experiments to deternine the influence of
testing method, sample size, sciliextractant ratie, speed, time of shaking,
type of container and other procedural technigques on soil test results.

These results led, with the cooperation of the USDA, to the North Ceniral Regional
Publication Ne. 221 (February 197:) for recommended chemical soil test procedures
for the region including &Alaska, The North Dakota representative to the NCR=13
committee, W.0. Dahnke, atated in his introduction to the publication, "results
of this exchange indicated that snsll and seemingly unimportant differences in
procedure were csusing eignificant differences in s0il test results", The
recopmended procedures include soil pH, lime requirement, phosphorus, potassium
and nitrate nitrogen. Use of these procedures by all public, private and
industrial or commercisal soil testing laboratories is advieed in order to reduce
confusion surrounding so0il testing and to add te its credibility in fertility
evaluation.
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Coneiderable efforts were made by the 17 Scuthern and mid-Atlantic states
region towards achieving uniformity in soil teet procedure, vclume vs. weighi
gamples, @oviltextractant ratio, expression of Boil test resaltes and fertilizer
recormendations. The preseni writer advocated the neasurement of s0ll hy
volume, a 13110 soiltextractant ratio and that results should bg expressed in
terme of milligranmes of mutrient per cubic decimetre (1000 en”). Most of
these suggestions have been acted upon, although implementation 1e as ye3
largely fortheoning.

4 major problem in the muest for uniformity is the selection of a suitable
extractant to meet the need for extrasiing representative portioms of the largest
mumber of plant—available matrienis in a single extract cver a wide renge of =cil
properties. The savings in tiwme, increased efficiency and economy in
laboratories with demands fur testing large mumbers of soil samples (at North
Carolina in excess of 140 000 sanples per anmum) are irrefutable. A new
extractant to mest most of these requirenents in lien of the existing
extractants wag develaped by the muthor. The composition of the
extractant is: 0,28 WH,C1-0.2N HosAe—(C.0158 NH #=0.012N HC1), pH 2.5. Acetic
acid contributes to thé buffer capacity and together with WH Cl effectively
extracts exchangesble ecations; in conjunction with acidifie& WH ,F it controls
extractability of rock phosphate and cther calciun phosphate forﬂs in calcaracus
spils, while it promotes extractability of aluminium and iron forme of phosphorus,
FPhosphorus determined by the new extiractant was well correlated with F uptake by
millet, as it was with sxtractable P by the Bray No.l and Oleen methods using
122 moile having a wide range of soil propertiee and by the [A extractant using
T2 nentral to largely acid scils. Potaszeium, magnesium, calciun and sodium
deternined by the new extractant on 127 acid 1o alkaline 2oils were highly
correlated with the anounts extrasted by neutral, normal ammonium acelate. The
anounts of manganese and zine extracted by the new extractant were likewise
highly correlated with those of the DA nethod.

Suggestions for study by the various regicnal committees therefure include
expanded investigations on the correlation between the new exiractant and present
procedures and crop response tn sugrested fertilizer nuirient rates based on the
new method.

Collaborative studies through exchange of sanples between member states
of the Scuthern region {5-52) now in progrees include methodology in assessment
of lime requirement, soluble salts, nitrate-N and organic matter. FPor lime
requirement the methode being compared are ihe rapid taffer pH procedures cof
Shoemaker, McLean and Pratt (SMP) calibraied mainly agzinet pH, the Adanms—Tvans
method calibrated against pH and percentage hydrogen saturation and the Mehlich
methed calibrated principally against exchangeable aciditiy, mainly aluminium,
The resulte have led tc the conclusion that the SMP method is well suited to
heavy textured, high cation exchange capacity soils while the Adans-Hvans and
Mehlich methade are well suiled 1o the lighter textured and mediur Lo low
cation exchange capacity soils. ‘'The Mehlich sethod i= alse suitable for
Histosoles and mineral s2ils high in organic natter. Linear correlation showed
the Adans—=Evanes method o be more highly correlated with total soil scidity
while the Mehlich method was more highly correlated with unbuffered salt
exchangeable scil acidity.

Iniformity of Bxpressing 5uil Test Hesulis

The need for expressing soil btest results on a wniforn basis has been Lhe
suhject of recent copmmunications by Mehlich, It was concluded that sthe mnst
reliable and reproducible exprespion was the volure, ‘The relevant unibs
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suggested fnriuaa i& any communication, including scientific literature, were:
pg/ee”, mg/dm’, g/m’ or kg/ha to g depth of 10 e (1 000 000 kg). When

corrected for weight/volune (g/cm”), the equivalent unit on a weight basis is

ppm. The results showed that mg/dn” was equal to mg/kg when ¥W/V was unity, while
ng/kg decreased with increasing W/V and it increased with decreasing W/V for bulk
densi{y (BD). ‘Vhen mg/kg was divided by BD, the results agreed nore closely with
wg/dm”. Full agreement was, however, influenced by the wider differences in
extraction efficiency when the extraction procedure was based on weight,

The deviations in results between scils of varying BD are aleo considerably
greater on a weight than volume basis in greenhouse or field applications of
lime and fertilizers. It is well recognized that the sciliroot association is
a volume relationship. This applies to systems in the field but is particularly
obviouse Hitthat uultuﬂen. When o eperiee of vesesele of appropriate capacity
recleve 1 dm~ (1000 en”) of sails having wide ranges in BD and each of these scils
ie homogeneously mixed with 100 mg/dn” of nutrient and the soils are subsequently
sampled and analysed on a volume and weight basis, the folaowing remlte may he
obteined. Since all soils received 100 ng of matrient/dm” the an&lyat using the
volume procedure would be expected to report 100 mg of mutrient/dm”. The analyst
using the weight meihnd would likewise report 100 ppm with the soil having a BD
of unity since 1 dm~ of the soil would weigh 1 kg. As the BD increases, the
kgfﬁm increase and at a BD of 1,37 and 1.64 the nnn%yst would report 76 and 61 ppm
or 24 and 39% less, respectively, than the 100 mg/dm~ actuall gresent in the
vessel. With decreasing BD, for example 0.8, 0.7 and 0.2 g/em”, the analyst
would report 12%, 200 end 500 ppwm respectively, or 1.2%, 2 and % tizes the 100 mg
actually present.

e relationships in the field are identical except that the volwre boundary
is the depth of the ploughed layer or more specifically the depth of sampling.
In the interest of wmiformity and the accuracy neceesary for the evaluation of
soil fertility, soil analyses based on a volume measure and a report based on
volume are of highest priority.

Plant Analysis

Frocedural iechnigques in plant analysis raiee few preblens, provided the
analyses are carried out by competent perscnnel having accesg to suitoble
facilities for plant sanple preparation, drying, digestion, ignition, spectrometry
and photometry. ‘There is however need for a contrcl system involving exchange
of samples of known and undmown nutrient compoeition. 'The main problems centre
around the time of sampling during the growing period and portion of the plant
selected. Many cof theae problems are, however, partly resculved by colleecting
and sizultaneously submitting soil samples.

EXTENSION OF SCIL AND PLANT TESTING RESULTS T0 ‘THE FARMERS

Pertilizer Suggestions based on Scvil Test Results

Suggested P fertilizer rates are generally based on plant requirements,
optirum yield potential (notably cliuate and various other s»il factors) and
economic considernticns. The interpretation of so0il tesi resulis, =g related
to a conputerized programme in Alabama, have taken into account various
considerations including soil test ratings, fertility index (0-590) and relative
crop yield without addition of the mutrient. In Horth Carslina where crop
fertilizer recormendationg are based on an index calibraled sgainst the DA
extractable nutriente, Hatfield (1972) and Hatlield et 21.(1976) uge linear or
curvilinear equations depicting the relatiomships tetween the goil test index and
fertilizer mutrient rate. ‘The rates suggested incorperate the plant requiresent
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and, where required, include larger applications fopr ferfility luprovement.

In plage of the M nutrient index, correlation and Tertilizer suggestions

are based on the new Menlich extractant.

relative to increasing EﬂnienTratlunS of qxtractahle mitrients,
eoil by the new extractant are given in

The data represent einple and convenient relationeships between index

In the case of P and Mg the index

while it varies for the other mutrients

values equivalent to mg/dm
Tahle 1.

and nutrients deternined by the new extrgctant.
represents the amount expressed in mg/dm
For indexes ghove 100 a dilution factor is provided in the

ag Bhown.

or meg/100 om

The index Bcale of O to 100 is expressed

'™e index

procedure.

Table 1  NUTRIENT INIEX CONVERSION T0 mg/dm- OR meq/100 om° BQUIVALENT OF
NUTRIENTS BASED ON NEW MEHLICH EXTRACTANT

Index P K Mg mgfdmj Ca Ha Mn Zn

1= 1= e 1- - - ba2- 05—
100 100 200 100 5 i 20 5

meg/ 100 e
e i 0.005= ©0.008- 0.1=  0.01= - -
100 - 0.5 0.8 10 1 - -

Calibration and Fertilizer Supgestions for Phosphoras

Tha relationship between the index, P levels determnined by several
imethods and expected response of the crop to P oare given below.

Index ar P in Q.0014* (Ml=en Eray
Hew MPh%lch Acid and DA 3 Hoal
mg P/dm pg P/l mg P/dm
< 20 < W15 <12 < 27
20=30 o 15—a20 12=18 27=40
31-50 «21=.30 19=1340 A1=60
» 50 > 30 > 0 > 60

# P ip golution by extraection with O.001N HSL and C,001N H ,_:-l.’_.‘L
1:10 so0il Bolution ratic and 9 nin shaking.

of both extractants.

Correlation of the nulrient coquire
self to the

extractant lends it

s 1..
EI‘::."J'.I‘].

and indoex bas
ratee and cbjectives.

Expected crop
response tn P

Definite
Probable
Lees likely
Mnlikely

in a

Data baaeﬁ Jﬂ AVErare

ed on the new
IT the

calibration for P is considered valid, the desired fertilizer rate should be the
muantity necessary lo raise the P levely if needed, above the response range

and into the range where response ig unlikely, corresponding to
The caloulated rate for P in kg
g0il test (I0) mltiplied by 2.

lase TP observed by

required =

50 and 10 - 10, then (20-10)x02

1a to a deplh of 20 om is

& xg P/ha.

the index @490,

then: P required (IR)
For example, when TH
The actual

value for

I8 in practice is 1o be deternined from information an crap responsc and
related kmowledge available o stale and reglonal specialists in so0il tesiing

regearch and extension.

In order to achieve unifornily nct cnly in the expression of s0il fesi
regults but =lso in ¢omversion fto the field recosmendation, all suggeslions
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for P fertilizer should be on the basis of the element rather than its
oxide. As long as the phosphate industry persists in selling their
production under the non-conforming and archaic phosphorus pentoxide
designation, the burden of supplying the farmer and other usere of their
products with the correct quantity of P, as given in the soil test report,
remainge with the marketing branch of the phosphate industry.

Calibration and Pertilizer Suggestions for Potassium and Magnesium

T™e relationships between the index, K levels determined by the new
and twe other extractants, and the expected crop response are given below.

Index Hew Mehlich oA Expected crop response
and I‘Fﬁdmc 3 to K
mg K/dm
<25 < 50 < 33 definite
25=50 50-100 33-66 Probable
91=T3 101-1%0 &7-100 Leas likely
>»75 > 150 » 100 Unlikely

Responee for optimum yield may range between 40 and 120 ppm K
(weight basie) as measured by [A, depending on soil group and crop.
The optimun rate qf K is within the range IH 20 to 75 corresponding to
50 to 150 mg K/dm~ or kz K/ha to a depth of 10 em. 1If, for example,
IR = 50 and I0 = 20, the rate of K fertilizer would be (%0-20)x4 = 120 kg
K/ha to a depth of 20 cn. FExpreseion of K as the element rather than the
oxide should be the rule and the conmente pertaining to P also apply to K.

In view of the high correlation between Mg extracted by neutral normal
NH ,OAc and the new extractant, including similar exiraction efficiency,
knfwledge gained with NH OAc is oqually applicable to the new extractant.
The relationships between the index, the Mg level determined bty these twa
extractants and M ,and the expected crop responee are as follows:

Index Hew Mehlich LA Expected crop response
and WH df.m-a 3 1o Ng
mg Mg/dm’
< 25 £ 28 < 20 Definise
25%= 50 25= 50 20-40 Frobable
51=-100 51-100 41=80 Less likely
> 100 > 100 > 80 Unlikely

The index correlations with Mg level by the new extractant and expected
response to Mg largely agree with experience in the USA. Suggeetions for Mg
ghould ke evaluated in conjuncticn with scil acidity and to the rate of Mg
applied by liming with dolomitie limestone, e suzgested rate should be
Mg in the form of Mgl or MgS0, when need for lime is not indicated and the
rate should be calculated frod the relationship (IR-IO)x2 tc obtain the
nagnesium requiresent in kg/ha to a depth of 20 e,

Interpretation of Calcium and Sodium

Caleiwn varies greatly with CEC and percentage base saturation (BS) =mo
that an index based on the level of Ca ie not very useful., It is, however,
valuable for the reascms cited above Lo adopt an index based on percentage Ca
saturation. 'The regquirecents fur this purpose include evaluation of CEC by
repid and sicple procedures, Thie is afforded by zllowing the equivalent
sun of the wetal cations, K, Ng, Ca and Ha plus the buffer pH acidity (Ac)
deternined by the Mehlich method to represent CEC, where meq Ca/meg CEC
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{in mqu1GOcmj} x 100 = percentage Ca saturation. Fercentage saturation by
thie means can be obtained for any of the indwidual ecations or of the sum of
cations for BE percentage.

By using the proposed method for CEC, the relationships between the index
and the percentage Ca and base saturation are as followss

Ca Index Base Deficiency
or Ca saturation{?) Saturation(§) designation
< 25 A Sewvere
36=55 Aa-oh Poor to moderate
Ra=70 Bt Optirum for acid telerant plants
= T0 » 85 Optipum For acid intclerant crops

Suggestions for the rate of liming should be based cn the new Mehlich
btuffer pH method and should specify application of dolomitie lime when the
Mz index ie lese than 0.

Im pddifion to CEC obtained by summation of Ac and cations,
determination of #odium is alsc useful in the eatimation of salt injury, saoils
inundated with salt water and toxicity levels in alkaline soils.

Interpretation of Micronutriente Cu, Mn, 7n

T™e relatiomehips between the index micronutrient levels and crop
responees by the new Mehlich and Mehlich-Bowling exlractants are as follows:

Index Cu hin 3 an Respunse effects
me,/ din-
< 14 < 0,7 4 2.8 S0.7 Definite
14-24 O.T-142 2.8-4,8 (<0.7)* Frobable
> 24 i@ p ol Unlikely

* probable to unlikely
Interpretative data for Cu are based on field cbservaticns while those
for Mn and Zn require field resgponae data before finel acceptance of the

sugrested interpretation,

Conclusions with Heference to the Index Values

The nutrient index syster as related io pubtrient levels and fertilizer
suggeetions representis the wost inforsative and sioplest method of
communicating scil test resalts tao the Tarner. The sysien cunveys the
comecept of lowy mediwn and high in terns of numbers renked from 0 %o 100, In
addition to nutrient level, the indices reveal at & glance the existing state
of mutrient balance, The success of this or any other systen depends on the
601l sample representing the ares to be trested amd the accurate judgement of
local environmental and economic factors affecting oreop yielde.

Interpretative Cuides tc Plant Testing

The resulte of plant analyeis are extensively used as interpretative
guides to whether or not the plants represented by the sauple were prowing
under optimal matrient conditicns. Judgement ie based on 2 well csizblished
critical econcentration ronge of nutriente of the designated tissue. These
critical concentratione have been mnd contirme to be experinentally cetablished
in the field and greembcuse or nany caltivars within a state or region.



Using this type of information, laboratories engaged in plant analysis provide
the following services: (1) assist, in conjunction with soil testing, in the
identification and resolution of nutrient deficiencies or toxicities presenting
problems in the field and greenhouse, (2) monitor during critical growth stages
the nutrient concentration in plantation crops, and (1) monitor commercial
greenhouse crops where frequent fertilizer applications are remuired to maintain
an ademate supply and balance of essential nutrients.
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Paper 4 T™HE OPERATION OF SOIL AND PLANT TESTING SREVICES IN JAPAN

by

Satoru Hotomara
Wational Institute of Agricultural Sciences
Nishigahara, Kita—lm, Tolgro, Japan

1. INTROTUCTICH

Agriculture in Japan has made rapid progress since the second world
war, 'There is no doubt that this progress has been due to the extension of
advanced technimues to the farners and alse to the provision of national
funde for improving farm land, The rapid growth of the econemy in Japan,
however, has resulted in marked changes in agriculture. ‘The denmand fur
agricultural products has expanded remarkably on account cf the change in the
pattern of food coneuwmption. The traditional labour-intensive agriculture has
been replaced with a lzbour-saving type of farning. Ancother important fact
is that environmental problems have been spreading to agricultural production.

Consequently, the Government has been ocneentrating ite efforts on the
encouragement of agricultural production under a wide variety of farning systens,
Thie paper outlines the scil and plant testing services carried out by
government crganizations in Japan.

2a ORGANIZATIONAL ANT FINANCIAL ASPECTE OF S0IL AND PLANT TESTING SERVICES
Because of the marked changes in agriculture that have taken place,
the Government has faken steps to inprove agricultural production and maintain
soil fertility acccrding to the basic principles of the Scil Conservation Act,
1971, stressing nainly the following items:

i. Basic survey for goil conservation of fertility

= Identification of major soil groups and/or soil series in arable
land and preparaticn of a ecil map at a2 =seale of 1350 000 with
soil series as o mapping unit.

b. Analysis of physical =nd chenical properties of the scil in
relation to soil fertility,

G FMield experiments for evaluation of scil fertility and
inprovenent neasures,

d. Evaluation of productive capability clase based on limitations
and hazards for crope andfor risks of suil damage.

e, Investigation of sBoil erosion and establishment of methods for
the proteciion of arable land.

ii. Inventigation of changes in s0il fertility under different faruing
practices

To clarify the changes in physical, che:iczl and biological properties
governing soil fertility under differemt faruing practices including
cropping systen.,
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iv. I

b th i Flucidation of so0il deteriorstion process

T elarify the factors responsible for the deterioration of =oils
induced by changes in the farming systen and sgricultural environments.

i

vetimation of content of harmful elements

To estimate natural levele of harmful elements such as cadmium, copper,
gine ete. in relation to thelr toxicity for soils and plants.

Soil and plent testing programme

Eetablishment of facilities for so0il and plant analysis at loecal
agricultural extension offices in each prefecture as a means of
quickly providing the farmere with accurate information on improved
practices,

vi. Prometion of campaign for gdvancement.in.sril.fertility.,

To inform farmers acourately and quickly of any findings relevant to
improvement of the fertility of their ecil,

Tu interpret advanced agriecultural technimues for higher crop production,

ALY of the sbove menbioned itens have been promelgated by the  overnmens
as national projecis to he executed by the prefectural governments, Half aof
the total cost, including the ecxpenses of shout 280 scientific persomnel, hae
bean eovered with sabsidies fron the national governnent. Sraff members are
stationed at prefectural agriculturzl experinenial siaticons snd are assigned
te carry oulb these projects. The crganiraticnal chart for these projects is
shows in Figure 1.

METHCDOLDGICAL PROBLEMS 1% SOTL AND PLAWT TESTING

Throagh various scil sirvey projecis, the morphological, physical
and chemical characteristics cof arasle zoils have besn identified in the field

and labaratcory. Fractical inprovement measurecs bamed on Bcil sharasteristice
have been estanlished by field experiments carried ous concurrently. The

methods used in the basic survey for soil fertility conservation progracame and
the related projects zre cutlised below.

S0il Survey and Classification

In the seal survey, a =oil pot for deseribing the profile and sanpling
is made at the rTate of one to every 20 hao. L 5011 survey has beern oonducted

ascording to the "S8cil Survey Manual” anthorized oy bhe Ministry of Agpriculture
and Forestry. 'he procedure is fundamentally similar to that of the USTH,

but with sone podifications, i.e. benzidine eclution 1s used for detecsion
of nanganese cxides, dipyridyl salutisn for deteclion of forrous irom in the
field investigalion, and a cone=shaped penstrogster is usea [or NEAFIring
g01l conpaction,

Geil seriss are enployed as 2 basic unit of alassification and oappiae.
S0il sBeries are defined as a greoup of soils developsd fro similar parent
maierials with a sindlar node of deposition fron the pedelogical point of wica,
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and having genetically similar characteristice differentiating the horizons which
are arranged similarly in the soil profile. About 310 soil series have so far
been identified in arable land, S0il series having the same diagnostic horizon(s)
and a similar genetic process are grouped intoe a soil group.

Productive Capability Classilication

Soil series identified through the basic soil survey are grouped into
capability classes according to a productive capability classification so that the
kind and degree of limitations and hazards for ecrop production nay be ea=sily
distinguished. ‘The productive capability classification in Japan staried with

e I
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one sinilar to the "Land Capability Classification' of the USDh, but special
attention was paid to the establishment of practical measuree for excluding
limitations and hagards of soils for higher grop production in srable land.
Therefcre, in the Japanese systen, arable soils arc grouped into four capability
clasees, from elass I to c¢lass IV. Based on the field and lsboratory investiga-
tione, each class is defined as followe:

Class I 1 Seils that have almost no limitations or hazarde for crop
production andfor risks of 20il damage. They are regarded as either being
naturally fertile or of the greatest potential for erop productiom without
any inprovement praoctices,

Class II : 30ils that have some limitations and hazards and/or risks of soil
damage. They require sope improvement practices for normal crop production.

Clase ITI : Soils that have many limitatione and hazarde and/or rieks of soil
danage. They require fairly intensive improvement practices for normal crop
production,

Class IV 1 Soils that have greater natural limitations and hazards than
those in class II1, but can be cultivated for some crops under very careful
managenent.

‘™he inherent soil charasters (standard itens) by which the capability of each
Bcil 18 aseceERed are as follows i

For paddy rice Por upland crops

Thickness of top soil {t) Thickness of top soil (t)
Effective depth of soil (d) Effective depth of soil (d)
Oravel content of top sail (i) Gravel content of top eoil (g)
tase of ploughing (p) fase of ploughing (p)
Permeability under subniergad Wetness of land; wet condition (w),

condition {1) dry condition iﬁ_?
State of redox potential (T) Inherent fertility (f)
Inherent fertility (f) Content of available nutriemts (n)
Content of available wutrients (n) Havards (i)
Hazards (i) Frequency of accidents (s)
Frequency of accidenisz (a) Slope of field (=)

Ercsion (e)

The cgpability class is determined by the evaluation of each stsndard
iten, some of which are determined by a combination of nore detmiled =il
properties ranked into three or four grades. The capability class of a =oil is
judged by the loweet value of the enumerated standard ilems. Soil serice are
subdivided into several soil phasee vhgo.-lzen.diffeerences’ nu prduativve-caphulitvy
are recognifed even in the sane =0il meriesn.

Analysis of Soil anc Pland

Analytical metheds for the projecte are specified by the Ministry of
Agriculture and Forestry. Furthermere, laboralury mamals for analysis of
physical properties of soil, anzlysie of plant nutrients in ecil, and plant snaly=sis
have been edited by each coinittee under the direction of the Agricultfure, Forestry



and Meheriese Research Council of the Ministry.

3.3.1 Boil analysis

The representative soil sanples of each scdil series selected at the
rate of one toc every 100 ha are analysed for the following properties @

Ty Physical properties
1 Mechanical analysis (particle size distribution}.
2y Bulk density and distribution of the three phases (salid,
liguid and gas).
3. Water-stable aggregate analysis (if necessary).
4. Water andfnr air permesbility (if necessary).
S pF moisture valus and availsble water content (if necessary).
6. Iispersion ratio and erceion ratio (if necessary).

i1i. Chemical properties

1a Total organic carbon,

2. Total nitrogen.

2/ Ammonium and nitrate nitrogen (if necessary).

4. Effect of air-drying and raised tenperature om available

nitrogen (paddy scil only).

B Soil reaction (soil pH, exchange acidity).

Gy Cation exchange cepacity.

Ta Exchangeable Ga, Mz, K and Na, and base saturalion percentage.
g, Pheoephorue adsorption coefficient.

T Availsble phosphorues (if necessary).

10. Availsble silica (paddy scil only).
1 Free iron ocxides (paddy soil only).

12, Eazily reducible manganese (paddy soil only),

13. Betive alumina and silics-slumina ratio (if necessary).
14. Chlorine (if necossary).
it Sulphur (if necessary).

343-2 Flant H-l"l.al"‘-ll'ﬂiﬂ

Plant samples taken Creon the sxperisental fieldes at hervest tine arc
analysed far the following constituents @
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1. Total nitrogen, phosphorus and polassiwi.

o Silica (rice plant only}.
£ Caleiun and maghesiu,
da Iron and manganese, ard other winer elesents (if nescssary).

Field Experiments

Experimental plote for field trials sre selected at s representative site in
the murveyed ares in order Lo develuop recaosmendations which are fully valid under
ginilar conditione. In general, experiments are wainly in the forn of Tertilizer
trials {including thoese on three najer elecsente, wincer eleoente 1T necessary, and
fariyard manure] and practical improvenenl tests based on soil characteristice,

The detaile are deoided by the prefectural governnenl in consultation with the
Rerional Agricultural Administration Gffices. Goile and plants sre analysed when
Necessary.

Investigation of Polluted Soils and Measares for their Inproveneni

At present, cadmium, copper and arsenic have been recognized as harmful
pollutante according to the "Lew of Protecting Arable Lands from Pollution”
enacted in 1970, There is, however, the further poesibility that arable land
xight be affected by other heavy metals. To azseas the actual condition of #cils
in arsble land, a ecil sanple takxen ab the rate of one o every 1 000 ha, taking
into econgideration polluling scarces, irrigation sysben and MHad of so0il, is anzlysed
for cadmium, copper, lead, zinc, arsenic and cther substances in cooperation with the
Ministry of the Envircnment. In any arable land froo which the agricultural
products are recognized to be harmful to buman health and where yields are depressed
on account of heavy metals accunulated in the scils, field ewxperinents shoild be
conducted to establish practical methods for winimizing the harnful effects.

Soil Qualities in H#elation o Crop Productivity and Messures for their Inprovensnt

i.8.1 Paddy ficlds

Earlier imvestigations inic higher rice production rovesled the
importance cof a deep ftopsoily ademquate vertical percolation and the appesr—
ance of a gley horison at a depth greater than 0 to 100 en. These
investigations also denonstrated that the texture of so0ils should be usuelly
loan or alay loan with 2321 fypes of elay ndnerals and that these szils shoula
nave a hign nitrogen potentiality, and abundanl zvailsble silica and
exchangeable bases.

Fornerly, the wain esnphasis had been placed on the ploughed layer only,
but with the spread of mechanivation, much attention has been directed to the
inportance of subscil properties deteraining the depth and distribution of
plant recots, and water regine of the s0il. Thus the whole so0il profile
ghonld be taken into consideration in ecil managemeni. Fars mechanization
hes also led to an increase in the application of rice straw and inorganic
soil inproving vaterisls esach e caleciun silicetes and fased cagnesian
phusphate in place of feroyard naaurs or coppost To preserve and pronobe
eocil fertility.

The s0il conditicns generally accepted io be bhs noest fevoarable for
rice production and wvaricus mesns of ioprovonent are listed in Tabls i,
However, 1t should be noted that = high yield is nut always obtained in the
tields wherever these conditimne arc fully wet, oecsuse yield is aleo greatly



Table 1 SOIL CONDITIONS IN FADIY FIELDS AND MEASURES FOR THEIR IMPROVEMENT
Ttems Limitations 20il Factors Favourable Improvement Measures
Conditions

Thicknaes of top |[Shallow root zone, low |Presemce of excessive 715 em Removal of gravel, soil dress-
ecil supplying power for gravel, hard pan ing, subecil bresking, deep

mitrients ploughing
Effective depth Harrow root zone, Presence cof grawvel »50 em So0il dreesing, subsoil brealdng,
of Boil lesking of irrigation |lsyer, hard pan or _ goil lgyer mixing

water, low permcability|bed rock
Gravel content of |Ploughing, thiclkness Presence of excessive < 9% Removal of grawvel, =o0il dressing
top soil of top soil, effective |gravel

depth
Eaze of ploughing |Efficiency of far: Texture of top =soil, Incorporation of organic

machinery, germination |stickiness of top matter, subsciled drainage

of seed ecil, moisture

ponditicon
Pernesability ¥eed of ruch irriga- So0il texture, compact-| 2-3 Dmfday Subsoil puddling, soil dreseing,
wnder muonerged tion water, leaching ness, presence of subeoil compaction
conditicn of mutrients gravel layer
State of redox Root damage, physicl- |Easily decomposshle Fh: 100=-200mV Incorporation of iron bearing
potential ogical discrder organic matter, free Ground water materials, subgoil or tile
iron content, degree table 70 cm drainsge, intermittent drainage

of gleying

during growing pericd

Inherent fertility

Leaching cut of
mitrients, immobiliza-
tion of matrients

Mutrient holding
capacity, natrient
fixing capacity,
base status

CEC: > 20 me

PED‘} absorption

coeff, 1 000-
1 500 mg/100g
g0il. Base eat.

>3

S80il dressing, incorporation
of scil improving materials




300-600mg/100g

Incorporation of organic

Content of Poor growth, Exshengeahble Ca

available phyeiological exchangeable Mg 20~ 50mgf100g matter and so0il improving

nutrients disorders available K 20— 30mg/100g materiales including Ca
available P, 0_ 30mg/100g bearing materials, and fused
available N° ° 10— 20mg/100g magnesium phosphate
available Si 20mg,/ 100 g
minoer elements
acidity PH & 9.5-6.5

Hazarde Poor growth, Hzrmful esulphur Ineorporation of scil

lowering of nutrient
uptace, physiolagical
disorders

compounides, Salt
acnient, heavy
metale, irrigation
water quality

improving materials,
irrigation with fresh water

Frequency of
natursl dissgters

Aiels of severe
flocding, landslides

Topography, geclogy

Coneclidation of drainage
system, pump drainsage




Table 2 S0IL CONIITIONS IN UPLAND FIELDS AND MEASUREE FOR THEIR IMPROVEMENT
Ttems Limitations So0il Factors Fayourable Improvement Measures
Conditions

Thigknese of top Shallow root zone, low | Presence of exceseive »25 om Suil dressing, removal of

s0il sapplying power for gravel, hard pan or gravel, deep ploughing,
mitrients and water, bedrock subgoil bresking
extrenee of moisture
content

Effective depth Narrow rToot some, Pregence of gravel >100 em Soil dreseing, removal of

of soil

pextrenes of moisture
content

layer, hard pan or
bedrack

gravel, deep ploughing,
subgocil brealking

Gravel content of
top =021l

Ploughing, thiclmess
of top scil, effective
depth

Presence of excessive
gravel

=10

Hemoval of gravel, Ecil dress—
ing

Fase of ploughing

Efficiency of farm
machinery, germination
of seeds

Texture and stickiness
of top seil, moisture
condition

Incorporation of organic
matter, underdrainage

Wetnese of land i
wet condition
dry condition

Bxtremes of moisturs
sontent, ploughing

Permesbility, water
holding capacity,
moisture condition

Inherent Tertility

Leaching out of
mitrients, immobiliza-
tion of mutriente,
pocr growth

Matrient holding
capacity, nutrient
fixing capacity, base
status

|

| Air phase: »18%,

avail ,water; »50mm,
perqaahility:
103104 om/sec

Surface and subsuil drainage,
deep ploughing, subscil
breaking, scil layer mixing,
irrigation

CEC: »20 me
P.0O. abporption
cheff, i 0OU-

1 500 mg/100g,
base sat. »50%

i Seil dressing, incorporation
of Ca—-silicate materiales and
fused magnesiun phosphate

Content of avail-
able nuirients

Foor growth, physiol-
ogical digorders

Exchangesahle Ca
exchangeable Mg
available K

available P?(il{j

minor elements
acidity

Ca/Mg »10

15-30mg/100g
He20mg /1008

pH: 6,0-6,5

Incorporation of organic
matter and scil improving
materials including Ca bearing
materials and fused magnesium

phoephate




Paor gruowih, lowering
of matrient uptake,
paysiclogicel digorders|

Harmful sulphur
conpeunds, salt
content, heavy metals,
irrigation waber
muality

Cl: <O, 14

Incorporation of organic
matter and sceil improving
materials, irrigation with
fresh water

|ayarda
|
|

Frequency of

Aisy of flocding,

Topography, zZeclogy

sonsolidation of drainage

f natural disaster landslides systen, pump drainage,
terracing
- 5 . - . - . ] ¢
Slope of field Erasion Jradient cof slope, <3 Terracing

airection of slops

TeRion

Lose of top soil

Blope, Feoloiy,
vegetalion, dispereion
ratio, infiltration,
gtability of soil
structure

R S S |

Terracing, mulehing,
congoclidation of drainage
syEten




affected by climatic cenditisme, variehkies grown and contral of pests and
difenzes.

d.6.2 Upland fields

Unlize paldy fields, it ts wery diffioulb to specify favoureble sajl
coniditiong im upland fields owing to sarked differences between creps in
their requirenents and aopiake of rutrients, However, the exil condiiioms
conmunly recaired by plants are good perceasility, cpiisam meisture regime,
sufficient nulkrients and sheence cof haraful substances. I{ has been
gemerally scccpted thab hishly prodmctaive soils shouwild have scre than Y of
aco—caplllary powecs, aore dian 13 of air poase, more than 30 mm availsble water,
buge saturatisn more than %, a pH of 6,0 t2 6.9, a CafMy ratic lese than 1o,
and as olch availashls PLO. ae possible. Mtharwize, o 211 should be improved
ta meet these pendillon®,” The favourable conditieoms Tur upland fields and
practicel peasures for their improvesent are listied in Table 2,

EXTENSIGN OF S0IL AND PLANT TESTING HESUL'TS WU THE FARMEERS

‘The extensian and recommendation of fertilizaticn, 2eil iuprovement ana
nensgenent proctices, and teshnical muidence in their cperation are assigned to the
nationza) and local advinistrative agencies. Huch extension work 15 undertaken with
close cuoperaticn beiween the admiristrative agencies, local sgriculturs]l extension
officee and resezrch institulions. T™he orgenizational chart for 4he axbtension
gervice gysten is shown in Fgarc 2.

About &30 Xocal agricultural extension offices throughount She coumtry are
gtaffed with far advisers and ewo ject-matter spogialisic help the administrative
agencies a0 thal noWly developedl practices way be succcessMlly introdaced, he
faro advieers are cngaged in ertensisn and cunsultation services, ubject-natter
gpecialisis play & role ir conveying Lhe newly developed technimuez Lo fari odwisers
and in seruring closer liaisen between Lhe exsensior offices mnd roscaresh institutions
or hninistrative agencies.

Researeh institutions ond experincnial siations meve been aking steady
effurte 4o fkprove soil fertility and crop pradushion. Particularly, prefectarzl
experinental siations Reve been carrying cus rescarch and expericent on “he
technicues whiech 2irectly help the exteneicrn and geidancs services with which Lhey
keep in clope touch,

Faeflities for mwil snd plant analyeie have bocon 220 ap =% several loozl
exteneicn officesz in  each prefectures wc that ony quesiicons fron forieere may be
accurately and muicsly answered. The tosal maokber of extension offices mo eguipped
ia 08, Soil pH, cwochange aciuity, exchangeable K, Mz and Ca, available PO,
nitrete nitragen, salinity ele. sre mearared there, The enalyeis of planbt mdmples
and more diffimlt deterrinatione such as miner clepanls are undertales ap the
Analyeie Laborstory installed for thnis purpesc at prefectural sxporicental stations,
Farners are given the rezulis of sanlys:zs with practical recomme:dations tor =oil
inprovensnt and snanazgemend, Mirthernare, atienptes are being nada b convey o
faruers through the press, redic, telovision, pericdicals and leciure neetinge
acourate inforsation oot only on tschnierl irnovations but alss on sgriculzural
peclicies adopted by the malicnsl, prefectursl snd punicizel sovertmente, T
inportant that there sheuld be iwo—way exchange of infurs ation sad <hat Lozsers
arising among faruers are eonveyos o policy namers and 30 cmorsers conoorhoo wish
azriculturc, [he casipaigns For advensenent of soil Pertility play an eporkant -ols
in the exchange of inforaatisn ooiwees the aliiriztration or other mublic crgmwiizetiors
and the farmers.
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e extension services in Japan are characterired by being carried out
aot only Jointly by the national and prefectural governments but alsn by the
national federation systen with city, town, and village agricultural cooperative
asgociationz,  For exanple, standard fertilirer applications, including rate, tine,
placenent and formg used are detersinsd by o consittes which is ainly conposed of
university professors, subject-matier specialisis, researchers froo agricultursl
experimental stations, advisere fron the federation of prefectural economie
associaticons and Tertiliver dealers, The standarda are estsblished from field
experinente for every crop, soil type and clisatic region.



CONCLUSIONS

Fertilization ana scil fertility have been clogely connected not only
with agricultursal produection but also with conservation of the environment.
The solution to present and future fertilization and goil fertility problems,
including scil improvement and/or management practices, can probably come only
through a better fundamental understanding of soile and soil=-plant relationships,
It should be emphasized that there is a need for more interpretative data based
on sBoil types with respect to yield estimation, productive rating and soil grouping
for a specific purpcoee. Such data must be more quantitative and this will
require a closer working relationship between specialists in different fields of
goll secience.



Paper & THE CPERATION OF ZO0IL AND PLANT TEITING SERVICES IN BULGARIA

by

I.P. Garbcuchev
The N. Poushxercov Institute of Soil Science, Bulgaria

INTRODUCTION

The production of wore fuod for the world population is assuning still greater
international importance. The syntherie of [fondetuffs in agriculture represenie
a traneforpation of solar energy and nulriente fron soile and aimcephere into
organic enbstancens. 'The cropes zrown at presenl are inproved ecultivars of natural
species. In their historical phyllogenetic development plants have nade use of
mitrients from the earth's crust, and therefore dotailed analysis of plant tissue
samples shows the presence of the sane elements sccurring in the scil, water and
atmosphere, Science and technology have developed chesical compounds as an
artificial scurce of plant nutrients tc restore the necessary supply in the soil.
Nowadays, we cannot imagine agriculture without fertilizer application. Nitrogen,
phopshorus, potassium and trace elements ueed at present are taken up by plants after
their introduction inte the seil. Soile that have been used for thousands of years
are naw 8o poor in mutriente that if no Tertilizers are applied the crops grown on
them will be wvery low yielding., With the rapid inerease of production and use af
fertilizers in agriculture, science and practice faced the problen of development
of methods for chemical econtrol of s0il fertility. A great apount of work has been
done to develop analytical nethods for the determination of crop fertilizer
requirenents in relation to soil type, and extension services are peing organized
in moet countries for soil and plant tiesuwe analyeee as a guide to the wnst
efficient use of fertilizers.

MAIN PROBLEMS

The first problem i= related to the close study of eoil properties and
the detailed inventery of eoils in the regione covered by scil testing and nethods
for fertilizer recommendations. Soils are a conplex physico-chemical and bioclogical
gyeaten which develops under the influence of munercus factors. Therefore, various
scila have inherited different abilities tc supply plants with nutrients irrespective
of management practices. To thie end, methods of chemical contrel of soil fertility
should be specifically develnped for the particular soil,

T™e second problem is related to retes and ratios of mutrients in soils and
plente, which vary considersbly in scils and are relatively constant in plants.
It is well kmown that crope are ftclerant of variatione in the concentration of
nutrients in the soil, but when these are wvery large the crops grown either yield
little or die. Therefrre, when fertilizers are introduced into the =0il, the meost
appropriate mutrient ratio should be established. Both crop and soil must be
considered in this respect,

The third prineipzl problen concerns ncthods for the ddentification of changes
ceourring in the eoil and the detesrinatisn of rateg and ratics of nmutrients in the
fertilizers uced to achieve the wuet favoursble plant growth,

The fourth problem comprises arganization and frequency of £0il testing as
well as eriteria for naximum yields.
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RESEARCH WORK AND EXTENSION SEAVICE IN BULGARIA

The application of fertilizers has been studied since 18%2, but until the end
of the second world war the anounts of fertilizers used in Hulgaria were negligible.
Up to 1265, about H0-60 kgfha of N and PEG: on average and insignificant amounts of
K were applied snnually. The research Wofx carried cut mainly at the N. Poushlarow
Institute of Scil Seience and the detailed scil survey wade after 1947 have shown
that Bulgarisn Bocile were very poor in nitrogen and phosphorus, and comparatively
well supplied with potassium, for the 1985-7% period, Bulgarian agriculture has
made use of 140-160 kg/ha of NFK on average, of which about 100 kg/ha were W,
about 30 kg/ha P,0-, and only sbout 10 kg/ha K.0.  In 1977, the amount of NFK
fertilizers used will be about 180-190 kg/ha ofi an average, and by 1980 it will
rise to sbout 250 kg/ha of NFK (140 kg/ha W, 80 kg/ha #.0., and 30 wg/ha 1{20}. 1/

Spil testing has been carried out eince 1994, The first overall soil testing
was accomplished in 1962, From 1962 4o 196%, research work was expanded to solve
the problems resilting from soil testing in the country. from 1965 to 1572, the
gecond conplete ecil testing was accomplished using inproved wmethode,  For the 1970-
72 period, a project was initiated tc establish parameters and scftware for
compuiterized fertilizer recommendations, After the two years of experimentation,
ginee 1974, fertilizer reccumendatione have been given by computer. A48 a resnlt
of the experience gzined three new problems have arisen, The first of these is
related to the suitsbility of analytical methods and the capacity of faeilities for
routine analysis; the second concerns the nethods for determination of rates and
ratios of mutrients as regards changes in mutrient status in the s0il, and the third
is related to the creation of a systen Tor the amwmal rather thar pericdical iesue
of conputerized Tertilizer recommendations.

8o far, the following methods have been used in the country : hydrolysable H
after Tjarin and Cormfield for nitrogen determinations, Egner-Hhien for phosphoris
determinatione, and 0.2 N HUl for potaseium deterainations, In the ccurse of the
last few years, a new PK methcd has been developed (2% NaHCU, + 0.7% (NH }2504}
with a wider range of zpplication which warkedly reduced the analytical worbk. A new
seni-sutomatie line for routine analyees has been developed {(with a capacity of
1 000 samples per day) and put into operatiom.

To solve some methocaclogical problems that were expected to arise two kinds
of field experimentes wers organized in 1967 in the geographical networik of the
Country. The first kind served to test each elenent singly on the basis of 2-3
levels of the other nutrients as a blanket treatwent. The saecond embraced
experimente of the J4x3x3 types. These experiments have made it possible tao
establizsh an NFK balance sheet and new paransters for computerized fertilizer
reconmendations. T™e latter were introcduced in 1973 on the basis of the data
availgble from earlier research. Hecommendations have been given with the aid of
an ICL~1200 computer.

Filct experimentation with the new paraneiers and aporoaches to the cherical
contrel of socil fertility was initisied in 197( for the introduction of s second
improved approxmation For eosputerized fertilizer recommendations. The systen
wab developed within the franework of a UHﬂPfFﬁG Project (1964-1976) with the
asgistance of & munber of outstending experts and consultanlbs.

OPERATTION OF THE Y514

Freremquisites

The detailed sbucy of =0il pesources hae proved o be a signilicant factor.

See Note on page 1 regarding conversion factors for oxide to elemental Tormm.
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One hundred and fifty agro—industrial complexes (APK) cover the whole of the arable
land in the country and all are provided with soil mape on a scale of 1:25 000,
There are agro—chemical centres established ai each APK with =7 well ualified
specialisis. The latter periodically attend special training courses at the N.
Poushikcarov Institute of Soil Science to inprove their gualifications and fasiliarize
them with the computerized system for fertilizer recommendations. Soil samples are
oollected according to the scil maps and crop rotatione. Tach field hae its own
ogode number. Special records are kept for each field including data for fertilizer
application, yields, previous crops, tillage, and other management practices,
Fertilizer recommendations are given fuor 45 days - fron sampling until submission of
computer print-outs. To thie end, scil samples are taken when the previous crup

is mature so that reconmendations can be given prior to seed-bed preparation for the
next crop., A cross conmunication between the cenlral lsboratory and the AFKe will
be establiched.

Fertilizer Recommendation Principles

Nitrogen fertilizer rates are deteruined on the basie of the balance sheet
of available nitrogen compounds in the soil, nitrogen uptake by planis, and the
coefficient of ¥ utilization fros fertilizers, The initial date for different scils
heve been obtzined with the aid of siable N isctopes.

Data from soil testing are included =& cocfficients to characterize the N
supplying ability of secils. In other werds, the coefficient fur a given soil is=
an average value and therefore the N-test should not be made anmually, although
field experiments must be carried out contirmously to follow changes in the N
supplying ability of socils.

Calculation of N rate

W, . o _
RV gam = (&g +a 20, +_EY1mj « Cin
whare

is the N fertilizer rate in kg/ha for a given field,
is the code nunber of the field,

ig Boil type or soil group,

is the crop grown,

is the rate of ¥ supplying ability,

is the target yield,

is a correction coefficient, and

djnl-':ﬁpﬂ-;“:ﬂ

» B9 2, BTE regreseion coefficients.

Bxanple;
{ wheat grown on leached chernozem)
Iy =30
Y = 4 800 kg/ha
Cim = 1.02
R (9.6743 — 0.0793 x 30 + 0.0122 x 4 800) x 1.02 = 134.4 kg/ha

Phosphomis and potassiwn rates zre determined in relation to the establish-
ment of appropriate phospherus and potassiwn levels sccording to soil types.  The
real tern for build-up of phosphorus and potassiw. levels in the soils is
considered to be 12 years, Fertilizer application could be practised either
anmually or pericdically, i.c. every third or fourth year, Tus, the rate is
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caleulated by dividing the whole amount needed by 12, 1 or 4.

For phosphorue, an equilibriun concentration of 0.2-0.3 ppm in 0,01 M GaCl
ip used as a criterion for optimal level.

Calomlation of PEG: rate
-

: ]
(i) . P @z i
R g el . K
Where p ( T +Uim). Kag
R i= the PF,EJL_:l fertilizer rate in kg/ha For a given field,

i iz the code nunber .of the field,
jp is s0il type or soil group,

m is the crop grown,

SP 0.2 is the sorption capacity of eoil = the ammant required to reach an
" equilibrium concentration of 0.2 ppu,

T is the murber of years necessary to build up a phosphate level,
u is the amount cf P taken up by the crop, and
Esg ie the ageing coefficient,

Examples:
{wheat grown on leached chernczen)
EP e Gleb
i = 12 years
= 1.0 for 100 g dry matter
¥ = & 800 kg/ha
Kag = 1,101
R - {8:; + 4.8) x 1.101 = 127.6 kg/ha

Long-terit studies of K forme and their availability to plante have been
taken into consideration to determine ¥, 0 rates. The equaticn compri=es
coefficiente for textural and uineralogital conposition and potaseium uptake by
plante.

Caleulation of K 0 rate

-|j = + i
K" kl 1L %y

whers
R is the KQD fertilizer rate in xg/ha for a given field,

i is the code rmurber of the field,

jk is seil type or eoil group,

m is the crop grown,
u is the amount of K talken up by the crop,

Z1  is the level of ¥ required,

2
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| ig available ¥ established with the aid of soil testing,

T is the mumber of years nesded to Tmild up a polaseium level,

'd ig the eoefficient of K utilisation,

kg is the coefficient of caleulation for bulk weight of ploush layer per heolare
given in tomne,

k ig the coefficient of the effect of the newly applied K fertilizers.

Exanples

(whest growm on grey forest scil)
Y = 3 300 kg/ha

1 = 1%
it = 12
T = 12 years

o 1005 (15=12) = 2600
3,80 12%0. 26

R 156 kglha

The rates determined in this way Tor WPK are corrected for organic matter
content, depth of plough layer, thicimess of AB horizon, anmmal precipitation,
mesn daily temperature, sclar radistion, previous crop, residual effect of farayard
wanure and fertilizers, depth of ploughing, specific remquirenents of the crops, eto.

The fertilizer reconmendstion is in faect a computer print—omut.

Some Considerations for the Future of S0il Chenical Testing

The long—tern siudies nade on difterent s:il types under various conditions
to follow up changes in the soil resulting from Fertilizer application and other
management practices affurd the cpportunity of establishing s nathemzatical emation
to represent permanent characteristics of the scile. The studies include
determinations of intensity, kinetics, ana btuffer capacity of matrients for the
muantitative prediction of mutrient supnly in different soils. An efficient
communication sysier between users and the central laborstory should be eetsblished
to secure contimious updating of input inforuation. Thies is considered 1o be the
firet condition needed, and the second 15 related o Lhe Leaintaining of a well-
coordinated networle of ferdilizer experinents to allow the follow=up of changes
oceurring in seile. Such a link between research and extensicn for fertilizer
recommendations cpens the way [or the elimination of routine moil analyses and a
reduction in work and expense.

PLANT TISSUE ANALYSIS

A considersble amcunt of researcn work has heen done in Bulgaria concerning
the use of planl itissue analysis for ferliliser recommendations. The main
ubjectives of the sludiee wade were 4o estsblish 2 ccrrelation betwsen data Froo
soil and plant analyses, In practice plant tizceue analysi® is mostly used For
orchards but it has recently been btested in comnection with the sorrection of U
rates for cereals in the spring. Optinum conceniratinns of HFE have been
estaplished fur apples, peare, peaches, cherries, and vines. For exanple, the
limit value for apples was founa to be 2,4% for N, (3.3%5% Inr P?Uﬁ’ and 1.8% For



KEG, For peaches, 31.7% for N, 0.46% for Pyl s 2.2 for K0, and 0.8 for Mg. 1/

On the whole, the use of plant tissue analysie is rether restricted in the
country. In a mumber of cases however, the yield of both crchard trees and cereals
has been unsatisfactory, in spite of normal contents of HPK.

A new trend in plant tissue analyeis that has been developed at the N,
FPoushicarov Ingtitute of S0il Goeience is the determination of anion and cation content
instead of the percentage contents of elenents in plants.

From the resulte obtained the crganic salt content is caloulated as the
difference between the equivalent suus of cations and inorganic anicons,.

(K + Ca + Mg + Na) — (NO, + H,PO, + S0, + C1]

3 2 d
uring {illering of wheat the norwal crganic salt contents should bhe 90=
1000 meqf1GUUg dry matter. Filet experimentse are being carried oul 21 present to
correct the organic salt contents by spraying with rnuirieni solutions.

CONCLUSIONS

In comntries, whers systens for fertiliser reconmendatione are being
developed, consideration should be given bo the following:

i. the results available from scil sarvey znd scil chemical tests shonld be
gpummarized as regards pH, anion and cetion exchange capacity, scil texture,
clay minerals, humus content, eto;

ii. a programme for field experinents should be developed to test the effect of
inereasing rates of NFK at 2-3 levels, depending on the dats cbiained from
s0il chenical tests;

iid. the nost appropriate analytical methods should he selected according to the
experience of other countries with sinilar conditionsg

iv. Boiles sheuld be ¢lassified into groups according 1o their properties from
the management point of view, Mield experizents should be used to
@stablish limit values, as well as NPK applieation ratee, according Lo
crops and soill groups,

When all these preperatory activities have baen completed, = routine soil
chenical test ¢culd be introduced. The results obiained should be evaluated
statistically. Farallel with the routine work a detailed study should be nade of
s0il resources, their preperties, =soll processes and chonges ccourring as o
reault of fertilizser application and other o anagement practices, The conclusions
fron preetical work and seienfific studies should be used for ioprovement of the
gygten for chenicel control of soil fertility. In some cases use should be nade
of the experience of other countries either through =40, or by bilaterzl cooperation.

We hope that the present meeting for soil and plant testing crganized by the
S0il Resources, Uevelopoent and Gonservation Service of the Land and Water
Developrent Division of FPAD will play a significant role in improving the effect
of s0il and plant tiseue analyscs bo inecrease the efficiency of ferlilirers in all
the countries facing that probleom.

See page 1 for conversion factors for oxide to elemental form.
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INTRCIUCTION

The services are provided at the National Agricultural Laboratories
(NAL), Nairobi, which were estsbliehed in 1508, A branch to deal with Agricultural
Chermiegtry was esteblished in 1324, whoee work was nainly analytical. In 1831 a
scil cheénist was appointed teo deal with soil fertility, particularly scil surveying.
The unit provided valusble gervice and advice to Qovermnent and farners on inproved
land usege but remained erall and limited in its activities.

In the nineteen fifties the [acilities of the Section were expanded and
improved through the setting up of a scil physics laboratery and a clay uineralogy
laboratory was establiched in the early sixties. The ateff ectablishment was
increaged which enabled a major fertilizer prograame to be expanded and basio crep
matrition studies to be started, With the expanded programme a nesd arose for an
improverent in the soil and plant tissue analytical nethods both in speed and
ACCUTACY « Consequently Ur. lMehlich and others were assigned the responsibility of
developing suitable snalytical methods, and this culiinated in the production of
Kass Analysis Methods for Seil Pertility Evaluation (Mehlich et al. 1962).

S0IL T=STING AND PLANT ANALYSIS

A Tertile soil is one which has 2 good supply of plant nusrients in
balanced proportions, adequate water holding eapacity and infiltration rate and
good physical structure. The best indieztor of s2il fertility is the yield and
quality of the crops grown, hence the inportance of field trials. So0ils wary in
their capabilities f'or supplying plant nutrients aceording to their parent materials
and with past panuring and cropping. S0il analyeis ie useful, firstly in evaluating
the ability of the sevil tc sustain geod yields, secendly in delermining specifiec
conditions in the soil which can be inproved by the additions of correctives or by
introduction of other agricultural practices, and thirdly in predieting the
prcbablility of obtaining response to the zpplicetion of fertilizers. In Kenya
s0il analyses furn, a basis fors:

i. evaluating the fertility status of =o0ile in arcas earcariged for
developoents

ii, s0il classification on the basis of analytical data by the suil surveyors;

iii, fertilizer recommendations ; i.€. quantity, types or any other aselicrative
ILESBUTEE NCCeSEary.

In using plant analysiz as & tool for assepging fertilizer requirenents of
crops, it is zesumed that within certmin limite there is a positive correlation
between the amounts of mutrient supplied, the leaf content of the element in
question and yield. In this method of studying scil fertility problens, the plant
itself is used as an extracting agent for its rmatrients, the advantage cof leaf
analysis, if correctly used, is thal it indicatcz the quantity «f mutrients the
crop is getting from the scil. In contrast, swil analysis can only show what the
plant might cbtain sinece cther environmental factore influence the aclunl zounts
talken up. Flant analyses hzve been useful in fertilizing peremnial ecrope and free



crops, For these crops, results of soil analyses are difficult to interprei as a
large wass of teop and subsuil is explored by tree rootis,

ORGANTZATION OF THE SERVICES

Te testing of scil and plant eakples ie the responsibility of the Seniur
Soil Chemist aseisted by Soil Chemiste and a 5uil Physicisi. Unlil recently soil
and plant samples were analysed at HAL for Lhe whole country. However, about 3
years agu, the Scil and Plant Nutritiom section of the (offec Research Foundationm,
Ruiru, set up a routine leaf and scil analysis advicory service for coffee growers,
The two laboratories follow the same methods of soil analysis while those of leaf
analysis are dependent wpon the facilities available at the respective laboratories,
A fertilizer company based ai Nakuru providee Boil analysis services to famers
fullowing AL methode. At NAL {the services are provided free of charge when the
analyeee are undertaken fuor advisory purposes, for guvernnent institutions and for
farmers in general, provided they [orward their sacples through the extension staff
cr when the services are given in the interests o an industry as & whole,
Private institutions and non-govermment agencies pay a small fee, The purpose ol
involving extension staff in the service is to sake then sware of soil fertility
and crop nutrition problems within their areas besides proviaing a link between the
farmer and the soil chewist. Since technical knowledge of' the great majority of
the Tarmers is limited, the extension staff are required to explain to the farners
the resulise and recvmmendations that the soil chewist makes.

With increasing pressure on the available land for arable farwing, farners
are tending towards contiruous cropping with subsequent decline in yields where soil
fertility is neglected. In some cases farners obtain low yields or no harvest at
all, and it ie these kinds of farmer who send in Boil samples for testing. The
progressive farmers who are aware of the value of scil testing and the existance of
the eervice, gend in s0il sauples whenever they cvpen new land or in cases whers
fertility of the soil is unlmown. Agrononists and agricultural research workers
at research stations send in soil sanples fron their experinental eites For seil
fertility evaluation. Other sanplec are subnitted by the Kenya 5cil Survey. In
the laboratory, the facilities available include recepiiun and preparation roome
and a soil store nearby, a main laboratery for naes analyeis, and scil physics and
leaf anslysie laboratories.

MASS AWNALYSIS METHOUS WOR SOIL FERTILITY EVALUATION

Introduction

Although field trials are aceepted as the beet method of evaluating scil
fertility and such trizle will eontinue to have an inportant role in the future,
chenical and physical measuremenis of soile in the laboratory have the advantage of
spaed. The existence of such ladoratory services allows for greater assistance to
farners, agricultural officers, soil surverurs and others concerned with land use
problems.

An appropriate method of analysis is one involving a single extraction in
which & number of elements can be determined. A4 single acid extractant employing
a mixture of hydrechloric and sulphuric scids wag selecied after considerable
experimentation. The method is similar to the North Carolina one except for the
higher comecentration of the hydrochloric acid., The acid replaces the bulk of the
exchangesble cations. The acid scluble poosphorus available to plants may be held
in exchangeable fourn =nd it is replaced by the sulphate znion in the acid aixture.
The concentration of sulphuric acid is restricted to zbout 0,030 since this
approaches the upper linit of caleiwn sulphate solubility. Tis concentration
would be too weak to effect the desired replacenent of cations, hence the inclueion
of 0,18 hydrochlorie acid in the nirture,
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The elements deternined in the extract are: P, Mg, Mn, Ca, K and Na. Fy
Mg and Mn are determined colorimetrically while Ca, K and Na arc deternined by flane
photometer. Soil pH, organic carbon and total mitrogen are also determined,

Orgoanic Carbcn and Total Nitrogen

In theepe snalyeee a siecved suil is used, Crganic carbon is determined
following the Walkley and Black (1934) procedure, In deternining total nitrogen
a micro-Kjeldahl digestion procedure iz followed, The szwples are digested in
test tubes which are heated in an alimnium block.

Hp (sxchangesble Acidity)

This was defined by Mehlich (1960) as the exchange acidity arising from the
depletion of bases from negatively charged permanent calicn exchange capacity sites,
It is determined by leaching the soil with Baﬂlg and tho leachate titrated with
MaOH to just zbove neutrality.

GEC and Exchangesble Cations

The determination of cation exchange capacity and exchangeable cations is
carried out on selected scil samples, in particular Soil Burvey assples for which
the data are remquired for classification purnores,

Exchangeable c¢ationg are determined by leaching scil samples with IN ammonium
acetate, pH |.U0, tollowed by the deterainziicn of individual cations in the leachate.
Cz, K and Na are deterained by flmue photometer,while Mz is determined on an atonic
abgsrption spectrophotonater.

The GEC is deleruined by eaturating the seil with 1IN sodiug acetate, nH 2.2,

The excess Nalic is washed with rectificd spiril. The abscrbed Ha ia replaced
by HHﬁﬁﬁc and the Na in the leachate deteruined.

pH in both water ond KCL and electrieal conduetivity zre deterained on all
these s0il saiples at & s0il @ water ratic of 7 3 1 or 1 & 2. depending on the
clay cintent. Suepected saline soils (¥CL1 over 1 .mhofen) are washed with
rectificd spirit prior to the detersination of exchangeasle calinns, The prewash
repoves salts soluble in ¥H Ofc whiech womld interfere with the deleraination afl
exchongeable cations. Sa‘hﬁra‘bimn pastes are also prepared for the suspecied
aaline anile and electrieal conductivity and pH deterninaticons are carried out
on the extracts, Conductivity cationg and sniong in the saturation extraects F
only selected sanples are analysed.

T™e method is not suitshle for calesrecus and Baline-alkaline soils = high
velues of exchangenble Ka snd CIC e ootained, i.e. the prewashing with recti fied
ppirit is not effective. When the total exchangeakble cations excced the CEC,
the ¢aleiun value is corrected aceurdingly.

IHTERPASTATICH OF RLSULTS G SUIL AHALYSIS AT RzUillENDATIORS

The interpretaticn of analytical reeultis is Dbased ca pH and Hp, cations
supply, availsble P, total W, organze watter scontenl and texture, S0il pamples
for mdvisory purposes are usually sccoupanied by infuruation sheets siving
inforration on area,crops T2 e Zrosn, previous orap, fertilizer/.anure hisbory,
slope of the land, drainage, irrigation facilities, soil bype =il texture, colour
of the soil, purpese of the analyeis aad any ~ther anf. rmoation pertinens Lo She
suil and the crop. 'ne results of chevical tests ana the sbove infornation are
gonsidered in toe intorpootolion nd reco mobdalions,
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As & guide, soils containing less than 20 ppm P are regarded as low or
deficient depending on the ocrop to be grown. In general high responses are
cbtained from phosphatic fertilizers on most crops, particularly anmuals. K is
considered deficient when it is less than 0.2 mea® or 0.4 meq % for crope having
low or high requirements for K respectively. 'The ratic of K to other cations,
notably Ca and Mg, is also taken intc account.

Caleium is coneidered deficient below 2.0 meq %. Ca is considered together
with pH and Hp values, If the soil is too acid and low in Ca,basic fertilizers
are recommended or in extreme cases liming is recommended as an ameliocrative
measure, Mg is considered deficient when it is below 1.0 meg % . Celcined
magnesite or dolomitic limestcne ie recommended if both Ca and Mg are required.
Total nitrogen gives an indication of the potentially available nitrogen.

Organic carbon in the top soil is considered in relation to eoil structure,
particnlarly aeration.

Trace elements are coneidered in conjunction with pH and analyeis of plant
materials, More information is obteined from the bicassay tests in the green-
house following the minus one element technigue. Copper and ginc are particularly
important in citrus production where the best indicater is the leaf analysie.
Aerial spraye are generally recommended for micronutrient applications.  Copper
is of special significance in the wheat growing areas where deficiencies are
frequently encountered., Seed dreseing with copper oxychloride followed by aerial
spray are recommended.

In recommending fertilizers for various crops reference is made toc fertilizer
reconmendations made by agronomists. The level of technology, available rescurces
and expected returns are taken intu coneideration in the recommendatione.

Farnyard manure (well rotted) is frequently recommended for use by small
holders. It is usually available from their own small bomas.

PHYSICAL MEASUREMENTS

Soil Texture — Hydrometer Method

Mechanieal analysis of soils is carried out following the Bouyoucos method
ae described by Day (1950, 1953 and 1996). Ordinary 1 000 ml graduated cylinders
are used. The reading for clay is obtained after six hours. Temperature
aorrections are applied, Selected eocil samples are analyesed by the pipetta
method as deseribed by Kilmer and Alexander (1949).

Clay Mineralogy

Selected so0il samples from soil survey areas are snalysed for olay
mineralogy. In the analysis organic matier is removed by treating the scils with
hydrogen peroxide, dispersed with 'Calgon' and subsequently separated into sand,
silt and clay fractions. Blides are prepared and asnalysed following the method
of Theisen and Harward (1962). The identification of eclay minerals is based on
patterns cbtained from standard clsy minerale. In semi-quantitative analysis the
method of Theisen and Bellis (1964) is followed except that peak area ratios are
uded instead of peak height ratios.



6.3 Other fnalyses

Thege measurenenis are nade on recuest and in cases where it is coneidered
neces=arys

i. g0il moisture refention curve: in thie analyeie moisture tensions of 0,32
and 1.0 atmosphere are deternined in pressure cocker apparatus and
tensions of %, 10 and 1% atmoepheres are chbtained ueing standard pressure
membrane equipment;

ii. s0ll denzity and porosityt this invelves the detercination of bulk densitv
and specific density from which porosity is caleulated. Standard procedures
are followedj

iii, hydranlio conduotivity of scile.

Te PLANT TISSUE ANALYSIS

Tal Preparation of Samples

Freshly taiken plant tissues are dried in an oven at 75" to B0 C overnight.
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7.2 fghing of Plant Hateriale

Flant materials can be dissolved either by wet cxidation or by dry ashing.
Wet oxidation is accomplished by treating the materisl with HNO, and HCID,. Its
main advantage is that both nasre and micro mutrients can be defermined on the same
digest. Its main disadvantage is the problenm cof diepceing the corrosive fumes of
the acids and the potential danger of explosion, Ashing (ignition) is popular
as a satisfaecticry alternative method for the release of nineral elenents, However,
glgnificant amounts of K and P may be volatilized at the usual ignition tenperature
of B50 to 600 C. For thie reasom, ashing for P is generally corried cut in the
presence of an aleoholic solution of Hg{ﬂﬁljg,

At the NAL laburatcry the dry ashing method i8 followed. The eanple iz
ashed at 400 - 4r7 2 (tn avoid the loss of K and P} for 3 h. T™e sanple ie then
treated with cono. HNO evapcraxpd to drynese on a waterbath and placed back in
the wmaffle furnace at zﬂd ¢ for 19 mimmtes, The ash is taken up in dilunte HC1,

The solution ie veed in the determinaticn of P, K, Ca, Mg, Zn, Fe, Mn and Cu.

For sulphnr, ashing in the preseqce of ﬂg(ﬁﬂkjg is preferred. The nethod has
proved satisfactory for macronutrients tut gomewhat low values are obtained for the
itrace elenents. Wet digestion is preferred tut the ecorrosive fures of HOL1O

preeent a problem, 4

Tald Determination of Individual Elements

Fhosphorus is determined colorimetrically following develeopment of the
colour with nitric vanadonolybdate reagent. Fotazeiwrn iz determined by flane
photometer while sulphur is deternined by the turbidimetiric method, Calcinrn,
magnesiwe, iron, manganese, sinc and copper are detersined on an atoric abeorption
epectrophotometer, Lanthamus chloride solution is added to the Ca and NWg
standards and selutions alike.



The results of plant analyeie are interpreted by taldng into consideration
the infcrmation supplied with the sample, such as fertilizers used, ocourrence
of the disorder in the field, results of soil analysis, comparison of resulis of
healthy and unhealthy plants that are similar, and data given in the literature.

As a check on the accuracy of the analyses, membership of a scheme
organized by the Netherlands Laboratory of Soils and Fertilizers, Wageningen, has
been helpful. ‘The central leboratory distributes six standard plant material
sanples every two monthe, to the participating laboratories. The member
laeboratories analyse the samples for those elements they sre interested in, and
send the results to Wegeningen for compilation of the data which are sent to all
member laboratories without comments.

CONSTRAINTS

i. It is generally recognized that field trials are the best indicators of
soil fertility end capacity of scils to sustain yields. While such
triale have demonetrated the wvalue of fertiliszers and manures through
jincreased yields, particularly as a result of application of pheaphatic
fertilizers, the relationship between the scil teat and yields has
remained poor. Other facturs such as climate, itype of soil, management
etc. aocount for the poor relationship, It has therefore not been
possible to relate crop responses and the applied fertilizer teo the soil
test.

ii. Information and data on the critical nuirienl levels for important crops
ie inadegquate or non-existent, which ie a hinderance to effective and
efficient advisory services.

iii. The level of technology for the small scale farmers is generally low. This
hinders them from making use of the service with a consequent drop in
production. TFew of them are in a position %o take soil sanples properly
or implement the recummendations correctly. Communication between the
goil chemist and the Tarmer through the extension is a weak point in the
service,

iva The service lacke feedback information on the performance of crope as a
result of the recommendations, the difficulties that face farmers in
implementing the recommendations and the socic=—economic problems that
farners encounter.

Va Although farners are sncouraged to supply ag nuch background information
es popsible when sending samples for anelysig, some fail to do se. This
creates difficulties in the interpretation of the results and in the
recomrendations,

via Some of the emall scale farmers experience difficulties in implementing the
reconmendations owing to lack of cash or availsbility of fertilizers within
their localities.

vii, Inadequate laboratory facilities euch as drying ovens during peak periods,
grinding mills, lack of spare parts and ceccasionally meintenance services,
are some of the drawbacke in the running cf the services smoothly and
efficiently.
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Paper 7 THE OPERATION OF SOIL AND PLANT TESTING SERVICES IN INDIA

by

V.K. Muotatkar
Fertilizer Promotion and Agricultural Hesearch Centre
Planning and Development Idvieion
Fertilizer Corporaticn of India Limited
Sindri, Bihar, India

HISTORY OF SOIL TESTING

A soil testing programme was started in India during the yeasrs 19356
with the setting up of 16 secil testing laboratories under the Indo-US cperational
agreement for "Determination of Soil Pertility and Fertilizer Use". Eight wore
laboratories were added in 1§58.

With the increase in fertilizer consumption from 1.2 million tonnes in 1964
te 2.7 million tonnes during 1975-76, the number of soil testing laboratories has
alse been increased progressively and now there are 2C) soil testing laboratories,
ineluding 52 mobile scil testing vans, functioning all over the country.

The state governmenis, the Central Ministry of Agriculture and Irrigation,
and institutions such as the Indian Council of Agricultural Research, agricultural
universities and the nanufacturers of fertilizer who advise farsers on fertilizer
use are all engaged in soil testing progracmes.

In spite of lizited rescurces and various technical difficulties, grod
progrees has been nmade in the soil fertility evaluation programe which has expanded
considerably in the last decade, An important development was the setting up of
s0il testing laboratories by the fertilizer industry. 'The fertilizer industry
has played a vital role in noking the suil testing progranme more effective and
successful.

The total capacity of all svil testing laboraiorics is for the analysis
of 4,0 million samples per year, Overall utilization of the scil testing
facilities is about 70 percent. Considering that there are 70 nillion far
holdings and an estinated 0 nmillion forwers needing soil testing services, the
total capacity cof soil testing services developed is still ssall. Hore laboratories
woricing at a higher degrec of efficiency are reaquired.

ORGANIZATION

The scil testing laboratories are operated by governsonl agencies,
universities and fertilizer manufacturerz, while some are private. Most of these,
with a total capaeity of :.71 million samples, are in operation in the governnent
sector. The total capacity of all the lsboratories m™un by the Fertilizor
Corporation of India Ltd, (FCI) throughout the country is 0.% rdllion soil swmples
per year, T™e PCl iz placing more enphasis on mobile £oil testing lshorateries
becmuse by bringing the soil teating service tc the deorstep of the farmer the
farming coomunity is motivated towards the scientific and eccnonic use of fertilizers,
The contribution of the FCI through mobile =oil testing laboratories is 44 percent of
the totnl capacity of mobile Boil testing laboratories in the country. Jetaila
regarding the total capacities of ooil testing facilitins in each state rendered by
different crganizetions are given in Tables 1A and 10,



dire of Laboratory

e rated capacities of individual laboratories run by govertwient and
universities range from 5 000 to 84 000 samples per annum, The averasge laboratory
capacity of 10 000 samples per year is exceeded by only a few laboratories.

Table 14 CAPACITY OF GTATIC 30IL LABCRATORIES BY STATES
(million samples/year)

Fovi. University Fertilizer Manufacturers  Total
FCI Cthers
0.144 - 0.010 - O, 104
0.0%: - 0.02% - T
J.130 0.016 9075 = 0.221
Q.160 - - D.010 0,170
J.222 0.040 - - 0, 2oz
0,050 D.010 - - 0,060
0.04% - - - 0.049
0450 - 0.010 0,040 0.510
Q.151 - - 0.037 0.188
M.F. 0080 G030 - 0.00% 0,115
Maharrstra 0,036 O.015 0,040 N.4. 0,091
Mand pur 0.010 - - - D.010
Meghal sya 0010 - - - 0,010
Hagaland - - - = -
rissa 0.0 - - - 0.070
Fun jab L 100 0L G 0010 - 0.170
Rajasthan 0,050 - 00 i 0,091
i’['. Weidu O.hT6 - - OeD61 O.83%7
|Tripura D010 - - - O,0710
.. G.335 0,069 0,025 3.007 O.476
W, Bemgal 0.055 - 0.0 - D130
N, 0,003 - - - 0,004
Dz 1111 0.001 0,001 - - 0,002 'I
oo ﬁ 0010 - - - 0,010
FPandichari Q.08 - - - 0,028
Em:; H 2.8%3 0,241 C.271 D160 3.027

Source t Pertillirar statietics, 1974-TH, F.4.T1.

The sialler units (10 000 samples per year or less) cammot be operated
efficiently and econonically on an assembly line production oasis, The laboretory
best suited to Indian conditions has 2 capasity of 30 GO0 sanples per yeoar, a8 alec
recommended by Muhr et al. (1965). Perur et 21, {197%) showed that a laboratory
having a capacity %o analyse 30 000 samples per year could double ite ou Eput with
elight nodifications in staffing patiern sl work technolagy, However, the design
of any leboratory lor wmedmum efficiency depends on the 1oocdmum deily capacity,
prajecticns of future needs and macber of debersinations carried out on each soil
sampls,

The scil testing laboratories of the FOL,nost of which werc estsblished
during the last 10 years, were desigmed four a capacity of 30 000 scil sanples per
¥EAr. The mobile woil testing vans, each wilh a capacity to analyse 19 000 soil
somoles per annum, wers built To a design suggested by the HMinistry of Food and
Agriculture, Juvermaent o India.




Tabhle 1B CAPACTTY OF MOBILE S0IL LABQHA'IDRIEE BY STATES
{million samples/year)

Bta‘t e Govt. Universities Fertilizer Mamufacturers Total
EEI Others
AP, 0.008 - O.015 - 0.023
Ageam - - 0.030 - 0.030
Bihar 0.020 - 0.030 - 0.050
0ujarat 0.070 - - - 0.0
Hargyana - - - - -
H.P. - - - - -
% - - - - -
Kamataka 0,010 - 0.015 - 00249
Kerala 0.015 - - 0.010 0,025
M.F. 0.010 - D015 - 0,025
Maharastra - - 0,030 - 0,030
Manipur - - - o i
Meghalaya - - = = =
Nagaland N.A, - - - =
Orissa 0.010 - Q.030 = 0 L0400
Pun jab Q0,020 - - - 0,020
Hajasthan D010 - - - 9.010
T. Nadu 0.036 - - - 0,035
Tripura 0070 - - - 0,010
lu.P. 0,060 - 0.015 - 0.075
¥W. Bengal - - 040k - 0.045
L - - - - -
Delhi - - - - -
Goa — — - - -
Pandi chari - - - - -
TOTAL = D.278 - .225 0,010 0.514

Source ¢t TFertilizer statistice, 197/=T3. F.A.I.

To establish one static scil testing laboratory with & capsocity of 30 Q00
samples per year requires a capital GxPEUgiture of sbout Hs.0,3% willion for the
building with a floor area of asbout 185 o™y insiruvents and furniture, The
operational cost of such a laboratory, inclusive of salaries, wages and naterials
etc., would vary between Re., 4 and & per sample analysed, Similarly, a mobile
soil testing van can be constructed at an initial cost of Ae, 0,30 million, but
the cost of analysis would be 1.7 times that in the siatic laboratory. The van
would be moving from place to plase and the effective working time would be less.

Staff

In the lightof experience gained frow the routine determinations which are
carried out in neost of the laboratories, +the staff requiremrent for a laboratory
analysing 100 samples per day (or 30 000 samples per year) would be 18 persone.
They weuld comprise one Soil Chevist (in charge), two Hesearch Aseistanis (one
chemiat in charge of anzlytical work and one agronowist in charge of fertilizer
recﬁm@mmﬂaxiﬁnéj, Tive hnslytical hesishents, =i LeEbhorshory Abtendents, Yhree
typiete and one driver.
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ORGANIZATION COF LABORATORY OPERATIONS
Collection of Scil Samples

It has been the practice in Indis to collect scil =amples fro- the
cultivaters' fielde through the extensicn staff of the State Departinent »f

Agriculture, nasely, the village level workers or agriculitural officers of the
districts.

The s0il testing lobeoratories run by fertilizer manufacturers use their own
field gtaff who are engaged in promoticnal activities or fertilizer dealers as
agemte for collecting scil samples. Special compalgns are orgeanirzed to encoursge
farmers to draw samples twoe or three months before each planting season, viz.
kharif, rabi and summor.

Soil samples are collected hawving regard to the uniforesity of the area,
topography, colour, texture, cropping pattern, drainage ete, Az far as possible a
truly representative sample of the area is taken, On deepatch, the sample is
accompanied by an informetion sheet which is used when interpreting the data and
making the fertilizer recommendation.

Laboratory Eouipment

In scil testing laboratories acouracy and epeed are cqually important and
an appropriate choice of lebhoratnry equipment is therefore sssential. Criteria
for selection include: (1) a degree of sensitivity and precision to meet the
required standard of accuracy, (2) simple operation, (1) ruzged construction to
avoid frequent failures, (4) availabilily of epares and alter sales serviee fron
the manufaciturer,

Scil testing laboratories use pH meters, conductivity meters, photo-electric
colorineters and flame photometers of Tndisn manufacture, the perfor-ances of which
are quite eatisfactory. As 80-90 percent of equiprent breakdowns zre mostly of a
minor nature due to mieshandling, they can be remedied by the laboratary staff,
Thorough training of the laboratory personnel and a good after eales service fron
the mammfacturers are of the greatest importance.

Time Saving Devices

A mamber of tine saving devices such as seil sanplers, ultiple sampling
spoon assembly, multiple racks for flasks and waehing devices were designed and
described in detail by Muhr et al. (1965) and Perur et al. (1975). These have been
found quite useful and in modified form are being used extensively, Madras
Pertilizer Ltd. have introduced a new type of rultiple dispenser, sn autcmatie
suction and drawing device for colorimeters and an extension of the atoriger
capillary in flame photometers (Verma and Bennet, 1971). All these and other
innovations sach ae a multiple stirrer based on @ model sugsested by the
Iaternational Scil Fertility Fvaluation and Inprovement Prograrme are coming
into use, Verma (1975) has estimated that the saving in time afforded by
these devices ie 30-80 percent. They also reduce the riek of hunan error,

Analytical Procedures and Quality Contrel

All the scil testing laboratories are aquipped te analyse soil sarmples for
pH, electrical conductivity, availability of macro-mtrients, and lime and gypsum
requirements, while some government laborateries also estimate the availsbility of
picromutrients in soile., Most laboratories also have facilities for analvsis of
irrigation water and plant samples, Standard procedures as degcribed by Muhr
et al. (1963) are used in all laboratories for pH, electrieal conductivity,

erganic carbon, available phesphorus, available potassium, and lire and sypsum
requiremente.
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The correct cheoice of analyticel method centres arcund extraction of
nutrients proportionate to the amount which a plant can obiain fron the soil
during its lifetime, Since the mutrient awvailability dependes on soil type and
managemnent practices, the sauitability of & method for estimaling the fertility of
gnil must be determined from its correlation with the crop response under varioms
agroclimatic conditions,

For assesping nitrogen availehility in 2041, the =2l%zline potaesium perman—
ganate method (Subbish and Aeija, 1957), caleium hydroxide nethod (Prasad, 1965)
and organic carbon percentages in soil (Kalbande, 19643 Singh and Brar, 1973) have
been found to be highly correlated with crop responee, altheough Pathak et al. (1878)
did not find any correlation of organic cerbor and total nitrogen in soil with
percentage yield, [Ho uniform method for all soil testing laboratories can yet be
adopted, and becamse the distillation process is tire consuming, nitrogen
avalilability in =2o0il ie =still =esessed by eftimation of organic carbon.

Studiee have been made with different extractants viz. Olsen, Bray Ho.l,
Bray Weo.?, Truog, Morgan, Bingham, Spurwsy and Al-Abbas to evaluate a maitable =o0il
test method for phosphorus (Datia and Khera, 19697 Tubey et al. 1973 Xhera and
Datta, 1969; Keelu and Bhunbla, 19693 Pathak et al. 19773 Singh and Brar, 1973
Ramamoorthy and Hasan, 19773 Ramamcorthy and Bajaj, 1969). Of these the Nlsen
method was the most suitable for neutral and alkaline soils, while the Bray No.l
method was found suitable for naize, wheat and vegetable crops on aecid ecils,
DNatta and Kamat (1959} developed a method for extraction with & mixture of
ammonium fluoride snd EDT for available phosphoras which was highly correlated
with yield in several scil associationes.

For estimation of avsilable potassium in so0il nentral normal ammonium acetate
was found to be a suitable extrastant (Tubey and Khera, 1974). Datta and Kalbande
{1967) found potaseium extractable with & W sulphurie acid tc be highly correlated
with the erop responee,while research at Orisea Agrienltural University showed
extraction with W HHD2 to be the most suitable for awvailable ¥ in laterite and red
ecile. =

Research data are s1ill insuffieient to enshle unified methode of anslysis
to be adopted. Moreaver, the ssils on which paddy, the rost impertant crop in
India, is grown present special problems hecamse prolonged waterlogmine creates a
reducing environment in which the dynamics of matrient availahility differ from
those of arable socdle fChﬂng, 19440 . Further regearch is necessary for the
development of suitable =0il testing metheds for waterlogeged scile, as aleo for a
suitable scommon extraction procedure for 2ll macremutrients. A modified Olesn's
methed (Hunter, 1972) has given encouraging results for estiration of available P,
K and micromtrients,

fuality Control

To ensure the sccuracy of snalyeis, all lakoratories provide for the analysis
of one check sample for each set of 10 sanples, for which purpose one extra space
is provided in the racks toc fake thie =ample.

The lsborstories of the FCI operate in addition = system of crossg-checldng
forone perceni of totsl samples taken from the different laboratories of the
Corporation.

Interpretation of Analysis

The wvalue of so0il test data in the prediction of erep respomse fo application
of any specific mutrient is dependent on acourate analysis of representative samples
that are backed by scund correlation studies. Taring the early period of soil



testing service in India, limited pot culture correlation experiments and a few
field trisls were conducted by the Indian Agricultural Research Institute, the
cutcome of which was the grouping of soil test data in three ratings , low,
medium and high (Table 2)., Later, with the availability of more data the
departmente of agriculture in each state, agricultural universities and the FOT
collaborated to revize the earlier elassification eygtem to inelude five ratings,
namely, very low, low, medium, high, very high (Table 31). Most of the soil
testing laboratories now follow this rating chart.

Table 2 RATING CHART FOR S0IL TEST DﬁT&lf

Drganic carbon Below 0.5 0.5 - 0,7%% Above 0,754

(as a measure

of available

nitrogen)

Available PO, Below 20 Ib/acre 20=50 1b/acre Above 50 1b/acre
Available P Below 9 1b/acre 9-22 1b/acre Above 22 1b/acre
Available K0 Below 125 1b/acre 125-300 1b/acre  Above 300 1b/acre
vailable K Below 10% 1b/acre 105-250 1b/acre Above 250 1b/acre

Seil Reaction (pH)

Aeidic pH below 6.0 Tending tr pH 8.6 - 9,0
btecome alkali

Normal pH 6.0 - B.% Alkali pH above 9.0

Conductivity (Total soluble salts) (mmho/cm)

Belaw 1 -  Nornal

1T -2 - GCritical for germination

7 =3 — Critieal for the growth of salt—sensitive orops
Above 3 - Injuricus to most crops

1/ Source: Muhr et al, (1945)

Using the eritical test level approach of Cate and Welson (1967), Goswami
et al. (1971) studied the relationship between soil test value of phosphome and
percentage yield through 489 simple fertilizer trials on oultivators' fields
aver & two year period, The authore calculated the critical eoil test level of
phosphorue for rice in six soile and for wheat in three other zoils f"[‘ahle- Ay,
Pathak et al. (1975) calculated the critical sail test value of phosphorus {P}
ag 12.3 kz/ha (28 ke P_O-/ha) in the alluvial scile of U,P, for wheat, Work by
the FCI at Sindri show8d'the critical level for phosphorus (P) to be 13 kz/ha
in the red laterite catenary scila of Biher under waterlogged conditions (Mukherjee
gt al, perscnal comminication). Rao (1975) found the eritical limits for
phasphorus (P) and potassium (K) 2s 15,4 kg/ha (35 kg PO, /ha) and 124.5 kg/ha
(150 xg KED;"ha] in the scile of Andhra Pradesh distrietS



Table MOTIFIED RATING CHART FOR SOIL TEST DATA 1/

Nutrient Very low Low Medium High Very high
Organic carbon =0.2h 0.25 —=<0.50 0.530 ==Z0.73 0.73 =<C1.0 1.0 and >1.0
{as & measure
of available
nitrogen %)
tvailable P <5 5 = =10 N =< 20 e Py B0 and =50 .
(kg/ha) .,
Available K <55 b5 ~<l15 115 —~<280 280 —<h65 465 and >465 |
(kg/na)

S0il Reaction (pH)

Very acidie pH = 5,0 Alkaline pH 8.0 =<9,0
Beidiec pH el =G0 Very alkaline pH 9.0 —==9,0
[Neutral pH 6.0 =<8.0

Conductivity (Total scluble salts) (mmho/cn)
Below 1 = Normal
1 = 2 = QCritical for germination
2 = 3 = Critical for the growth of salt senpitive crops
Above 3 =  Injuricus Lo most crops

1f Followed in the scil testing laboratories of Bihar.

Since the availsbility of any nutrient in soil is governed by various
physicochemical soil factors such as pH, sesquicxides, calciun carbonate, clay
and also other rmtrient elements present in scil, attempts are nmow heing nade to

develop soil test ecalibration equations in relation to other scil factors.

The FCI

have undertaken a resesrch progranme on scil test crop response correlation with
a dynamic computer model on the principle of Colwell (1947).

Fertilizer Recommendstions

A fertilizer recommendation should indicate the type and ¢uantity of
fertilizer and time and method of application for a particular crop and soil.
Therefore, it ie necessary toc have soil test wvalues sapplemented with the
information on drainage, physical properties, depth of the soil, alkalinity etc.,
which is normally supplied on the information sheet accompanying the soil sample.
The cultivar, plant population, standard of farm management and the economics of

fertilizer use are normally alsc taken into consideration.

With the aid of the

foregoing, an experienced agrononist can nake a Pertilirzer reconmendation by
increasing or decreasing the rate of nutrient enggested in the general reconmend-

aticn for an area.
(Table 4).

For certszin crope and areas,detailed guidelines are available



Table CRITICAL LEVEL FOR SOIL PHOSPHORUS AND YIELD RESPONSE OF 1/
RICE AND WHEAT TO FERTILIZER PHOSPHORUS
Ro. of Critical level Response to phosphorus l
S0il group Year trials I:Itgﬁl"-‘r}'?'-fllrfha} (kg/ha) at ©0 kg P, 3, /ha |
(Cleen value) er 120 kg N/ha 1
RICE Below G.L. Above C,L,
Red
Colobatere 196H—0T) i 1 A20 (Rath
Shimoga 106510 ) ah 1 2078 140 _
Chittoor 196G=T0) 17 it 147 Py ,
Deep black :
Hizamabad {1969-143) i ) 1107 1
Copstal Alluvial
Alleppey (1909-10) 39 4 b 104
Than javur (190E=69) 13 i 1611 by
Laterate {
Palghat {(1969-70) 44 i T 127 !
[ Medium black
(
Nasilk (1909-710) i 2P, ;
Mixed red and black
West Oodovari [ 1uaa-r) i 3 19,4 a0
Hlack WEEAT
Hoshangabad Cigeiadg) e 19 37 140
Alluvial
Harmezl (1GeE-0y) o e IPARY |
Ludhiana Toei-i9and B4 1 1639 100
1950-70}
| Grey broun
[ Mehsana [ 1ono="0) NG I THE V4
Bray No.l metacd,
L,.-" Soupraee:  Joswami et al. i



RATING CHART FOR WHEAT IN BTHAR

Table 3
51 PO KD
. o°h 2

NG . % e :
Soil test wvalue Recommendation Scil test value Recommendatiom Seoil test value Recommendation
% organic carbon N» in kg/ha + Average P,0¢ chﬁ kg/ha  Av. Kzﬁfkgfhs. K,0 kg/ha

FYM in t/ha

1. G0 = 9.15 130 + 0.0 10 8o

2. 0.6 = 0,30 120 + i a0 T0

3 OuUET <1 mEs 110 + et = 3 60 0 - 125(L) 40

4. Oud46 = 0,60 100 + 31 40 30

9s BT = 0.75 a0 + 41 50 A0 126 - 100(M) 0

e 0.76 = 0.9 B0+ 51 &0 30 301 and above(H) 20

Te  Above 0,91 70 - Above &0 20

1, TFor unirrigated tracts fertilizer recommendaiion for W will be 50% of sbove and 25% for other mutrients.

Za Ii’2

0, recommendation may be raised by 508 in acid soils of Chotanagpur and Santhal Parganas.

Source: Proceedings of the meeting of Technical Coordination Commitiee, Bihar held at Patna on 17.11.75.



Theee reconmendations are entered cn o form which is taken 1o the farmer by
local field staff or village level workers of the extension service who explain and
interpret the recormendations.

According to the wishes of a farmer, fertilizer use can be ajxed at obtaining
the maxrimum yield per hectare or the maximum profit per rupee invested in fertilizer.
Te fertilizer recommendation for differenl circusnstances can be made using
Ramamoorthy's (1975) technique for the desired yield,

EXTENSION OF S0IL AND PLANT TESTING RESULIS '% 'THI FARMERS

The resulte of soil teste and the fertilizer reconmendations nust be
comemnicated to the farmers in such a way that they will understand and nake
effective and profitable use of the inforwation (Perur et al. 197:).

Hecommendationeg are usually communicated to farmers by the extension
worker, but the line of communication is =z long one with many weai links. Ewven
if a farmer receives a recommendation, he needs persuasion 4o invest in costly
fertilizer and accept the risk of financial loss, In this respect the role of
the extension service ie a critical one.

The fertilizer industry hae a programme of demonsirating the use of
fertilizer on farmers' fields and carries out about 7 000 such deaonstrations
annually. These are supplemented with field days and pronotion through £ilo
shows and the radia,

Some states have indicated that even after denonstrations most faraers do
not use the quantity of fertilizer recommended, A study carried out by Punjab
Agricultural University, [udhizna, indicated that only 4 percent of the farmers
who had had their soil tested fully inplemented the fertilizer recoomendation, 48
percent partly implemented the recommendation while the remzining 48 percent tcok
no action (Makhan, 1979). Experience in the state of Mzharasira has been
gimilar. The individuale who make most use of the soil teeting service and
fully implement the reconmendaiions are the progressive farcers, and those with
irrigation faecilities or who grow ecash erops, 'The farners in the second
category are more sceptical, perhaps because of the finamecial risk, but are usually
willing to use 25 percent of the recommended dressing. Failure to take any
action on recommendations is attributed to delayed receipt of reports, lack of
credibility of recommendations and incorrect sampling.

PHEPARATION OF SOIL FERTILITY MAPS

Summarized soil teei data can be used in conjunction with the nutrient
index concept introduced by Parker et al. (19:1) for preparing scil fertility maps.
These maps should eventually be used for deciding the types and amounts of
fertilizer mosi suitable for each area and fur deternini.g the policy for
fertilizer production, distribution and consunption in different regions.

Mape of this type covering all of Indis for W, P and K have been prepared by
Ramamoorthy and Bajaj (1969), Many others for blocks snd districts have been
prepared by various goil teeting laburatories. Te FCI s0il testing laboratory
at Trombsy has prepared a soil lertility map for the distriets of Jalgaon and
Kolhapur and a detailed distriet map for the state of Bihar iw alsc developed by
the scil testing laboratory at Sinari.



L1 PLANT TESTING SERVICES

Plant testing services are rare, and plant testing ie not done on a
routine basis for lack of sufficient basic research.

An attempt was made very recently to inftroduce tiesue Lesting through the
mobile Boil testing service with recommendations based on ad hog norms
obtainable from field experiments.
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Paper 8 THE OFERATION OF SOIL AND PLANT TESTING SERVICES IN THE DOMINICAN REFUBLIC

by

Guh. Tirado
Soils Department, CNIECA, San Crietfibal, Dominican Hepublic

1a INTRODUCTION
The Dominican Republic occupies an area of 46 442 E:..E lying in the
eastern twc—thirds of Hispaniola Island (La Espancla) in the Caribbean and has
a population of aho%t 7 million Spanish speaking people. Normal temperatures
range from 25 to 35°C and although Lhe average precipitation is 1 600 mm per year,

it varies accerding to sectors from less than 300 mm to over 2 200 im per year,

The first government soil testing service was atarted in 1936, Today there
are seven test cenires operating, excluding university testing laboratories.

2a ORGANTZATION AND FINANCIAL ASPECTS OF SOIL AND PLANT TESTING SERVICES

241 S0il and Plant Testing Laboratories

Of the seven laboratories, three ara privately cwned, The objectives cof
these laboratories differ,

ifame Qunership ubjectave
National Centre of State General spil end plant testing
Research, Hxtension and Bervices
Training (CNIECA),
San CristéSbal
Centre cof Agriculture State Generzl s0il and plant testing
Developuent in the services
NWorth Region (CENIA),
Santiago
State Sugar Centre (CEA), State Teating for sugar plantations
near Santo Domingo only
Homana, Gulf and Western Private Testing for sugar plantations only
FERQUIDCG, Sante Domingo Private Selling company products
COINPFESA, Santo Domingo Private Selling company products
National Institute of State Testing for irrigation projects
Hydramlic Hesources, mainly

Santo Domingo

e firat two laboratories are technically uwnder the Soile Department of
the Secretary of State for Agrienlture, and this paper refere to them alone as
being the only onee which perform a public service to Farmers and general
agricultural reeearch. Santiage is in the north and San Cristdébal in the south
of the country, 130 km and 30 km distant fro: Ssntc Domings., Until recently
there hae been PAO technical cooperation in Santiazo and at tises, ALD, through
a North Careclina U.5, private company, has supported the lsboratory in San
Cristdbal.



2.2

2.3

El'{;‘

The average annual budgets of these laboratories are distributed asz follows:

Leboratory Personnel Materials and chemicels

No. USS 4 Us3 %

CNIECA, San Cristébal 13 43 440 74.0 15 000 26.0
CENIA, Santiago 8 24 600 59,0 17 000 41.0

The operation is financed by the govermaemnt through ite general budget.
Recently there has been support from an Inter-dAmerican Development Bank loan for
equipment, chenicaels and salaries of personnel, 'The laboratory in Santiago
obtaine addjtional funds by charging a fee for each analysie to cover bagic costs,

Coordination between Laboratories

The two laboratcries, although having good relations, find it difficult to
coordinate methodologies, equipment or persommel. Thus, services are not
standardized and interpretations and reconmendations are not made with the sanme
criteria. An explanation for this could be the different socurces of funding and
technical assistance.

Supply of Fguipment, Materiale and Chemicals

Most equipment is imported and was obtained through OAS, FAO, ATID, BID, by
means of loans or grante. It is very difficult to obiain materials and
chemicels since these must also be imported, and government procedure for
agcquisition is slow and compliceted. At the present time some chenicals are
supplied by the International Coffee Organization since the Department is doing
a svil survey in areas where coffee is planted.

FPunctioning of the Scil and Plant Testing Service

Users learn of the service from other users and from extension personnel.
The service can be cbtained by taking soil samples on the farms, filling in an
information sheet and sending the sarples with the form to the lshoratory.

Sanples are drawn by the farners, by extension agents cor personnel of the
Scile Department. The Scils Department is trying to arrange carriage of samples
by mail,

Once in the laboratcry, the sanples are registered, coded, and stored for
anelysis after drying =nd sieving. Space available is sufficient for six
months of storage. All lzboratury premises ore air conditioned.

For fertilizer recosmendations, the basic analyses performed are: pH,
organiec matter (OM), electric conductivity, phoephorus and potassium. In
special cases tests are nade for exchangesble calcium, magnesium, copper, iron,
manganese, zin¢, sulphur and boron. Molybdenuws and aluminium are noi
deternmined yot, althongh equipment and well trained techniciens are aveilable.

For soil classification, basic analyses are pH (in water at twe ratios and
with ealeiun chloride), electric conductivity, moisture percenlage, organic
carbon, nitregen, caleiws: carbenate, caleiuwm, magnesiwm, potassium, exchenge
capacity and texture. In special cases, phosphoruse, carbunates, bicarbonates,
sulphates, chloride etc. are determined.



For research in scil fertility, analyses are sinilar to those wndertaken for
farmers or for ecil classification. Anszlyees for plant sacples are: P, ¥, Ca, g,
Nay, Ou, Fe, Mn, “n, &, B and N. Water for irrigation is tested for pH, electric
cunductivity, {‘.{) § HED c1, 80 1 Ca, Mgy, Na and K. Samplee of fertilizer are
tested for N, 31\ and- D:,r nI""'EnFE nent with the suppliers, Mg, moisture percentage,
particle Biz.e anc. physical condition.

Interpretation and fecoumendziiong

Hesults of analysis are reported on printed forus. Interpretation is nade
by technical personnel of the Departwent and recoumendstions are based on the
fullowing previously established critical levels and research resulte obtained in
countries with similar conditiuvns.

Elemnent Uritical Level of the Zleuent
K 0.2 mea/100 r::rr.'{I of soil
Ga 2.2 meq/100 cuj of s0il
Mg 0.8 meq/100 en” of eoil
P 12.0 l1,1.1@'1.5'{::;.'3 of soil
5 12.0 Jugfcmj af scil
B 0.2 _‘,,ug,’mn} of soil
Fe 16.0 “"l:l.,g,.*"m.i of Boil
Zn Ja }J.g;'rcmj of Boil
(5] 1.0 }tgfcmz' of soil
Mn 5.0 ngmcls of soil

Additional information for recommendations includesthat supplied by the
information sheet, soil claseification reports and soil fertility research results
obtained on specific crope and soils in this country.

Resulis and reconmendation reports are delivered by mail or personally to
the user when possible. The Iepartment hopes that local extension personnel will
asgume respongibility for conveying the reslts to farmers, Local centres for
dietribution of agricultural supplies are alsc a source of technical assistance fop
thiﬂ purpose,

PROBLEMS OF METHODOLOGY

Brief Description of the Soil and Soil Fertility Status in the Dominican He_guhli:.i/

The soils of the Doninican Hepublie vary widely. They range from being
sandy to very high in clay;  frow strongly acid to alkaline (pH 3.8 - 8,7); and
from infertile to fertile /0.2 - 11.4% OM, O = 53 ppm P (121 tpm P U5h 4 to ovor

l;’ Source: Freey, J,, Conrad, K. and Foster, T.H. Dominican Hepublic Fertilizer
Situation. National f'arullzer Development Centre, Temnessee Velley Authority,
Bulletin ¥Y-103, 1974,
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B30 ppm ¥ {5 to over 1 000 ppm K G]_?} Moet of the soils are not highly weathered;
they are developed on residusl rocx or alluvial wateriale and are relatively young.
The soils in the Cibac Valley show that clays are preduninantly of the 2:1 type

and are largely montmorillonite. Thus, they have 2 large caticn exchange capacity
and the Cibac Valley soils have o high ssturation of caleiun, magnesiun and
potassium. Soils in the southeast coastal plain and the acid savannma scils are
low in cation exchange capacity.

Although soils in the Cicao Valley have been evaluated wore lhoroughly than
those of the remainder of the Republic, the entire country has been napped
according to land eapsbility classcs.

tecording to the 0AS land capsbility report, only 12.658 of the land in the
Dominican Republic ie in classes 1, 11 or I1II, the classifications of soile best
puited for enltivation. Land capability classification is based largely on
topography and ohysical factors which influence ercsion and drainage. Although
certain moils may possess texiural and octher physical characteristice favourable
to orop production, soils in ¢lass I, II or IIT are not necessarily highly fertile
or free of production problens. The report indicates that soils in the Docindcan
Hepublic are extremely wvarizble. Enewledge of the chewical characteristice of
most soils is8 inconplete, A very rough approximation of the s0il fertility
gtatus and expected general crop response to fertilization in smajer agriocultural
areas can be seen in Figare 1. The Lorminican Republic Tobacco Inetitute hae
publiehed a general soil fertility status map of tobacco growing arsas.

Kore information is needed on Boil chenical characteristics and varions crop
responges to fertilisation to delineate acourately crop response to fertiliser and

the effect of sdverse conditions, such as soil aecidity, on crop production.

Kethodological Problemes related to the Nature of the Geils

The traditional Kjeldahl methed is used for nitrogen. The modified Olsen
method of extraction is used for phosphorus, ¥ and microputrients. Then,
colorinetric methode are used for P gnd atomiec absorption spectrophotometry are
uzed for the remainder.

In general, few problems of methedology hove been found, However, thers is
little experience of handling probless such a8 those arising fron soils with
excess caleium, scdium, manganeese, iron and aluminium {the last is not deteruined),
Exchangeable caleium is not deterwined for soils with an excess of caleoiuw
carbonate. Recently, problems with Mn determinations have arisen as successive
snalyses of the fame fanple have given significantly different resalts. Sone
ganples of apparently non—-sodia soils show large avounts of exchangeable sodiwn.
Another problen that ie being studied is the inprovement of textural analysis for
aoils high in Caﬂﬁ3 ghd organic natlier,

EATENSION T0 FARMERS O THE RESULTS O S0IL ARD PLANT TESTIHG ANATYETS

At the moment There ie no effective extension sappord Lo the {arners on this
suh ject. Some of the reasocns are:;

i% exiension service personnel are sonelimes unaware of the soil testing
gervices avallable and agronomists lack the knowledge to give advice to
the farmers;

ii, lucal extension sevvice perBunnel are lusded with functions other than those
pertinent to ewienziong sunh ne crodit, supplying agriculiural inputs,
mArLeting, sto.g

iii, t#e general oelief of indiviawales that the lmowledge they have aboutl soils ie

sufficient; henee, no interest is shown in results and iaferastion that The
Soils Department can release or of fer,
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PROBLEMS IN SETTING UP SOIL TESTING LARORATORIES IN DEVELOPING COUNTRIES
oy

R.G. Menon
National Seil Service, Tangn, United Republie of Tanzania

INTROIIG TTOW

In many developing countries very scanty information is available
regarding the soils and their agricultural potential, The land ie cultivated
in the traditional way, crop yields depending entirely on the vagaries of
nature. However, with the introduetion of commerecial fertilizers, irrigation
systems and high yielding carieties of erops, faruing is graduslly becundng more
of a goientifiec disecipline, though Lc & large extent it still rerains a gamble,
With the high cost of inpute and the emall return fren nis investment, the
farmer cannot afford to take chances with his fertilizer applications. Theret'are,
to guide the farmer in so0il fertility management, eoil tesbing services are
being estsblished in almost all developing couniries of the world.

Though scil testing has been in vogue in indusirialized countries tor a
long time, in most developing countries asoil {testing i in an infant stage.
Soile laboratories do exist attached to research stalions snd universities, but
these are mainly concerned with the analysis of a few saples for research purposes,
gcil characterization, or for teaching. Establishnent of routine soil testing
Laboraturies has legged behinc due to various problems.

The pain dif'ficeulties faced while setting up laboratorices in different
countries are more or less the sane: personnel, equipment, finsnce and facilities.

PERSUNNEL

Recruiting qualificd perscrnnel who can be trained tc operate a laboratury is
one of the serious problems in establishing and operating succezsfully a soils
laberatory. Each soil testing unit will need a direetur who should at least be
& univereity graduate in cheuistry with specialavation in s0il tesling. He hag
to pupervise the work of the staff, train then, ensure quality control, interpret Lhe
rasults of the analyses and issue recommendations. Besides the director, a number
of technicians are required tu do the actual analysis. These sboculd be dilpoma
holders From analytical institutes or at least high school graduates with encugh
background in basic seiences whe, with competent Lraining, can becore proficient
in carrying vut individual teste., Peouple belonging to the same group can be
trained to collect eoil eamples. Besmides these, workers are needed to receive the
s0il samples, checlk then for damage and contapination, register and keep recorde
and prepare the saiples for analysis.

While in certain less developed couniries there is no scarcity of gqualified
people, even those with post gradunte qualificatione, in most developing countries,
to secure the services of a hign school graduate, let zlone a university degree
helder, is often wvery difficult. With the expaasion of industries, bilateral
aid projecte and so on, there is a keen competition for sceuring the services of
the few estuaenis whe ecne out of the scheols and wniversitiecs every year,  Often,
given a choice, the gradusies prefor to work in betier paying private organizations,

In some developing eountries, the university graduntee havae a feeling that
having passed the [ew courses on the subject, they have acouired whatever mowledze
they need. Most of ther prefer ts 8it in tne office and supervise the work rather



than do the leboratory work themselves,

The frequent transfer of perscrmel frow one research station to another is
another common problem in many developing countries, Feople sent abroad on
fellowships to study soil chemistry find on their return that they have been
transferred toc fields completely unrelated to their training.

EQUIFMENT

The necessary equipnent and chenicals is very difficult, if not inpossible,
to obtain in nost of the developing countries. 411 the instruments have to be
imported from industrizlized countriee. This generally takes from six monthe to
a year or nore, provided sufficient foreign exchange is made available. Instances
are knowntwhere the delsy in gettiing the equimpient was sc great that by the time
the goods came, the person who had ordered then had already left the country and
the instruments remained in their packing cases for years.

Heplenishing the consumable goods is another problem., This apolies
especially to chemicals. The woerk in the laberstory comes to s standstill dume to
laclk of the necessary reagents.

Mzintenance of instrwients i= also a zericus problem, Dwing to the high
hunidity and temperature, the instrumenie start deteriocrating rapidly. Spare
parte are nol available in woest places, and even if they are iuported; no
expertise exists to repair the instruments. In many laboratories, one can see
expensive pieces of machinery liying idle begause of sone minor defecte, Hepairs
to a pH meter or spectrophotoneter become such a costly and time-consuming affair
that it is often easier fo order a new one.

The purchase of complicated instraments in developing countries is to he
disgcouraged. While autoanalysers, atonic abscrption instruments and so on may be
gtandard equipnent in industrislized countries, the developing countries need
gimple instruments which can be operated and maintained easily. Certain
laboratories et up with foreign collaboration have beon show-pieces as long as
the foreign experts renained, only to become nuseam pieces afterwards,

Anocther problen, though minor, is that when instrurnents =re obtsined from
abroad, they often arrive without the connecting wires, plugs, etce. and at tines
it may be difficult to find these in the loecal markete.

FINANCE

Money can be a big problem everywhere, If the laboratory ie to be set up
under bilaterel or multilateral =ssistance progranmes, the initial foreign
exchange requirerents will be easily met, but not eo if the eeil testing laboratory
ie to be set up by the loecal departnent concerned.

Even after the initial cepital expenditure, sufficient budgetary provisions
have to be made for the operating expenses, for the purchase of locally awvailakle
gpoods and services, Arranging & transport or field allowsnee for the persons
collecting the soil samples can often becore a bhig bottleneck.



FACILITIES

The first prerequisite for the establishrent of a laboratory is an adequate
building to house it., ‘e sige of the building will depend on the expected
volume of work. Though it would be idezl to plan a building to meet requirements
precisely, this is usually not possible and the laboratery has to be housed in some
existing laboratory building cor at times in a few rooms or a shed,

The supply of adequate running water snd electricity has been a major problem
in many laboratories. In some countries, the main source of water has been stored
rain water, but such supplies will last for only a few days once a laboratory
starts functioning, Even where a limited town supply is available, there will
often be strong competition between the local residents and the laboratoery to
utilize it and more often the laboratory is the loser. In one particular
instance, for examnple, a special pipeline to supply water tc the laboratory was
laid by the water supply department. It worked perfectly for some ftime until
the house owners along the route discovered it and started to tap it for water,

In about two months, the water supply was such that water had to be caried in by
trucks, In another place, there was a long line of women and children with
buckete near the outside tap, with the result that the distilled water still could
gseldom be operated because of the low water pressure.

Erratic electric supply is another commen problemn. The power supply
fluctuates sc much and the voltage becones so low at tices that even with
gtebilizers, it becones difficult to operate the instrunents.

In many places it is also difficult to get gases for instrusents such as a
flane photometer, especially gases like acetylene and oxygen,

LIBRARY FACILITIES

In several countries, library facilities are very limited., Wo catalogues,
textbooks or scientific publications nay be available. Unlesg a person goes
armed with the necessary current catalogues, it will not be possible to place an
order for equipment to suit local conditions,

LACK OF ATEQUATE TNEORMATION

Tongh a great deal of work has been done in advanced countries on soil
teating in relation to¢ fertilizer recormendations, the scil teet interpretations
developed in these countries cannot be iransferred to developing countries,
Research work on the analytical methods and their correlation with ecrop response
mi8t be carried out in each country.

The establishuent of the soils laboratory ie often the first step. With
little or no data existing regarding the soils, climatic conditions, manageuent
practices and so on, the scil chenist finds it very difficult €0 issue any
recommendations,

Requests are often received from individuale or firmis te send soncone
to collect the sanples and tesi then. kducaiing the public about what the
guile laboratory can and cannot do ie iuportant. So0il testing is no reanedy
for all soval fertility prublems.



CO-ORDINATION OF WORE

In some gountries, soil testing laboratories have been set up at different
centres by different foreign aid programmes. Since the equipinent, money, and
experte are supplied by the donor countries, each such centre becomes a scaled-
down version of the institutione existing in the denor country. This often
results in the varicus laboratories in the szme country following different
methods of analyeis and using different terminologies. Uniforaity in methodology
and reporting syetems ie very important; huwever, as each laboratory works
independently of the others, it becones rather difficull tu introduce this
uniformity.
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INTRODUCTION

More than 100 years ago, Justus von Liebig, a well known German chemist and
goil-plant scientist, expressed "A rational system of agrisulture camnot be
established without the application of scientific principles, for such a system
mugt be based on an exact kmowledge of nutrition of plants and the influence of
goile and action of manure upon them". Such thoughts from lLiebig pointed out the
importance of plant and soil analysis as a measure of the needs of plants.

In general the objectives of s0il testing for the evaluation of nutrient
availability can be defined as:

- to classify the soils into availability groups for recommendations of
fertilizer and lime practices;

- to predict the economically possible yield response to applied fertilizers
and lime;

- to develop some s0ll parametere for evaluation of its productivity.

Many chemical techniques have been proposed for measuring mutrient avail-
ability. Early work on soil testing for phosphorus availability in the USA was
reviewed by Bingham (1962); Chapman's book on "Diagnostie Criteria for Plants
and Soils"” (1965) reviews the different methods of soil and plant analysis used
worldwide for all important chemical elements. The methods tested in French-
gpeaking Africa were presented by Pichot and Roche (1972). Hecent research in
goil testing waes summarized in the proceedings of international congresses in
Latin America (Bornemisza and Alvarade, 1975) and India (Kanwar et al. 1971;
Biswas, 1276). A survey of soil laboratories for 64 FAC country members showed
the renge of variations in the different methode used for P and K determinations
(Brogan et al. 1965).

For the selection of chemical methods the following criteria are very
important:

- the extractant should extract all or a part of the "available" nutrient from
g0ils of wvariable characteristics; the available nutrient is an ambiguous
term; it is only important that:

- the amount extracted should correlate with the growth and response of many
crops under varying conditions. Under greenhouse conditions, the enviromment
can be controlled, whereas field experiments relate to the natural growing
conditions;

- the interpretation of seoil test data should allow the divisiorn of soils into
groups (deficient and sufficient or low, medium, and high) based on the field
calibration of the method, when plants are grown to maturity;

- the extraction and meagurement of nutrients should be reasonable accurate
and guick.



Thig paper will deal with the basic zepectis of svil-plant relationships in
order tc cheoose chenical methods and will present some examples of the work done
in this field in tropical soils.

SOIL-PLANT BELATIONSHIPS FOR PHOSPHOHRUS AS A BACKQROUND TC BCIL TEETING FOR P

The growth of plants requires the contirmous movewent of ione of mutrients
from the scil to the plaant. The ions pass through the soil solution where they
gre in contact with the root surface and are Tinally absorbed by the plants.

Figure 1 presents a nodel of such a scil-plant systen for phosphorus. The calecium,
iron and aluminium phosphates can liberate P ione to the =201l soluntion by
dissolution or exchange processes. Qrganic phopphorus compounds can also be
mineraliszed, so supplying H PO, ioms to the scil solution. These phosphate
fractions can be considered as the phosphorus reserve in the scil. The reductant-
soluble occcluded phosphorus Torms are not completely defined chemically; they are
supposed to be related to coneretions of hydrated iron and aluninium oxides and

are not immediately available to the plants,

Several methods have been proposed for the chenical fractionation of scil
phosphorus using selective extractants to differentiate between the specific
chemical forn or groups of compounds. The method of Chang and Jackson (1937) is
uged worldwide, although the separation of aluminium and iron phosphate is not
very accurate. Many suthors have proposed variations of the method by changing
the pH of the extracstant for Al-phosphate. The results presented in Figure 1
were obtained by Fassbender et al. (1968, 1969, 1972) for 110 soils from Central
America using the Chang and Jackson method, extracting aluninium phosphate with
18 RHﬂF adjusted at pH 8.3.

The phosphate scluble in NH Cl iz a wvery enall fraction and represents the
water soluble and weakly bound phoésphates. In these soils this fractiom reached
an average of 3.7 ppm. The average amount of iron phoephates was 62 ppm, those of
aluminiuwm and calcium phoephate were 70 and 131 ppm respectively.

The solubility product principle has also been used to interpret the possible
phosphate formes and their availability in scils, From the solubility product of
chemically well defined phosphate the product cf ion activities cen be calomlated.
Under equilibriwe conditions of soil solution, the ion activities can be caloul-
ated and compared with those phosphorue forms and their presence can be predicted.
This approach has been denonstrated by Fassbender et al. (1969) and Ulrich and
Khanna (1968), The phoephorus potential, calculated as pH + pH PO , wae well
correlated (r = —0.80) in the 110 Central American soils with th& P uptake of
tomato plants grown in the greenhouse (Fassbender et al. 1969). 'Mis teru
deseribes the actual availsbility of phosphorus.  Resulis obtained for Australian
goils (White snd Haydock, 1967; Dalal and Hallsworth, 1976), Bhodesian and Zambian
soils (Salmon, 1966) and Indian soils (Saxena, 1971) confirns the smitability of
ionic activities as an intensity paraneter for the phosphorue availability deter—
mination.

The correlations of the phosphorus potential with the phosphorus forme in
Figure 1 indicated which fraction supplies P to the so0il solution, The NH,C1
fraction is the one best correlated (r = 0.0 9% ), but the quantity is tgo
gmall to cover the needs of actively growing plante. The phosphoras supplied by
those soils came fron the ealeius and aluminium-bound fracticns (r =—0,500%* and
=0 ,45#%% respectively).

From the point of view of plant rmatrition, this F modzl has scme limitations,
Figure 1 shows that the scils have a considerable reserve cof organic phosphates
which in tizne and through mnineralization can supply large amcunts of phosphoras,
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Fig. 1 Phosphorus sail-plant system (recalculated from Fassbender et al 1968, 1969, 1972)



but no correlations have been caloulated. On the other hand, the defercination
of the phoephorme potential refers only to an instant in time; in the soil there
rust be continuwows changes and the establishuent of new equilibria. A nodel
representing the real soil-plant systen should eonsider varying fluxes and a
nathematical resclution of the systes based rn simalation techniques (Ulrich et al.

1973},

From the point of view of routine soil teeting for the prediction of phesphorus
availgbility, the model has severe limitations. Fracticnotion of the phosphorus
requires the use of at least & extractants and it is & costly and tine consuming
technisue, Un the other hand, the isplieaticns of 1he use of complicated physiceo—
chemical terws for descriving P availability as P ionic activities are beyond the
understanding of non-specialists. It ecan only be understood by specialists.

Far the assepsment of phosphorus availability in routine laboratories octher
techniques shculd be developed. The diagran shows that the chosen extractant
far a group of soils should extract azcourately the zotually awvailable phoephorus
(intensity) and a representative part of the reserve phusphorus (capacity) Trou
the different fractions with an acceptable correlation with the phosphoras aptaxge
of & given crop.

The distribution of the inorganic phosphorus in the profile varies consider—
ably and clearly depends upon wmany faclors such as pH, weaihering intensisy, sge
and cultural treatment. In neutral and calecarecsus soils Ca phosphate predominstes,
During 8oil development Fe— and Al-P are foruwed of which AI-P initially predooninates,
With time, howewver, there ie a chaonge fronm Al-F to Fe-F, which is nore stable.
Additicnal weathering results in the forsation of oeceluded, sesgquicixide bound
phoEphoTUE . Table 1 presents a swumary of results obtained in cany seils fron
Latin America. Fros the resalte cotained in the above wentioned soils fron
Central Aneriea, Fassbender el al. (1948, 19c3) proposed the classification of
goile in accurdance with the predoainenece of Ca—F or A1-[o-P, the distribulicn of
which is deternined by the pH wvalue {Higure 9}. Fram the soil testing point of
view, the eclazsification of the sails intoe two zeneral groups neans that the
selected extractant has tc be reaeonably specific Tor the predominant phosphorus
form.

S0IL PHOSFHORUS TESTTNG IK NMUURALL, AND CALCAREOUS S01LS

1n Teble 2 are swnmarised ten of the mosgt ipportant routine nethods of
deternination of available phosphords used worldwide, They have heen partly
tested in severszl programmes to Belect ome suitable Tor roatine analyeis of
agricultural =soils.

The metheds requiring large voluuss of extracting sclution have lipitatione
for routine anslyeis due Lo eouipment znd glassware. Wemthods with a very short
tine of sheking are alPo inaoproopriate becsuse of the lack of reproducibility of
the results.,

Tese extractants can be differentiated by their mechanismes of bringsans F
into solution, In NH,F metheds (Bray Hos. 1 and 7)), 0 compleves the &1 and so
releases Py and these methods are appropriate in Al-P dominant soils, Nl
(Olsen} at pH ¥.o pronctes the hydrolyeie of Al and Fe phoophates, and activates
the release of F in Ca phosphates; it therefure releases very specifically these
three P forue, Very alkaeline solutions (Saander) extract large asounts of Al-
and Fe-F and the organic I's fcidie solutions al low pll {'rasg, Sondorlf, Mehlich,
Horth Carolina) dissolve socue of the 41— and [o—F and large moounts of Oz
phasphates, Salts of orgenic acids at wediunm pH (Morgan, fsner) remove spooially
Ca phosphateos. The reein oethod 1s baged on the surface exchanze cof phoephorus
through 50, or HGO.™ (Cooke, 19663 Cooke and Hislos, 19633 Marttingly and
Talihudeen4196?}.



CUN''MSHT AR O MOHME OF PHUSPHORUS IN S0ME SOLILS FROF LATIN AKERICA

Table 1
A ____H_u._u? TntaI J‘ngmml_?"g:l:' Cz~F Ceoeclu- Orga— |% Org-
Source Country, region Samples F ded P nic P | anic P
Garcia (1963) Mexico 7 | 11 18 175 2 - &
Dahnke et al. (1964) Tl Salvador 17 BT 25 a7 i 61 73 12
Chaverri (19.8) Coeta Rica 16 1444 218 176 51 147 - .
Fassbender et al.(19c6) Central Arerica
ZEacs (Ca-P predomirant) 8 87 53 an 161 251 370 1
(41, Fe-P predvsinant) 30 | 1241 104 120 20 214 752 52
Fassbender (197-) Lentral Averica (volocanic 34 Tig4z yz 95 124 b 496 43
| Tefur and Blaseo (1969) Colorbia, va.lledu;i?"] il 415 27 29 67 151 114 27
Bastidas and Blasco (1970} Colonbia, Putumayo 45 1270 2% 189 40 A3 379 30
Blasco (1963) Colvmbiz, Narino, Altiplano lang 155 7T 1348 858 123 8
Medio 234 i Al 23 301 74
Blasco and Bohorquez (1%6¢) Colonbia, Cmuca 1 591 32 54 %6 344 120 20
Westin and Brito (1969} Venemela 23 2014 21 28 18 “ 80 19
Fassbender and Diaz (1970) Brazil, Maranhac o] ] Iy 21 15 107 437 [
Cabala and Fassbender (1970) Brazil, Bahia 8 713 11 42 31 200 437 61
Vieira end Bornemisza (1965) grasil, awazonas, Latosol i 369 5 37 10 = 147 40
Nen=Leatosol 26 fate) 12 - 216 39
Coulot and Bolanos (1907) Argencinz, Buchos Adres 3 Gdt 10 19 49 3 0, Filgd
Ahmad and Jones (1967) Barbados & 1725 164 128 At 3p0 - -
Fassbender (umpubl. ] Puerts Fieco, Owisal 29 i -1 9 Hp 14 3 - -
- Ultisel 31 | 362 g M4 9 246 - -




e Ca-P predominant

* Fe-A|-P predominant

Table 2 BEXTRACTION METHOIS FOR AVAILABLE S01L PHOSPHORUS
Height Volume of Time of
Method Reagent ef soil solution  shakdng pH
(&) (ml)
Trucg 0,0028 H,S0, (buffered with
ammonium salphate at pH 3) 1 200 30 min 3
fondorff O.28 I'IEEJD:I 1 S50 1.5 h ~- 1
Bray and Kurtz Ho.l 0.03F HH4F in 0.02% W HC1 3 20 1 min 2.5=2.6
Bray and Kurts No.2 0.030 H"Hdi" in 0.1 ¥ HC1 3 20 1 min Teo=1.6
Dlsen O.5N NaHCO, (adjusted to __
pE 8.5 with NaoH) 2.5 50 30 min 6.
Morgan 0.5 acetic acid in 0.7 N
sodium acetate, pH 4.8 3 25 15 min &6
Mehlich, North Carolina 0,050 HC1 + 0.027 W HESG 4 5 20 2 min 1.7
Saunder 1N NalH 1 S0 0 min - 14
Joret and Herbert 0, 2N ammonium oxslsate 4 100 2 h —_—
Egner et al. Ammonium lactate—armonium
acetate (0.1N ammonium
lactate, 0.4N acetic acid) % 100 5 h 4.0
Amer et al., Ccoke Anicn resin, Dowex 2X8 and
water 1 100 2h —_—
Van der Pasuw Water
SSENSEEE . |
- i y=112,57-1613 x
=] o - r = Q705"
£ =
a S 80+ =110
=] o L4
= F= - = e
a a *
e T
=] = 2259 x -7T4.40 o
c = 0.709 % /=
o =110 n
i i
S w
- &

Fig. 2 Relationships between pH and Phosphorus forms
( Fassbender et ol 1968)



Nine of the 10 methods presented in Table 2 were tested by Walmeley and
Cornforth (1973) on 155 West Indian soils. The soils from twelve Caribbean islands
of widely varying conditions are characterized specially by their neutral pH values
(28 % with pH »7, 48 % with pH 5.5-7.0, 24 % with pH ¢%.5) and calcareous origin
(Cornforth and Walmsley, 1971). They correlated the amount of P extracted with P
uptake by maize plants and with the relative yield of dry matter production from the
BK treatment expressed as a percentage of the NFK treatnent in the greenhouse axperiment.
Correlations with P uptake were better than those with percent yield,

From Tgble 3 it can be seen that Olsen's method gives the best correlation
with P uptake (r = 0.7 ##=), After differentiation of the three pH groupse, ase
mentioned above, higher correlations were reached (r = 0,77%*% to 0,02##%), fThe resin
method also yielded good results (r = 0.73%*#), although at lower pH wvalues (5.5) the
correlation coefficients were lower.  All other methods tested yielded lower correla—
ticns. Olsen's method has been recommended by many authors as giving the best
indicetion of crop yield response and P uptake both in greenhouse and field experiments
for South Africa (lu Plessis and Burger, 1965), Taiwan (Tseng and Wang, 1964), Central
Anerica (Fassbender et al. 1968), India (Saxena, 1971), Australia (Wnite and Haydock,
196??, Venezuela (Bascones and Lopes-Ritas, 19u1), Cnile (IIAP, 1966}, Bolivia (Fitts,
1972),  Olsen's method is widely used in many tropical countries (Brogan et al., 1964;
Kanwar et al. 1971; Sanchez, 1972).

Table 3 S0IL PHOSPHORUS EXTHACTED BY DIFFERENT METHODE OF ANALYSIS AND CORRELATION
COEFFICIENTS WITH GROWTH OF MATZR

Correlation coefficient (1%, svils
Method Phosphorus extracted Scil test wvalue
ppm P o P

Mean Range Yield Uptake
Total 457 40 - 10 333 0,27 0, JE7**
Organic 264 T - 2733 0.1z 0, 28%E
Truog 54 2 - fLd U 32ee* O, 3y
Bray No.l o4 2 - 186 0, 38R 0 4wk
Bray Wo.2 32 1= H69 P o s
Oleen 11 1 = 111 0 e A 0, yss*
Bondorff (modified) 174 10 = 1150 0. 3 7e%% 0.51%%%
Morgan T ] - 30 0, 20 O 25H%
Amer 13 ;- 1141 0 g LR 0, ok
Joret and Herbert 4% 5 o A30 0, Jpaens O, s
Egner—iiehn A5 ] = GO 0o 40k wE D go¥es

Source: Walmsley and Cornforth {1973).

S0IL FHOSPHORUS TESTING IN ACID AND AIGHLY WHATHFRED SOILS

In acid seils Al-F and Fe-F predoninate (#igure ?) as a result of
weathering processes. [Host of these eocile are P-deficient because they have been
eropped for centuries without fertilization and have high phosphate fixing capscities
due to the large smounts of iron and sluminium oxides, The extractant o be used under
these conditions should be selective for Al— and Fe-F, Table 4 presents the remlts
ohtained by Enwezor (1976) for 13U soils from scutheastern Higeria, He tesied seven



methods for soll Py and correlated their P values with the percentage yield of waize
in greenhouse experiments after applying 112 kg P/ha. Anicn exchange resin, 0,02

N H 50 and dilute acetic acid were least effective in extracting available phosphorus,
On the other hand, 0.01 N NalH was very effective in extracting both inorganic and
organic P. Dilute acid fluuride was intermediate, but gave the highest correlation
with percentage yield (r = 0.71%**). The fluoride ion dieplaces phosphate from iron
and aluminium phosphates and the dilute hydrochlorie acid in the mixture dissalves
caleium phosphates; the more concentrated the hydrochloric acid (Bray No.2), the
larger the amount of phosphorus extracted by the aci d.fflu::ride solution. Bray's
method has found a wide use in some tropical soils (Brogan et al. 1965; Sanchez, 1973,
Kanwar et al. 1971).

Table P EXTRACTION AND CORRELATIONS BETWEEN AVATLABLE PHOSPHORUS WITH PERCENT
VYIELD OF MATZE INW 30 ACTID 30ILE FROM NIGEH1A

Kethod Extractant F range Mean Correlation
coefficient
(ppm) (n = 30)
Bray Ne. 0,03N NHdF + 0.025% Hel 3.6=137.0 2. o i
Bray No.2 0.03W NH,¥ + 0. 1N HCL 4,3=140.0 27 O Td%*
Resin De-acidite FF II P Jo2= 21,0 1.8 o=l
Morgan P08 NaAeD in 3% HAcO 0.4- 10,8 A 0, 60%*
Trucg 00,0028 stiﬂ4 1.3= 43.6 8.9 (b, Gy #
Olsen 0.5§ NalCO, 3.1= 63.0 13,3 D BT
William .10 WaldH B.8=460.0 B5 B 0,5
¥aDH-toctsl P 01N NaoH 32,8-806.0 158,1 0.6

Source: Enwezor (1576)

FORMS OF POTASSIUM AND THEIR AVAILABSILITY TO PLANTS

Une can differentiate beiween four different kinde of potassium in the soilt

&) potassium in the ecil sclution,

b exchangesble potassium,

e) "fixed" potassium and

d) potassium in the crystalline mineral matriz.

Fixed potassium is located in the inner surfaces of clay particles of illite,
verniculite; potaesium of the erystalline matrix is a part of minerals such as mieas,
feldspars, hydrated micas and illitic clays, Theee fw: Fornie represent the largest
proportion of total potaseium and are not directly availsble to plants. Their
distribution depends on parent material, state cof weathering, clay content and clay
type. Greenhouse experimente with intenmsive exhaustive cropping of the sail have
given gone evidence of extraction of fixed potassiue by plants (Ahenkorak, 197705
Martini and Suarez, 1977). Its deternination with beiling 6§ HOL or other strong



acid solutions is not appropriate for routine laboratories, especially if one
considers that other K forme are primarily available to plants. In recent years
there has been increasing interest in giving a complete description of the ion
exchange prooesses, considering all ions present in the scil sclution which are
directly available to planis and those adsorbed by the soil which represent the
reperve of ecationiec matrients for the plants. 'Thie equilibrium between the solid
phase and the liquid, can be expressed by the equation:

oYo? - § [ [ 2HET

Wheres 5+'amd 52+ represent the amount in milliequivalents of munuvaient iaag

and divalent ions, respectively, mbsocrbed on the exchange complex, & and a  are
the ionic activities of the same elements in the soil sclution, and fis a constant
of proportionality, or Gapon constant (Gapon, 1933).

Determination of exchangeable cations is widely uweed in the charzcterization
of goile. Determination of the ionie activities of the elemente in the soil
golution is relatively simple. The soil is equilibrated with water or a weak
sclution of an electrclyte, such as 0.01M CaCl,.,

The cations K, Na, Ca, Mg and Al are deterwined in the eclution eguilibrated
against soil, and from these concentrations the ionic activities are calculated,
talkking into account the Debye-Hickel laws. Cation equilibria such as these,
presented on their own, give information on the momentary situation within the soil
(intensity).

It iz even nore interesting to know the long-tern behaviour of the soil
potassium, in terms of its liberativn cr fixation consequent tc an addition of
potassium, or a loss through leaching or uptake by the plants (capacity). The
idea of the determination of intensity}hapacitj relationships feor cations is
widely accepted today (Beckett, 1972). The associated technique consists of
equilibrating the soil sgeinst sclutions containing KCl and CaCl2 and deteraining
the ionic activities, and thus the gaine or losaes of the element from the
equilibrium soluticon. The saitebility of the use of cationic activities K, Ca and
Mg as activity ratio or buffer capacity for the description of the availshle
potassium has been widely demonstrated (Boyer, 1972; Beckett, 1972), aleo in
tropical and subtropical soils from Ghana (Acquaye et al, 1967), Australia (Barrow,
1966; Barrow et al. 1965}, South Africa (Leroux and Summer, 1965}, Nigeria
(Tinker, 1964) and Central America (Fassbender, 1972).

METHCIDS FOR K DETRRMINATION

Although the ionic activities and buffering capacity describe accurately
the avail=bility of K tc plants,they, as in the eane methoed for P, cannot be used
widely for routine analysis. According to the postulated criteria of suitability
of & routine method for mutrient availability, the nethed selected for K deternina-
tion should extract & large part of the availsble K and be well correlated with the
plant response expressed as dry matter production, K uplake ur percentage yield.

Table 5 shows the ccrrelation coefficientis between K extracted by different
golutions and K uptake by touwato plants when no K had been applied tu seven latusale
and ceven andosols from Costz fiea (Martini and Suarcs, 197;:).



7.

Table K EXTRACTION BY DIFFERENT MEUHOUS AND 175
CORRELATION WITH K UPTAKE BY TOMA'UD PLANTS
GROWN UNIER GREENHOUSE CONDITICONS IN LATOSOLS

AND ANDOSOLS FROM COSTA RICA

I

80il and method K uptake :

Horigzon A Horizon B ,
LATOSOLS
Mehlich _
0.0o0 HCL+0.02210 H?S'D11 U, [ BoH® 0,523%%
Morgan
Nahcl + HOAc, pH 4.8 O, TTo%E* 0, BEC*
iN HH ,—-AcO O, Do Te* 0o Qe
HN'D3 (bciling) O, Bogex 0, GOoH*
AHTDOB0LS
Mehlich Q4 T32%% D.07G%*
Morgan 0, Totx* 0, T45%*
I‘l]'lftcﬂ 0, Tk 0. B7oe*
HNO 0. 063 G402

Source: Martini and Suarez (1975)

Table & gives resulte cbtained by Alnad et al. (1973) on the evaluation of
estimating available scdil potassium for 1271 soils in the West Indies with widely
varying soil propertiesg. In general, correlation coefficients between soil test
valuee and K uptake were superior to those with percentage yield. Total K gave no
gignificant correlatione in eny of the corparisons. The NH Aol {exchangesble) and
cold HES{J were the most successful methods of all and the Ieast sensitive to
changes 1ﬁ s0il properties. The gange of so0il characterietics (pH{ 5.5, 5.95-7.0,
¥f{.03 percentage base saturation, {60, 60-79,$B0 ; cation exchange capacity
{10, 10-30,% 30 maqﬁﬂﬂ g soil and texture (clays, clayloams, loame and sand)
reinforced the conclusion that NH Aeh afforde an accurate method for the routine
determination of available K. '

CALTBRATICN OF METHODS

The calibration of the wmethods for P and K availability ie the most
important phase in scil testing. The claesification of the soils into classes for
the purpose of suggesting fertilizer practices has to be associated with a deterunin-
ate crop and related toc a certaln soil group {gemeti_cal and geographiecal distribut-
ion). The information on calibration of chemical methode for P and K in tropical
areas 1s etill liwited, =sltbough there is a very large amcunt on calibration under
greenhouse conditicons, 1t is eseential tc calibrate the wmethods in the field,
where plants are grown to naturity under natursl environmentsal conditions. AB
eriteria for calibration one can use thes







A2 =an exanple of sach a calibration, Figure 3 phows the resulte cbiained in Bolivia
for wheat and potatoes in a large group of soile using Olsen's method for P (Wamgh
and Manzanc, 1972; Fitts 1972). Using the proposition of Cate and Nelsom (196%)

the critical level isg determined by drawing two lines = one parallel with the

X axie snd the other with the ¥ axis - in euch poeiticons that there are a2 minimam
rumber of observations in the upper left-hand and the lower right-hand cquadrants.

The intersection with the X axis is the ecritical level. This method can be regarded
as being cnly the first stage of scil calibration, and is a possible way of separatin
deficient from non-deficient soils.

For fertllizer recommendations it is necesgs—o,te.~lzesify,*ha.=oil.-ndel sed.
contente in different groups such as low, medium and high. To meparate these
groupe one has arbitrarily to fix the size of the expected response to applied
fertilizer, which should be based on economic considerations, The levele of P or
K availability are related tc a speeified crop in certain environmental conditions,

In the tropice there are a few countries or areas in which soil testing hes
been widely used in order io prepare fertility mape. Ewvaluating 4.5 million goil
samples analysed during 1968 to 1974, Chosh and Hasan (1976) presented a K avail-
ability map of India. The level of available potassium (NH AcO-extractable) has
been found to be low in 20, medium in A2 and high in 38 pergcent of the districts
covered, Such maps can be used for fertilizer planming purpoeee.
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A. Lowé and J. Quémener
Agromony Department, Suciélé des Potasses et de 1'Asote, Mulhouse, France

TN RO G TION

Field experiments with [fertilizers fom. the basis [Cor the est:. .shnent of
fertilization standards, BNumerous authors have streseed the linite anu difficulc—
ies of extrapolating the resulis, Analyiical controls al the so0il and plant levels
shonld incresse the precision of the extrapolation and make it less hazardous.

The present paper deals only with the use of s0il or plant analysis as a
means of diagnosis. It is restricted to pruolemns of analytical methods based an
the results of expericents ana is confined t. potassiuum,

SOLL ANALYSIS IN AELATION 10 POTASEIUM STATUS

In Prance, the decermination of K 1s traditivnally based cn the exchangeable
K extracted by armonium acetate at pH (. 1t is known, however, that this sole
deternination even when couplemented by the ratio of exchangeable K tu exchange
capacity does not allow the currect classification of soils relative to their
response to K and, inueed, the c¢lassification is 1aproved if it is done according
to types of soil.

K balances are fairly widely studied by the Agroncmy Department of the
Société des Potasses et de 1'Azote (SCPA). Cenerally, when the balance is clearly
pasitive part cnly of the increase is found as excaangeable K owing to fixation,
while when the balance 15 negative there is littie or no recuction in exchangesble
K becanee of release of K (Qarandeanx, 196 Heberi and Hewy, 1964).

The most recent siudies have prirmarily been concernec with developing a betier
methoud of K diagnosis and, to a less extenl, with a better interpretation of K
balances. We enall examine here the ftwe sain teste developed during the last ten
yeare at the SCFA bxperinental Station at Aspach, Mulhouee, of which the first is a
bilological extraction technique akin tu the Stanford - de Menl nethed (de Ment et al.

1999) and the second ie extraction by sodiun tetraphenylooren (NalPB).

Biclogical Extraction Technigue (Stanford)

After several years of exhmislive studies with ltalian rye—grass {Loliun
mulbifloran Lam.) in pot experinents, the nethed now used is one of biological
extraction cof potassium by a mudified Stanford wethed (Guémencr, 1970). The
principle of the wethod and ite adaptation so £ have been descrived by Quéiener and
Rolland (1970} and some results nave deen pusliSaed oy Garandeanx ana Quéuener
(1968). In brief, this uethud consisle of starving a plant of K before placing it
in contact with the soil to be studied. 3Barley (Hurdew.s wulgare L.) chaosen for its
genetic houogeneily, is well suited to the purpose; 1te spility to extract K seeuwe
to be fairly guod coupared with polate (Solanwn tubsrosum L.) which is especially
pocr in thisg regpeet and with rye—grass which is partieularly efficient.

The studies carried cut with this technigque =t the Stetion have concerned
twe main categories of samples: (1) soils of the perncenent experivent fielde of
the SCPA in order to correlate the Stanford resulis with the K response carves of
field experimente (Loué, 19745 Quépener, i903), (ii) certain types of local soils
situated around, or at = dietance froo,the experivental fields {Lou&, 1972a).



2.1.2

Iefinition of 'Gianford' ferws

= Patassinm absorbed oy the barley seedlings during sdarooulture)
reprezents the amount of K removed by theo aerizl porticns of the planks placed
in coniact with the scil under study less the aiount of K reuwcved by the
plants grown on sand.

- BExochangesble polassium is the amount of K deternined by extraction
with nemtral, nomal ammenium acetate solution before and after the Svanford
culture,

- Variation of exchangesahle K in the course of the wicrcoulture is the
amount of exchangeakle K after sulture lese the exchangeable K before oculturs.

Interpretation of "Stanford' results

i Relaticnship between exchangesble K, Stanford K and response in field

In the present example there were 49 experinentsl soils, classified
inte Tour categories according to their response bo applied ¥
daternined fron all the resalts of four conseculive years of
experimensal cropping. The remulte obtained fron cereale, maize
and pasture have been woere espocially nsed. A diftficulty has been
to qualify Lhe response of each experimental field to applied K, and
responses have therefore been expressed ss percentages of the yield of
eontral plote (no K applied) rather than in absolute values, The
statietical eignificance of the experinental resulte has been almost
winlly disregarded, The Stanford catz were interpreted and related
to the results of the field experinents mainly with the help of two
Eraphe.,

Figure 1 shows the relationship between K absorbed in Stanford
wigroculiure and exchangesble K, the points being alsc distinguished
by the response to applied K in the field cxperixzente. For low
valuos of exchanzeable K (below 50 ppm), the elassification given by
gheerbed K oy the Stantord nethod zgrees better with the nature of the
TEEPINEES. For sn absorption of sbout 200 ppn, however, the Field
experinental response may be very wvarlable and inerefore the aghscrbed
K (Stanfcrdj cannot conetitute by itself a sufficient suide to rosponss
in the fisld.

Figure 2 ghows the relatincnshin between abscrbed K oand the variation
reduction} in exchangeable K during the course of wicroculturs, It
associzbtes the reaoval of ¥ by the seedlings with changes irn the ancunt
af the so—opalled reculting availzble K, In this figare, five zones
have been narked according to the field response: zome 1 oovers an
area where there wersa no field experisents and the response Lo applicd
K ie unloacwm; wone 2 is an arsa where there woro no op Livs responsoes;
rone  whers ro@honses were low, moderate or goodi zone 4 where
respongss were varianle, ana sone % whore respomses were large, It
sppears that Lhe soils are beiter claesified in this way than only on
the acounmt of exchangeasle ¥ (Figure ?) and thas the sone delinitation
should becone maore precise wien nore dats are obbained.

1t should be nofed thet 2 01l with high immediate availabilities,
i,2, high exchanpgeable I and zosorbod {StEﬂf:Td} ¥, can, however,
reepond to applied K afber sone lapse of tine if dits K awvailobility is
venawed cnly slowly, =& shown by 2 naroed decrease in exchangeabloe K.
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Conversely, a soil with average immediate availability bus with
quick renewal, i.e. showing s small decresee in exchangeable K , can
phow wealk =znd variable field responses according to the crop.

fpplication of method

The application of the method cen be illustrated by a conparisaon
between two of the main types of scil of scuthwestern France, the
Boulbenes and the terreforts (Loud, 1972a).

Tne exchangeable K 1in a sawple of 14 buulbens scils varied fron

2P to 141 ppm. The K gbecrbed oy the Stanford cultures varied
from i3 to 130 ppm, thus closely corresponding to the range of
exchangeabla K in the soil before culture. The ratio of
sugurhed K to exchangeable K, one of the main values caleculated oy
thig method, varied from 0.49 te 1.35 {mean 0.9a).

Figure % shows the relaticonenip betwsen abecoroed ¥ and the initial
exchangeable K and indicates that the boulbsnes are a fairly honogenous

fanily with & ratis clese to unity. 'he exchangeable K thus seens
bty reflect properly the ability of theee scile to supply K.
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Thig metnca also enaoles the auns of relsased B to be gauged,
since released K esquals abeorved ¥ plus excoangeable K afier

culturs mirus exchangeable K vefure culture, Thie releass nak

varied from 2 so %1 ppm with a wean of 34 ppm, The relessed K has
gome relasionsioip, albelt inprecise, with she exchangeable ¥ befurs
culture {(Figure 4). The boulbenes, which are very low in excnangenble
Ky releass alsus vary small smounte of K.  The mean resulws fron the
foregoing 14 boulwene and 14 terrefort soils frow the sane area are
given balaow.

goulbenes Terraruris
Clay (%) 14 29
CWG Lneq %) J.0 24
sxchengeable K befure culture [opm) b 144
adbecrbed K Stanford (ppm) L2 261
Ahaurbed Kfexﬂhange&ble K e 1.9
Exchangeacle K after oculiure (ppm) Al (47
Released K (ppm} 34 210

the resulie ootained by this metnoa tiherefore give supplenentary data
to improve the K diagnosis.
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Studies on K with Extractantis coniaining NaTPE

Studies by Guémener (1974) at Aspach on the use of reagents containing sodium

tetraphenylboron were prompted by studies made in the USA and lhe work of Cabibel

(1971,

1972}, Tuthion and Grosman (1970) and Studer and Guyot (1969) in France. Taey

concerned in particular: {ij a gtudy of thke changes in ihe K balance sheel and
(ii} the classification of soils in relation to the resvits of vol and Field
experiments on K.

2.241

Application of WaTFE to studies of K balance sheets

fuémener {19'{4} uwgaed J.1K KaTFE plus 1-9N Nafl with an extraction time
of 24 hours. Figure 5 giwves an example of the results obtalned with a
terrefort clayey soil for this extractant in compariscn with 0,058 ¥alPhk
arnd neutral 1.00 ammonium scetate.

With 0.C5N NaTPR the ghapeg of the curves are gimilar %o those obiained
for exchangeable K with neutral normal ammonium zcetate. With 01N NalPE 4
1.90 MaCl, the points lie close to a straight line which sugpests that the
relationghip is independent of differences between soils, i.e. enrichment or
depletion of K.
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f.f.7 Application uf HaTPh to K diagougis

1. Helationship between X exiracled by Wa'lPB and pot cultures

Work st Aspach conpared the biological Sianford extraction with
extraction by U.00F xalPH for 24 hours al & suilisalution ratio of
1120, Twe sets of soil sanples were conparced, the firet representing
the full range of varistions ia the sbsorbed Kiexchangeable K ratic zs
neasured in the Stanford oculturss and the second eomsisting of TO soils
from fields under SCPA experinents.

Figure 6{a) shows the relaticnsiip betwsen sbsorbed K as neasured in
the pot exparinents and exchangeshle K, the ecorrelation coefficient

fur which was O,44,. 0Of the O7 soils in thie eet, ten had a rssio of
over 2,0, Figure G{b} represents the relaticaship betwesen K extracted
Ly NaTFE and exchangesble Kj the correlation cosfficienl was e 9nds
This extractant svidently was nore like the Stanford nethod than ihe
ammoninm acetate method in the awount of K deternined, and it is there-
fore better for uge on Eoils in which mctunal K upiake 15 disproportional
to exchangeable K. A very good correlation (r = 0.9J) was found
petween E extracted by NaTPE and the tclal ¥ absorbed by the plants +
exchangeable ¥ after cullure. he sorrelation between the amcunte of
non=exchangeablie K extracted by the NaTPs and by the Stanford @milgro—
enlures wae less high (r = Baao8h,
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K and {(b) K extracted by O.OS5N NaTPB

In the oet of soils from the experimental fieids, three ecils only
showed o ratio of =bsorbed K to sxchangeable K higher than 2.0,

The correlatione were: exchangenble K: sbsorbed K, r = 0.898; K
pviracted by HaTlBisbuorbed K, r = 00503, In this case the improve—
ment due Lo HaTPE was much lese,
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Supplementary K {ppm)

Relationsnip with field response 1o applice K

Te dala sotained by Lhe use of 0,05 SaTPR were Lhws vary wall
correlated will exbracticns nade in cicrceullures in Ssanterd poos

bul ik appeared that his resgeat did not bring & clear cut 1nprove—
paft in predicilon of the [ield responee to appliec 3. Attention was
therefore given to the use of 3 glightly nore concenTraALod pPosent.

The use of 0.1 NaifD wilhoui addition of #all and wilh an exbraction
time of 7 days iiprcved the correlaticon between the arountz ol
released K deferudned by the twe wothocs {HalPt and Stantord), i.e.

r o= 0.820 instead of £ = 0,598, and the amcunts were rather nigher
than those estinaied by pot culture {whereas it was the conirary with
0070 KaTFR).

Meure 7 shows the field response to opplied K dn relation to
exchangeahle K {by awmmonium acetzte) and supplamentary ¥ extracted by
C.1N Na'lFR. Meld responzes to applied K =2re indiecated oy differens
gymbols according to the nean parcemtage inereoee in yield of ¥ plots
in compariscn with gontrol {witheut added K).  lates of applied K
were 81 tc 166 kg/ha (109 te 200 kg/hs of K G} per year For Lhe &0
trials an cereals and 186 wz/ha (200 kg/na & K 0} per yoar For she
22 trizls on pasture. Although lhe points in Figare | ehow a narrow
range of wvariation sore especially for the trizls on cereals, il
appears that scils with s large response {over A0i) 4o applicd ¥

are 2ls: low in exchzngeshle K and very low in supplerentary K
deteruined by 3 iH HaTPB, and that for a miver miount of oxchangeable
K the sagniiude of the response irn the field sonetines corresponds

to very olear cut dilTerences in the amsuns of sapnlementary K
extrasted by 01§ HaTPh. It =eens, therefore, that the technigque
uped oan give dals oczpeole of dsproving the k diagnosie in certain
g0ils for which the exchangeable K is inademate,

(a) (b) .
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Fig. ¥ Comporison between supplementary K { K extrocted by O 1N

MaTPB less exchangeable K} and exchongeoble K. Responses
to applied K as o percentoge of control treatment yield
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PLANT ANALYSIS AND POLASS1IUNA

Knowing the difficnliies act by agronoaists attowpling E..a ABEeSE tmi
ability of soils to supply K, it is cleay thzl Lhere is a possible reans of
auuidiﬁg the aifficulty by measuring the a2ciual K siatus of a plant oy analysing

pert or the whole of the plant,

Plant analysis is perhaps most useful as a neans of deleruining K mabrition
For the following reasons:

i. K is fairly cften the major élement most abundant in the plant and plays
& fundanental role in the anion-cation ecuilibriusg

iil. many plants preferentially abscrb K

iii. K transiocates readily in the plant frum old leaves iowards younger leaves,
according $o the stage cf growth, ‘The problen. of =election of a suitable
foliar saaple can be resclved fairly ccrrectly far X

iv. K is an eleaent vhoee uptake is nuch influenced by the suil and by the
rates of applied K, It follows from ihie and l:i'? and (ii) that there are
geod correlations between the K content of the plant and ¥ applied;

Ve on account of (iv), there is the possibility of correlation between K contonte
of the plants and yields if there are correlations between yields and K in
the =0il, K supplied or the suxn of the two,

For tissue apalysis it is necessary to identify the portion of tae plant

whose K content is most closely related to the amount of K zpplied. For =one
plants the leaf petiole is more sumceptible than the lenina,

K_end K/Co/ilz liagnosis

Figure € illustrates the relationship betwcen the ¥ content of the eap-leafl
of maize and the yiecld of the crop (Loué, 1362, 1963a, b, 1965) and suggests that
it is curvilinear. It would, however, e unwise (i gpecitfy a particular K
contont as the eritieal level and it would be preferable to indicote a ecritiecal
zone say from 1.8 t¢ 2.0 K. This eritical zone would, itself, flustuate; when
water is deficient, it could fall to moout 1.30 to 1.4% K anc bhe zune of very
njgh yields would then ccrrespond $o K contenis of 1.9 %o 2.2 K.

The K/Caffg fulinr ecuilibria can be studied after expreesing K, Ca and
kg individually as perceniagee f the sotal mwount of &all threec elewcnts. Data
cf thiz type covering numerovus K/Ca/Mgz emilioria ranging frou K deficiency o
uoderate Mg deficiency arc plotted in Figure 9,

Maize sirengbnens the case tor plant disgnusis if it is borne in mind that
there 18 a strung positive correlatioa between Lhe dry matier weighas of the ear—
leaf (tiseue sampled) and yield.

Loué hee aleo sluddes foliar anslyeis in wneat oy ueiag the whole of the
secune and inira leaveno below the ear, The results were difficuld to interprat
pardioularly on coeount of tae tillering habit of the plant and because K levels
iust be relaved to bhe rate of spplied W.  Barley vresents mach the sBaue ditficulty.
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It is probsble tuat experiwents will enable the chuice Lo be wade of the leafl
begt snited toc serve as a sa.ple for analysis and the stage of growth at which the
sample should be taken. Already, study of the lower portion of tne curve in Fig. 8
(¥ contents asscciated wilh sowe or severe ueflclenuy} presents littile difficuliy.
Hunerous plante are lmown, the k contente of which are assuclated with the appearance
of very clear, lass clear and even EBlight syuploms of delficiency, e.g. nLaize,
Burghusn, beet, vine and apple, bal aeferwvinaticn of the critical sone remaine nost
difficult.

Fetiolar Diagnoeis

For sowe crops, the peticle appeare to be more sensltive than the lamina in
expressing nutriticnzl differences and the uee of this tiseue 1s nore nighly
developed in the U3A {vine, sugar beet etc.). he usually uge this technigue in
rine experimenls t. couwpare the results with thoese froon conventional foliar
analysis and alse in the sarveying of vineyards (Loué, 19ob, 1976] . Fertilizer
experinentz on potato have aleo heen studied oy petiolar analyeis with fairly
satisfactory results (Loug, 1572h).

AELATIONSHIP BEMWEEN S0LL 40D PLATT AMALYSES

Htatistical processing of datzs can be used tu esmtablish a link heiween
foliar and soil analyses as the following exanple shows, A survey on the nutrition
and fertilization of the vine in the southeastern pari of France dealt with &7
vines. Data were obtained for complete analyses of the scil profile at three
levels (0—40 cn, 40-B50 cm and sometimes 80-120 eu) and for foliar analyeis at
Tflowering and =t fruis ripeneses. ARelationships betwsen eBcil and plant were studied
by means of single correlations betwsen [oliar W, F, K, Mg and the variables of
a0il analysis.

Multiple relaticns between folisr and scil dala were exanined by neans of
gtepwise regression snelysls in which Lhe wosk highly currelated variable is
chogen in step 1. At step 2 the wvariable 15 chuesen ihal conlributes nost to the
improvement in percentage explanation already cotained and so forth for subsequent
gtepe. when the additional improvenent is suall it is fested for ite significance,
failing which no further stepe are taken,

The following squations were found to relate goil variahles {o the K content
o the leaf. S0il varisbles are shown by their usual abbreviaticns standing alone
far the soil depth O=40 o bui Followed by S for the firet sabsoil (40=80 om) and
58 for the second subsoil {50-120 ca).

{a) Leaf X at flowering

Step Coefficient Explanation
of maltinle
correlation (%)

1. ¥ =— 0.0833 WMgd + 1.29 0, 337 15.8

2. X = — 0.085 Mgd + 0.372 ES + 1.16 0. 435 24.5

At step 3 the silt of the second eubsoil brouzht .o of explanation, at sten 4
4he total lime of the =0il brought 3.0 at step o oxchﬁngeabie {a of the soil
vrought 1.8%, at step & the clay of the suil brought 3. (¥, at =tep | the
exchangeable sodiw. of the secund subecil broughtl 3. ‘%, at wtep § the lime of the
First subscil browght 3.1% and at sien 9 the very fine sand of the scil broaght
3.9 of explanatiun. Overall, r was found to be 0,599 and 48, of the variation
nad besn accomnied Cor.



(b) Leaf ¥ at fruit ripeness

Step Coafficient Expla-
of multiple nation
sarrelation .
1. K =— 0,117 Mg5 + 1.1 Q.412 18,7
2. K m=0.11 Bgd + 0.631 K5 + 0,879 0,598  15.8
3. K = = 0.10 MgS + 0.781 K3 + 0.04471 Ct/100 + 0.673 0,655 42,8
4s K = - 0,068 MgS + 0.02 K3 + 0.0051 Ct/100 - 0.0356 CS + 0,76  0.694 48,7

At step 5, the exchangeable sodium of the first subsoil brought 3.8 of explanation,
At step 6, the exchangeable calcium of the first subsoil brought 3.7% of explanation.
The value of T was thus 0.745% bringing ﬁﬁ.ﬂﬁ of explanation.

Exchangeable Mg and X of the first subsoil were chosen in each of the above
two caszes as the main explaining wariables but the propertion of explanation reached
wa3 clearly higher when the fruit was ripe than at flowering. The exchangeable
bases (Cal, MgD, K20 and Nas0) of the first subsoil can alone explain 4% of the
variation at fruit ripeness (negative influences for Ca and Mg and positive for K
and Nal.

So0il amalysis can therefore explaln an appreciable percentage of the
variation, the non—explained part being under the influence of other variables such
a3 cropping pattern, cultivar, rootstock and age of vine, In the case of K in
particular, differences between species in their mutrient requirements can be
congiderable, and in this respect plant analysis can be helpful, TIn the present
stage of knowledge it is, however, necessary to conduct analyse: of both zoil and
plant, and uze the results Jointly.
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Faper 12 SCOPE AND POSSIBILITIES OF SOIL TESTING POR XITROGER

by
.M. 8Bmith
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Fargs, North Dakota, USA 58102

IXTRODUCTLION

Food requirements of people in the world are increasing rapidly and man's
papabilities t¢ harvest enough crop producte are challenged. Seil and plant testing
goupled with use of fertilizers, water and other management practices can help to
optimize efficient use of =so0il regources. How much fertilizer to use depends on
the crop, the seil, the availability and cost of fertilizers or other needed goil
additives, and the wvalue of the crop products to the consumers.

The yields of crops increase as farmers learn more about the secils and as they
uge improved crop production methods. As the attainable yields go higher, the need
increases even more for knowledge of scil and orop requirements. It is not wvery
difficult to grow a crop giving a small or even average yleld. However, when large
yislds are produced more nitrogen (N}, phosphorus (P}, potassium (K}, and other
plant food puirients are removed from the goil. The capability of the scil to
provide encugh nutrients may then be exceeded. S0il testing is one way of obtaining
tetter informstion ahbout the capacity of the seil to supply enough rutrients to the
plants at a fast enough rate.

S0il testing to determine amounts of ¥ ferlilizer needed Cor the crop has
been used in some areas with good regults. Howewver, many Tailures have ocourred,
gome of whick may be caused by lack of useful correlation or field calibraticn data.
With nitrogen, poor resulis may be caused in part by a combination of climate and
mohility of N compounds in the soll-water system.

Much of the N in seils exists in organic compounds. This ¥ is not absorked
by plantg, at least not in sulfficient amourts to supply the needs of the crop.
Changes to HHE or WO, depend on temperature, oxygen, water, pH, energy source for
microorganismg and chemical and physical properties of the crganic materials and
goila. Products of mineralizaiion most readily utilized by plamts are NGy and
HHH. The relative impacts of factors affecting ¥ iranaformations and movement
within soila influence the choice of tesls and usefulness of the aata oblained from
then.

INORCGANIC N 50IL TESTING

¥itrogen. fertilizer recommerndaticns for peveral ecrops in the USA are now
based on soil tests for inorganic ¥ particularly in many states ol the Greal Flains
and West. HNiirate (M03), and amnonium (WHA) 1n some areas, measured on soil profile
gamples taken before crope are planted or in early slages of growth,is upeful in E
fertilizer management for cereal graing, maize {EEE My 5 L-j, giimr heets {Beta
wulgaris La), potatoes (Zolarum tuberosum) and certain other irrigated and non—
irripated crops. Areas where most success has occurrad are in goneral semi-arid
with lezg than 403-500 mm of annual precipitation. e acceptance of these test
procedures is moving very slowly into areas of greater vrecipltation as aystems are
improved for soll sampling, sample treziment or handling, and calibration of test
data with resulta of Fertilizer experiments.
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In general, Eﬁg moves in soils with water, can be leached beyond the rooting
depth of plants, is subject to denitrification and volatilization under certailn
conditions, and can be immobilized by microorganisms. Although HHﬁ does not move
readily in moet seilg, it converts_to WUy rapidly if the conditions are Tavourable
for nitrification. Because of W0y mobi%ity, traditicnal goil sampling %o ploughing
depth has usually produced inadequate data for ¥ fertilizer recommendations.

_ fongidering the dymamic nature of N compounds in soile and the mobility of
WD:, it is not surprieing that =scil test and recommendation programmes [or I have
been difficult to develop. A thorough review of the higtory of biological and
chemical soil testing procedures developed to determine N availability indices hap
been made by Dahnke and Vagey iTBT}}. Mest of those progedures did not take into
account initial or residual NOj. Bartholomew {1972} has also discussed advariages
and problems of wvarious soil tests Tor H.

A major purpogse of this paper is to discuse the ¥ goil testing and interpret-
ation procedures now being umed by state and privabe laboratories in several states.
Soil sampling and handling, available water data and problems of many aspects of
soil testing for inorganic W are aleo presented. Tecause the most current infor-
mation on present practices is desired, many of the source references are extension
girculars, gemi-technical magasines, and personal communications from research ar
extension persomnel. Some of the information was summarized by Smith (1977).

Correlation of soil test data with plant responses 1o N fertiligzers and
subsequently calibration of laboratory teste with experiments on rates of N in the
field are recognized as essential for the svccese of a s0il testing programme.
Information ig presented about successful programmes that will be applicable to some
aspects of soil testing in dewveloping couniries.

Scil Sample Depth

Depth of so0il sampling reeded to evaluate inorganic N can vary with soil
texture, soil depth, climate, irrigation, and crops to be grown. In general, it is
begt to gample to the maximum depth at which the roots of the crop are expectied to
remove water and rutrients.

2:1.1 Non-irrigated crops

If the goal is to evaluate NUy and available water supply to the depth
of gignificant water removal, for example by a dryland winter wheat (Triticum
agstivum L.} crop, it may be necessary to take samples to a depth of 180 om
according to research in the states of Montana and Washington (Brown, 1971;
Leggett, 1959}. However, there is evidence in areas of the Qreat Flains
from Cklahoma to Saskatchewan, Canada, that a 60 om soil sampling depih
usually produces data that evaluate inorganic N with acceptable precision for
their soil and climatic conditions for cereal grains (Smith, 1977). All
states agree that W0, analysis of a sample taken t0 ploughing depth only has
little walue for making N recommendations.

Nebraeka (Sander et al. 1973} has a preference for a sample depth of
180 om for winter wheat. Howewver, sampling to 180 eom is wvery difficult for
farmers because they usually do not have access to hydraulic egquipment or
commercial services. In practice, because goil samples received in the
laboratory have been taken to variable depths, data are adjusted for purposes

of recommendations to a COMmor: goil depth of 1850 cm. Thia adjusiment is
baged on an average of NO3 distribution data in so0il profiles of numerocus field
experiments conducted in areas of similar goils. It is beliewved that any

resulting errors are less than if no adjustmenta sre made. This method would
have merit in some developing countriss.



Data about distribution of HGE in seil profiles exist for many areas
and for different management systems. In general, in a given climatic region,
limited fertilization and relatively uniform soil and crop management result
in similar amounts of ND3j in solls below 60 cm. However, exceptions do exist
and as use of N fertilizers increases, coupled with some NOy movement into
subgoils, a greater need develops for deeper soil sampling. Variability in
N0y distribution is further emphasized especially where precipitation is
re%atively non=uniform within farming areas and over the years.

Daigger et al. {1972) in an experimeni in western Nebraska incorporated
ammonium nitrate into a fallowed soil. At the N _rate of 180 kgfha, for
example, and after 220 mm of rain in 127 days, N0; concentration increased by
10 ppm ¥ between zero and 15 om deep, and by 9 opm ¥ between 60 and 120 om deep.
The smallest change of about 4 ppm N was beiween 15 arnd 60 cm deep. A different
amount of precipitation probably would hawve changed the profile distribution
af IGE. pmmornium in the so0il samples changed significantly only in the zero
to 15 om depth, but not until rates of ¥ fertilizer application reached 180 kgfha-
In this experiment zones of maximum and minimum concentrations of NOy were
independent of N fertilizer rate.

In a field in eastern Montana that had never been fertilized with more
than 4 kgfha ¥ for each 2 crop years, the author measured N0y concentrations
greater than 100 ppm N between 120 and 150 cm deep, wilhin reach of winter
wheat roots. However, in the upper 60 om of depth this same soil averaged
less than 4 ppm N as NO3. This N0y originated from mineralization of organic
matter (M) and the many years of shallower rooted spring planted wheat not
removing deep Nﬂ;. Distribution patterns with significant increases in NO5
comeertration below 60 em of depth are not uncommon in some areas. Knowleage
of the expected profile distribution of NO3 is epsential before recommending a
mampling depth to a farmer or soil sampling technician. The location of plant
available N within the prefile can have a major effect on the sufficiency or
deficlency of ¥ at certain stages of physiclogical dewelopment of plents.

Deep sampling is especially important in well draired =eils. If
concentratione of N0y are Tound at any depth within the root zone, the plants
will make use of some of it at least. Failure to take Aaccount of the W
compounds ooourring deep within the so0il will result in errors of correlation
intarpretation.

Irrigated crops

30il pampling depths recommended for irrigated sugar beets, maize, or
other grain crops are uwsually 120 1o 180 cm {cartar et al. 19745 Giles et al.
1975; Smith, 1977). Some accept or use 60 cm or less (Ludwick et al. 1375;
North Dakota Cooperative Extension Service, 137%), but data are being collected
that may Jjustify deeper sampling.

Beepause of the shallaw rooting of potatoes, recommended s0il sampling
depths are 60 to 3C om (Dow et al. 1969). Sampling soils below the rooting
deplh of crops such as potatoeg doeg not improve the dats needed to assess
the amount of NUE K available for the grop, but these deeper samples can
provide valuable data about WOy movement in the seoil_and about water and N
Tertilizer management. For example if excesslve N0y N from fertilizera has
moved beyond the root zone, reduced amounts of irrigation watler per application
and more freguent irrigations may be necessary. Aleo, a change from single
to split applications of ¥ gould be practised to reduce leaching. Xnowledge
of large concentrationg of ¥ compourds below the depth of rooting for shallow
rooted crops can permit the farmer to u=se a cereal, maize, or other deesper
rooted crop to use that M.
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Experimenis in Nebrasks {Andergon et al, 1972) using labelled W {153}
produced data showing Lhat sugar beets absoerbed W from the deepest placement
of 135 om. Aleo sugar beets grown in a gell shown by test to be high in
TU; abgorbed less deep Hﬂj than from a so01l with 2 low iest wvalue. Deep NO4
not accounted for can result in excessive NU3 abscrplion by the sugar beet
plants late in the growing period. Teep sampling is also useful for identi-
fying fields with high lewvels of NU3 so crops such as malting barley (Hordeum
vulgaris L.) and soft wheats requiring low protein can be grown eleewhere,

Taking and Handling Soil Samples

The greatest problem associaled with farmer participation in deep soil sampling
concerns ability to take and gubseguently nandle the samples. [armers in the USA
are willing to employ someone for soil sampling services, but this may not be so in
countries where the government might provide the service. Fertilizer dealers in
some ptates provide a sampling service 1o customers which is gometimes free if the
fertilizer iz purchaged from that dealer. In Worth Dakota, soil sampling is a
profitable sideline busiress for many people. One reason for an extremely rapid
increase in soil testing for N0y in North Dakota is availability of custom sampling.

Deep samples are not difficult to ceolleet with vehicle-mounted hydrauliec goil
gampleres. Such equipment is uped for sampling ic depthe of 120 to 130 om or more
Jpecilal designs of slotfed and larger diameter tubes make sampling eapler if zoils
are high in clay conlent and miicky when wet, or when aoils coniain gravel that nan
easily plug small diameter probes. Open faced hand probes are widely used in medium
to moderately coarse soils, but extireme care is reguired to ayoid corlamination.
Augers are also available but should be used only under extremely difficuli conditions
as contamination is & perious problem. Sampling 4o a deoth of 60 cm is relatively
easy and equipment is inexpensiva.  Although sampling bty hand is practical, the
rnumber of soll asamples takern 1s likely to be inadequate to represent the Tield
correctly.

Consider the area of a fiald to be represented by a composite set of profile

gamples ag a "sampling unit'. Bach sampling unit must represent areas of similar
601l 1ypes with past crop and fertilizer management that has heer nasarly constant
for a minimum of 3 to 5 crop years. For a compesite sample (Worthwest S0il and
Plant Test Work Group, 1974; Smith, 1972} resresenting the surface to 15, and

15 te 30 em depths, 15 lo 25 cores should be mixed logelher. Fewer cores are needsil
from greater depths. Unleza the subsoils 2re exlremely wvariavle, the number aof
cores for the second sample deplh or to 62 cm can usually be reduced by one-third
or to 10 or 15 coresa. Generally, less variability in inorganic N ocecurs at deoths
greater than 60 cm =50 & comvosite of 5 1o 7 cores Der sample iz sulTicient. Most

states advocale separate analysis for each 0 cm to ocktain “03 distiribution.

Usually they suggest plough depth or 15 cm as one sample and from that depth to 60 cm
for the pecond, then each 30 cm 1o the full depth of samoling. In add1+1on to uD}
the plough depTﬂ sample may be analysed for nH, P, K, sometimes Fﬂd, olrer elemernts,
UK and soluble salts.

Soluble salts, ineluding nitrates, are nol wiformly digtribvuted in soil
after riil or furrow irrigation, and special orocedures are recommended to avoid
norn—reprezsentalive samples "r:.m_‘l:'-h 1).h,. If the row direction is known, & set of
three cores per depth should he :aken irr & direction parellel to the row or ridee
and spaced al one-lourth the distarce belween ridgzes as shown in Figure 1. Thi=
procedure should be repsated for each 2.8 1o 1.2 ha (2 or 2 acres) and the zets
of three vores should be bulked by deplhs to make un a sampling unit. Each set af
three cores can be bulked and analyzed penaralely if desired.
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S0IL WATER AND PRECIPITATICH

The succsss of non-irrigated crop production is dependent on precipitation
during the crop growing seaseon and plant available water stored in the soil.
It is possible to determine plant awvailable so0il water content in late winter cr
early spring before planting or soon thereafter. It is not eagy for farmers to
measure stored soil water gquantitatively. Txpected precipitation is estimated
from long-term records. Farmere are encouraged Lo kKeep precipitation records and
to compare them with the official data. They soon realize how their farming areas
differ from governmeni weather stations.

Brown {19?1] in Mortana has shown the interrelationship of soill water,
growing season precipitation, and ¥ levels for producing high yields of grain.
He related wheat plant development to a continuoug water budget during its growing
EEAE0N. Adequately fertilized winter wheat grown om a silt loam {medium textured)
z0il extracted more water from intermediate soil depths than when I was deficient.
Sufficient K also caused root exlension and water extraction to take place to
depthe greater than 180 cm. Thiz emphasizes the need to know the scil water statues
for the potential crop rooting zones.

In practice, special effort is needed to obtain soil water data, adequate
equipmant kbeing regquired for deep sampling. Soil samples can he collected by a
farmer or a researcher using any one of wvarious tocls such as spadea, aungera, tubes
and probes. For the data to be useful the best iime to aseess soll water stalus
in near fertilization, and preferably as near the growing seascn as is practicable.
Gravimetric determinaticons of water are usually made on the same samples as MO
however, if sampling is done in the autumn, an estimate of water siored in the soil
from winter precipitation will be needed. Meaguring plant available water in
goile to a high degree of precision iz difficult on a field scale. However, when
congidering the lewel of precision asszociated with predicting growing season
precipitation, assessing other variables that affect yield, and the difficulty of
obtaining accurate soil bulk densities to represent the soil profile sampled,
adequate estimates of =0il water can be practicable.

An alternative method for estimating soil water is to use a probe (Brown,
19534 to meagure depth of moist =oil. It compigts of a rod with a ghort plece
of drill hit for wood welded to the end. When the depth of moist =0il is known an
estimate of plant available stored water carn be made by determining ftexture and by
applying appropriate factors. Thia gives uaeful "approximate" wvalues lor estimating
potential yields and potential response to M.

Arother procedure for estimating the effect of probable available water for
a dryland crop is to establish a yield goal with adequate fertilization. A "yield
goal is the yield one should expect from a given soil and climate. If a yield
goal is realistically set it should serve as an integrator of eapected precipitation
and stored soil water that the farmer believes will occur for his soils under his
managemnent .

Farmers' yield records can be a guide for establighing geals but should be
used carefully. Expected yields should not be dispropertionate to yield poteniials
based on experimental data. Tlged wisely, this syslem can be a major improvement
over using N0y as a single variable. Many states use yield goals in combination
with inorganiec W by =01l test a2s a basis for adjusting ¥ fartilizer ratas. This,
in effect, becomes a budget approach to recommendations whereby one calculates W
fertilizer needed to produce an expected yield.
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4.2

USING INORGANIC N SOIL TESTIFG STYETEM

There is no single begt approach to obtaining or using data about inorganic
N for N fertilizer recommendations. Nitrogen availability to crops and ite
effectiveneas in preoducing yield increases is linked eo closely teo plant available
soil water, precipitation, temperature, and to other factors that one should expect
system modifications in different regions. If the amount and distribution of N0y
were reasonably constant in a s0il management system, which it seldom is, moil
testing would be needed only frequently enough to check the status.

Analysis and Reporiing Test Results

states and provinces differ in their use of NO;, or both HHE and Hﬁ;, as &
meagure of plant available N in goil samples. FReporis from Kansas (Whitney, 1974),
Idaho (Painter et al. 1975}, and Saskatchewan, Canada, (Read and Warder, 1973) indi-
cate that WHy is of pufficient ¢quantity in soils, especially in the ampring, to be
congldered significant for recommendations. Generally when hoth ionic forms of N
are meagured they are considered as esqual in availability to plants and are summed
when making recommendations. Most states that only test for KO3 have had experi-
ments where HHE was of significance.  Howewver, NHE concentrationg were reasonably
constant and are not used as & variable when making recommendations.

_ Reporting of data is not consiptent among laboratories. The concentrations
of HU3 and HH+ measured in extractions from soil gamples are apparently alwayas
expressed as N. Differences of expression caused by calculation procedures and
factorg are imposed subsegquently. Some soil test reports show N as parts per
million, while others convert concentration (ppm) to quantiiy (kg/ha) before
repoerting, or both may be given.

Some states use s soil density of 4.5 milliom kgfha per 30 cm of goil depth
and convert ppm of N to kg/ha. This means that they assume the soil bulk density
iz constant for all depthe and for all seoils, but perhaps errors introduced in this
way are not as gerious ag others in the system.

Varioug reporting procedures are intended for easier use of soil test data.
Attempte to overgimplify hawve in some instances contributed 1o computation steps
that are not only confusing but sometimes erroneous. If X0y and EHE concentrations
are reported as ppm of N for the specific sample depth, a simple equation can then
convert the data to guantity (kgfha} if bulk density is known. Alterpnatively, N
in both ppm and kg/ha can be shown on the report for each depth. Froviding correct
information for each depth gives the user of the soil testing service the best data.

Interpretations and Recommendations

Much of the reason why some researchers do not have success with N =so0il testing
is their unwillingness to try combinatione of data from various factors affecting
crop yield. Making W fertilizer recommendations from soil test data for inorganic N,
ranges from using equations that incorporate several variablea to availability index
ratings of very low, low, medium, and high with asscciated N fertilizer rates for
different crops. Most widely used procedures fall in between, but variations in
gimplicity can even occour among crops within a state. Examples of procedures show
different technigues being used and gome of thege may be soon out—of-date.

Many researchers have examined relationships between soil test data for
inorganic ¥ measured hefore the crop was grown and yield responses to N fertiliser.
A general summary is thal high correlstions are nol uncommen for single experiments,
but the correlations become poorer as experimental data from more soils and climatic
conditions are added.



In the mid nineteen fifties Leggett (195%) in Washington showed a good
relationship between dryland wheat yields and available water and nitrogen. This
regearch pluas additional more recent data has evolved irnto the present fertilizer
guide for dryland winter wheat in eastern Washington. It is a budget type of
approach.

This budget method utilizes a computation of the amount of T required to
produce an estimated potential yield based on response data from experiments.
Then an inventory of the plant available ¥ from all sources other than fertiligzers
iz made. The fertilizer N required is represented by the difference between the
plant available ¥ and the total ¥ reguired for the potential yield. There are
geveral modifications of this gystem in use.

Washington dryland winter wheat recommendations (Engle et al. 1975) are
developed in four steps: (i) estimate potential yield from plant available water,
(ii} calculate N needed to obtain that yield, (iii) inventory the soil W, and {iv)
calculate N fertilizer rate needed. More specifically this is done as follows:

a 57 Potential yield = (yield/unit of water) x (expected precipitaticn
plua awvailable soil water minus water to grow
plant )

Yield(hl) = 0.97 hl/em (pot in cm + soil water in om — 10 cm)

¥ote: For soft white winter wheat use 0.97 hlfcm and
0.83 hl/cm for hard red winter wheat.
Precipitation (ppt) is that expected for wheat growing season.

Soil water is plant available water to 180 cm or to a rocot
restricting layer. (Some states uae 120 om depth.)

10 om of water is used to grow the plant, without fruiting.

T ¥ needed (kg/ha) = _ (i) hl/ha x 3.5 kg/hl

¥ote: Use 3.5 kg/hl of N for soft white winter wheat
and 3.9 kg/hl of N for hard red winter wheat

iii. S0il N inventory = soil test FOE ag kg/ha of N to 180 cm plus
expected ¥ mineralized during the growing season, previous
erop if legumes, and other sources minug expected loss of
available N by immobilizmation, weolatilization, denitrification,
and leaching.

iv. N fertilizer rate = (ii) - (iii)

Herth Deketa recommendations for W fertilization of nor—irrigated small
graing are determined by a modification of the budget appreoach. A yield goal
is provided by the producer who ie asked to congider the highest yield ha hag had
for the particular field. He can make adjustmentis in yield goal depending on data
from N-rate experiments, stored =oil water, expeclied precipitation, and other
managemert factore. 4 warning ie given that wunrealistic yield goalas will result
in incorrect N recommendations.

The N required to produce a crop depends on crop yield, at least within
cartain limita. A chart of yield geals and ¥ requirements for wheat, durum, rye
(Secale cereale), feed barley, and oais (Avena sativa L.) was developed from
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numerous field experiments. The difference between total N required to produce the
yield (based on experimenial data) and ¥ available in the soil to &0 cm ig the W
fertilizer recommendation. Alsa a circular (Wagner and Vasey, 1971) relates soil
water and precipitation to expected yield responses to fertilizers. Instructions
are given on how to estimate plant available soil water by depth of wet goil and
g0il texture. A map ig also provided that ghows percertage probabilities of
receiving more than 150 mm of precipitation for the period 3 May—1 August, a 13 week
period during which precipitation hae a major influsence on grain yield. HNorth
Dakota's use of yield goals lays the responzibillity for determining s realistic yield
on the farmer. In developing gouriries greater assistance would need to be provided
by advigpers, but the farmer ghould stil! be invelved.

Montana irrigated sugar beet recommendations for N fertilizer are given in a
fertiliger guide (Christensen et al. 1974) and are baged on budget inputs of:
(i) total N requirements, (ii) soil test NOj, (iii) estimated mineralized ¥, (iv) N
from manure, and (v) W from previous crop. These are combined to cbtain the N
rate to apply, as follows:

ia Data from several N-rate experimente indicate an N requirement for
pugar beets of about 4.5 kg/t. The yield goal is the 5 year average
for the field. Note that these farmers have uzed fertilizer for many
years and the average should reflect their management, soil poteniial
and the average growing eeason conditions. The sugar beet producer
ig reminded that excessive K, whether residual or from fertilirzer, can
reduce total sugar producticn.

ii. So0il test data are reported as N Tor eack soil depth sampled. An
equation ig given for the guantitative caleulation of N from
concentrations (ppm) given in the soil test report and any depth
of sample.

iii. ¥ mineralization ie estiimated as about 34 kg/ha per 1% OM, during
the growing seamon. This ig an average of data from sewveral
gxperiments and could be different in other climatic areas.

iv. Manure contributions to ¥ supply are baged on long time experiments
in the gtate (Halvorson and Hartman, 1975). The available N per ten
of manure ig credited as 4 kgff for thke first year and half that
amgunt for the second.

Ve Adjustment for the previous crop reduces the needed W fertilizer if
that crop was leguminous and inereases the N rate when straw or maize
gstover is to be ploughed down. The adjustment for rate of W fertilizer
per ton of crop residue 1s 10 kg/t.

Direct Reaponge Method

Some states have related crop yield respunee to N fertilizer to soil test N,
g0lil water and precipitation; others have developed different tables of K rates for
different c¢limatic and scil regions.

Momtana dryland winter wheat N fertilizer recommendations {Christensen arnd
Smith, 1973) take into consideration scil test FGy ard expected plant avallable water.
Flant available scil water is determined sither by gravimetiric scil analysis or
astimated from depth of moist sci1l and scil {exture. The grain producer is en—
couraged to keep precipitation records and relate them to thome for llie nearest
weather station.




_ A two-way table gives the W fertiliszer rates for each of several ranges of
H23 in the goil profile, at different amounis of plant avaiiable water from 20 to
36 cm or more. Plant available water is the sum of scil water and expected Frowing
season precipitation. The highest ¥ rate recommended is 134 kgfha Tfor a very low
W03 seil test level and 316 cm or more of goil water plus expected growing season
precipitation.

AMALYSING ORGAWIC X

Aralysing seils for either the OM content or-the net mineralization resuliing
from incubation of samples under standard conditions of temperature and meisture are
two other techniques being used. They have their advantages and digadvantages
(Dahnke and Vasey, 1973 ; Bartholomew, 1972). Because availability of N has been
related guite well to total scil ¥ for single seil types and for lecal climate zones
{Bartholomew, 1372), these determinations can sometimes provide useful data.

Fredicting ¥ fertilizer needed for rice production is difficult. 'There are
problems with seil tesis for N, especially for paddy soil conditions. Hsi and 3u
(1972) reported work of Wang in 1966 in Taiwan. He calculated percentage increose
in rice growth due to added N, ﬁffH—Ho}fﬂ x 1GD_7 and correlated this with percentage
soil organic matter. In greenhouse experiments the correlation coefficient © was
—0.82, which was significant at the 1% probability level. However, the relationship
determined in the greenhouse was not very good in the field. They concluded that
soil tests are not wvery accurate for rice. M. Sudjadi (personal communication) has
algo indicated little success in testing paddy soils in Indonesia.

Under Korean conditiona Park found a relationship between the "available
gilica”, organic matter comtents of paddy topacil, and the physical conditions of
the goil. He showed (M percentages of over 2% to be of little value for predicting
N supplying capacity in soils if Si levels are low (78 to 130 ppm). However, with
51 levels in the range of 520 to 1040 ppm, the influence of owver 74 M was deteciable.
Yevertheless, he indicated that a minimum rate of 100 kg/ha of fertilizer ¥ is needed
for rice regardless of the calculated relationships.

SUMMARY

Fitrogen fertilizer recommendations are being made for several crops based on
goil tests for inorganic ¥ in goil profile samples, plant avallable water for non-
irrigated crops, and other management factors. ¥ soil teste on samples taken to 60,
120, or 180 ecm depth appear to be used most in the Great Plains and the West of the
United States.

Frocedures may have been developed earlier for dryland crops in most of these
areag becausge of the strong interdependence of plant growlh response to ¥ and to
plant available water. Alasoc, in these areas aonditions are favourable for a build-
up of residual N0y because of summer fallow practices and the infrequent flushing of
water through the seil profile. Sugar beeis and oil seed crops, where guality as
well as yields of sugar and cil are closely related to available ¥ supply, have
received much attention in development of inorganic N testing. Mot only is 1t
important to determine guantity of NO3 in the soil but its distribution is needed as
well. Nitrate-N deep in the soil can be absorbed by sugar beet roois late in the
season, for example, and can reduce total sugar productiOn. Soil testing for NO;
haz proved useful for F and water maragement on irrigated potatoes and other crops.

There is much variation among states and Canadian provinces a3z to depth for
gampling, methods o£ reporting test data, variables used for making recommendations,
and inelusion of MHy. Hegionzl efforts are underway in the Northweet and in the
Great Flaing to resolve some of these differences. Gererally the apporoaches wvary
because of goil and c¢limatic conditions thal existed when experimente were conducted
in each area. It im more difficult to integrate approaches when climatic and
management factors are involved in recommendations.



There are major efforts underway to improve field ecalibrations for inorganic
N goil testing, and to examine carefully whether a gystem can be developed for more
crops in areas of present use and for certain goil and erop conditions in more humid
areas.

Testing s0ils for N under high precipitation or paddy conditions ineludes
additional problems as compared to well drained soilg in the gemi-arid to sub-humid
AI'S8.5.

Coellegtion and refinement of additional data on soil testing for inorganic N,
and imagination in its use, are needed to combine measureable and predictable factors
into the moat convenient and useful N fertilizer management technigues.  Oppor—
tunities exist_to imprgvﬂ N recommendations for many crops through timely =scil 3
testing for Hﬂ3 and HH# in so0il profile gamples. Testing soile for Hﬂ3 and Nﬂd
should not be overlocked in programmes of developing countriss. However, definite
limitationa exist for many erop production areas. Heals are to improve crop product
yield and quality in addition o optimizing N fertilizer use efficiency for energy
conservation and enviromnmental gquaelity.
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Paper 13 S0IL TESTING FOR SOLUELE XITHOGEN AS AN AID FOR CALCULATING

2.

NITROGEN FHRTILIZER REQUIFEMENTS

by

J. Dressel
BASF Agricultural Reeearch Station
Limburgerhof, Federal Republic of Germany

INTRODUCTLION

Because of the intensification of agriculture, a level of N application has
been reached in Central Europe {the Netherlands 208 kg/ha; Belgium 114 kg/ha; the
Federal Republic of Germany 90 kg/ha; France 48 kg/ha; England 52 kg/ha) 1/ which
makes it necessary that the rate required should be precisely calculated. This 1s
important since nitrogen as a growth promoter not only has the greatest visible
effect on plant growth, but can also adversely affect the maximum economic yleld
when applied too genercusly (lodging of cereals, loss of guality with sugar beets,
potatoes, etc.) as well ag when applied insufficiently (reduction of yield with all
plant types, loms of guality). For this reason an exact caleulation is not only
interesting from the acientific standpoint but is alsec a necessity for profitable
farming. .

The increasing yisld level of the past few years has brought us within the
reach of the highest possible yield for many plant varieties. Centributions to this
yield are made by both the newly applied fertilizer and the long-term improvement
in soil fertility due to decades of using fertiligzer under skilled land maragement.
Evidence of thia can be shown by field trials conducted on farmers' fields over
many years where on constantly changed sites the gontrol plots have produced
pteadily rising yields from about 2 t/ha of wheat in 1925 to 3.8 t/ha in 1970. It
can be assumed that some 50% of this yield increase is the result of advances in
plant treeding, plant protesction and agricultural engineering, and the remaining 50%
iz due to improved plant nutrition. Similarly, equal shares in ihe increzsed yield
cah be attributed to the current use of fertilizer and to the residual effect through
increased goil fertility. This also means, however, that under Ceniral European
conditiong a high yield lewel can only he achieved after several years of intenaive
crop husbandry. This is particularly true for the high-yielding varieties which
raquire much better soil conditions than the former native varieties. The realization
that in many places yields nearing the maximum sre being produced under present-day
production methods makes it necessary to be informed on the current nutrient supply
level of & soil. This is especially so for nitrogen since the nitrate and readily
poluble ammonium nitrogen present in the svil are fully awailable to the plants.

S0IL ANMALYSIS

Unlike the nutrients P, K, Mg and the trace elsments, for which a study of
only the topseil normally suffices, an analysis for soluble nitrogen necessitates
a atudy of most of the soil space that can be penetrated by rocts. Usually a =soil
gsample down to a soil depth of 1m i enough. It is alsc advipable to subdivide the
profile into 20 em or 30 om soil layers in order to find out at which depth the main
nitrogen supplies are located. Table 1 presents some examples showing the varying

1/ TYearhook of Agricultural Statistics 1976.




digtribution of Hﬂg nitrogen in s0ll profiles from several farme in the spring of
1977« This table shows that it ig not only important to lmow the total amount; one
ghould aleo know the dietribution in the profile. The nitrogen at 82 = 100 om depth
ia available to the plants much later than that in the upper layers.

Table 1 DISTRIBUTIOR OF ¥03-N IN¥ SPRING 1977 IN S0IL PROFILES
ON VARIOUS FARMS (lkg/ha)
ngm O - 20 20 - 40 40 — 60 60 - 80 A0 - 100 Total
1 ) 12 5 4 & 35
2 5 11 14 16 12 58
3 10 10 12 23 40 95
4 10 16 17 14 38 115
5 19 a2 T3 47 1 182
& T4 9z 83 58 27 334
¥ DIFFICULTIES THAT ARISE WHEN ANALYSING SOIL FOR SOLUBLE NITROGEN

Problems are caused lesp by the analysis itself than by incorrect soil
sampling and gtorage of the gamples until they reach the laboratory. The soil
must be cooled immediately to 2 - 49C, screened in its natural state (without dry-
ing) and analysed. This requirement is easy to fulfill in arsas neighbouring the
laboratory but not =0 when many farmers living a great distance away depire such &
geil study. The farmers also demand that the results of the study be in their
hande within 10 = 14 days. Thig demand is justifiable since the tests can only be
made in the spring and the values can change owing to percolatiocn of the nitrogen
downwards to lower layers 1f the interval hetween the scil sampling and the fertil-
ization date is too long (Figure 1).

Ancther problem is nitrogen mineralization which intensifies as the growing
Feasin Progrecses. Figure 2 ghows that ¥ in the green manures of the previous
autuwnn was mineralized due to sudden high precipitation with high s0il temperatures
after a long dry period {March, April and May 1975: 55 mm), and the liberated
nitrogen acted like a late dressing of ¥ for the wheat. Thie points to still anather
difficulty for the advisory service since without knowledge of the case history of
a Tield it is impossible to foresee a sudden liberation of N. We use in addition
a2 checklist (Figure 3) enumerating all the criteria that counld influence the spoluble
nitrogen. With ite use the advieer or larmer can incresase or decreasas the appli-
cation in order to adjust appropriately the wvalues Found Ly the =oil gtudy.

It is our belief that new and in the immediate future s0il studies for
nitregen that are conduclted amnually can oniy be carried out at sites representative
of a wniform climatic region. It iz not pogeible to analyse several plots Tor many
or all of the farmers within the short period allowed, since the logistic prerequis-—
ites are non-existent. The results of the soil tests at representative sites will
be made public and advisers or farmers can determine the amournt of the nitrogen
application with the aid of the checklist.
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Figure 3} - CHECKLIST FORE N FERTILIZATION

UF CLREAL CROPS
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INTRODUCT ION

Micronutrients are not regularly applied io soil by the use of the common
fertilizers. Their removal from the soil hae been going on for centuries without
any systematic replacement. It iz apparent that hidden mieronutrient deficlencies
are far more widespread than is generally estimated. Micronutrient problems, which
today may be considered only local, may well become moTe perions in the relatively
near future, occuring over extensive new areas and creating widespread and complicated
production restrictions if they are not properly studied and diagnosed in time.

The amounts of micronutrients removed yearly with normal crop ylelde vary
greatly depending on the crop, yield lewvel, soils and factors affecting uptake and
avallability. The gquantity removed represents only a very small proportion of the
various micronutrients present in scils, senerally less than one percent of ihe
total. Thus, it is obwioup that even in the most serious cases of deficiency the
total amountg far excesd the requirements of crops.

METHODOLOGICAL PROBLEMS

Micromutrient concemtrations in plant tissue usually reflect the fractions of
the resgpective slements availables in the =so0ils. Therefors, both plant analyses and
goil tests have been used to diagneose the mlcronutrient status of soils. Opinlong
differ, however, as to the value of these two technigques. An advantage of plant
analyses compared with soil tests 1s that uniform methodology can be used over a
wide range of varying soil and climatic conditions. Also the pretreatment of szmplea
as well as analytica procedures are to a certain extent common or vary little from
ane element to another. The disadvantages include e.g. the wide variation in
coneentratione of migronutrients found in different plant spacies, varieties and plant
parts and at the different stages of growth, which make 1t difficult to interpret the
resulte. For example, the B comtent of the couple of doszen plants grown on the same
g0il varied between 2.3 (barley) and 95 (poppy) ppm in dry mattier (Bertrand and de
Waal, 1936). Since all species do not indicate all elements egually well and the
mogt indicative species do not grow in all fields, sampling popsibilities are quite
limited. Also the timing of sampling may cause practical difficulties because in
order to obtain comparable results samples should be taken at the same stage of plant
growth. However, chemical analyses of well chosen indicator plants provide valuable
information about the micronutrient status of soile, especially in extreme nutritional
conditions and, in addition, data on the nutritional guality of the crops can he
obtained simultaneously (Cottenie and ¥iekens, 1974). Cbviously, a combination of
plant and soil analyees offers an excallent tool Tor gontrolling crop nutrition.

Fetimation of the status of wvarious micronutrients in soiles by chemical soil
tests iz difficult because of the great mumber and low contents of these elements
and their varying functions in respect to chemical, physical and biological faotors
afferting their behaviour and awvailability to plants. Although the total content
of a micronutrient may have an essential influence on its soluble or plamt available
content, availability may be domirated by other factors such as pH, organic matter,
texture, clay minerals, molsture content, redox-potential, iemperature ard




interrelations between other elements elc. Thug total content is seldom & reliable
index of the awvailakle migromutrient status of the goil.

The loosely bound and sasily mobile amounts which are immediately awvailable
for biological and geochemical procespes are imporiant, i.e. the amountp dissolved
in the poil solution and the exchangeable fractions adsorbed to the particle surfaces.
Also of particular interest, especially in pedelogy, are the fractions that have been
mobile in the past, i.e. the fractions now found in the humus and thoge precipitated
or agcumulated in seil horiszons. Finally, there is a third fraction of interest,
namely the one which will be released relatively essily and become mobile due to
weathering, i.e. primarily the contents of minerals with the lowest resgistance to
weathering (Andersson, 1975).

Viets (1362) has suggested the hypothesie that various pools of micronutrients
exigt in the scil. He propoges that these be grouped into five pools: [i} Ho(O-
soluble; {ii] exchangeable; {iii) adsorbed, chelated or complexed; {iv) secondary
clay minerale and insoluble metal oxides; and Ev] primary minerals. The first thres
pools are thought to be in eguilibrium, and change in one of them would result in
changes in the other two. These three pocle are the ones important in supplying
micronutrients for the plant during the growing season. 5oil tests for micronutrients
ghould, therefore, extract a portion or all of these three pools.

The improvements in analytical emguipment made during recent years, in partic—
ular the intreduction of adwanced atomic absorption technimues, have made it possible
to determine sewveral microelements in wvery dilute scluticns.

A preat number of extractants have been developed for determining the contents
of various micronutrient . The wuse of unlversal extractants For simultaneously
determining the awailabilily to plants of all the known micronuirients 1z ideal.

Sush a practice has already been applied for years. Morgan's acid scdium acetate

(pH 4.8 hae bean used as a micronutrient extractarnt in various countries. Baron
{1955) recommended a mixture of ammonium acetate, ammonium sulphate and acetic acid
{pH 4) for the determination of boron, iron, cobalt, copper, manganese, molybdenum
ard zinc. Mitchell (1957, 1964) has used ¥ neutral ammonium acetate and 0.5 N acetic
acid (pH 2.5) as well as C.05 M EDTA for extracling several trace elements from scils.
Viro (195%a, bh) proposed the use of this chelating agert for the simultanecus
determination of plant available copper, zinge and molyodenum in forest =soils, Acid
ammonium acetate (pH 4.65) is used in Tinland in soil testing for K, Ca, Mg and F
(Wuorinen and Mikitie, 1355). The same extraction method was tested and used for the
determination of plant available Mn, Zn, Cu, WMo, Co, N1 and Pb (Lakanen, 1362;
9illanpi¥ and Lakanen, 13966). This extractant, however, was found unsatisfactory

for some elements and was later sirerngthened by combining it with 0.C2 M EDTA
(Lakenen and Ervid, 1971).

Many other combinationg of s2lts and acids of wvarious sirengthe have been used
and tested with other methods of soil and plant analysis. Weak solwvents such as
water, COr-charged water or weak acids are often consldered loo weak to extract
enough of the labile solid phase, and therefore these solwents do not reflect the
goil'm ability to replenish nutrients removed by plants, while strong acids may
releage too much of the solid phase nutrients (Viets and Lindsay, 1373). At present
it seems that chelating agerts, 1t rcarefully selected, offer one of the most promising
means of aseessing the power of soils to supply nutrients | Lakenen and Brvid, 1571;
Lirdsay, 197T4; Viets and Lindsay, 1973} An example of the relative efficiency of
rine goil ewtractants to disgsolve five different elements is given in Figure .
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One of the advartages of the chelating agents as exiractants ie that the
amount of metal ions that combines with the chelating agents is a function of both
the initial activity of the metal ions {called intensity factor] and the amount of
readily replenishable nutrient (capacity factor). In addition, the pH of the
extracting media can be carefully selected to avoid many undesirable side reactions
(Viete and Lindsay, 1973).

The best known chelating agents are EDTA {ethylenediamineteira—acetic acid)
introduced by Viro (1955a, b) and DTPA {diethylenetriaminepentaacetic acid) by
Lindsay and Norwell (136%}. Both of these have been widely used as such or in
slightly modified forme for extracting cationic micronutrients.

For anionic micronutrientes such as B, Mo and Cl numerous extracting methods
have heen used. By far the most widely used assay for available B is the hot watar
extraction originally suggested by Berger and Truog (1940). Available C1 is almo
commonly measured in water extracts of soils and for Mo Tamm's soluticn {acid
ammonium oxalats) or its modifications may be more extensively used than other
extractants such as water, acid ammonium acetate, anion exchange resins or micro-
biological assay with Aspergilius niger.

SAMPLING, STCRAGE AND PREPARATION OF SAMPLES

Salacting the best possible extraction method for determining various mlcro-
rnutrients in soils is one of the problems involved in estimating the micronutrient
gtatus of soils, but it i1s not the only one.

Misleading results may be obtained because of the heterogeneity of the soil
in the area sampled, variation in sampling procedures, sample gtoTage and preparaticn.



801l gampling is usually done to the depth of plough layer, but thers are no
generally accepted rules concerning ihe number of samples to ba taken per unit area.
Thersfore, previous knowledge of local conditions and solls to be gampled 1s of
practical value.

Orying and storage of samples may have different effects depending on the
element in question. Mn, for example, is particularly sensitive o dehydration, and it
has therefore been suggested that Mn should be analysed, in field-moist condition
before drying and storage (Adams, 1965) or, if this i= not possible, drying should
be done ag slowly as practicable.

Special precautions should be taken to aveld contamiration of the gample at
all stages from sampling to the end of the analytieal procedure. MWaterlals such as
brass, bronge, galvanized steel or any metal equipment containing elements to be
analysed should not be used in sampling, preparing or storing the gamples.

CALITERATION OF SOLL TESTS AND INIERFEETATION OF RESULLS

So0il tests are empirical and need to be calibrated in order to creale & bagis
for interpretation of the resultis. Correlation studies with crop responses on a
large number of soils wmrying from low to high nutrient levels are needed to chbtain
a general picture of the situation and to establisl the critical limits. Reaponse
experiments both in greenticuse and field condiiione have been usmed for this purpose.
Oreenhouge studies are often preferred because they offer belier opportunities to
control the growing conditions and because of the difficuliies encountered ik finding
field sites where crops will respond to micronutrients. Also correlation of extract-
able soil concentrations with concertraticns in crops or plant uptake have been used
in palibrating secil tests. In such studies all rubtrients except the one being tested
muist be present in non-limiting amounts (Mortveat, 1976).

Interpretation of micronutrient scil tests reguires more than just the
analytical results., As avallable Mn, for example, is closely related tc soil pi and
fu to soil organic matter content, these factors should be considered in seil test
interpretationg. Further, envircrmental factors such as soil temperature, moisture,
and seration affact the svwmilability of micronutrients. CroJping history, the crop
to be grown as well as cultivar differences sre all factors to be considered in
interpreting the analytical results and making fertilizer racommenrdations {Mortvedt,
1976) -

Excallent reviews coneerning micronuiriert analyses, their calibration and
interpretation of results have been published. Among the recent cnes are those by
Viets and Lindsay (1973), Reisenauer et al. (1973), Mortvedt (1976) and Cox and
¥amprath (1372].

WHERE TC sSUSPECT MICHCKUTRIERT TiSORDERS

In cazes of micronutrient defisiency it is not always enough to know which
element ie the deficient one; further knowledge aboul the reasors for the dellclency
iz needed in order to correct it effeciively. ‘Hhere disorders due to different
elements are suspacted, general knowledge of scil characleristics and oiher conditions
are of ponsidorable importance. Therefors, & snort review of conditions where theas
dizorders have besn rTeported may e aporooariate.
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Boron

Low goil values for B have bean reported from almost all European couniries
(Ryan et al., 1267}, Its deficiency is most often associated with soils of high
base gtatus derived from calcareous parent materials and with coarse textured,
leached soils. It ocours under extreme climatic conditions ranging from semi-arid
in Greece to humid in Ireland. In Great Britain B deficiency cccurs most often on
light textured, sandy soils low in organic matter, and is more common in dry summers
and on limed and heavily fertilized fields (Hull, 1960). In humid regione of the
USA B deficiency occurs mozt often on sandy and highly weathered scilas, where the
available B is readily leached from the soil {Berger et sl., 1967; Nelson and Barber,
1964; Sauchelli, 1969).

Toxicity of B has been reported in Germany from areas where excessive D has
been applied in fertilizers, and in Iarael in waterlogged bog soile, in Cyprus in
alluvial and Red Mediterransan goils which hawve been irrigated with watlers enriched
with B (Ryan et al., 1267} Alsc in the UsSA in desert and semi-arid regions, certain
soils and irrigation waters may contain toxic concentrations of B (Wilcox, 1960).

One ppm in irrigation water is injurious to some plante and 4 ppm ig injurious to

most dicotyledons (Madison, 1371). Irrigation waters containing 2 ppm B are reported
to be undesirable, e.g. sea water contains more than twice this amount (Mitchell, 1964],
Hatural B toxicity is relatively rare except in arid regions and toxicity from added B
is more likely on acid, sandy soils, even on those previcusly B deficient.

Since the commonly empleyed salts of B are water—scluble it geems apparent
that toxis soil levels of B, resulting from over-application, will be guite readily
leached from the majority of soils and, therefore, rarely persist for more than one
season (Hodgson, 1963; Purvis and Carolus, 196475,

Ghlorine

£l ig usually found in soils in highly soluble forms and is subJect to losses
by leaching., Deficiency, however, dewelops only in extreme conditions, but leaching,
e.g. from sandy hill soila, may cause accumulation of 1l in adjoining depression
areas. Seashore soils in humid regions and saline soils in arid regions often contain
toxic amounts of Cl. For ingtance, soils prevalent in Japan contain relatively large
amounts of Cl, apparently due to the fact the Japan is surrounded by sea (Yamasaki,
1968). White alkali soils contain a high proportion of chlorides and sulphates of
godiun.

Cohalt

While Co deficiency is not limited to any particular type of soil or parent
rock, many incidences in freat BEritain and Ireland are assoclated with ecalcareous
gands, old red sandstone and granite {0'Moore, 1961). Similar relationships have
been Teported from cther Ruropean countries, (e.g. Austria, Greece and western
Germany) and, in addition, Co deficiency has often been observed to occur in areas
of podzols or podsalized goils {Polard, Spain, Scotland, Ireland, western Germany,
England and Wales), of light sandy soils or sther coarse textured soils (Hetherlands,
Norway, Finland, Israel, Sweden) ard of peat soils (Ireland, Firland, Poland). In
the Ketherlande especialiy, sands with low orgenic matter and low clay contens and
in Sweden all soils, except clays, may be susceptible to Co deficlency { Ryan et al.,
1967; Wallace, 1961).

As for other trace elements, sucht soil fastors as tewture, pH and soil moisture
content are related to thae amounts of Co in seoile and to its availawvility to plants.
Az mentiored above, 0o deficiency ofter oceurs on coarss textured seils and
correlations between the 0o content of goils and thelr textures have been reporbed.
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In 160 Finnish soils the total content of Co significantly decreased as soil texture
became coarser. 4 similar relationship existed betwean the conmtent of Co soluble in
acid ammonium acetate and texture, but since the relative sclubility was not found
te be affected by texture, the latter was considered to be due mainly to the former
(5illanpdf, 1962). Similarly, a linear positive relationship between the Co and the
clay contente of 32 Pakistani soils has been reported (Wahhab and Bhatti, 1958) and
in ancther study ihe clay fraction of a so0il was fournd to contain up to seven times
ap much Co as the sand [Hill et al., 19513),

Copper

Organic soilg have often been found deficient in Cu, apparently because of
their low total Cu content and partly due to their high capacity to fix Cu. This is
especially true in the northern countries where, for example in northern Sweden,
half the organic soils but only one-fifth of the mineral soils, have been estimated
to ba Cu deficient (Agerberg, 195%). In the United States Cu deficiency in field
crops occurs mainly on organic soile including peat and muck (Berger, 1962) and
gimilarly in Finland a deficiency in {u has usually been found to be agsociated with
peat s0ils or coarse mineral eoils (Tainio, 1353). Here the average total contemts
of fu in fine mineral, coarse mineral and organic soils were reported to be i3, 16
and 14 mg and soluble contents {acid ammonium acetate) 0.61, 0.2% and 0.19 mg per
litre of soil, respectively {Silanpd&, 19%62). Alsc Fyan et al. (1967), when
summarizing the occurrence of Cu deficiency by country and soil, state that Cu
defielency is most common in peats and podsolized soils in zones of high precipitation.
It is also asscciated with granite, calcareous sandstone, basalt, red sandstone and
carboniferoua limestons parent materials. Furthermere, in their list of Cu deficient
30ile, peats or peaty soils are mentioned in 11 out of 14 countries, podzols or
podselized soils in nine countries and in cases where moll texture 1s specially
pointed out reference ie always made to pands or coarse textured soils.

Todine

One of the mosi widespread micronutirient deficiencies is that of I, the
symptoms of which are known as goltre in mammals. In spite of the high solubility
of mest I compounds, appreciably higher concentrations of I exist in =oils than in
the rocks from which the soils are derived (Goldschmith, 1254}, This cannot be
explained without taking into congideration the external sources of I. The
additional I in soils is likley to be air-borne oceanic from rain and srow or carried
by cceanic winds in a gasecus state or adsorbed on floating particles of dust. It
has been estimated that 22 to S0 mg of I per acre (54 to 124 mg/ha) will fall
annually in the rain on the Atlantic coast, while only 0.7 mg per acre (1.7 mg,/ha)
will fall in the Great Lakes Region of ¥orth America (Hercus et al., 1925; Mitchell,
1955). Thus, the ammual precipitation and distance from the sea are important
factors determining the I content of moils. This explains the lower I content of
inland secile than coastal goilgm.

The above factors are in close agreement with the geographical distribution
of goitre areas found in a nunber of countries in Furope, North America and else-
where (Goldschmith, 1954). This is apparently because mosi I compounds are highly
soluble and plant uptake closely follows the soil T content even trough there are
differences belween the plant species.

Iron

Fe deficiency problems are most often associated with soils derived from
caloarecus materials. In Europa Fe deficiencies were recorded on the Tollowing
sclls: calecarecus so0ils or chalk and marl formations in England and Hales,
Xerorendginas and calcaresus "faw Soils" in Cyprus, Rendzinas and Brown Calcareous
solls in irance, Rendzinas and Drown Forest soile in Greece, over-irrigated
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calcareous soils in Israel, clay soils in the Wetherlands, swamp soils in Norway,
sandy podzolic soils and peats in Poland, Frown and Hed calcareous alluvial soils
in Portugal, Sierczems, Reddiish Brown and alluvial soils in Spain and Rendginas,
Srown Forest and Grey-Frown Podzolic soils in Sweden (Hyan et al., 1967). In the
game report Fe toxicity problems wers recorded only in Spain on acid soile deriwved
from granite.

The amount of plant available Fe in moils depends largely on poil pH and
redox potential. In acid =oils Fe usually exipts in ferrcus forms which are
available to plants, but in neutral or alkaline soils 1t is oxidized to ferric
iron which may be so ineoluble that plants have difficulty in abscrbing encugh.
Increasing oxidation potential leads to the oxidaiion of Fe [rom ferrous to ferric
forms and, therefore, decreases its availability. The oxldation potential increases
with increasing pH and with increasing aeration, so that the reaction Fezg___w,Fi
due to both of thege factors is likely to proceed toward k3 and to decreaslng Hea
availability. Improvements in soil structure may have a sgimilar influence {De Kock,
19554 Makady, 1961; Wiklander, 1558, Increasing acidity as well as depletion in
goil structure are likely to cause a reaction towards the reduction of ironm.
Therefore, the proportion of ferrcus Fe of the total Fe usually increases towards
the lower soil horizons due to the decreasing aeraticn. In poorly draired aseoils
the reduction of Terrie to ferrcus iror may be affected by deceomposing organic matter,
and =zome wet soils may contain so much ferrous iron at low pH wvalues that they are
toxic to plant roots [Bear, 1965). Several authors have reported digorders in Fe
vptake cauged by high contentis in soils of heavy metale such as Mn and Cu.

Manganese

Several field experiments have shown that ihe relationship between the
availability of Mn and soil pH, and pH values around 6-6.5 appear to be critical,
the lower wvalues lavouring reduction and higher wvalues oxidation {Bould and Hewitt,
1363)« In Norway no response to Mn fertilizatien was cbserved in solls with pH
values below 6.3 (Semb and fien, 1970} and significant negative correlations hawve
been found to exist between soil pH and exchangeable Mn in Punjabi and West Bengali
goils (Bandyopadhya and Adhikari, 1963; Handhawa el al., 1361}, and between pH and
ammonium acetate—extractable Mn in Indiana soils (Tisdale, 1%4%). Similar results
heve been presented from a number of loecaticns and it iz therefore obvious that Mn
deficiency iz usually associated with alkaline or neutral soils and its toxicity
with acid soils. Liming of soils decreases the availability of Mn and in seweral
cases it has been reported to cause deficiency (Ryan et al., 1967).

Molybdenum

Seil pH iz apparently the prinecipal regulator of the selubility of Mo.
Unlike other micronuirients, Mo becomes increasingly avallable with increasing pH.

When reviewing trace elemenl problems in relation to soil units, Ryan et al.
{1967) stated that there is an apparent aasociation beilwsen an excess of Mo and
heavy textured so0ils that are generally hydromorphic and derived from calcareous
materiale, while Mo deficiency problems ocour over ao wide a range of Great Soil
Groups that little correlation can be made. However, deficiency is most commonly
associated with acldie aoils.

Zine

7n deficiency has been recorded in s dogen Buropean couniries (Ryan et al.,
1967). The data were not sufficient to establish clear soil relationships, but
in gome countries the deficiency seems t¢ be assoclated with Red Mediterranean,
Reddigh—Prown, Hrownish-Yellow Sandy, some loess-deriwved, certain alluvial and
vog Boile.



Zn deficiency is found in a wide range of goil textures but moest often in
sandy s¢ils. This may he duos to the same reason as Tor many other micronutrient
defigiencies, i.e. that most rocke and minerals containing Zn are easily weathered
and thus likely 1o form fine fextured sceils. Zn is accumnlated in gurface soils
whers 1t is absorbed by clay particles and organic matter. FRemoval of the purface
s0il, e.g. by erosion, may lead to Zn deficlency in soile low in its content.

Zn is generally more readily available in acid than in alkaline scils, the
range of least availability being about pH 6.0 - 7.0. Viets et al. ({1957} found
that the 2Zn uptake of plants was almost halved when the pH of the soil was increased
Trom 5% to T. At high pH the formation of insoluble caleium zinecates ls favoured
and Zn may be less availlable. Therefore, liming acid soils decreases the availability
of Zn and may produce Zn deficiency (Thorne et al., 1351). On the other hand, Zn
toxicity may result if scils are acidified or when Zn fertilization is cortinued over
a long period with Zn rich malerials such as sewage sludges (Bear, 1955; Janick et al.,

1968 ).

There are indications that Zn deficlency is more pronounced in cool wet weather
than in warm dry weather. GHor example, in California winter grown sweet—corn showed
gevere Zn deficiency on s0ils where no guch deficiency occurred when the same crop
wWas grown in summer (Van Maren, n.d.). In some cases the soil temperature — Zn
uptake interaction seems t¢ concern only the uptake of applied but not the native soil
Zn (MacMillan and Hamilton, 1371).

Zn deficlency has algo been reported on high phoaphate goils or or poils
where P content has been accentuated by heavy or excessive phosphate fertilization
{Bowan and Leggett, 1964; Brown et al., 1370; 3urlescn et al., 1961; Ellis et al.,
1364 ; Keefer and Singh, 136%; Ward et al., 1963).

Hepecially in earlier literature, the view was presented that the fixation of
micronutrients, including Zn, by organic matter might be strong enough to cause the
deficiencies often found in organic soils. However, in peat scils, in spite of the
high fixing capaclty of organic matter, micronutrieniz are apparenily less effec—
tively bound than in mineral =oils. This view is supported, e.g. by Dobrovolskii
{1961} who fourd that the maximum cortents of water solukble forms of almost all
micronutrients occur in the humus horizon and by Dolar [1970) who stated that Zn
uptake 1z closely related to the organically bound soil reserves. Sorensen et al.,
{4971} also reported a positive correlation botween extractable ¥n and M content
and the relative solubility of Zn has been fourd to be much higher in erganic than
in mineral scils (Jensen and Lamm, 1961; SillanpS%, 1962). This may be partly due
to the generally lower pH of organic soils.

FOSSIBILITIES FOR ROOTIXNE TEZTING OF MICRONUTRIENTS

One of the main purposes of this consultation is to evaluate the posgibilit-
les of routine use of goil testing systemz in the deweloping countrieg. As Tar as
the main nutrients and pH are concerned, it is highly desirable that soil testing
garvices be gatablished in countiries where such activities still do rnot exist and
that thuse already functioning be strengthened.

In the foregoing, some of the problems and difficulties in estimating the
micrenutrient status of soils including some comments on chemical so0il tests have
been pointed ocut. Too many problems still remain unsolved. Therefore, routine moil
testing for micronutrients in general is not recommendable, at least nol before soil
testing lor the main nulrients is well eptablished and positive results from 1t have
beern chtained. Many developing countries already have well sguipped laboratories
with gqualified pergommel and muclh waluable work an micronutrients has been done.
However, for the time being, more atlention should be givern to increzsing general
knowledge on micronutrients, their functions and behaviour, relaticnship to wvarious
goils and plants, vigible gymptoms of disorders and where apnropriate lasal field
and pot experimentation should e recomnended.
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Paper 1 PRINGIPLES AND PRACTICES IN PLANT ANALYSIS

by
E. EBvenhuls and P.W.F. de Woard
Royal Tropical Institute, Amsterdam

1. INTRODUCTION

For growth, development and production crep plants reguire a continuous,
well adjusted supply of essential mineral nutrients to the roots for uptake and
transport to the aerial parts. These nutrientsz are subdivided into a group of
macro-elements (M, P, ¥, Ca, Mz and 5} and micro—elementg (Fe, Mn, B, Cu, Zn and
Mols macro and micro prefixes refer to gquantitative requirements. If any of
these elements is in limited supply crop performance decreases and ultimately
results in nutritional disorders. Shortages of mineral nutrients manifest
themselves in terms of reduced crop ylelds and/or poor guality of produce.

In the early stages of deficiency development there may be considerable
reductions in yield. In severe cases deficiencies are gualitatively reflected by
the presence of gingle or multiple wvisual and characteristic symptoms, such as
dimcolouration, chlorosis and malformation of plant parts. Ewvidently, chemical
processes in plants become deranged. This in turn adversely affects physioclogical
processes and production mechanisms.

Ultimate deterioration of the productive capacity of crop plants should be
prevented by early intervention through adjustment of the mineral nutrition by
addition of fertilizer. Owver the past 2=3 decades plant analytical technigues hawve
been developed to aid the appropriate use of fertilizers. COenerally speaking,
leaves proved to be the most appropriate plant parts and chemical foliar aralysie
wag developed and refined for gqualitative and quantitative adjustments of mineral
nutrition.

This paper pregents maln lines of research on chemical analyesis of leaf
gampleg of tropical and subtropical tree crops, recently completed at the Royal
Tropical Institute. The work was aimed at establishing a set of simple, rapid
and reliable procedures for the determination in a sirgle digest of ¥, F, K, Ca, Mg,
Ka, Fe, Al and Mn in leaf material, and providing detailed background informetion on
relevant ingtrumental and anslytical mepects. These methods have been developed
eapecially for conditions frequently met in developing countries. Major attention
iz also paid to sampling procedures; the use of analytical data in interpretation
and formulation of fertilizer policies iz outlined.

2 PLAKT ARKALYSTY AND FOLIAR DIAGNOSIS

Leaves are coneidered as the focus of physiological activities. Changes in
mineral nutrition appear to be reflected in the concentraticns of lezafl nutrients.
Motigat oo et ud ~terel ratderoaf Lnotdi B concentrations in leaves for diagnostic

purpoeee arises from the assumpticn that a slgnificant relationship exists between
rutrient supply and levels of elements, and that increases or decreases in concentr—
ations relate to higher or lower yields, respectively. In gereral thease assunptions
gre wvalid, but much error, for example, may be lntroduced during sampling.

The utiligation of leaf nutrient levels for reliable diagneoegis and interpre-
tation it terms of fertilizer requires a wide lkmowladge of agronomic, scological
and physiological influences. This reliability depends also on continuity of crop
gtands in time and place and on seagonal patterns. Contimuity permits establishment
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of natural equilibria between nutrient supply and uptake and crop performance over
extended periods of time, and gives the opportunity of determining optimal, critieal
and deficlent ranges for specific crops. Effects of fartilizer applications may be
monitored by periodic analysia, ao permitting timely interveniion to correct
oncoming nutritional disorders. Significant success with foliar diagnosig has been
obtained with perennial bush and iree crops e.g. coffee, tea, cocoa, pepper, citrus,
banana, oll palm apd rukber.

The concentrations in the leawves are determined by chemiecal analyeis. Wany
methods have been developed, differing in degree of sophistication, complexity and
reliability. For routine application in developing countries, methods and pro-
cedures have been pursued at the Hoyal Tropical Institute, combining speed, =im-
plicity snd reliability. In this conmtext simplieity refers to both instruments and
auxiliary equipment used, and to eape of manipulation. EREeliability refers to the
degree of accuracy needed for infterpretation, precigion and the validity of analyti-
cal methode under varying experimental conditiong.

It is evident that aystematic, standard procedures for leaf sampling are
esgent ial to warrant the coet and efforte involved in the use of analyges and
subsequent interpretation. Such procedures can be egtablighed by systematie
standardization of sub-procedures lor compenent sampling variables, and subseguent
integration into a single overall procedure. Essential aspects of these individual
variables involwved will be broadly discussed in meparate sections.

SOURCES OF ERRCR

Practical considerations constrain routine sampling of individual trees in
large commercial areas. &n altermative appreach invalves bulk sampling of leaves.
Goncentrationa in these samples are considered as representative for the mean of
the tree population. BReliability of this method demands uniform gample areas and a
minimum mumber of sampled trees to reduce to a minimum error from interplant
variation.

Other major sources af wvariability alsgo affect actual leaf concentrations.
Age of plants, species, cultivars or varieties, physiclogical age of leaves,
morphological position on plants, internutrient effects as well as seascral vari-
ation, time of sampling, time of day, collection, weather conditiorng and climate
centribute to error and wltimately to analylical results. Often neglected sources
of wvariation include handling of samples, cleanhing methods, drying and grinding
procedures and storage conditions and, finally, uee of indigeriminate and uwneali-
trated analytical methods. This kind of error may partly reutralize the favourable
effect of careful sampling procedures.

Interpretation of the leaf levels is always carried ocut on a comparative
basis, using reference wvalues. This implies that the inclusion of reference samples
of usuaily healthy trees as a standard is essential to reduce error in interpretation.
Utilization of absolute values of leaf concentrationg alone is lesas interesting;
thess levels depend on tooc many unknown gyetematic and random errors introduced by
external and interral influenceg.

SAMPLING PROCEDIRES

Choice of leaves

While leaves are considered tle major manufacturirg sites of organic
substances and therefore irdicators sensitive to changes in mineral supply, the
physiological processes involwved are sources in their own right of considerable
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variability with regard to consentrations of ithe respective elements. Concentra-
tions are systematically influenced by, among others, physiological leafl age, growth
in sun or shade, morphological and chronological position, porilon af the leafl,
presence or absence of fruit/flowers and aspecl of the plant. PFor highest sensl-
tivity and increased precision in comparing leaf concentrations, each crop requiras
a specific, detailed standard procedure for leal sampling. Careful picking of
prescribed leaves from precise positions is essential. For rubher, leaves growing
at low level in the shade should be sampled, whereas for pepper the aecond fully
mature leaves on primary branches ars selected. In oil palm in gome areas the ninth
leaf is sampled while in other areas the seventeenlh leaf ig more representative.

In tea the auxiliary leaf of the firat pluckable shoot is the most representative.

Under similar ecological conditions the same procedure may be followed. In a
first approximation, a successful procedure in one region may be used in another
region or even coumtry. For several crops, however, the sensitivity of positilons
as indicators of mineral substances tends to vary with regions or countries and in
due course precision ghould be tested and adjusted accordingly.

Sampling Area

Cropping areas may be inconveniently large for sampling activities. Also
within a given crop area considerable variability may ugually be observed from place
to place due to the net effect of several external influences. Formal gubdiviaion
into conveniently homogenecus sample units is an essential preparation prior to
actual sampling activities.

Features on which appropriate subdivision could be based include uniformity
of topography, type of soil, crop appearance, drainage gonditions, irrigation
conditions, varieties planted, age of c¢rop, and maintenance practices.

Each of the stratified unitse is sampled separately. A large area may
therefore yield several leaf samples representing homogeneous pertions of the total
heterogensous area. The data of the respective sub-units permit more relevant
interpretation as compared to those obtained from a single representative sample for
the entirs area. Yet, a balance between practicability and reliability should be
duly considered.

Number of Trees

The murber of trees to be included in a representative bulk—sample depends
on the tree to tree variation for each of the respective elements. Estimates of
this variability from the population mean walue can be obtained by sampling and
analysis; from these data the variance can be calculated. Iy assuming an allowable
difference between population mean and sample mean (the permissible error), and by
setting a confidence lewel (P = 0.05) to ensure that the sample mean falls within
the range of the permissible error, the corresponding number of sample trees may be
calculated., The permissible error usually adopted is 10-15% for adegquate Tepresen—
tation of the population mean value (Shorrocks, 1964).

In day to day field practice this calculation of the rnumber of trees may be
impracticable. Research workers have investigated this problem and have been able
o determine the number of sample trees for a range of tree crops. Altheough these
numbersg are strictly speaking only valid [or the respective conditions of investige-
tion, they provide reasonable estimates of the order of magnitude. Uor rubker the
gampling of 40 trees over 26 ha proved adsguate to estimate lewvels of 5 major
alements within the permissible error of 15% (Shorrocks, 1964). In the case of oil
palm 25 trees over 50-100 ha proved adeguate Lo make up a representalive bulk

£ S
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sample (Turner and Gilbanks, 1964). For peppar, however, 150-175 wvines per hectare
were needed (de Waard, 19?05. As a8 rule of thumb no more than 105 of trees or bushes
of a homogenecus sample area should be sampled, depending on density of planting.

Timg of Sampling and Collection of Leaves

Flants respond to distinct changes of conditions related to physiologieal
phenomena of active growth, onset of {loral development and fruit growth. The net
effesct of one or sewveral of these phenomena is reflected by changes of the nutrient
levels in the leawves. In addition, other external influences, in particular seasoral
variationg, exercise their effect on leaf nuirient lewels. The actual effect of
nutrient supply on concentrations is interwoven with i1his complex of interacting
factors. Yet, critical pericds may be established agsceciated with optimal, critical
and delicient values, indicative of expected ¢rop performance. Accordingly, proper
times of sampling may be fixed.

Fracticesa in Sampling

Selective gampling of individual trees is utilized upually for analysis of
leaves showing wvisnal deficiency and for other special activities. Reference samples
are also collected while extra samples showilng intermediate sympioms may be helpful
in interpretation.

A & rule, bulk sampling is applied 1in cases of routine collection of leaf
gamples over extended areas of orop stands. A4 predetermined, representative number
of trees contribute to the composition of the bulk gample. The selected trees
should be systematically distributed over the planted area. TReference samples
should be cbtained from stahdard healthy reference plots, located in the same area.

Detailed information with regard io the sample areas should be agsembled with
regard to metecrclegical conditions, acil type and composition, topography and
drainage, maintenance practices, fertiliser applications and erop performance. This
information will greatly enhance the ultimate reliability of interpretalion and
recommended treatments.

Actual leafl collection is an important activity. Precision of the chemieal
regulte depende a great deal on the correct exesution of established procedures.
Collection itself should take place preferably between O07.00 and 10.00 hours and
should not be carried cut during or directly after rainfall. Persomnel selected for
leaf collection should be well trained and work under close supervieion.

The nunber of leaves actually collected from each tree may wary from one to
four. Preferably 4 leaves ghould be gampled representing each aspect of the tres
with equal frequency in the bulk sample. If only one leaf is taken, aspects of
subsequent sample trees should be systematically represented in turn. A aimilar
system can be devised for two and three leaves per tree. The ultimate aize of the
bulk sample should contain gufficient representative leaves to obtain 25-50 g of
gir—dry material. Ghould too many leaves have been included, the bulk sample may be
reduced accordingly by random quartering.

Sampling Freguehcy

The number of samplings depends on desired precision of recommendation, the
nature of the ¢rop and on economilc conplderations. A gaed compromise for most crops
constitutes 3 samplinge per year; the first in a critical period of the dry season,

a gsecond in such a period of the rainy season, and a third at an intermediate control
date. In this way the state of mineral nutrition can be minitored and adjusted when
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necesgary. 1t is evident that increased frecuency of sampling entaila a correspond-
ingly more accurate control. As a rule of thumb, frecuency should be increased with
greater instability of climatic patterns, but an economic balance should be siruck
congidering all detarminants.

gample Handling

A
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4.7.3

Cleaning

Within some six houra after collection leaves should be cleaned to
remove dust or residuss. Wiping with a damp cloth, socaked in 0.1% detergent
solution, followed by rinsing twice in distilled water is recommended. If
this procedure im done guiskly there is no danger of leaching of nutrients.
After rinsing, excess water is removed and leaves are transferred to small
muglin bags.

Drging

The muslin bags are placed in a stainless steel, forced—draught oven
and dried at 7000 for 48 hours. IT drying is delayed, considerable lose in
dry weight may ccour, as well as an undue inereage in concentrations, due to
enzymatic respiration. At temperatures owver 90°C significant losses of N may
coour oy thermal decomposition.

grinding, packing and slorage

The dried material may be pre—crumbled, sealed in polyethylene bags
and pent io the laboratory for grinding, or alternmatively, it may be directly
powdered., Preferably, grinding is carried out in an all-stainless steel mill
to avoid contamination. The desired fineness of the powdered samole 1s
obtained by fitting a 1 mm sieve in the mill. This ensures a homogenaous
sample. Immediately after grindins the powder i thoroughly mizxed, packed in
polyethylens bags, sealed and stored under dry ard cool conditions io await
analysia.

CHEMICAL AXALYSIS

Concept of Simplifiad Methods

Setel

General congiderations

In recent years advanced instrumental methods and equipment have been
introduced for routine aralytical purposes, including plant analysis. Thess
(semi) automated, highly capital intensive techniques reduce analytical work
coneiderably and increase the reliability of laboratory data output. FPre-
requisites for operating these ingtruments are the awvailability of skilled
laboratory assistants and well-trained analysts on the one hand, and the
availabpility of instrument supplies and rapid repsir services on the other.
In many developing countrier where these conditions may not be fulfilled and
manpoweT is abundant, reliabkle, rapid manual technigues may be consldered as
a good alternative to meet the need for the analysis of a contiruously growing
number of samples.

Instruments well suited to reliable, rapid marual technigues {HEMT) are
spectrophotometers and flame photometers. These instruments have proved to
be reliable partners in analysig for many years. In particular, when out of
order they can be repailred loeally provided an adeguate stock of spare parts
ig being maintained.



Methods guitable for ERMT should have a wide scope of application to
engure analysig of different types of leaf samples in a single analytical
series, permit straight calibration curves within the expected element
concentration ranges to facilitate calculations, and include colour systems
with a high stability.

As to procedures, reactlions should be carried out in tesl itubes and
the number of reagent additions sghould be kept to a minimum. Auxiliary
equipment includes analytical balances for accurate weighing of leafl
material, hotplates for digestion, automatic pipeties for taking aliguoia of
gample solution, top-loading balances for rough weighings of reagent chimicals,
dispensers for the addition of reagents, test tube mizers for homogenization,
draincells for spectrophotometric determinations and 8 calculating machine
for data procesaing.

Aware of the demand for reliable, rapid manual technigues, a scheme hag
been developed for the determination of % elements - M, F, K, Ca, Mg, ¥a, e,
Al and Mn — in a single digest. 'his digest is obiained by destruction of
organic matter with concentrated H»S0n and hpls. K, Ca and Ma are determined
flamephotometrically; for the determination of the remaining elements
gpectrophotometric methods are used.

Successful application of rapid manual techniques recuires sufficient
background information on relevant analytical and instrumental aspecte.
¥or plant analyaie, this information ie scatiered throughout the literature,
but it has been gathered and described in detail by Evenhuis et al., (1976).
Jome aspects of the work and tests made are described in the following para-
graphe.

Methods of ashing

Pegtruction of organic matter for dissclution of mineral elements may
be accomplished either by dry oxideation, "ashing', or wet oxildation,
"digegtion". Ashing is carried oub in many laboratories because traditional
wet digestion is a tedicus and lengthy process. Howewer, using hotplates and
valumetric flasks, wet oxidations are simpler to perform on a large scale and
they could prevent poesible losses of elements during dissolution. A major
advantage of digestion with concentrated HpS04 and hHpOp ie the inclusion of
the determination of ¥ in the same digest.

Ingtrumental methods

i. General remarks

Requirements for spectrophotometric and flamephctometric ecquipment for
routine analysis are reliability and simplicity of operation; digital

read-outs are preferred to alternative devices in order to help avoid

reading errora.

A Righ semsitivity and accuracy are less important, for these instru-—
ments hawve to be used by relatively unskilled weoerkers. MWoreover, the
gensitivity and accurzcy as provided by high-grade equipment ig not
esgpential Tor the purposes of plant anmlysie under discuesion.

Condensation, caused by larpe fluctuwations in temperature and humidity,
may have sericus damaging effects on eleclronic clroulis, causing
haphazard malfunctioning. Therefore, electronic equipment should be
installed in permanently alr-conditioned rooms.
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When wvoliage supplied to the laboratory fluctuates within fairly wide
limits, it is necessary for reliable performance of elecironic instru-
ments to include an external wvoltage ptabilizer in the electrical
circuit.

Spectrophotometric nethods

At present a variety of reliable and rugged ingtruments, equipped with
draincells and digital read-ocut to speed up analytical work, is com—
mercially available. Spectrophotometric methods sghould give siraight
calibration curves, at least in the normal working range. BStraight
calibration curves are more convenient to use — e.g. for calculation
and checking purpoges — and permit greater accuracy than norn-linear
gystems. In addition the methods used should be checked with respect
to: time of colour development and colour stability; interferences;
influence of pH, temperature and light, and accuracy and precision.

Flamephotometric methods

Flamephotometry permits a rapid, simple and reliable method for the
determination of Na, ¥ and Ca. A preraguisite is a reproducible and
gteady flame obtairable by proper gas pressure regulation. The premix
burner Ras a better performance than the total consumption device,
mainly because of its stability.

Partiocular attention should be paid to: interferences; ilonization;
gelf absorption; matrix effects, and accuracy and precision.

Calibration

The necessary calibration for spectrophotometric and flamephotometric
methodg 1s achieved by means of solutions of known concentrations,
termed standard golutiong. If the gsolutions prepared for analyesils
contain fixed or variable guantitieg of other components, the standards
must be prepared in such a way that theilr composition will be closely
gimilar to the samples with which they are to be compared. Accuracy of
ingtrumental metheods ultimately depende on the reliability of standard
golutions. Thege should be prepared with the greatest care, using an
aralytical balance, analytical grade reference chemicals and distilled
water for dissolution in volumetric flasks.

When stored, reference chemicals are affected by temperature and
humidity, i.s. they may loee or absorb water. Anhydrous chemicals,
- [HH4}2504, KHpPOgz, KC1, CaCOy and FaCl, can be safely freec from
water by drying at 10590 for at least two hours. Reference chemicals
containing water of crystallization, sush as FgSCy .7 HoO, NHﬂFﬂ(HDK}p-
12 HoO, Kﬂ1{504}2.1? Hy0 and Mn504.1 20, however, must be standardized
before being used in reference solutions. Standardiszation of these
chemicales is e=apily performed with stardard E0T4A, using pyrocatechol
violet as an indicator. VWhen prinding reference chemicals, agate
mortars should be used hecause porcelain dust may invaelidate standard-
igation results.

REMT requires pre-prepared standard series selutions.  When stored in
polyethylens flasks at about 20°, reference solutions up to 1 ppm in
dilute sulphuric acid are stable lor at least two morths. At higher
temperatures these solutlons should ke stored in the refriperator.



Bad laberatoery Procedures

H.2.1 Digestion

0.5000 gz of oven—dry leaf material ie digested in a 50 ml volumetric
flagk with 2.5 ml of cone. H2504 on 2 hotplate at aporoximately 2700C.
Standardized sdditions of HoOp are repeated until the digest remmineg ¢lear.
Tepending upon the origin of the sample, 0.5=1 ml {mean 0.7% ml) of conc.
H»50, is consumed during digestion. Standards for element determinations,
therefore, are made in agueous solutione containing 1.5 ml of conec. Hp30,
per 100 ml.

Ge2.2 Analytical methods

ia Analytical methodology

Both flamephotometric and spectraphotometric determinations were
developed from established methods. Major atieniion was paid to
potentially interfering elements present in digests in varying
quantities. It has been shown that, calculated on oven—dry material,
simultanecus presence of 4% N, Ca, K and Cl, C.5% P, Mg and Na, 0.25%
41 and Mn, 9000 ppm Fe and 100 ppm %, Cu, Zn, Co and Mo, did not
interfere lf with any of the particular element determinations.
Although the composition of the majority of dipests falls well within
these limite, 1n some cases individual elements may be present in
exceszgively high concentrations which may interfere. Provisions for
elimination are given in the procedures.

The influence of sulphuric acid concentrations, ranging from 0-5 ml of
conc. HaZ0y per 100 ml of solution, was studied. It appeared that
within concentrations of 2-5 ml of conc. HzBQ4 essential elements could
raliably be determined.

In spectrophotometric determinationg the effect of temperature, light
and time on colour stability was ilnvestigated. It showed that alter
full colour development, colours were stable for at least 3 hours;
light and temperature (between 20 and 35°C) did not affect colour
gtability.

Some details of the determinations are ghown in Tabla 1; with the
relative standard deviations, the mean is given within brackets.

The methods so developed were successfully applied to perennial tree
craps such as coffee, tea, cocoa, pepper, citrus, hanana, oil palm and
rubber, and have been checked with standard reference samples.

ii. Determination of ¥, Ca and Ma

Aliguots of digests are diluted with distilled water and concenlrations
are determined by flamephotometer, ueing a mixed standard of K, Ca and
¥a. Propane is used as a fuel for the determination of K and Fa,
whereas acetylene is employed for Ca. For some details see Table 1.

1j Interference for majoer elemenls was defined as deviationg larger lhan = Dﬁ of the
standard value; for micromatrients, as = 1094 of this value.



iii. Determination of W, P, Mg, Fe, Al and Mn

Mixed-reagent solutions are added to measured aliguote of digestis.
Concentrations are determined spectrophotomatrically.

gsome details.

Zee Table 1 for

Table 1 PRECISION OF DETERMINATIONS OF ELEMENTS BY RAPID MANUAL TECHNIQUES
Mixed Test range
Element Aliquot Method reagents oven—dry RaDa 1/ RsDb 2/
{m1) polut ions material () {%)
H 0.1 Indaphencl 2 B . A 5 1.0 R
(2.7 (1.8%)
P 1 Molybdenum 1 e 05034 5% 1.0 20
; blue {0. 18%) (ou148)
o 1 Flame photometer 1 BBy, 1.5 e
{3.1%) (e 181
Ca 1 Flame photometer 1 0, Gt 1-1 3.6 -
: {2.6%) (0.53%) |
Mz 1 Titan yellow 2 0.05=0. 5% 2.0 3.2 .
0. 258 T
Ha 5 Flame photometer - (1. 040, 47 1.9 4.0 '
(0.20%) (0.30%)
Fe 5 Orthophenar— 1 RO=500 ppm 2.0 . .0
throline {114 ppm) (60 pom)
§
Al 1 Fyrocatechol 1 A=-500 ppm 2.4 _ - ]
violet (111 ppm)
Mn 5 Formaldoxim 1 LO=4500 ppm 1.0 4.0
_ (224 ppm) (83 ppm)
i
BsD : relatiwve standard deviation is the standard deviation as a fraction of the
mear, expressed as a percentapge.
1f fSDa : R3D determined by analysing duplicate samples ten times each in the same
analvtical seriean.
gf ESDL : RSD determined hy analysing duplicate samples two times each in 5 different

analytical peries at two months intervals.

¥rom the RED data presented it may be concluded that the methods
hawve a high degree of precision. The REDbh data are more

representative for daily work.



5.3

laboratory Quality Control

A quality cormtrol programme is concerned with establishing and maintaining
a fair level of acecuracy and precision within the laboratory. Such a programme
provides for optimigation and standardigation of: analytical methods and procedures;
analytical instrumentation; glassware and auxiliary equipment; standard sclutions
and reagents, and working mode of analytical personnel.

To reveal analytical disgcrepancies, a blank and one or two standard samples
phould be included in each analytical serilesd.

Problems concerning guality of output may be detected by participation in
laboratory sample exchange schemes, the so—called round-rabin tests.

FRINGIFAL ABFECTS OF INTERPRETATION

Objectives of interpretation broadly include both diregtion of the mineral
mutrition of the crop and treatment of acute symptoms of malrutrition. & baeic
agsumption is that optimigation of the vegetative crop condition is an essential
praecondition for improved productivity. Reference values usually represent a
eystem of excess, optimal, critical and deficient walues. Comparison of field
values with the respective references provides an insight into the state of crop
health at thai moment. Tn principle these wvalues should be universally walid { for
ppecific crops and cultivars) under similar conditions and use of standardiged
procedures. Howsver, in practice these wvalues appear to be ppecifically related to
ervirormental peculiarities and ranges differ correspondingly (Table 2). In this
respect much information has already been obtained for the major elementm N, P, X,
Ca and Wg; for minor elements such asg Mn, B, Cu and Zn consicerable research 1is
gtill required.

4 firet impressicn of the magnitude of differences from the reference values
ig obtained by comparison of the assumed permissible error with the difference of
the eptimated population mean value and the reference value. If this difference
excesds the permisgible error, the difference is considered significant at a given
probability and vice versa. 'This emphasiszes the importance of the cheoice of a
permissible error vis-2-vis the need for high or low precision of estimated population
values; a lower permissible error demands a higher precision af estimates of field
values. Yet, economic conslderations may call for compromises in this respect.

For ease of interpretation detailed agronomic, physiological, yield and
performance data, as well as metsoreclogical records are essentlal attributes.
fualitative interpretation presents relatively minor problems in the region of
deficlencles; confidence may ke placed in recommendaticns in terms of guantitative
dresgings with regard to prospective effects. Towards the optimal lewvels,
interpretation in gualitative and guantitative terms hecomses more complicated and
reculres more detailed background inflormaticn and emplirical data to permit equally
confident recommendaticons. Unfortunately, in practice such informaticn is rarely
gupplied.

In recent years, research has Indicated that furiher stardardization of
autonomously acting factors on leafl levels is possible. Investigations involwving
the soilfrnot interface suggest that variability of rnutrient uptake can he improwved
by application of techniques aimed at "feeding of the plant® {Darber, 1374; Fried
and Sroeshart, 1967). Some imporTtant facets in this respect congtitute establishment
of gteep rutrient gradients to the root surface, meintenance of near optimal water
and oxygen supply conditiona, and maximum concentratior of active roocts near a
balanced supply of fertilizera (Summer, 1977). Tlse of drip irrigation combined



With mineral nutrition eyetems, placement of fertilizers and mulching appear to have
a stabilizing effect on autonomous variability of mutrient levels {de Taffin and
Daniel, 1276)}. Overall results seem to suggest that areal, regiomal or country
effacts on interpretation may be further reduced, simplifying interpretation and
improving foliar diagnosis as a steering tool for fertiliger programmes in perennial
tropical cropa.

Table 2 COMPARISON OF REFERENCE VALUES FOR THE ird AND 4th
LEAF PAIR FROM THE APICAL BUD OF Coffea arsbica IN 3 COUNTRIES
Bl amait Gogta Rica Zolombia ¥ew Guinea
(Chaverri et sl., 1957) (Machado, 1956) ( Southern, 1966}
% % %
Nitrogen
High — 2.80 == 3.00 g W 1
Medium 2.30=-2.80 2.50-3.00 2.6 =3.4
Low 2,00=2. 30 2.00-". 50 2.2 =2.6
Deficiency =~ 2.00 =T 2.00 s B
Fhosphorug
High Ton 0420 Bl == 0.19
Medium 0.12-0.20 Ou11=0.15 0a13=0.19
Low 0.09=0.12 e e 0. 10=0.173
Deficiency = 0.09 = w22 DD
Fotagzium
High T3 2.0 = 1.80 26
| Medium 1.70=2.70 1.450=1.80 1.8 =2.6
| Low 1.00=1.70 1. 10=1. 70 1.4 =1.8
Deficiency - 1.00 = 1.10C = 1.4
Calcium
High = 1.70 = 1.30 Tzay Yah
Medium 12 10=1.T0 0. T0=1. 30 D6 =1.6
Low 0. 80-1.10 - 0.4 -0.6
Deficiency == 0,80 - = 0.4
| Magnesium
High = 0.35 T 0439 T GWT
Medium 0.20-0. 35 0.35 Qo] =0.7
Low O 100, 20 .16 Q.3 =0.4
Deficiency =TT 0 = .16 =7 0.3

Souree: de GJeus [1973).
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Paper 15 FLAWT ANALYEIS AS AN AID INM THE FERTILIFATION OF THe OIL FALM

2.1

2.2

b

Halys Oluye
Figerian Institute for 0il Palm Researeh, Benin, Nigeria

INTRODICTICN

Flant tissue amalysis i used for basit studies on the mtrient requirerenta
of the cvil palm, diamosis of nutrient deficiencies in the field and as an adjunct
to fertilizer trials and eoil analyeles as a reguler ccans of sescseing the fertilirzer
remuiresents of the cil palm in particular oreas, Thege studies have led t2 pru—
cedures and practices which are now applied routinely together with s2il anslyeis
for the assessient of the fertilizer reouirerente of the -il palm. The discussion
that follows will centre cn the details of the plant analysis procedures and their
adequacy in guiding rational use of fertilizere in plantation palmns.

METHOIE OF FLANT ANALYEIS IN USE

™o main spproaches have been used in asseesing the oinersl requiresente of
the oil paleo by plant analysis:

i. total plant analysis in which the coponent tiseues of the pali are
aalysed to determ.ine the quantities of mifrient eleiente imobilized,
and,

ii. leaf snalysie in which cnly & sclected leaf ftissue is analysed,

Total Plent Analysic

Several studies have been carried out in the different 0il paln zones of the
world to estinate the quantities of mitrients irmobilized by palws of different
ages (Perwerda, 19.5; Tinkxer and S.ilde, 1963; Ng and Thauboo, 1967, 1908),
Comparative estiiates of the guantities of .2jor mutrients irmobilized in the trunk,
leaves, roots and bunches in these areas have been coupiled by Werkhoven (1963),
I;:Iart%' {1967}, Ollagnier, Ochs and Kartin {(1572), ¥g {1970} and Turner snd 3illban:e

1974).

The uee of total plant analysis or nutrient recoval 268 a disgnostic Lechnique,
though uweeful as = first approxination, has the ligitations of being tedioms to
establish, entails destructive sanpling, ignores the regular contribution froo eoil
regerves and cannot be exirapclsted fro. one envirom.ent to another. In practice,
therefore, the ..ethod does not provide an expediticus direct guide for current
fertilizer use. It iz now mainly used in nureery and pot culture work where total
muantities of mutrients abecrbed gy correlate better with plant perfor.isnce than
tissue concentration.,

Leaf Analyeis

In the last 3-4 decados, the use of lenf analysis a2e = guide to fertilizer
require.ents of crops in preference t: total plant or soil snalysis hze been
widely asccepted, Leaf anolyeie as a diagnoetic toul is based on a certain defined
relationship betwesn the concentration of a speecific nutrient elelent or ralics
in = specified leaf (or lesves) on the cne hand, and growth and/or produetivity on
the cther. The tissue selected shoulc not omly scourately reflect the natrient
status of the plant by varying with the conditione of rmtrient supply in the ediwe
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but ghould correlate well with plant perfornonce. These properties gy be taried
sensitivity criteria.

Although leaf mutricnt concentration is controlled pricarily by mutrient
supply, & nunber of non-mitritional (actors are known toc affect the nutrient
status of a plant tiseue or organ., These factors are notably plant age, position
of leaf, seasonal and climatic factors, soil physical characterictics and avail-
ability of water, and genetic nake up of the plant. It therefore becones neceesary
not only to select an organ tc be sa . pled on the sensitivity criteria but alss on
ites stability to the non—mutritional external =nd internal facturs cmsing variation
in leaf mitrient level. Any sa:.pling procedurc ad:pted would endeavcur tc .dinindze
the effects of these variations.

SANPLING

Tissue Sanpled

It has been shown that the leaf ymatrient conposition of the oil pzala is
affected by =11 the variational factors listed above (Chap:an and Gray, 1949;
Scheidecker and Prevct, 1954; Broeshart, 19573 Coulter, 1928; Smilde and Chapas,
1963), Coneiderasble variations cccur in the coiposition of a single leaflet and
between leaflets on the sa.e frond, between fronds on the same palm, between palis
in the sane field and betwsen samples teken at different periods of the year. The
firet problen with cil palm leaf analysis was therefure how to obtain a s=uple which
is representstive of the nutrient status of = palw, and then to deteruine the
tiniomm mumber of pelme that will reflect the nutrient status of a given area,
Suilde and Chapas (19%1) have discussed in detail and eritically the work done on
tispue selection and saupling prucedures. In theee studies, the influence of
frend age on chernical eanposition received considerable attention. Oradiente
in frond couposition with frond position were found with %, P, K generslly
decreasing and caleiw. inereasing with frond age. The trend in ..agneeiw: appears
controversial but seens to depend on the initial levele of K and Ca in the orgzan.
Fron. the work of Scilde and Chapas (1963) and Chapmen and Gray (19/9) frond 17 was
chosen becamse of its low variability and correlation with yield. Frond 1 for
ginilar reascne was recommended for special studics on K and Mg nutrition (Suilde
end Chapae, 19563} and for routine diagnosis (Broeshart, 19%%). In young palme
without frond 17, the 9th frond cculd be em.pled (Bachy, 1964).

The use of frond 17 appeare now to be the standard practice everywhere in
the routine diggnosis of the mutrient status of the oil pali. Apart Tro. low
variability, frond 17 appears t¢ satisfy the sensitivity criiecriz as it shows
rcadily the deficiency syuptoms of the rore co.ncn deficiencies (K and Mg), its
matrient statuse has ¢ften been pogitively correlated with fertilizer responses
and with yield and it zppears usunlly to be physiclegically active in adult palns,
It ic also easier to reach for sa.pling then inner fronds, Pronmd 17 will continue
to be sampled until a mnore sensitive tiseuc is found,

Regearch cn the uee of slternative tissues such zs the root and peticle for
specific eleents is now going on. Use of a co.bination of fronds, depending on
the xnown physiclogical toveienis of soue elecents, e.g. boron and .agnesiu ., has
been suggested, but the feasibility of sapling sore tlim one frond in routine
advisory work in pleantations is atill questionable.

Sampling Procedure

Saupling procedures for collecting hooogmeous saumles fron a2 frond differ
fro.. place tu place. In Halaysia, follouwing the work of Chap.en snd Cray (1949),
saiolee are taken fro. the central 10 o of the eentral pzire of pimmae of a frond,
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Others, like the IRHJ, take smmples fron the central part of the frond and use the
eentral part of these leaflete afier dis the margine and the mid-rib. In
Nigeria, the sampling procedure is after Hale 51946} who did not find the variation
in composition along the length of the frond statistically significant and there—
fore used btulked sauples of leaflete picked from both sides of the rachis at
intervals of about 10 leaflets.

This practice entaile cutting dowm frow adult palms the frond to be sampled
and exercieing care in the field to include leaflets from all sections of the frond.
Thie is time comsuwiing and leads to oonsiderable delay in collecting the large
musber of samples that normally come froc plantations. An investigation on
variation of leaflet composition in different sections of a frond showed that
sanpling could be confined to leaflete from the central portion of frond 17 only
(NIPOR, 1963, 1968) thersby saving time in sanpling.

Sampling Tine
3.3.1 Time of year

The criteria for judging the best sampling sezson are sinilar to
those for selecting a tissue for sanpling (Leaf, 1973) but with coneider—
ation given to a period of lowest variability of mutrient contents.
Inportant environuental factore in Africa are the clinate, which varies
from one region to another; mmd weather changee which affect the nutrient
goncentration at the time of sampling or responses to fertilizers (Bates,
1971). An ideal sampling tine would correspond to & period of minimum
varisbility (including palm-to-palm verisbility) for nost mutrients.
Broeshart (1955), Scheidecker and Prevot (1954), Szilde and Chapas (1963),
and Srilde and Leyritz (1965), Coulter (1958) and Ferwerda (1961) have
shown that the leaf couposiftion of the various elenents varies seasonally
and monthly, and thet the magnitude of the variations depends on the
elenent, plant tissue and age or etage of development of the palm,

The NIFOR investigatione in 1960/€1 and 1962/63 show clearly how
seasonal variations in the concentration of mutrient elements rake it
difficult to recommend a definite sampling time (Figure 1). The practice
of sanpling for all elements early in the dry seascn is based mainly on
expediency and to a limited extemt on the principal objective of using a
repeateble period of winimum vardisbility for most elements. The asegesmient
aof the effectz of weather on mutrient content requires data collected over
a very long period from adequately fertilized plants in a given area in
order to estimate the errors arieing from this source. Information of
this type could also be collected from calibration trials covering the
economic life span of palms in the different oil palm growing areas.

3342 Time of dey

It has been recommended that saupling of the oil palm should be
restricted to the morning hours (07.00 to 11.00 hours) only becamse levels
of ¥, Mg and Ca have been obeerved to be lower in the evening than in the
morming sanples (Scheidecker and Prevoi, 1954; Coulter, 1958). This
restriction implies that either a large labcur foree i8 required to complete
the sampling within one day or that sampling must be spread cver several
daye., Apart fron the economic implications, Smilde and Chapas (1963)
cbeerved that when making the recommendation insufficlent consideration had
been given to analytical errors which are usually of the saue magnitude as
the observed diurnal differences (2-8f). They further remarked that for
full aseessment of this type of errcr, a lmowledge of the dey—tc—doy
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variation is also required ae sanpling norually takes several daye to
coaplete,

'his ect of diumal variation was investigated in NIFOR by Leyritz
(NIFOR 1966/’2%3 taking into consideration possible day-to-day variation.
Pive replicates of five palws each from palms of the sare genetic origin were
sampled daily at 08.00, 11.00, 14.00 and 17.00 hours for five consecutive
daye by taldng two leaflets from the central portion of frond 17 on either
side of the rachis each day.

No significant hourly variations were found for any elecent but the
caleiur level varied from day to day (Pw0.05). Therefore smupling can take
place any time of the day under Nigerian conditions. Error introduced by
ganpling over a five day period was coneidered negligible for sost elenents.
Thip implies that a considersble saving in coste of sanpling cculd be
achieved by not restrieting eaupling to morning hours only.

Sample Size and Intensity of Sampling

The variation in the tiesue matrient concentration raises the practical
problem of chtaining 2 leaf eanple representative Bof the mutrient status of a given
population of palms,

Opinione differ considerasbly on the winimum mumber of palue which sheuld be
included in a conpoeite sacple frow an experiwental plot or a plantation. There
is also disagreesent on the size of area units and the muiber of palme to be
sampled per unit (saupling intensity) or the percentage of palus to be saspled in
a given population of palms (sarpling fraction). The minimun number of palme
contributing to a conposite sanple ranges frow 10-30 palms (Smilde and Chapas, 1963).
For sanpling intensity, the IRHO recormended one conposite sanple per 30 hectarcs
for young palne (1-4 years old) or one per S0 hecteres in rubsequent years (Ollagnier
et al., 1970) whereas in Nigeria sanpling of 30 palms per 300 palme (121} in e
hemogeneous twe hectare unit is recorumended (Siilde and Leyritz, 1965). wWard (1966)
suggested saupling units of 27 hectzree (based on frond 1 of Wigerian pales) and
1% eampling inteneity.

The natter of chooeing the right muiber of palwme to characterize the nutrient
etatue of palme in a given area is of econonic inportance. There ie always need
to gtrike & balance between the demands of correct disgnesis of mean mitrient
etatue and the cost of labour invelved in saupling and subesequent checiecal snalysis.
There is also the practiczl aspect of evolving = saupling schesie and a resulting
fertilizer reccimendation, that is workable. A sampling eschene thet is most precise
28y not be the uost expedient having regard to the tine and labour involved in
genpling. Similarly, 1f the eize of eanpling unite as deternined fron statistical
congiderations is too small, indicating different fertilizer decieions per unit,
the copt of iuplementing such & decision in terss of labour and material Lust he
weighed ageinst the income frowm anticipated incresse in yield,

The sa.pling scheue recommended for Nigeria, for exauple, is of very high
sa.pling intensity and generates a large number of samples. Moreover, in the absence
af a detailed wsoil survey of some of the plantations it is difficult t: delineate
hirogeneous blocke, Differences in topography, field practices (including levels
af saintenance), heterogeneity in genetic source of planting waterial, ages and
etages of growth or development due to supplies are also factors not fully
ooneidered in the studies on which the recormendation is based,

As the estiuation of the mninimum rmmber of palme to be sanpied ie based on
the variance of the population studied, and alec =& the block size depende on the
unifornity of variance between contigucue area unite, it is clear that a practicsl
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recornendation can only come frowm a study of variance and fastors effecting it
within a plentation. Thue, the extrapolation of the result of a sanpling exercice
completed on a wniform but limited population of palms, no matter how precise, uzy
lead to wrong decieione. More information on the nature of variation of mitrient
contente of palmg in plantatione on different locations ie badly needed before a
general principle of fertilization based on foliar diagnosie can be deternined,

A useful appreoach ie that of eontrol plot technime used in Malsysiz by Hnecht

et al., (1974). Meanwhile, where plantations are managed in blocke of chout

16.2 ha the sanpling of 30 palms selected randonly (excluding runts, disessed snd
very shnormal palms} diagonally zcrose the block is reccmmended,

PRE-TREATMENT OF SAMPLES

Cleening

It is usaally neceesary io clean samples harvested during the dry eeason
becmse of surface dust deposite, Leafletes are wiped on both surfaces with
moistened cotton wool or smslin cloth dipped in 2% 'Teepol' detersgent molution.
This cleaning procedure has been found to be good enough for trace eletent analysis
(NIFOR, 1967, 19681,

After cleaning, the wid-ribs are removed and the lanina is out into pieses
of sbout 2-3 om and {rameferred intc a labelled paper bagz for oven drying.

Doyring

The standard recommendation is oven drying (forced dramght) at 70-807°C
for 36-46 hours. ‘The drying process should coimence within 24-48 hours of
collection from the field., Dried samples are placed in thin polyethylene bags
and securely tied to prevent noieture absorption and sicred in an air—conditioned
rooiw until they are nilled,

When & labeoratory is handy, drying presents no problem but wvhen earpling ie
carried out at dietant locations 2 smitable drying rnethod prior to laboratory drying
pregents a blg problen. Thies problem existe in sany plantationsa,

Some practical means of cverconing the drying problen hawve been sought in the
past. Kenworthy's (1973) sugzgestion that smuples could be air—dried initi=lly and
oven—dried later wae tried, The problem with mir—drying in the dry seasun is dust
contavination of the already cleaned samples, An slternative procedure which hes
been tried in planfations with processing rdlle is the use of the kermel dryer,
These are stear-heated concrete platforne on which kerrele are spread for drying,
The platfornm surface is covered either with clean wooden planks, ashestos or iron
eheete and paper bags containing the samples are then placed on these covere before
the platform is heated by paseing super-heated stezan into a etean chanber beneath.
Quick drying has been cbtained by this method but tenmperature control is diffioult.
A very low nitrogen level in a sample so dried was attributed to thie nethod of
drying. Another drying method which hae been tried is the use of wood-fired eeed
gerninators. The temperature of the germinator charber ie nomally maintained at
sbowt 4070 but it can be increased for lesf sample drying.

For sanpling on a large scale, sone thought should be given to the drying
problen, It may be necessary to create samiple preparation atatione in each of
the states now plaming to develop large-scale plantatione. Plantations of
5 000 or more heetares should have proceesing laboratories attached, For smaller
and wore renste estates, kercsene heated ovens or a sclar-heated oven may te designed,
if the cost ie not prohibitive.
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Cold storage {(0-3°C) of samples prior to oven drying has not been studied,
Ap ¥erosene heated refrigerstors are more common in the tropice than heated cvens,
this may afford a temporary stop gap meazsure before the sanples reach a laboratory
foar drying.

Milling

Oven dried smnples are milled to pase a 1mm sieve using either a Wiley or a
micro-hammer mill.

Storage

Milled samples are stored in an air-conditioned room (temperature about 21°C)
in either bottles or polyethyleme fubes, or when these are not availsble in sealed
polyethylene haga. The period of storage varies but seldonm exceeds 24 niomthe.

Errore in Sanple Preparation

From the foregoing, the possible sources of error in the sanple preparation
phase arei

i. logseE in dry weight ae a result of delays before oven—drying of
samples from distant plaoces;

ii. over—drying of sanples with inprovieed equipment and inademquate
tesperatare controls

iii. poggible changes in composition with storage over a long tiae.

ANALYTICAL METHODES

For the oil palm, ftotal laborstory analysis of oven—dried leaf saiples
appears to be the standard practice in preference to ¢uick field tiseue teste.
This may be due to greater convenience of analytical procedures offered by the
former as field saupling operaticne could be tedious.

Analytical Procedures

Both wet and dry ashing methods have heen used for the routine analyeis
of the wajor element ocontents of oil palm lamina tisswe. In NIFOH, dry ashing
is ourrently preferred because of uncertainty sbout the purity cof esome of the
reagents used for wet ashing - partioularly phosphate impurities in some batches
of hydrogen peroxide, The routine snalytical procedures adopted are as follaows.

Finely ground subsamples are re—dried at 105°¢ for two hours and are ashed
at 550°C for three hours in a mmffle furnace and the ash further digested in a
hot water bath for 30 mimutes with 25 ml of 20% HNO,, filtered and made up to
250 rl with dietilled water, Aligquots from this used for the estimation of
¥, Ca, Mg and Fa after suiteble dilution. Potassium, calciwn and sodium are
deteruined by flame photometry using an EEL flaue photometer.  Phosphorus is
deteriined colorimetrically with the auto-analyser (as vanadate yellow) or
ppectrophotometrically ae molybdemu blue. Magnesiun is determined ecloriweiriec—
ally by the titan yellow method but an atouic sbsorption spectrophotometer can he
used for the routine determdnation of Mg and Ca.

A separate micro-Kjeldshl digestion is carried out using 120 mg of dried leaf
powder in 2 ml of conec. H 30 4 and 1 g of sodiun sulphate — selenium catalyst.
The digest is nade up to T00"ml and 50 ml aliquot is distilled for 10 mimutes into
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a cixture of 40 nl of 2% berie acid mnd 10 ml of brouophenol blue and titrated with
0.05N HCl. Alternatively, total N is detercined on the autc—enalyeer using the
indophénol blue method.

The concentration of elesents deternined by these nethode im usually expressed
as percent (%) of dry weight.

Analytical Error

The analytical methods in use, which are fairly rapid and dependable, are
usually tested for both acouracy and precieion (reproducibility) at the time of
establishment. Error variance from this source is, however, expected to be muall
compared with the totnl sampling error. A ocefficient of wvariation of less than
=6l is nomally considered satisfactory., The use of nore umodern equipment such ou
mto—analysers and atornic absorption spectrophotometers is expected to increase
the rate of chenical snalysie of samples with lower analytical errore., Nevertheloss,
the need to keep a constont check on analytical errcre cennot be over—emphesized
especially 25 the dearth of instrucent service lechnicians and very poor after—sales—
pervice result in poor instrument precision coupled with frequemt breakdowme.

One method of frequent check on amalytical error which say be adopted is the
use of an international test—sample exchange scherme. In such a echene run by the
Agricultural University, Wageningen, Netherlands, & samples of warious plant tissues,
including c¢il palm leaves, are snalysed bi-monthly for as seny elements as possible.
Iuplioate analysis of such szuplee enables a statisticel test of reproducibility
of the analytical wethods to be nade over a wide range of nmutrient concentrations,
vhile the mean wvalues for each sample are used for test of accuracy snd recovery.
The usefulness of this scheme depends on the pronpt availability of statistically
analysed results indicating trends of bias in :iethods of analysis.

Experience with thie schewne shows that for plant tiseues high in phosphate,
caleiwr levels determined by flase photometry are unreliable becausge of the
quenching effect of phosphate. For tiseues high in potassium errors srise nostly
from inacourate recording of the actual dilmtion nade by assisteants. Good agree-
nent ie often obtained for N and P.

A regional or loeal standards schene of this nature would undoubtedly be
rewarding ae it is not certain how for conditions of {ransportation and handling
introduce further errors.

Laboratory Services

Unlike Malayeia where there are several laboratories, NIFOR is the only
laboratory servicing the oil palm induetry in Higeria. The denand for lsboratory
seprvices froo plantatione is increasing end with the projected schene for the
developnent of the oil palm industry, the present rate of analysis will be
inadequate for quick results. This problem can be solved by either creating more
laboratories in eech big plantation or greater mtopation in the ansalytical
facilities of a few central laboratories naned by well trained staff. With the
present level of technology, experience with inetrusentation may favcur decentraliszed
laboratories with simple, less sophisticated, mugged and casily waintained equipnent,
A2 the nain problen ie one of shortage of experienced and trained panpower for
servicing and maintaining lsboratory equipcent, a service and wadntenance body wight
be ereated on =m internaticonal level to eervice anslytical laboratories within o
ZoNe.
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INTERPIETATION OF DATA

Tield Hesponsee in Fertilizer Trials

For most orops the relationship between leaf mutrient ceoncentration and growth
or yield is established in fertilizer trials in which changee in crop yields ar
growth, resulting fron increacee of a fertilizer mutrient eleent, are related to
changes in the chemical composition of pre—selected leaf tissues. From these yield -
rutrient response curves, reference standarde for judging crop performance are
derived, For diagneostic use, leaf mutrient concentrations are umially put into zones
sssociated with deficiency, wearginal, sufficiency and excess. & price objective
in this zoning is a imowledge of the 'ideal' or 'normal' composition aseoecieted with
maximum growth or yleld.

The meny fertilizer experiments of thie type which have been carried cut have
pontributed grestly to kmowledge on the use of foliar amalysis in plante and the cil
palm in particular.

The general nature of responses to fertilizer application in Nigeria has been
reviewed by Chapas and Bull (1956}, Forde et al., (1968), Hartley (1567), and yearly
in NIFOR Arrmal Reports on the various fertilizer programmes. A brief sunmary of
the nature of thege responses will help to aseess the possible effectiveness of
plant analysis in guiding the present and future fertilizer practice. The early
fertilizer experinente included fairly megeive doees of fertilizer in a single
application so as to demonstrate effects. Rates as high as 4.5 to ocver 10 kg of
each fertilizer salt were given per palm, either z& a single doge or repeated ocver
geveral years. The early resulte showed responses to potasslun and magmesium where
vigible deficiencies already existed before treatuent - otherwise, regponees wera
very small. HNitrogen, phosphate and lime applications gave no significant
TEEpONSes, Lime applied st 2 510 kgfha cauged sbout 206 decrease in weight and
number of bunches (Chapas and Bull, 1956). With potash showing a dominant effect
the frequency of appliecation of potassic fertilizer was aleo investigated. It was
shown that potassiun deficiency wae corrected by a dressing of only 3.44 kg of
potassiwn sulphate per palm over a seven—year periocd,i.c. a mean of sbout 0.78 ke
K.S0, per palm per annum, Higher rates of potassiwn fertilizer did net produce
fﬁrﬁ er nignificant yield increases., Applying the fertilizer in a2 single doee gave
higher yields thsn Bplit doses in three or six applications throughout the rainy
geason, There was very little econonie advantage in applying the fertilizers
ammally instead of every two or three yeoars (May, 1996},

Fertilizers ond Leaf Nutrient Levels

T™e general noture of effect of applied feriilizer trestiente on leaf nutrient
compoeition can be muimarized as followe.

6.,2.1 Nitrogen leaf content

The differences in leaf nitropgen conceniration at the various levels
of nitrogenous fertilizer application are barely significant in epite of the
faot that nitrogen is consistently applied ammally in all the trestuentes.
Various explanatione have been offered including dilution effect as a resnlt
of growth (Green, 1972).

G.2.2 Leaf phosphorus

Generally, there is an increase in leaf P following phosphate
fertilizer spplication but it is only in the basenent ecoplex ecils that
theee incresges have been aseceiated with inecreased bunch yield. Thaere
ie vory little effect of other fertilizer cle.ente on leaf F.




6.2.3 Leaf potassium

Application of potassium fertilizer, even at the lowest level
increases leaf K very significantly. 1In Calabar fagc acils a mesn
inorease of over T9% in leaf potasainm was obtained for fertilizer plots
and shout 50% in the Benin fase soils but little response in the potassiun
rich basecent couplex soils, where the mean leaf potassium level is over 1%.
The application of magnesiw., nitrogen and eaperphosphate fertilizers
reduced leaf K by =bout 5—15‘%.

6.2.4 Leaf uagnesium

Jenerally, application of magnesium fertilizers increased leaf
nagneelun levele with a significant reduction in potassium levels but with
either positive or little effect on calecium levels.

H.2.5 Leaf caloiun
Lime is rarely applied in oil palm agronomy as the early trials
ghowed decoreages in yield with lime. The calciun concemtration of the cdil
palm tisme ranges from shout 0.4-0.9%, depending on the relative values of
K snd Mg levele.

6.2.6 Leaf mnuitrient and yield

Yield responses are attributed ¢o a few of the applied fertilizer
elenents - prineipally potaseiwn and phoephate. Froo the trend of current
fertilizer responeses it appears that positive ccocrrelations con be esteblighed
between yield and leaf analyses for potaseium in the acid send soils {Table 1)
and for phoephate in the granitiec basement complex scils.

Table |1 CORRELATION COEFFICIENTS OF LEAF NUTRIENT ELEMENTS WITH BUNCH YIELD
ON ACID SANIDS

Expt.| Bunch yield Leaf eleuents (% dry weight)
Ho. Periocd i3 B K Ca Hez
508-1|  1971-74
Ve,

1973 Leaf elecents =0.133 =0.152 0,.378%e% 0 1545 0,023

2-15 | 1971-14
wE
1971 Leaf elements 0.211% 0,039 0,610W%% _0,271%% _(,433%%%

The significant tut negative caleiwn and magnesimm relationships with
yield can be regarded ag a consequence of the high positive relation of
potassiun with yield (r° = 37.2%) and the lmown entagonism between these
elenents (Ca and Mg) and potaseium.

4 poeeible deduction from theee resulte is that either the levels of
other mitriente showing no yield responses to graded levels of appropriate
fertilizer elemente are adequate or that from Prevot and Ollagnier's (1961)
prineiple of the law of minimum facturs, the primary deficiencies of K or P
may be liniting reaponses to these other mutrients. The factorial design of
the experiment tested these non-responding elememts at some levels of
ademquacy of the deficient elements, It then eeens that the leaf levele of
these other elements could be assumed t: be adequate under the prevailing
envirommental conditions.



£.2.7 Critical lewvele

Unlike moet of the classical yield response curves used in estakblishing
eritical nutriesnt cancentratiﬂnaxwhich show curvilinear responses with B
transitional zone around the critical level (Ulrich, 1961; Hartley, 1967},
gur responses wWere predominantly linear and seem to indicate that the optimal
leaf ¥ level wam not reached at the levels snd freguencies of apzlied K
{Figure ?). Possible criteria for judging rmutrient resuirements could be
derived from these and other experiments not reoorted here. For example,
no responee was obtained for potassium where leaf K was ovar 170 and it sould
be assumed thal the optimal level of K lies in the region of 1.

These data show that relative to opiimum yield the leaf nutrient lewel
varieg widely for each element including those for which no direct correlation
was established. Therefore, it would be betler for the time being 1o consider
the adequacy of an element over a range of values ageociated with optimal
growth or yield rather than & single value. These values should be etricily
regardad as concentrations found in 'normal' plants of good yield in a given
enviromment and do not as they stand afford a btasis lor positive statementa
on yield responses to fertilizer apolication. Smilde (WAIFUR 19ﬁ?f63] has
given tentative 'esritical' wvalues from earlier fertilizer irials. Thesge
valuse, together with the classical reference values given by the IRED, now
used as standard values, are given in Table 2.

Table 2 OPTIMAL VALUES FOR MAJOR ELEMENTS
Element IRHO Smilde (WAIFOR 1262/63) Optimal Range
W 2.50 2.50 (approx) 2.3 -2,8
0.15 3. 145-0.155 2.14=-2.18
e 1.0 ~1.10 el S W)
Ca 016'0 - G-d —O-Ej
Me .24 0.28 ~0.30 0.2 =0.5

Within the ranges given respunses are siill pessible depending on
various interacting factors. As the upper limite are aporoached, yield
increments decrease until no further response ie obtained {luxury consumption
level). Below the lower limite there ia certainty of response to fertilizer.

The uge of a single walue for the critical point as proposad by the
IRHO has led to some confusion in the interpretation of folimr analyeis data
in o0il palm nutrition. Several anomalies hawve been obgerved and respinses
have heen ohtained where leaf levels appear sufficient when judged by the
eritical lewvel. Ideally, these critical levels appear to be the mean of
normal values uncer normal growih conditioms but like any mean value, they
should be bounded by confidence limits. What ie needed are balance indices
of the type proposed Ly Kenwarthy {19?3}+ Interpretation of leaf analyeis
data etill requires expert adwvise and cannct yet be mechanically applied.

6.2.8 (ther interpretative approaches

= gptimal newtrition is approached ard in the absence of well defined
deficiency conditions the concept of critical levels has been found to be
imprecige and not sengitive anougt for a deciaiosn an whether further responses
are possible with upward changes irn leaf rutrient level fﬂarhﬂkiva, 15707,
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Altermative appreaches to interpretation have been suggested such a=
the use of ratioce and balance between leaf elements with optimal ratics or
balance (Chapman and Gray, 1949; Prevct and Ollagnier, 1954; Broeshart, 1995;
Ferwerda, 1961). Holland (1966) has reviewed these interpretative approaches
and conceded that while the inclusiocn of as many elemente ag pospible enhances
interpretation, they are not without limitatione. For exanple, in the use of
binary ratics, the mltiplicity of euch ratioce would constitute a problem
unless some objective selection is possible. The bases for thie objectivity
— which are stability of these ratics o non-mutritional environcental facturs
causing varietion in leaf nutriemt levels, and then definite relationship
with yield ~ are the subject of controversy (Perwerda, 1961), The trivariate
approach invelving balance between three elecsente only, excludes any addition-
al element that may be contributing to or affecting the balance. The use of
a milti-variate analysis approach such as multiple regressions, principal
component amalyeis and the crop logging system (Clements, 1961) have
been proposed as offering hope for the future (Bolle—Jones, 1377}, Tut 'he
ptatietical computations involved are beyond the competence of am average
diagnostician, Bolle—Jones (1975) has also proposed the assessment of
fertilizer responees in terne of wvegetative dry matter yield rather than
bunch yield alone, as some elemente are known to increage totel dry matter
yield without causing increases in leaf mutrient concentration.

Most of these alternative interpretative approaches have not been
applied on a routine basis in diagnoeing the fertilizer requirenents of the
cil palm by leaf analyeie owing to their linitations as pointed cut, problevs
in additional computaticma entailed, or no clear advantage over the conven—
tional methods,.

Fature

There i8 no doubt that the nain disgnostic problem in oil palm
mitrition in the future is that of interpreting mutrient requirements in the
region of optimal mutrition., Ae Oreen (1972) pointed out, the era of
diagnosing primary deficiencies in o0il palm mutrition is gone, especially
under rodern plantation management. The main mutritional problem will be
naintenance of good productivity or, a8 in forestry (Leaf, 1973), improving
a "good productive" site "to a very good productive!" gite by the use of
fertilizers. 1Under this condition, the use of critical levels alone is
inadequate to guide fertilizer policy becamse with good sbandry where
fertilizers are supplied regularly, interactione and balancee between
rmtrients beccne more important in both supply, uptake and final status
within the plant than eingle mtrient leveles.

While the uee of conputers may allow the examination of yield and
mitrient relations through mltiple regression and principel component
etatistical analysis, scme more fundamentsal physiclogical asspects of ionic
relations in plante will be needed to determine these relationships, Cation-
anion relatione and balance together with the diagnoetic significance of
pome organic acids involved in the balance will have to be exanined., The
cation-anion concept appears to be an integrated value of several factors
and has been used succeesfully in grarinacecus plants to evaluate nutrient
requirenents (De Wit et al., 1963). Moreover, as variatione in mineral
contents of the different plant species and plant crgans depend on physiol-
ogical processes going on in the plant, wore information is needed on the
metabolic role of each element in the plant for correct diagnoeie of
requirement.



CONCLAFSIONS

Leaf analiysie will eontinue to be ueed generally for diagnosing the
fertilizer requirecents of the wil palm. For aress where little fertilizer
is ueed and mutrient deficiencies are ecomon, the conventional method of inter-
pretation based cn the coneept of optinal ranges will be uesed to determine
fertilizer policy. For areas with guod husbandry and higher planes of rutrition,
a radical change is required in the nethode of interpretation as under thie condition
the claseical concepte of critical levels, based on the law of minimum factors,
barely apply; rather, nutrient balances becone nere inportant. Congepte based on
ionic balances in leaf tiseme and basgic roles or funciions of elements in the
plant are likely to offer Lore sensitive dizgnoetic oriteriz.

The use of leaf and so0il znalyses to fuide fertilizer policy in induetrial
plantatione in Nigeria is expected to rige phenonenally in the very near future
becanse of the ourrent cil palo developrent programme. Very few industrial
plantations have uade use of these in the past. Infiruation will be required on
Baipling procedures and interpretation of results. There ig 8till much tc be
learned regarding eanmpling in large plantations, T™e current recommendation of
10¢t sampling intensity is uneccnomic and tedious. In processing of sanples,
drying presente the grestest problem and t2 so0lve this, it will be necessary to
have a nurber of processing stations in and arcund the big plantzatiicon areas or
zones in the country. The analytical nethodology in use ip adeguate as far as
analytical errcres are concerned but there i an uregent need to increase both the
nmuber of laboratories and the facilities in them to cope with the anticipated
increzge in samples. More persornel will have to he trained in analytical
procedures and serviecing of equipiient. Fagtors affecting leal matrient level
such ap changes in clinate, scil types, genetic saike-up of plants have not been
fully studied.
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Paper 17 EO0ME BASIC PRINCIFLES OF THE EVALUATION D CALIBRATION OF 3CI1L

TESTING NETHODS
by

F. wvan der Pomiwa
Institute for Soil Fertility, Haren (Or.), The Netherlands

INTROOICTION

Some years age the author read s paper at a sympogium in Vatipcan City dealing,
a8 here, with the use of fertilizers with special emphasis on developing countries.
The title was "Adjusting fertilizer rates to Boil feriility lewvel on the beeis cof
ecil teating" and the underlying thei.e was whether cther ccuntries wight take
advantage of the progreseive developl.ent of scil testing ethods in the Netherlands.

The question was raised vhether an equally intensive uee of soil testing
ghould be advocated elesewhere., S0il testing ie especizlly relevani in cases
where the level of a soil fertility factor{e.g- P]is very diverse, a8 in Holl-yd,
In contrast, little can be expected in those regions wherc all sites are equelly
fertile or equally poor. A warning referred to the very laocricus task in
establishing an effective syster of fertilizer reccimendation on this basis.
Surely, the osutput will be dissppointing if this ie not fally understood,

It wae concluded that soil testing iz wadoubtedly zpplicable wherever
agricultural conditions are generally sivilar to those in Hollond, theough in each
gpecial cage a renewed evaluation of the iethods will be desirable. With regard
to thoee countriec where olimatic and so0il conditions are nore widely different
from the Dutch ones, it was said that wethods developed in Helland would probsbly
be of less uee, though the basic principles wnlerlying the sethods, espocizally thoee
related tc the nethods of evaluation of soil tests and the drawing up of fertilizer
recoumendation scheies, may still be of interest. It wili be wnderstood that
this reusark especizlly refers to developing countriee vhere the agriculfural
conditione are so different fro.. theoce in Holland.

In this lecture, the diccussion will be restricted to the estication of the
phosphorus stetus of the scil, The reascn is that perhzaps the post procising
developient of the ssil testing rethod has been sbiained with this elesent.

SEPARATION OF SCIENTIFIC FROM TOCNCIIC ARFRCTS OF SCIL TWST TVALUATION

At present it is generally sceepted fthat the evalustion of escil testing
i.ethode has to be done by .eans of field experi.ents. However, true =g this gy
be, too such emphasis has unfortunately been laid on the econoiic aspect -f the
problen. It is not clearly understocd that 3 murely scientific procedure has
necessarily firet tc be followed, in which the relationship between the smpply of
enil phosphorus, =3 estinated by = special soil testins wethod; and the physioleog-
ical responee of the plont is estzblighed.

A seientific approoch generalires, oics 2t the estsblish ent of wvalid
relationghips and penersl miles and excludes non-—essentisl facts, Cm the other
hend, tha ecmonde approzch especially inecorporates the sctual conditions of
practical fariing.

The ad.ixinre of both priaciplas has unlawonrably affected the way of
experirentation, Accordingly, the experivental dewisn has been dominated by
econosie aspects especiclly relating to the yrield.
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Thie overestimation of the latter has led to the introduction of rather
complicated designe of field trials. Special attention has been paid to the
aopmrate assessment of yield inoreases and of yield curves cver long periods. It
has been overlocked that the purely scientific aepect of the evaluation of soil
testing can be done in a ruch more gimple and cheaper way. This popsibility will
be illustrated later. The question appears to be of special inportance for work in
developing countries, but first the rmore general aspecte of the evaluation will he
dipcuased,

EVALTATION PROCEIURE FOR A S0IL TESTING METHOD

Too little zttention ie paid to the point that epecizl conditions need toc be
fulfilled before any exact statenent can be nade in a scientidie expericent.

The very first condition of an evaluation of soil testing nethods for P is
that there imst be considerable differencea in the F status of the scil at different
gites, An evaluation will be inpossible if this requirecent ie not net. It
however, such a situation does exist then a peries of sites with different P status
renging from very low to very high P values in an even disiribution can be egelected
for performing field 4rials. Therefore, the perfornance of goil tests in & maober
ruch exoeeding that of the muber of friale wanted, ruet precede the selection of
eiten,

The muber of triale ie based on estivatione of type and eize of poesible errore
in relation to the responses expected, alec the mubker of trestients and replicaticns
may depend on this,

Depign and trestoent of all separate trials Belonging to the szue series st
be ginilar. In many cages the design will be directed to the poesibility of
apteblishing complete yield curves. For this reason retes of fertilising ghould
range from none up to very hesvy dressings in at least 5=7 rates, Thie will alec
engble the yields of control plots to be related to the wawirmm yields obtainable on
the soila concerned, and likewise the economic interpretation of the resumlte will
be facilitated,

Gpecial attention has to be paid to the cheioce of on appropriate test orop.
The test plant must be partioularly responsive 4o differences in P mtrition,
Preferably the whole range of P gtatug inveetigated in the mperies has to be covered
by the reaction pattern of the plant. Az to the eccnonic aspect of the investiga—
tion, it i® desirable that the test crop should be one that is comnonly cultivated,

It seeme etrenge that phyeiclogicsl responzes are coomonly expreesed in terne
of yield differences or, still worse, indicated by the a.ount of fertilizer which
is just paying, however useful these valuee may be for the aconouic interpretation
of the results. Experience has t=aght us that P contents of the aerial parte of
plantes or differences in plant growth in an early stage of developuent are rore
eaited to this purpose than yield differencee at the end, locked upon from a
phygiclogical point of view. IHorecver, young plants nomally respond nore
setrongly tc differences in P mutrition then plants at the end of the growth cycle.

A uost effective P fertilizer, free from secondary effects, has to be used,
Thie aleo applies to regions where other fertilizers {e.g. basic alag, rock
phosphates} are coumenly in use, If the effectivenees of these fertilizers has to
be compared with that of the fertilizer spplied in the test trial, separate triale
have to be perfomued, The latter will be necessary for an econcnic interpretation
of the results.
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With regard to the warisbility of weteorclogical conditions long-term field
trisls are often advocated., This procedure would 8189 ensble soil testing methods
to be evalusted with respeot to ather erops grown in the rotation.  Apart fron the
tine—consuming character of such experivents, there are reasons why the duration
preferably has tc be restricted to one peason only. The fact ig that differentia-
ting the effects of freshly applied fertilizers from residual effeots of earlier
dressinge is inpossible in long-tern experinents. Moreover, it is ineffective +:o
devote time to crops which suit less well the special demands of the experdmentation,
Hepeating a sinilar series of one year field triale is preferable.

It ie sometimes argued that short-ters experinents are lees appropriate, as
fertilizer recoumendatione hased on soil tests are ususlly given for periocde ae
long 8 5-10 years. 'The objection does not hold, however, becmuse P values of the
goil recrain almost constant provided neo nore than moderste dressings are applied.

The remark mey still be made that the necesgity to repeat B%Eﬂtimﬂﬂtﬂ_ﬁvat_a_
series of years will he less when the clinate is lees varisble, which may contribute
congiderebly to a reduction of worlt in sowe tropical countries.

COMPARISON BaEIWEIN SOIL TESTING METHODS

Although 8 large muber of soil testing aethods is xmown at present, mach
uncertainty still persiete concerning their actuzl effectiveness. T™he chance of
maidng =n efficient choice betwesn soil testing nethods will be greatest when
clearly different, or even conflicting indicationse concerning the P status of the
gocil are supplied by these setheods. The demands made on the investigation will he
the higher the closer the wethods are :mtnally comnected. A succeseful result of
the investigation can be favoured by nalking & preselection of sites in such a way that
the ccrrelations between the data cbtained by neasns of different soil testing nethode,
over a wide range of P status, will be =8 low =8 possible,

SIMPLIFICATION COF EXPERTMENTAL PROCEINTHE

It has been rentiocned already that separsticon of the goientific aspects of
goil teest evalustion frow the economic aspeots may be giving rise to a coneiderable
ginplification of the exnerisental approach., By leaving cut the painetaking
detervination of yisld differences and replacing this reference wvalue by & standard
of merely physiclogical interest, such ag the F content of certain plant tiemaes or
yield difference in an early stage of growth, the approach can be drastically
gimplified. The extent of thiep siuplification uay be elucidated by the following
exanple.

'Spot' Trials

In 1943, during the Geraan occupation of Holland, there wae a lack of P
fertilizers for practical farning, alsc conducting of field trials in considerable
mubere was impossiblae. Nevertheless, as the intemtion wes 4o cocpare the seil
testing nethods then in use (= wam water and a 1%, citric acid extraction) agrie-
ultural advisers were requested to gend soil sanples talten froo an areas of 0.25 o
together with sanples of the young crop grovm on the sane spot. More than 1000
pairs of saples were ment by express post.  About half of this nunber criginated
from permanent grassland. P values of scils according to both netheds and P
contents of serisl parte cof the crops were asseseed and correlated. A poseible
confounding of the effects of soil and fertilizer phoephorus wage sbzent ag P
fertilizers were totally lacldng.
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Remarkable results were cobtained with grass especially. Ae opposed to the
water extraction method, the citric acid extraction proved {o be rather highly
correlated with the P concentration in the grase. A an exanple, the reemlte
cbhtained with 106 samplee from peaty scil are conpared with those frow regular
field trials laid dowm in 1947 on the saie type of soil (Flgure 1).

The correlation between the P extracted by citric acid znd the P concentration
in grass (1947) wze higher than that with yield differences. Similar high corre-
latione showing only few sberrant data, were obiazined in the siuplified experiment
(1943}). #lmost no correlation with warm water was found,

Siwilar approaches night be tried tentatively in developing countries.
Fot Trials

Ancther pluplification can be obtained by ueing pot experisente instead of
field trials. Pote standing cutdoore represent an inter.ediate stage of field and
laboratory experiasentation. Certain dieturbing factors are eliminsted, for instance
fluctuaticns in water supply, adverse effects of soil etructure and paoseible effects
arieing fro: the subsoil. The experinent can be interrupted at =n arbitrary growth
gtage at which the response of the plant tc the soil factor under investigation is
strongest., ihen potatces are grown the esensitivity can be inoreased by ialdng use
of young shoots detached from sprouting eced potatose, These ghoots are aore
responeive to P than plants growm fron & seed potato.

In this way a eucceesful couparison was nade between the P-AL method accopd-
ing to Egnér, Riehm and Dominge (1960; a wealkly acid extractant), in use at the
tine (1958), and an alternative improved water extraction rethod EPw method accord=
ing to Van der Pasuw and Siseingh, gee belov). 1/ The soils used were obtained from
a concurrent cerdies of field trials. Dites were sclected in such a way that the
correlation between the data cbtained with both wethods was very low.

The plant responses were found to be exelumively related to the soil data
obtained by water extraction (Figare 2). On the other hand nc correlation whatever
was found with P-AL values,

Where the correlation between Pw and P-AL values was higher, the latter were
aleo correlated with the plant's response. The impression is that a contribution
tc this correlation fron the non-woter—solnble conponent of the AL extract which has
been dissclved by the chenical sction of this extractant is nomially lacking.

This inactive portion varies coneiderably froo scil to soil, Tt follows that
iwportant eystenatic errore can be nade when the AL nethod, or einilar uethods,are
applied, Frobsbly thie is the uoet sericus limitation of .ost soil testing nethods.

CCHMPARTSON BRTWERN POT AND FIELD TRIALS

The cquestion way arise whether conclusions drawn from pot trials are applicahle
to conditions in the field. Therefure, the resulte of pot iriale will be coupared
with thoze of contenporary field triales perforied with identical scile.

In the early stages of growth a resarkable agreejent wag found between the
results cbtained in pots and in the field (Figure 1), Corrclations between Pw
value and plent data are high in both cases, the scsttering of dote being only
elightly higher in the field, Likewise, relative wyields (yields without P as a
percentage of uaximum yield) are ouite highly eorrelated with the Pw value, Clearly,
no essential differences with lthe results of tho pot ewpericent were found, Also
practically no correlation was found with P-iL.

I.i;ll Fw = P water

I
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In 1958 weather conditions werc nor:al. In contrast, in 1960 when a sindilar
conparison was made (including other svils), the weather was extreo.e in two respects.
It was very dry till the end of June and very wet afterwards, This difference was
reflected in the standard devistions of the yields per plot, amounting tc 3.7% in
1058 as against &.20 in 1960,

At an early stage of growth there wse close sgreovcent between the remlts
cbtained in pots and in the field as in the first year, correlations being only
elightly lower. However, the correlation between Pw walue and relative yields
wae coneiderably lower than in 1908, Aigain no correlotion was found with P-AL
(Figure 4). Apparently the efficiency of the Pw rethod in regard to the yield, and
congequently the difference between both uethods, waes apprecisbly enaller thman in
the firet year. Uhat natters ie that the Pw nethod etill proved t: he the better
one, despite ihe inmdequate conditions of the experiuent,

CORMELATION WITH Pw HETHOD IN POT THIALS

It ie of great interest that the correlation between the Pw pothod and the
plant responeoc in the pot triale was so high that it approxinated to the ide=zl,
Apparently the eonsidersble differcnces existing between the ecile haod little ar no
effect on the relatiomship.

The question arose whether sirilar remlts would be chiained when eoils
differing nore than thoee of :terely Mtch origin are used, For thie reason a pot
experiuent was started with wheat growm on V7 soils of different crigin, conprising
Western FTurcpe, the USA and Australis. Similar results were obitained ss before
(Figure 5).

It will be clear that the relationship between I'w wvalue and crop response
under the ccnditions of a pot Lrisl is not sericusly offected by the kind of
soil and all =soil factors related to this difference (such ae nH, Cell., humue and
clay content). Clearly a statecent of general validity nas been :adé,

Probably the inconstancy of weather ie aespecially responsible for the
Lrrger wvariability of plant responses in the field, A eloser relationship
betwesn soil teet values and crop yields is plmesible wherever the clicizte iz lese
varigble than in western Iurope.

The wvery high correlation between the Pw wvalue and crop response in pots
may euggest that the rate of a real growth conmtrolling factor is approximately
determined by the Pw method. Thiz factor may correspond to part of the fraction
of mobile phoaphate which is actually available. In this connection In. Sissingh
emphasizes that water extraction is a aimple physical procedurs, leaving the =oil
phosphate in ite original mobility status and not affecting the chemical consii-
tution of the seil in any appreciable way, as s0il in pitu is already in equi-
librium with water. Contrarily, chemical treatments cause the dissoclution of soil
components which may strongly affect the moebility of soil P.

POSSIBLE APTLICATION OF Pw METHID ELSEWHERE

The main intereat in the Pw method for use eleewhere lies in that it might
ba looked upon as a usable standard for testing the properties of other methods.

It ig more dobicus whether a dirsct ues 1n fropieal countriea_can_he adyo-
cated. An indication for this was given by experience in FBrazil, which is
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illustrated in Figure 6. The high correlation found between Pw wvalue of five rathar
different oxisols and P content of barley erown in pots looks oromiping. & diffi-
culty encountered in tropical soils ig that Pw values oflen appear to be low which
may hinder an accurate eatimation. An adaotation of the melhod bv raising the
tamperature of the extraction (209 to a more mdecuste constant temverature for the
rarion in ouegtion micht he congidered.

Ancther point of interest is whether results of pot and tield experiments
performed in the tropics will show a similar arresment as in a moderate glimate. In
this reapect, experience obtained with soil testine methods on gramsland may be wery
ingtructive. Tha behaviour of erass sperivs erown in pots ie similar to that of
arable crooe: hoth ghow the same prefersnce for the Pw method in predicting P
reaponses. As mentioned before, guite different resulfs with crass were obtained in
field trials. Grass responded much more closely to methods with weaklv -acid
axtractiona. FPogsibly this differesnce is due to a much more intensive F absorption
from erase denselv rooting in a thin superficial moil laver. This experience
implies a warnine that s oriori Judsements are daneercus in these oroblems.

dry matter
yield
g/pot
340

0.3 l ! 1.0
0 10 20

P-water

Fiz., 6 helationship between Pw value of some scils from Rio Crande do ful,
Brazil and percentage Po0s in barlev foliape and dry matter yield
in a pot trizl performed in Santa Maria 7.3
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DESIOWING OF ¥EW 5011 TESTING METHIDR

Parhaps the mogt intriguing resgult of our investisations has heen the
desiening of & soil testing method which proved to be hichly adecuate to characterize
the availability of soil phosphorus. As the need for similar highly qualified
methods may also arise in the tropics, it is of interest to know how this ragult was
achiewved. Tp this orocedure esn important place was regerved for the method of soil
test avaluation.

Apart froa weakly acid solvents, war: water was also used in Holland some
FOArE ago. In scme cases relizble remalte were cbiained. A madin objection to
the water extraction, however, was that ost data obtained with different scile were
not conparsble. As it was found that these differences cruld be changed by
wodifying the nethod, it becaie desirable to loct for a procedure fully devedid
of this drawvback, ‘The preference for water was further strongly sticmlatsd by a
etudy of Siesingh on scil phosphate availability. Frow a comparison of iactop—
ieally exchangeable =¢il phosphate zs deferuined in pot experiuents (L value) and
in somqueous soil suspension (It value) it wae concluded that extraction with water
does not affect the wobility of the soil phosphate in hunid scil.

The pethod of water extraction was systeratically veried in respect to
water/scil ratic, duration of extraoction, teuperature etcj also, the effect of
prenoistening of the dried seil samples was systecatically tried. An inteneive
evaluation of all varisnte of the water extraction vethod guided the procedure.
For this purposBe a pot trial was perforued with 80 different soils, alsc widely
differingz in F status. So0il test datz obtained with the different variants of
the extraection methods were successively tested against the P contentes of young
potate shoote grown in the pots.  In thise way the nethod wae isproved step by
gkep. It appeared to be poeeible to elininate all poseible influences of
different scil type ond so0il festures. The most fitding variant wae then tested
independently by wemsg of pot end field trizls.

CALTBRATION OF SOIL TEST MEMODS TN TERMS OF FERTILIZER RATES

A la=t step to be made is the ecalibration of a scil test wethod and the
drawing up of a fertilizing echene. Mer this parpose conplete field trials carried
out in sufficient nuwrbera in series are nceded, They have t: be perfor.ed under
the conditions of practicsl far.ing at esites widely differing in P siatus of the
Bcil.

The ratio between ccst of fertilizer applied and eetiwated profits af
different rates of fertilizer is decisive for the estincation of the rate that is
gtill profitable.

Jome examples of the procedure and schemes ugad for fertilizer recommenda-
tion in Holland, classified in gcroues of crows of different requirement, were
wiven in a lecture in Vatican Clty. Figures were derived from a certain ratio
between cost of fertilizer and walue of vield increase expressed in terms of money.
Such an assummtion is permissitle if more or less gtable nrice ratios can be assumed
However, much more attention has to be paid to the price patic in framing fertiliser
recommendations in dewsloving countries.

In Holland 172 short +tarm field triale with sotatoes perried ovt in six
different vears and on different soils have egiven the basis for the recommendation
schemz. The averase relationship between fertilizer rate and yield increage found
mav slucidate the sismificance of the price ratio (Figure 71, The relation baiween
F dressing and yield incresse, oresented as aversses from six different eroups of
Pw values, is miven.
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The yield curves have been obtained by averaging the purely enpirical ocurves
found in the field triale belonging to each sToup. The curves are characterized
by a quite regular shaope and are zleo noruzlly in harveny with the P status of the
ETOUDE .

The increasge in the coet of fertilization, at different prices of fertilizer
{P G- per kz) (1, Gy 9y 13, 20 and 30 $imes the price of 1 kg of potatves reepsct-
ivglﬁ} is represented by etraight dotted lines. The tangent pointe of each curve
with these lines representing the direction {angle of intersection with sbecissa)
of the various fertilizer cost lines, indicate the eccnonicaelly opticam amount of
P fertilizer (see arrows with nubers indicating the ratio}. It appeare that
the higher the price ratioc, that is to say the more expensive ihe feritilizer
relative toc orop, the lower the rate cof profitzble F dressing. A relatively
high price ratic might fremuenily beo & characteristic in developing eountries.

4 remlt hawving sach 2 high standard wdight hardly be attainable under the
gore difficult eomditione of field experinentation in developing countriee.
Although a lower degree of perfection is pernissible, & certain insight into
these relations rmel necessarily be pursued, Its realization rmet be left to the
inventive sbility of asrunorists and advieory workers in this field.

GONCIITEIONS

1. The spplicability of soil teeting is dubious in those regions where
the fertility level of the large sajority of sites in reepect Lo ithe factor
concerned (in this instance P) is uniformly low (or high). In such a case
a ecil test evaluation canmot be rezlized,

2 The introdustion of a soil teeting systen is very laborious. How-
ever, sinplifications of the work nzy be poegible.

3. The applicobility and evslustion of eoil festing nethods are favoured
by wore stable elinatic conditionms.,

4. Beononie amd purely escientific aspeets of scil teet evaluatiom have
to he separated. Tisg view nay allow for o nere sinplified acientific
appracch.

5. The fulfillment of epecial experinental conditions in field trials

is & necessary condition for a smccessful evaluation of soil testing oethods:

He gites have to be preselected in such a way that a wide range of P
values, regularly distributed over the whole range, is realized;

b. use of a highly sencitive test crop responding to diffTerences in F
mtrition 28 nessured by physioclogicsl stondards;

o. uge of an effective P fertilizer free fron secondary effecis;

i vhen othods 2re to be coupared, the correlastions between the P values
estizated by wems of these iethuds should be as low as possible (by
rems of = preselection of sites).

Trials of one yesr furation repectisd inm & si-filar gy in £olleving
years are io be preferred to long-tern trials. the need of repeating the
trisls will be lese if the climatic concilions =re nore stzhle,
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The introduction of 'spot' =nd pot triale eimplifies =0il test
evaluation.

Conclusione drawvm from pot experiments have to be verified in the field.

The P water extraction nethod (according to Van der Pasuw — Sissingh)
hag a scientific foundation.

The prefersnce for water extraction in coopariscn to weakly acid
extractions (in a noderate clinmzte) appoars to be restricted to arable orops,

The wery hisgh correlation between P water values and crop reeponee,
after somue disturbing faclors have been elininated {in pot trials), appears
to indicate that an essential rate contrelling factor ie zsseseed by the Pu
ethod.

A poseible applicebility of the P water nethod under tropical condi-
tions ghould be considered. Sdaptations of the original method for uee in
the tropice uight be desirable.

e designing of the P water wethed was characterized in part by
ueing the nethod of soil tepting evaluation. A similar procedure might be
followed when other new nethods have to be developed,

Complete field trials ineluding different rates of P dreseing are
wanted for the ecconconic interpretation of resulis. 'The ratic eoste of 1 kg
PEU.féatimated price of 1 kg product (yield increazse due tc P fertilization)
ig of special interest for the recoomendation of fertilizer rates,

& shorteming of probably cost scil test meikode ie that very cften
gystenatical errore are introduced.



Paper 18 FRCOLOATRAT. AND AGRONOMIC TNRORMATTON REAMITR¥D TW SOTL TRETING INTERPRE A TTON

by

K. Shaw
Agricultural Cevelopment and Advigory Servica
Hewcastle upon Tyne, England

1s IRTRODUCTION

It ie not possible to operate m aocil analysls asdvisory service in isolation.
Agronomic and in some areas ecological factors are sc important that they must
always be taken into coneideration before fartilizer recommendationa are made from
soil analysis results. In a country such as the United Kingdom (UK} where
agriculture is well develepsd over mest of the land, the ecological implication
of peil analysis interpretation is of minor importance. For instance in hill and
afforagted areas soil analysis will identify goil mutrient deficiencies, but it is
unlikely that these will be of much significance or wvalus under the established
acological enviroment of those areas. It is only when land improvement is intended
which changes the ecology completely that moil analysis becomee of value. However,
agronomic factors affect nearly every fertilizer recommendation which ie made from
goil analytical resulte. This paper presents some of the more important information
which we coneider necessary for affect%wn,iuturnpﬂtstiuu“nf,nuil_aualyyia_in_jhﬂ_UKL.

2. ORCAFIZATION OF THE SCIL AMALYLICAL ADVISORY SERVICE

Ingland and Walea hawve one unified Government—sponsored and financed
"Agricultural Development and Advisory Service" (ADAS) serving the agricultural and
herticultural community. Seotland end Nerthern Ireland alse have guch a service
but theirsdiffers considerably from ADAS in organization and adminietration. This
paper refars only to the agricultural advisory gervice of England and Wales.

ADAS provides adyvice to the farming community on all aspecte of agriculture.
The So0il Science Section 1s specifically concerned with advisory and research work
in the broad tield of the subject in agriculture and horticulture. Iy the usme of
goil and plant analyeis it adviees on all appacts of nutrition of the cropes grown
in the UX. The moil peientigte also deal with marny problems in =0il phyeice such
ae m0il structure and its relation to cultivations and drainage, in addition to
pollution in and by agriculture, and land use potentisl assessmeni. Ome of the
major sections of the Soil Science Uepartment is field experimental work which 1s
degigned to determine the response of crops to major and minor nutrilents, and is
conducted extensively over a wide range of soil types and climate. TFrom the results
of this work it is possible to apmess the optimum amountes of fertilizer to be used
depending on the nutrient status of the soil ap determined by chemical edll analysis.

The So0il Science lepartment is reaponsible for the dally organization of the
g0il adviasory gervice: the Analytical Chemigtry Department conducts the analytical
work on all samples on behalf of the Soil Science Department. Usually 201l samplas
are taken by the ATAS sdvisers in general agriculturs or horticulture or by the
farmer himegel! after professional instruction and submitted to the 301l Holence
Department together with a @01l record ecard providing realevant agronomic and
fartilizer upe information. After analysie, which for most soils covers determination
of pH, available phosphorus, potaselum and magnesiun, the resulte are classified
igto indicen, and returned 1o thoe farmer with a mmall explanatory booklel. Tha
local ADAS adviser also receivesn a copy of the soil report and if appropriate may
digouss the analytical results and their implications with the farmer. Nutrient
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recommendations are tabulated in relation to the s0il nutrient status (as indicated
by soil P, K or Mg index) in the Miniptry of Agriculture, Fisheries and Food {MAFF)
Bulletin 209 "Fertiliger Hecommendationa", which ie available throughout the UK.

It will be notiged in the recommendation tablee in thie bulletin that the higher the
goil mutrient status as indicated by higher P and K indicea, the lower the fertiliger
requirement. This bulletin is used by all ADAS advisers and many non—government
organizations as a guide to fertilizer recommendationa. The available nitrogen
gtatus of a2 soil cannot yet be determined satisfactorily by acil analyeis in tha UK.
The most important factor affecting nitrogen requiremeni ie the residual nitrogen
from previous crops and the soil nitrogen status clamsified into an index system
bamed on Previcus cropping and manuring, which is uwsed throughout ADAS and is shown in
Amnnex I to this paper.

Many problems in plant putrition are examined in the Scil Science Department
which nacessitates the analysie of plant materiele in ¢conjunction with poil amalysis.
In many ingtances plant analysie is more informative than soil anzalysie im the
diagnosia of crop or animal disorders, but wheraver poseible both plant and soil are
tegted in slucidating puch problems.

ACRCNCMIC FACTORS INFLUENCING S0IL ANMALYSIS INTERFRETATICN

The moat obvioue and important agronomic factor influencing esoll analysis
interpretation is the crop to be grown. All nutrient recommendations made by ADAS
in England and Wales are dependent upon the crop and its management and adjustments
in recommendatione are based on these two agronomic factors. This ie well exemplified
in many of the tablea in Bulletin 203 "Fertilizer Heoommendsationa" where the system
of management of a crop has altered its nutrient raeguirements. Another major
modification is made according to the gpoil type on which the orop is to be grown and
a further minor modification for a few crops due to climatic variations.

An already stated, the optimum amount of each plant nutrient required to
produce the maximum economic yileld is determined bty field experiment with asch crop
on goile of different nutrient status. It is important to emphapize that it is
eseential to establigh this relationship of crop responme to nutriente in the
enviromnment in which the crop ie normally grown before embarking on an extensive
goil and fertilizer adviaory service baged on soil analyeia. Ower the lasi forty
years there have besn large numbers of such experiments conducted on all the main
crops in the UK. Potatoes, sugar beet, forage croos, cersals, graseland for
grazing and conservation, vegetables and fruit have all been extensively investigated
and their reaponaee to nutrients determined under as many different circumstances &g
poaeibla. Although the extrapolation of field experimental results for the same crop
growing in a comtrasting environment of another ares may sesm an altractive short cut,
the variations in climate, soil and managemsnt are often o great thet the sxperimen—
tal results are not applicable almawhera.

In ADAS three main differentiations are made for crop type, namely grassland,
arable and hortieultural crops. Each group is subdivided into individual erops and
in many cases further divided by systems of management. This is pariicularly well
exemplified in grassland where for instance grazing or coneervalion of herbage
necesgitates wvery different fertiliger applications.

SOME AQRONMIC CCNSIDERATIONS IN SOIL ANALYSIS INTEEPRETATION
Grassland

As the soil under graes ie digturbed only during reseeding or on transition
to an arable cropping rotation the nutrients applied to the surface only move into the



=0il by the pereolation of rain. Beecouse phosphors, pobassium and narmesia
move only slowly in eoil the depth ef soil sampling for grassland is obviously
inportant in eseessing its mutrient stzius, Fxpéricenis have shown that even 2
few years after application of these matrients most of those applied are retained
in the surface few continetrese, At present, in ADAS, eoil samples are taken

in groeslsnd to o depth of 7.5 en tut there iz sore reccnt evidenee to suggest that
evan this nsy be too deep.

Under rodern intensive grassland faraing eyetens the question eriees as te
how often soil sanples should be taken for analysis in order for the farmer to bhe
certzin that he is not depleting his soil of nutrients. Under extensive grassland
farmiing the tiue Letween sxupling i6 not critical, but under inteneive syete-s
where high levels of nutrients are ppplied and resoved in the herbage it ie recons—
ended toc vconitor seil mutrient status every three yesrs.

Une of the pajor probleme of interpretation of s0il analyeis for grasslond
vanuring is that of "lwwmry" uptake of potassiun by herbage. t is well known
that grass will absorb far corve petassiune than is necessary for naxiomum dry matter
production provided there is a.ple available potassiuc in the soil. Such a
situation may be caused by natural weathering =f Seil sdirersls especially in heavy
gcile, zeowmlation of fertilirer reesiduce osr too nuch fertiliver in one application,
Soil analysis can well predict the firet tws conditicms and thus prevent appravoe-
tion af the eituwation by applying further potassiue fertilizer, However, ag prass
g0 readily obsorbs potassiws the soll may soon beoowe depleted under inteneive
congervation renageront. Azain £o0il analysis ig a good puide ag to when a goil is
approaching deficiency lewvel and fertilizer applicntions can then be wade ti correct
it. Excessive levels of potassiw. in herbage, 25 deternined by plant analysis,
should be zvcided 28 nagnesiw. uptaice is depressed when = high soil K/Mg ratis is
reached and etock econsuning the herbage say suffer froc “grase tetany" or hypo-
magnesas i, Plant snalygig coan in fone circunefances also be used for prediction
of potaegiuc require ents. For instance if herbage cuntains below 2,00 X,
potassiun fertilizer apolication is necessary befrore full prodnotisn can be achieved,

However, although tested, this prediction i:ethod has not yet been adepted nationally
in ADAS.

Under extenesive grazing syeto.s only small anounts of poteassium are renoved
fron the s0il and soil analyeis usually desonstrotes that little 1f any need be
applied for peveral yoars.

The demands of grass for phosphorus are much less than for pgtaauium and
unless @oil analysis shows a serious phosphorus deficiency (soil P index 0; Annex II
to this paper) only small amounts ¢f phoaphorus fertilizer annually are necessary .
ag a maintenance dresming. A convenient practice is 1o apply one large dressing of
a phosphorus fertilizer which will be gufficient for three to four years under any
pyatem of grassland management. Unfortunately there arse many 1?nuluble phosphorue
fertilizers throughout the world offered as long-term sources of phoaphorus which
are ineffective under soil conditions of high pH (above 6.0) or after recent lime
applications.

In the UX small area® of certain scil types have the capacity to 'fix'
phoephome applied s2e Tertilizers, vhich therefore precludes the use of 2 large
single dressinz. In these cirow.stonces phosphorus fertilizer should be applied
snmially or for each crop. Such phoephorus 'Tixing' scils are readily identified
by snalysis over a period of yeare vhen it is noticed that the available soil
phosphorus remains low in spite of adequate regular applications of fertilizersa.

The niirogen #tatus of a #oil is rarely considered in nitrogen reco mendationg
for graesland, although it is the ajor mutrient for inereasing grasslend production.
In the UK,the syield of grase is directly proporticnsl to the aount of nitrogen
appiied ap to sbout 350400 kg H/ha provided thot other ecil conditions are optisnl,
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Tn view of this relationship grass produciion can be controlled at any level within
thie range of nitrogen use, but ag already stated it ie essential to check by soil
analysis periodically that other nuirients are not depletsd in the scil under a
high nitrogen, intensively etocked regine.

Several ctock disorders sre due to troce elesent deficiencies in the herbage
poneuned. Unfortunately scil snalysis is not 2 good predicior of such troubles
except for cobalt deficiency in sheep. In most trace elecent stock troublee,
herbage analysis is a wuch wore reliable gmide, although this is not infallible.

Arable Crops

Scil analysie for both wajer and ninor mutrientes is probably of dere direct
value in zrable crope thon in graselond. Hany field experisentc have been
conducted $o detersine the response to matrients of 2 very wide range of arsble
crops. In the UK, potatoes, cereals and sugar bect have been invesiigated in such
experinents for noany years md correlationeg betwsen crop response and nutrient
application at different lewvels of phosphorus, potaspiws and magnesiun in the soil
have enabled soil analysis to becone a very useful guide in the fertilizing of these
crops, Many results could be quoted fron these investigstione, but the following
table gives a typical exaiple of the response in yield of sugar in sugar beet 19
spplied phosphorus =mid potassiw. at different scil nutrient status levels.

Table 1 RESPOMSE IN sSUQAR YIELD OF SUCAR BEET TO P AND K

AT DIFFERENT KUTRIENT STATUS LEVELS

Hesponse in sugar yield Optisum anplication
Soil analysis (kg/ha) of P.D. or K0
(Refha)

Scil phoephorue for rhesphoras
P Index 0O 400 113
n L1] 1 ?_2 ","':]
I s 2 1:8 10
s L 3 63 Hil
Zoil potaEsium fzr potassinm
K Index O L26 314
mw 1] 1 -I"l.?& ??3
1 1 2 276 187
11 n 3 1{]1 ?';

Sources Cooke (1960}

The response of beet to phosphorus and potassiw: applications decreased as
the s0il mutrient statue rosa. Thus the optisum dressing of both mutrients varied
with the scil snalysis value. 'he results cuoted in thie table are typical of
iany others obtained for different crcps and fer. the vasis of the tables of
reconmendations in Bulletin 209. For the large najority of soils, analysis provides
z useful eetirate of the 'availsble’ reserves of phosphoms snd potassiw., although
it i@ not conpletely relioble in nll eirowstances. Thie is partieularly so when
predicting crop responee to fertilizers at high svil nutrient status levels, AR
responsive crops grown on soils rich in 'avails=ble' phosphorusg and potessinm some-
tires give econonic Field increases with fertiliszer, recoumendations in ADAS
inelude 'insurance' dreecgings of these rutrients for high value crops, For
exanple, it ic alwsays rece mended to apply some vhosphorus and petassiw, ferdilizers
to potatoes no matter how hish the s+il phosphorue and petassin slatas,



It ie well known that phosphorup and potassium do not readily move in seil so
that for their moet efficient use they should be placed am near ae pogeible to the
root gystem of plants. Often the most effective ume iz made of plant nutrients by
placing the fertilirzer in a band close to, but not in contact with, the seed whan
the crop is planted, i.e. fertilizer 'placement'. By this technique it is possible
to use less fertilizer at any scil nutrient level which is a considersble financial
Baving. Tie technique is partionlarly applicable tc potatces and cereals. The
following table shows the advantage of using fertilizer placenent for potatoes,

Taklea 2 FEATILIZTR PLACIMENT FOR POTATOES

Yield of potatc tubers
(4/ha)

Ho fertilizer 16.0

Brosdecast fertilizer®

Treations

940 zg/ha st
oo 1800 xg/ha 2.8 _ L]
'Placed! Tertilizer

940 kgtha 24,2

1880 kg/ha 27.8

Scurce: Cocke {1960)

# Pertilizer snalysis N:P:E, T:i:d
fH:PEUj=K20, TeT7e10.5)
This 'placement' technique is particularly effective at low soil nutrient
status levels but is lese so where the soil is very fertile.

One partioularly ianportent agronciic fastor which has been well esiabliched
by experiment and yet not nccepted by cany fanm ere is that the aiount of nitrogen
required for optinum suzar yield fron beet is eritical. Beyond this lewvel the
yield of sugar per hectars slowly decreases, although the beet plant iteelf increaees
in sire. In the UK, on soils of low nitrogen siatus (seil N index 0), 100 kg N/ha
ig ademquate for waximm mgar yield et wnfortunately the average nitrogen uze on
paet is well sbove this ot 1.6 kg H/ha, not 211 of which is applied on soils of low
nitrogen status.

Cereale provide sgeveral exzples of =oil and agronomice interest, Iyperiuenis
have showm that unlees = podil i particularly deficient in phogphorome or potassiun
{goil P and K index 0)ccreals show very little, if any, recponee to these elements
apnlied =z fertilizer, Therefore axeept in  very deficient soils phesphorus and
potassiwe fertilizers are oprlied only as maintenance dressings to prevent their
depletion in the scil. Mme for long rotations of cereale all the phosphorze and
potassiwn recuirerent for up to three or fomr years can be given in one eingle
hesvy dreseing provided the ®0il is not defieient in these clecants or that it does
not have a high phosphorus 'Pixdng' capacity. If the so0il is wery high in phosphoras
znd potassinm no fertilizer necd be applied until soil anslysis showe that the
phosphorus and potassiw. setatue has fallen toc norizl levels.

Owing to the lerge effect of ndtrogen on the papoarth of cereal erops it is
particularly iuportant o be =ble to estinate the correct aiount to be applied
under all circunstances of tyoe of crop, variety, soil type, nitrogen residues,
leaching md winter rzinfzll ete, Although ooil scientists in ATAS have examined
nany chouieal and biological lsborstory iethods for the deter inatiom of the nitrogen
statne of = soil in order o be =ble {0 predict a crop's pdtrogen requireremt, no
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satisfectory technique has yeot been found. Decemse of thie the scil nitrogen index
eysten (see Appendix T) of aeseesuent hos to be used,  After the nitrogen fertilizer
recormendation has been determined from the tebles in Bulletin 209, further (cdifica-
ticme have to be nade to allow for differsnces in cereal variety, soil type and winier
rainfall.

Experinents have saggested that nomeal winter (October io Harch inclusive)
rainfall vver the UK, except in a few eastern countieg, is sufficient tc leach all
regidual nineral nitrogen to below the rooting zone of cereal crope and therefore
no extra nitrogen fertilizer need be applied after a very wet winter. On the
cther hand, after a particularly dry winter nore residual rineral nitrogen than usual
will remain in the =0il following crops such =8 poiatoes and vegetables which hawve
recetved larpe nitrogenoue fertilizer dresgings. Under mich conditions it is
recuimended that nitrogen applications, especially to cereals, should be reduced.

& very dey winter in the UK is defined asz one in which the excess winter rainfall is
leas than 100 mm.

tuch of the agriculture of the UK ie devoted to stock and graesland farring
and hence forage crops =re iluportant. FHach fie=ld expericental woark has heen carried
cut on the fertilizer reouiresents of these cropg on eoils of wvarying mutriemt gtatus
and Boil analyeis haeg proved to be a good guide ts the wse of fertilizers. Swedes
are widely grown and rospond well to large spplications of phosphorus, Thesge
dresgings can he reduced by ae uch as twe thirds where soil analysis indicates an
adequate scil phosphoraa status. Thie type of reduction can also be oade in
phosphorus and potassiwn fertilizer dressings for kale, nangelds and fodder beel.

Horticultural Crops

Moet of the vegetables consumed in the UK are home produced, In the past
they were sainly growm in very fertile intensive systens with mutriente supplied by
bullky organic sammres with little inorganic fertilizer. Changes in method of
production have taiten place in recent years snd nowadays wany vegetables are #rown
exteneively as fam crops on Boils of lower nutrient status and receive virtuzslly no
organic ummures but rely entirely on fertilizers for their mitrient suppliesz, There—
fore, beceuse the scdils are of lower initial fertility, =oil analysis is valuable in
deter:ining the soil matrient status and esubsemaent fertilizer recoumendations.
Since meny vegetables have a greater deaand Tor nitrogen, pheephomuz and potassiws
than nogpt arable cropg, it is even more inportant to deternmine by field experiients
the optizam amounts of each elecent cn soils of different mtrient status. Thue
sail anelyeiz can be a very useful guide in deternining the proecizo avount of
fertilizer to be umed with conserment ssvinge on =cile with higher nuirient status.
The prineciple of fertilizing =cil 4o raise and waintain its muiriens statue =t a
*thresghold' value is often propounded as the best way of ensuring consisiently good
yields of high value erops such ag wvegeiables. Although this is atiractive in
theory, in practice there is considersble uncertainty about the levels at which to
ain and they aleo depend on other unpredictsble factors mach as weather and rainfall.
If the threshold values were very high, fertilizer nay be wasted ancd rutrient
residnes niay be leached, fixed or izmobilized in the scil. Clearly the vhosphorus
and potassiun should be rainteined well sbove deficiency level but no higher than ie
required to enfure cnly = moderate response in the crop to further applicetion of
fertilizers.

A new approsch to vegetsble aenuring has been proposed by Oreenwond et 2l.,
{1974) for predicting the rutrient remiresents on 20ils of different rmtrient
status. In their work, the responses of vegetable crops to nitrogen, phosphorus and
potasgiun were defined snd wothematical miodels developed to predict these responses.
Hig predictions Tor phosphorus ond potassiw. rerpomsees were in approxinate agresaent
with the resulis from nany other independent fertilizer experivents in the UK.
This type of prediction ie in its infancy snd ooy cventually he wholly successful
for = wide renge of both horticultursl =snd sgriculiursl crops. Until then fertilizer
predictions baged on 20il analyeis will still need to be used,
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Fruit Trees

S0il analyeis of the top and subseil in 2 mafiure orchard ie a puide to the
phosphorue, potassium and magnesium requirenente of the trees.  An even nere acourate
asgessnent of the availskbility of the mutrients to the {reee is wmade by analyeie of
the comecontrations of mutriente in the leaves. The latter liprovement may be due
mainly to the effect of the agrononic factor of the so0il nanagement syster. on the
mitrient availability in the so0il and also on the soil moieture etatus throughout
the tree rooct range. For example the crop growing on the so0il eurface has a large
effect on the nutrient availability to the {ireesj the type of cover crop or grass
gward or the degree of soil disturbance by cultivations under fallow all have profound
effects on the fertilizer requirecents of the tree. In view of this situation very
careful leaf sampling and an=lysie have now become standard practice in determining the
mitrient requiresnentes of fruit trees, Leaf aonalysie surveys in the UK have shown
that average rates of Tertilizer application in orchards could be reduced with
potential advantages in frait quality as well 2= econooy.

Soil fnalysis and Rotational Manuring

When soil analysis resulte indicate a satisfactory mutrient status it ie
poseible with some erope to apply 2 large awount of fertilizer in the rotation onee
every three to four years without any detrivent to crop yield. As already nentioned
thie rotational mamiring is mieccessfully practised with cereale in the UK where
maintenance dregeings of phoephoms and potassiun are applied to soile at three itiues
the recoumended anmual rate on soile with a salisfactory mutrient status (soil F or
K index 1 or higher).

Similarly rotational applications of phosphorus fertilizere can be made to
graseland where either grazing or conservation is practised. The nor:al dressing
of sbomt 88 gz P/ha (200 kg P.0. per hectare) as insoluble phosphate in the form of
baeic slag has been a traditiSndl means of building up and retaining a satisfactory
goil phosphoruis status over nuch of the grasslend in the UK for about 100 years.

The prineiple of rotational msmuring is not pessible with all crops,
especially those with high nubtrient deands such as potatoes, mmgar beet and
vazetebles. ¥or is it poseible to apply this idea 1o the uee of nitrogen since
there are practically nu residues left froo one year to the next even fron large
applications of nitrogemous fertilizer after = norual winter's rainfall over wost
of the UK.

Soil Witrogen Hesidues

Mach mineral nitrogen, mostly as nitrate, rewalns in the scil in autumn after
hapvesting of well wanured ecrope such as potatoes and vepetables. S0il analysis
ghowe that as ouch e 100 ppm of nitrate nitrogen nay be present in the top seil
in October after potatoes. Thig rezidue is not only fron fertilirzer nitrogen
btut alsa frow. the soil itself and fros any organic narmre which gy have heen used,
Further analyeis of the soil profile o 1230 oo depth during the following winter
suggeste ozt of thie nitrete is leached through the profile by rainfall. Caloula-
tions show that once the sci1l hae reached field capacity only 2 further 100 mm of
rain is necegsgsry to remove nearly all the nitrate frou the s0il profile to the
draing or subpurface water. Thus over zn axtensive water catchient area a wvery
large arount of nitrste con be renoved and znalysis of drainage waters frow such
are=s has showm increases in the nitrate contenl during oid and lote winter.

These Findings are supported by the sore acourste assessuent of leaching in
lysineters by many workers throughoulb Tarope. ¥ot only iz thie leaching a serious
lozs of nitrogen from the scil and hence a finoneial lose to the Tarcer ui it is
alzo a pessikle scurce of nitrate containstion of drinldng watere. At presenti

we are very sich oware of this gituation in the UK, but sc far have insmfficicnt
evidence to differentiate between the contribution frou nitrogenous fertilirers and
thet frow the soil itself in the contapination of drainage waters, Indications fron
early work sumpest that the scil itself -~y be & sajer contributor,
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OTHER AGRONOMIC ASFECTS OF SOIL AWALYSIS INTEREPREMTLON

Soil pH 2nd Lime Regquirecent

Perhaps the cldeet and most traditional smalyeis of soile is the pH deternin-
ation and eubsequent measrenent of lime requirecent.  Although this ie etill the
aspect of soll analyeis in most derand by farmers, problens of underliming and over-—
lining are continually brought tc our notice ae so0il acientigts in ADAS. Thers
are few crops which can tolerate either teo low or too high & seil pH and for some
cropg2 on ¢ertain ecil types the pH range for optlimm growth is very narrow. It
is eemential to deternine the best scil pl value at which each corop grows and to ain
at thie level in waldng the lime recormendations, For inetonee in the UK, the
modern varieties of berley growvn on light sandy soils suffer fron the effects of
acidity at less than sbout pH 5.6 (water) and exhibitb trace element deficiency
gyuptoma gbove pH (.0, Thus s0ll analysis is valusble in delteriining so0il pH,
egpaclially for acid sensitive ercps such ae barley, sugar beet and sone horticult-
ural crops, Similarly some trace elesent deficiencies can be predicted, nearly
with eertainty, by knowledge of the soil type and seil pH.

In ADAS each soil analysis report contains a statement of soil pH (water)
and if below pH 4,7 the lire requirescnt deterrination by a lsboratory chemical
method {nodified Woodruff) ie =lsc given in tomnee per hectare of ground linestone.

Crganic Manures

The farmer'e attitude to the use of fare waste producte and namires hag
changsed coupletely since the deys when agriculture relied upon theo nearly entirely
to provide the plant mutrients for 211 the fero's crope. The major problen now
gecie to be one of dispoeal rather than use, However, eince the recent large
inereases in the cost of fertilizers in the UK more interest hae been shown in
unging such nmmres as & subetitute for the nutrients supplicd by fertilizers.

In ADAS from the chemical analyeis of the manures in conjunction with resulis

frenm field expericents to deteraine the availability of the nutrients, we .ake
recormendations on the adietients in fertilizer use which can he nade when such
ranuires are used. However, nany Tarere s$ill sees. reluctant o utilize thie
informaticn and in prastice rarely reduce their Tertilizer applications when

Lanures are also used. In some cases this is positively detrisental to crop yield
and quality, a5 sonc erops, eepecially grasesland used for conservation, receive
nutrient applications greatly in excese of those recounended froo soil analyesis data,

Toxic BElenenie in Soil

HMost scile contain insmificient smounte of phytctoxic elesente 1o hinder
plant growth. However, a few suall areas of s0il in the UK are coptaidinated by
naturally oeccurring deposite of toxie heavy wetals such 2 copper, &inc and lead
vhich camse stunted growth of crope, grass and soietines stock. Other soile have
been polluted by wan with industrisl wastes or sewege sludee and as 2 resalt contain
exceseive anounte of heavy netale and other tcxde compounds, It is essential to
uee eoil analysis to detervine the extent and inteneity of such pollution before
recozmendatione are sade on which creps (if any) can be grown on these soils.
Chemical =snalyesie of sewsge sludge betore application ig the chvious neazng of
preventing future so0ll contomination and in the UK soil ecientists are constantly
anphasirzing the inportance of such analysis before using sewage on land, rmae
goile are contaninated, either naturslly or artificislly the effects last for
wany years, during which tice crops either Fail eoipletely or becone uneconomic
o growv.
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Soil Organic Matter

Thnder cohtinuocus arable cropping systens #oil orgenic natter slowly
degomposes snd unless zction is talken to maintain or increase soil organic natter
ite level nay be reduced so smech ag to allow sericus soil structure deteriocration.
Umee this stage is reached at which scil umagement becories very restriocted or crop
growth seriously affested, it is both difficult and expensive tc resfore the crganic
natter to a =satisfactory level. Very heavy application of bully crgenic mamares
for nmsny years ie rarely possible and a complete change of faruing syster to grase-
land nay not be suitable or even agronomiczlly possible. S0il analyele is &n
excellent guide o the ecil orgenic matter content and should te used in conjuncticn
with various phyeical soil deteruinations where eoil structure probleme ccour,

SUMMARY

The successful interpretation of suil analytical resulte depends on very
nany Tactore which the ecil scientist takee into consideration before valding
fertilizer recoimendatione to the farmer,

The chvicus essential agroncoic information required is that of the orop
for which recormendatione are to be uzde, It ie important that =11 the agronomic
characteristice of each crop are lmown and it iz essemtial that its mutrient
desands are detersmined fron scientificelly conducted field experivente. Por any
new or anknown crop this is the first necessity before effective use of analyeis
for scil mitrient status can be nmade, If thie inforiation is nol availakle
inmafficient or excessive fertilizer anplication tay well ocour.

In addition to the deteriinstion of soil mutrient content for the prediction
of fertilizer opplicationes to crops, scil analyeis is a valuable tool in =esessing
other factore which affect crop growth. Soil pH and Iime requirevent, evaluation
of organic mammres, determination of eoil organic uwatter and soil phyeiecal
measurenents, and asgessient of levels of toxic elenents in eoils snd ecil amend-
mente are ancngst many examples where goil analyeie provides vital information in
glving the best advice to farmers.

REFERENCES

COCEE, 3.W. |Pertilizers and Profitable Farming. Groshy Loelowood.

15860

CRERRAIT Dy D0 oy TUEETTR, Tl e mnd TEEERERL, Wil HErhiiVocer Temaioscsies of gezsianie

1974

crope, FProceedings No.o 145, The Fertilizer Sccoiety.



AWNEY I - 50IL RITROGEN INDEXR

1s 50il Nitrogen Index asgessment is based on past cropping and manuring.

24 In a large number of cases it is only necessary to consider the last crop grown
to determine the Nitrogen Index. However after crops of lucerns, long leys and
good guality permanent pasture, which leave long lasting residues, it 1e necessary
to coneider cropping histories greater than one year.

3. The walues in the following tablaes are calculatsd for average conditiong and do not
attempt to cover all aituations.

Use of the tables

B If lucerne, long leye (3 or more years) or permanent pasture have NUT feetured in
the last 5 years cropping, use Table A only.

b If the last crop was lucerne, a long ley or permanent pasture use Table E only.

C If one of the crope in item b. has been grown in the last 5 years, but was not the
last crop, look up the values from both Tables & and B. The higher of the two
valuag im the Kitrogen Index.

Table A NITROGEN INDRX BASED ON LAST CROF GHUWN

Last Grop g

All crops receiving FM 1/ or slurry
All crops receiving large freguent dressing

!

of FYM or slurry ] 2
EBeang 1

[ Cereals | a |

r Forags crops removed | 0 |

i Yorage crops grazed f 1

| Leye {1 = 2 year)} conserved ﬂ 0

| Leys {1 = 2 year) grazed, low ¥ 2/ J 0

r Leys (1 — 2 year) graszed, high ¥ 3/ | 1

II Maize | o

. 0il seed rape [ 1

i Faag || 1
FPotatoas J 1
Sugar beat, 1ope ploughed in | 1
Sugar best, tops removed | )
Vegetables, recieving less than 200 kg ¥/tra 0
Vegetables, receiving more than 200 kg N/ha 1

[}

1/ FM Farm Yard Manure .
2/ Low N = lese than 250 kg N/ha per year or low clover content
ij High W = more than 250 kg N/ha per year or high clover content



Table B NITROGEN INDEX

DASED 0N PAST CROPPI¥G WITH LUCERKE, LONG LEYS AND PRRMANENT PASTURE

Yeare since "ploughing out™

Lxop a 1 3 3 4 5

Mitroger Index

Lucerne | 2 2 1 0 0 ¥
Long leys, receiving low N 1/ 1 1 o 0
\Long leys, receiving high N s 2 z 1 0 0 0
Permanent pasture, poor quality, matted o 0o ] 0 o

Permanent pasture, average mqualitiy 2 2 1 1 O (¥
Permanent pasture, high ¥ 2/ 2 2 2 1 1 ]

1/ low N = lees than 250 kg K/ha per year or low clover content
g_,.r‘ High ¥ = more than 250 kg ¥/ha per year or high clover content

Example of use

4 long lay with a high clover content ploughed out one ysar ag® was followed by peas,
1.8. the last crop was peas. The velue from Table A ig Index 1 but from Table B is Index 2.
The higher of the two¢ wvalues is 2 and is therefore the Nitrogen Index of that soil.

ANKERL IT1
Takle o FATIONMAL SOIL ANALYSIS CLASSINICATICH
PHOSPHORUS, POTASSIOM, MAGKESIIM, CONDUCTIVITY AND NITRATS THDICES
INDEX. PUHOSPHORIE POTAESTITM ) MACHESIUM CCNCOCTIVITY HITRAYE-N IIWHI
: (mg/1 in soil) {mg/. in soil] (mg/i in soil] (micromhos] (mg/1 in moil)
o Dt =60 G2 5 1I00=2200 0=25 ]
1 10=15 61=120 26=50 2210=2400 26=500 1
2 16=25 121240 51100 24102608 H1= 100 2
3 26=45 245=-400 101=175% 2E10=2800 101=150 3
il &A= A0 500 176250 2610= 3000 151=2570 4
5 100 605900 255 350 3010=3300 over 250 5
d 101-140 05-1500 155-600 31310-3500 6
i 141200 1510-2400 610=1000 35710=3700 T
& 205250 2410 3600 101 T 1500 3T 1040030 a
o aver 2RO oapar Y00 cver 1500 AD10 and over 9
Txtract— Sedium M—Ammonian ¥—frenoninm Satv'd Cabidy Satrd Casly
ant bicarbonate nitrate nitraie
(Olsen's,
pH 8.5)
Sourcea: Soil Science Department. Ministry of Agriculture, FPisheries and Food

Agricultural Development ard Advisory Pervice tor Frgland and

W les




Paper 19 POSSIBLE USE OF 4 COMPUTER FOR HECOADING AND PROCESSING S0IL ANALTSIS DATA

2.

by

J.Cu Rewy
Station Agronomicue de Laon, Fue Farnand Christ 02011 Lacn, France.

INTRIIOCTTON

The agronomist ig confronted by cowplex problems often involving a large
quantity of data with which he nust deal to oake 2 udgenent or & diagnosis. It
is well mown that nan cean only menipulate piimltanecusly five or six concepts to
fornmlate an opinicn, and it is therefore, necespary to have recourse to = machine
to carry cut rigorocuely and tirelessly a repetitive and uninteresting taek. Am
in agronomy, the computer cam help the doetor in his management of nedical records,
in his diagnosis and in building up and using data banks (Figure 1). This
gimilarity is found in the collection of infermation, in methodology and in
results, and zlsc in the material snd psychological diffienlties encountered in
application,

An attempt will be made in this paper Lo devnonstrzie fhe poraibilitiss of
using a computer in the fiecld of agroromy. The paper diszcusses the different
applications in s0il analyais by showing the resulds obtained and the difficuliies
to he awerrome,

; —————— .
Patient Hediecal tean ;’—5— Decipion p-=4#—- Medical treatnent

L 3

Medical

il adie M ——— MNaedical record

Fig. 1 Circulation of medical inforsation {according to F.G. Reuy, 1976}.

USE OF THE COMPUTER IN THE LABORATORY

To improve productivity and to lower the ccst of analvsi
¥ : yeie, the computer can
be a valuable help in the following taskes ! "

oy managenent of inforpation; preparaticn of the plan of work generally,
weekly checldng, sorting and listing of resulta;

ii. collection of data fron the different anzlyses., Tach anal opme
outmt has to be converted inte digitsl forny identified and stored;

iii. contrel of autonatic anslytical systens, whether sequentizl or
continucus flaow.
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The different elements neceszary for the colaboration of an integrated lshorstory cm
be curbined ad infinitw:. Clearly, only parl of the operations can be carried out
by the cumputer. Horeover, the user has the choice between:

= the on-line gyeten with continueus supervision of the syeten and tnilt in
safepuards in case of power [ailures. Thiz syotem hae the drawback of
allewing but 1itile mamial intervention. Fomerly it was little used
becanee of the high cost einee it pervanently icaobilized = computer, The
advent cof nmicro—processing has zllowed for diversificatiom of the centrsel
computer, reducing supervision to A etrict ninimm ; micro-processor —
clock - Teyhoard with visual dieplay — floopy disc focilities = entriesf
exits -

e the off-line systen frees the coumuter for other insks, the information
being stured in a support bank ueing mnched cards, perfor-ated tape, wini-
caseeites, magnetic tapes or Floppy discs, Frocegsing is then carried
out later when all the neceseary infornation is availsble,  The speed of
reading varies between 10 sharasters per eescond {feletype) to 30 000
characters per second {flmppy dime).

The aollection of data supposes that each analysis leads toc annlogiecal
ottt . All analyeece cnding in a swlemlar or atosic epectroscopy provide a
current. Om the cther hand, the detercination of the 1ie content or of the
gize of =cil particles, for exaple by the Zouyoucous pethod, necessitstes
maraal intervention. Home information can however be taken into account by a
teyboard.

The cost of such 2 ayeter, exclusive of 4lie analysers, con be froo 310 200
1o 30 000, The main drawback to processing in the laboratory ie the valnerability
of the emmipnent. As the correct functioning of 2 unit requires each conponent fa
be fmultless, the standard of Gaintenance is an essential factor in the use of
gyetens with a high level of integration, It ie diffioult 40 envisage their
ingtallaticn withont ¢gualified individuale being ot homd,

ASETETANCE TIT AGHOIONTC 2ATA PROCESEING

The estesblishient of sources of regiormal inforiation necessitates the use of
remulte obtzined in the field,

data frog Claseic Bxperisents

Tepe experinents nay be nonofacterial or tmltifactorial, but in pgeneral
it iz cumvendient to linmit the: to three cr four fectors at one or vore localities,
Te: explain the vechanis, 2 single clossly—supcrvised experinent iz used, iin
the other hand, to cbtain gemeralized informiation on cnc fechnicue it is necsesary
toc have reccurse to 2 series of empericents {fron 3 %0 rore than 1207, o obtain
a good estiuate of the roeidusl veriance il ie necesgary toe be sble 4o oollect
aboat 30 pointe of obrervation. The replicaticns can seoneiices be Iakeon into
cornsideration,

Dzte froo Faro Surveys

If the experinentation allows the prior definition of a control aces, the
encuiry tust be preceded by the choiee of 2 sanpling nethod and celection of the
procedure for interpretation of the results.
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Consequently it resaine closer to agricultural praciice snd provides an
excellent meme of understanding the systen being studied. On the cther hand,
it rarely provides the estinated values or deseriptions of mechaniems. In certain
cases, however, one can separate the predicted vaterial fron the actual findings.

Date ProceBsing

The mzin processes of present dsy data processing are:

i« variance analysie which presupposes the cheice of a nodel which can be
tested along claessic statisticzl lines. The interpretation of the results
is in general precise and cquite easy, but conditions affecting the validity
of the test rmust be observed,

ii. the adjustuent proceeds in the same manner although a certain flexdbility
can be allowed thanks to i

ha

a progressive adjustuent : step by step, by elimination, ¥y rohit - g
choice or by a cocbination of procedures, ‘The results have often
been discussed (Cady and Fuller, 19703 Cady and Allen, 1970; Laird mnd
Cady, 1969).  All generally agree that it is necessary to proceed
along two lines : free choice first cof 2ll, then reascomed choice
according tu the existing agricultural lmowledge of the subject.

In genersl the equaticns obtaeined have an explanatory power alrmost
identical to the free choice procedure, but, sbove all, they are
often wore comprehenegible to the expert,

the utilization of quadratic terme and of interactions; e.g. @

v 2 -2 1 2 1 3 o
T= bD + h1N + hEH + h3P + hdl + hb“ + béK + BTHP I .Eﬂf * gg.ﬁ

The models are in general linited to interactione of the firet order.
hWnerever possible, if the interactions carry no smpplenentary
explenation in relation to the cuedratic wodel, it ie better to
retain the latter as being easier tc interpret particulsarly whem
seelting the optinum,

changing the variables, It permitc curve fitting by neane of
linear cenbination of functions chosen 3

T=b_ + by £ (X)) +h2f2{}{?} e

The main inconvenience is to carry the variable weight of the differ—
ent chservationa according to the wvalue of X, ar X.. A eorrection
can be applied by the use of a different weizht ui%h each observation.
The most typical case is that of exponentials,

nen-linear adjustments. Nowadays algorithims permit an adjustrent
of the least squere by succeselve iterations. The chozen egquation
ig much that only the parameters are selected by the procedure. If
the initial paraseters are totally unimown there is a high risk of

finding o falee solution with 2 minimm relstionship to the san of

the squared deviatione.

A clzssic use of these nethods of repressicn is the optinization of the ree—

poONBE CUTVES

obtained by experinentation, an example of which will be given later.



Fulti-variate dots analysis consiets of desoribing the structure cof 2 nuserical
tzble. When it comcerns seasmrerents one would generslly turn o principal conpon-
ent analysis. In frequency tablee the analysie of "correspondences" can be applied,
This last method has the advantage of treating in a spumetrical senner the dztz
patrix, and of allowing without diffioulty a nizture of mqualitative ard santitative
variables aftoer dividing the Uremuencics into clanses,

These technigues are very intereeting when it cones. to studying little
known populations, or when the rnumber of obeervatione is wvery larze. O the
ather hand, they are often uiesleading in well-studied scientific areas where the
nechanisms are partly oown,. In essocisticn with the study theee nethods are of
great help in develcoping countries, 22 vuch in the peychclogical ephere as in that
uf the remilt=.

In swimary, the computer is a great help in registering and handling the
treatonent of infornation. It allows the systenatic collection of infoermaticon and
an improvement in ites ¢mality, because it insists upom a greater acouracy in the
level of eodification. It 2lso enables the icey voriablee to be deterwined while
allowing the esinulianesus retention of varisbles strongly correlated to the preced-
ing onee tut which sdd little supplementary information or which are diffieml® to
LLESTRTE,

SOME FEELIMINARIWE TO PROGRAMMING

The cld lawe of fertilization (lm: of divinishing returns  law of the
minimam snd law of resiitutions) can be expressed today by uptimirzation of the
application of matrients and rezpeci of the balance in 2 steady state.

The goptimization of rmtrient application suppoees knowledge of the rosponse
curvee wnich can be established by following the procedures described ohovo,  To
take an exarple we will draw conelusioms fros. m experiment squoted by BOBC (1377
by & lincar adjustnemt acecrding to Nitscherlich

i [1 _.-E.} = a + kR + oF

1 Y
L]
wiere ¥ = wield
Y - maximm yield (46 ‘-‘{fhﬂj
R - fertility of the peoil {pp.'n _-_-',_}-fi'-ﬁ Ji.‘l’-‘H't-'Hé“-?‘th}

*u
|

amount of phosphate feptilinor.
whether it is
Y = 56/ 1 - 0,484 exp(-0.0085, (1.08 B + 7))/

and : % = 0,24 exp (00855 (1.05 R + FY)

Il 8 ia the relationship bhotween the eost per Kilogrrme of phosphoric acid
and the price of 100 kg of wheat the cptiswm iz obtoined by :

P=113 L (oafd F8Y 1B R
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With the chosen nodel, the optine accopding to the sodil fertility are found
on ~ horizontal line for the saue wvalue of 5. Figure 2 shows the straight lines
{a), f'b} and (e} ecorresponding tu the relatioaships 0.020, 0,030 and 0.040
respeciively, representing costs of 24, 36 and A8 cents per kKilograrme for P?O
and a wheat price of £12 per 100 kg.

The maintenanece fertilization rate corresponda to the amount of applied
nuirient which is necessary to waintain the available reserves at a constant level,
Glearly, it differs acccrding to the level of pnaintenance =ze well as to the level
af fertility or productivity. For exanple, Figure 2 represents (curve E) the
maentity of Pzﬂj necesgary to provide for the different levels of maintenance:

E o Y . (00157 + 0.17H) . 1.2

yield F‘EG_:I content ecoefficiomt
of inecreage

It r.ay perhaps be neceseary to increape the applications 4o take into
account specific losses (leaching or irreversible fixation}. The correct level of
mzdntenance corresponds tc the intersection of the lines (a), (b) or {¢) and the
curve B The response curve pagsing through this peint ie that corresponding to
the "eatigfactory" fertility level. For exanple,if one takes b ane cbtains

= 161 poin. Other relationships are shown in Table 1.

Table 1 OFTINM YIZLDS AND NUTRIENT RATES AS A FUNCTLIOH OF
FARTILIZER /PRODUCT PRICE RATIO
Price pratino Optivum yield Optioun fertilizer Cptirum available
r s Y (q/ha) P (kg P0. /ha) P2, {ppr]
0,020 3.7 63.5 201
0,230 32.0 (1.1 161
D040 Slah 6.6 133

The optimum level can vary between broad liuits according to the econonic
condivions, Te response curves ¢an alao very accoerding to the type of gsoil and
crep. It is therefore not surprising that references to optimum fertility levels
should tend to differ.

'he sorrection fertilizaticn rate can be defined as the difference heiween
the optinum fertilicstion and the raintonance fertilization. It will be pupitive
if the cptivam iz to the right <f curve B or negative if it ie 1o the left ap in
the cage of "ever—fertile" soils, In general, the susplenent will tend to enrich
the soil and te dicdnish the level of saintenance {Figlrc 3. The ideal would be
to reduce the correciive foartiliswation by halfl cvery @ years,

DTAQICEIS

Por dismceis it 1s enoush to compare the criteria to one reference syston,
'Mhe criteriz can be o qualitative estisotion, A nessroient, an index, ar a
corbination of eriteriz.

The ruiber of clasces chosen ean vary fro. 3 tn 10, 3ewven are pencrally
uscd and are defined as Mol losn:
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Very low: systematic presence of symptoms of deficiency

Lows: peeaible presence of the fame aymptoma

Slightly low: no symptom of deficiency but yields slightly affected
Satiafactory: the level of maintenance is juast reached

Slightly high: slizht reserves

Hizghs large reserves - rate of fertilirer can be reduced

Very high: very large reserves — fertilirer can sometimes be dispensed with,

Sufficiently mumerous classes allow the avoidance of large cualitative
jumps when reaching the threshold of the limits.

Single classification poses no problem. To take account of many aimltaneour
eriteria various syetema could be used, of which three arc described below.

la Eatablistment of an index

The possibilities are numercus. The meat common are the ratios between
conatituents and antagonistic properties. For example, the susceptibility
of @eil to crusting can be characterized by the ratio of unetable elements,

taat is to say, tae muantity of loam (L) to the stabilizing elements such as
clay and organic matter (Cﬂ{.

L

o e~ 0,2 £ or o
IB = o= 3.2 (pH 7) (correction of one class for pH—=T)

The acale of claszgification is fixed:

= 7.0 wvery liable tc crusting
1.8 = 2,2 crusting
1.6 = 1.2 omuite liable to crusting
1.1 = 145 1little liabkility to crusting
1.7 = 1.4 wvery little likelihood of crasting

= 1.7 crusting improbable,

ii. Use of variable scales of classfication

For example, the level of fertility [or potassium varies according to the
nature of the cation on the complex.

P SR | < S R . A

K:’D - S, b
: rﬁﬂa] + Mgl Via + 5 OM)

K = erchanceable potassium

0a = exchangeable calcium

Mg = exchangeable magnesium
CE = exchange capacity

A = clay content

M = oreanic matter content

Consemuently, the dimensior of tine claee can be proportional to the value:

A+ 5 oM



iii,

Ope can likewise take into account many other oriteria sucn as the nature of
the plant {ability to extract ootaseium) and the depth of acil { importance
at potasgium TeRIETVES ).

Combination of mualitative criteria for classficatior purposes

Ar example will illustrate this pozaibility:

% - make an application of magnesian limestone

A - deficiency of lime {slasa=7)

B - deficiency of magnecia (class <?7)

L = ratio Kgﬁmgﬂ =g

I — wvreazence of maize in crop rotation

% - pregence of sugar beat in rotation
¥ = 4 ., B . € (D+E) Boolean acuation
P PR
fesel - or
inclusive

The application of magnesian limestone would enly be recommended if lime and
magnesia were both deficient, if the ratio of KvﬂfMgﬂ excecded 7 and in the
prescrce of maize or sugar beet in the rotation.

It is thus possible to set up a series of Boolean axpressiors for the
different possible rerommendations, The programmine is facilitated by the
dirent use of Boolean operators in the lamrmuage af the computer,

CALCULATION OF BALANCE SHEETS

Az ane of the most important laws in agronomy is the law of regtitution, it

is easy when the information is stored in the memory to make & very large mmber of
raloulstions, if possible looking to the future, fo be ahle to adviee the farmers,

inputs

1.

1i.

Theze relatively simple caleculations howevar, demand muach information at the

date resulting from a croppine ayster. Tt is sssential t0 know!

- the fremuency and even the semuence of the crops,

= the rate of return of crop residues,

- details of mineral and srganic correctiono anplied.

date resultine from moil anzlysis allowing especially the naleulation af
the corrective Tertilizer »ate. This calculatisn must take into account!
= the desired rate of growsh,

= the guantity of arable lard (ﬂtonlneas, depth of ploughing],

- risk of losses by leaching or by irreversible Tixation,

-~ fertilizer correction rate [oec Pigure 1),



iii. general necessary data, available in the form of tables:

= details of crops removed from the land,

- coeffieients necessary for the establishment of scales for diagnosis.

The methods of estimation can be more or less sophisticated, In most
ayatems, there are tabulated data recorded on discs relating to soile and

fertilizer use which can be modified by criterin such as the level of intensifi-
cation or the fertility of the soil (Bulgarian system, 197.).

A more analytical system has been chasen here where each component in
eatimated:

Maintenance fertilization

+ c©rop remuirements {1)
+ leaching (2]
L irreversible fixation (or relecase) (3)
- rate of return of crop residues {4)
- addition of organic matter (5)

Corrective fertilization

T variation in available mutrierts (5)

% irreversible fixation {[or release) (1)

If convenient values are allotted to (1) and (2) and data are obtained by
lyasimetry for (2), (1) and (7) lack solid reference points, For rmmber (%) in
general the composition ia known but information is lacking on the apeed of
release of the mutritive elements contained therein. Nowadays, the annual effect
on the first crop after application iz considered, the balance beirng divided
hetween all the erops in the rotation.

To es tablishk such balance sheets it is necessary to conaider a stabilized
crop system, The operation therefore presents a farecast which corresponds well
to the technical eriteria which the manager seeks to help nim in his decisions,

USE OF SIMULATION

Development of this technirmue has recently been made possible by certain
programming languazes such as GSMP (Cortinuous Sysiem Modelling Programme),
particularly in thae numerical soalution of differential equations,

The ziven models [3ll into $wo c=togorien:
i. mechanical models where the methads of working are well known and

wirere the classio laws of pnysics or biology car be applied.
Trese madels concern relatively sisple zystemo,



ii, empirical models, These are generally the mere widely used, They
concern broader or less known systems, One can therefore uae relatively
simple equations of prediction, sometimes obtained by regression methods,

The modelling of a system requires initially an unambiruous description of
the compartments composing the system, the flows between compartments and the flow
between the system and the external environment,

The variables taken into consideration carn be flows of material or cnergy,
or the conditiona which, in general, modify the intensity of the flows.

The choice of system, and above all, its degree of complexityv, will depend
on the time base taken for the development of the gyatem,

Without zoing into detail, two examples used by the author can be cquotads
firet, the long—term development of hwms, and second, the forecasting of
nitrogenous fertilization.

Humus Management

The development of organic matter assumes the choice of a model. Henin
and Dupuie have used the followings:

o % Kl_;g__ o, R, = residues in dry matter of crop i
o ! Kl. = ?GEfficient of transformation to
i numus
M = amount of fumus in the seoil
K, = amwal coefficient of destruction,

Advice about humuz restitution ¢an be obtained from the following
calculation:

A = '-*-"—-':—2"':———2 E = depth of soil (in on)
Uik T, = dideal hums content
'I"a = actual hwme content

A = delay in attaining Tg
BH = actual rumia balance

A = adwvised charre in addition of
arganic matter.

If this exponential model is walid for soils near emuilibriwm, it haz been
shown that it is invalid, for example, for soilc after clearimg, where there iz a
nizh proportion of free orranic matter, not bourd to the mincral fraction,

Ir =nite of the imperfectiors of the models and the relative uncertainty
concerring the coefficients K. and K., they are revertiizless good indicators whick
enable larze errors in ‘mmus manasemérnt to he avoided,

P



Te?

- LNy —

Forecasting Nitrogen Reruirements of Winter Wheat

The rermuirements of wheat throughout its growth imply that at each staze
there is a need to respect the balance of mineral nitrogen.

In the tirst stage, limits have beern met to the evolution of the system
between iwo dates, i.e. the beginnins of sprirvg, 1% Fehruary, and harvest time,
that 18 to say, 1% August,

The compartment studied is limited to the mineral nitrozen in the =moil.
The diagram below ahows the irputs and the outputs across the period studied.

P = needs of the plant 3 kg N/«
P L D v
. o L = leachire

Mineral Nitrosen D = nrnitrorenous fertilizer
R U T 3 = gecondary mineralization of s0il humuns
3 H F
E = primary mineralization of crop reziduea
N = K -N, = E+ 3+ k= (L+ P}

* On first approrimation, it is aasumed that the fixation {F) of
atmospheric nitrogen is compenpcated by the dernditrification (V)
and the difference between these two processes lies within
experimental error, i.e. (PP = V#E),

Such a calculation has been in use Tor ter years and the validity of the
expregeion kas been successfully tested for two years in the north of France,

The next staze consists of contiruou=ly integrating the data durirs the
cropping season., Thie simulation takes into account changes in the turnaver of
soil nitrogen, movements of water and nitrate in the =oil profile, and the
development of root functions. Some investizations were made at the Tnatitute
of Soil Pertility, Groningen {Beeck and Prissel, 19(2), corcernirs the first two
of these, but to our krowledge there has been little work done on the intecration
of the plant into the system.

A climatic model should be such as {0 enable the effect of an averare, =
dry or a wet year to be forecast ard oo minimize the risks accompanying an
intervention,

ATVARTAGES AND DISADVANTAGES OF USING A COMFUTER

Creat attention must be vaid to the muality of tle information collected.
In spite of the performance of programmes to test the probability of information,
erronecus information, whether imprecise or incomplete, will lead to an error in
the resulta, The establishment of such avstems is often characterized by a hizh
rate of rejection at the besinning but which will =uickly correst itoel®., 4
teating period of 3 to £ months is necessary,



A somputer allowe the stornge of inforistion in sn easily accezsible forn,
The co-ordinated reference pointe allow the retrisval of loecalized information and
changes in the thenatic maps, for exauple soil fertility.

Repearch ..odels, whether deterninietic, stochastic or empirical lead to a
gynthesis which often shedrs light con the gaps in our mowledge of the eubject, This
step therefore contribmtes to the crientation of resgearch,

The precision of the corputer responge can sometinmes be strildng. Far froo
wookening the personal links between the agrimultural advieers and the farmers then-
selves, the contacte are, on $he contrary, strongthened,

One of the wost eericue disadvantages is the lack of flexibility snd the
delicacy of the conputer systen. It ie emough, in fact, for one 2ingle conponent
to fail for the whole syster 1o e inoperative. In the developing cuuntries,
rnaintensnce problems met e forescen, riecs of breakdown being very high,

Working at great distances is posgible but there are uncertainties in postal conmn-
ioatione, Yithout doubt the Mature will justify emall and mediuwn decentralized
units,
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Paper 20 TXHTENSICN OF S0IL TESTING HESULTS AND FERTILIZER RECCMMENIATIONS TO BE FARMERS
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INTRODUCTICN

Few activities in agriculture present cc many aspects of coumon interest for
8o aany pecple as soil testing. Soil testing is relatively cheap, it is an
effective working tool for the soil scientist, the agrononist in advieory woark and
the fertilizer salemnan and, more iwmportantly, it leade tv an increase in profites
for the farumer through the pore efficient use of fertilizers and higher productivity.

T™e use of s0il testing ag an add for fertilizer recoumendations to Tarmers
hae been increasing in developing countries, but the total nurber cof soil samples
that are analysed falls short of what would be desirable, Hany laruers still do
not uee fertilizers and nost of thoge who de are unliktely to have their soils tested.

The existing systers cof Bail testing present wemmesees anul need icproverent,
There are wany problere of the following generz]l nature that hinder developrentd

a) wealmegs in organirational stmacture of so0il testing eystie.s;

b} lack of understanding or of confidence in s0il testing by both farmers
and agronorists;

o) dispersion end lack of opientation of research activities that could
or should contribute to the irprovenent of scil testing.

This paper deals with several problen.s that arise in the practical use of
Boil teeting fuor the reconmendation of fertilizers toc fariors. The ideas largely
reflect the experience of the author in the southeaetern region of Brazil.

ORGANIZATION OF SOIL TESTING SERVICES

The first requirenent to cheble eBoil testing crganizaticne to perfor.
efficiently is the cxistence of laboratories capable of anzlysing large muchere of
ganples in short periods. Such lsbeoratories exigt or are being constructed in many
developing countries,

Soil testing in iss infancy uwsually starts in research organizations. Later,
other types of soil testing services xight develop to serve different purpoees. 'the
exarple given in Table 1 illustratees a situntion in which privately owned laboratories
are analysing a growing proportion of the soils teeted in z developing rerion,

The exigtence of soil testing services within rescorch opganivations nresents
advantages in keeping research activities in fouch with the practical aspects of
goil analyeis and fertilizer recopmendstions, and alsce by rpaking 1t smech easier to
introduce in practice innovations produced by reofearch. On the other hand, if the
activities associated with soil testing and fertilizer recounmendations becooe too
extengive, they will conflict with research activities for resources and for Rine
of the often precicus specialized staff,

Private vrganivations .ight relieve state urganizations of tho tarden of
excessive growth of =oil testing gervices by crgenizing their owe services, Theirp



Table 71 30IL SAMPLES ANALYSED PROM 1947 T 197 BY T MAJOR SOIL TESTING LABORATOERIES OF BHE SOUTEASTERS FOCION

Organization

0F BRAZIL

Research institutes

hﬁx-ersi it

¥
i

Sugar and tsobaceo

organizations

I

Pertilizer conpaniee

Independent laboratories

Labcratories
Sauples x 1300
Laboratories
Sacples x 1000
Laboratories
Samples x 1000
Laboratories
Sarples x 1000
Laboratories

Samples x 1000

Tetal rurbere of leboratories

Tetal mabere of samples anclysed = 1000

I Laboratcrﬂ:j._gsm;é‘*.uhmsaqgs_ of sacples snalysed yearly

1965 1966 1967 198 199 1970 1971 1972 1973 1974 1975
2 3 4 4 4 4 4 . 4 4 A
9.7 18.2 2743 55.2 48.7 3%.2  34.3  39.3 427 411 400
1 1 1 1 i 1 1 1 1 1 1
(5. 1;8 21 4.8 Zed 5.8 5.6 8.5 Fa 6.0  16.6
- - - - 2 2 2 2 3 3 3
- - - - 9.1 Al 48,3 0.7 48.T  19.9 44,5
- - - - 1 2 3 3 3 3 3
- - - - BT OIS 23.3 3509 5. e By
- - 2 - = 1 1 1 1 2 2
= - - - - 12 A7 Te) 8.2 14,8 2.3
3 3 7 B & 10 11 11 T2 13 13

10,9  19.4 29.4 €3,2 66.9 198.4 114.2 139.5 147.9 100 177.6
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performance will usually be charasterized by an higher degree of aduinisztrative
flexdibility. Thelr involvernent with scil tepting will be based on interests that
differ fron those of state crganizations and relaticnships with farners will alsa
be different.

The existence of nany crganizations involved with scil testing and fertilizer
raconmendations will hecone a sotree of confusion and distrust for farmers if the
reeulte of scil analysie and rocommendations are not uniform and conparable.

The internal and external organization of soil testing services also night
vary between lshoratories and thie will certainly affect their cverall performiance.

PROBLENS AT T™E FARMER LEVEL

Firgt of all the farmer has ic ‘mow that scil testing can be done and he
et be willing to have hie sgoil analyeed., Usually farcere have first to be
convineed of the benefit of using fertilizers.

The tasks of collecting and identifying soil samples, filling in questionn-
aires and sending eoil samples snd payment (if required) to the laboratory, are
often difficult to carry out by those farmers who did not have the henefite of a
better education. Thus the intervention of the extension agent or the fertilizer
gaelesnan is then necessary, st least for the first sanple sent by an individual
farser,

Sampling is probably the wealkest point in the whole process of soil testing,
the nest common error consisting in taking tooc few saiples to malke up a composite
ganple.

For many farners one najor source of discouragenent is the long interval
between sending the g0il samples and recciving the reeults of s0il snalysie and the
fertilizer recommendations.,  Others are the lack of uniforiity between resulis of
mpposedly the same soil samples sent to the sane or different lsborateries and
disparities of fertilizer reconmendations iseuwed by different organizations,

Other probless ecan arise through farmers net using the ziven recormendations
for reasone such as the following: the recosmendations arrive too late, the faruer
finda it economically impossible to buy fertilizere or the recommended fertilizers
are not locally available, The existence of a large macber of corpound formmlas
often leads to the use of Tertilizers that differ in nutrient contente from the
recsommended arounte,.

BACKGROUND RESEARCH

In many regions scil testing servieece are crganized without wany results of
local reessarch, Tis is probably the beet way to act in developing countries,
Binee the existence of laboratories will open opportunities and sti:mlate research,

Ta be efficient, & ®moil festing syetes nceds to be backed by & very large
anount of research. It supporte itself by the consistency lthat iz a feature of
fertilizer recommendatione based on souil smalysie.  hKesearch must necessarily be
conditeted locally, in the laboratory, the greenhouee and the field,

Soil testing remuires inpute fron several sectors that undertake research
with scils and plants, Difficulties are found in the fact that in sany organizations
research ie fraguented and directed into very specific linee of work.  Research in
eubjecte that could or should affeect the whole systen of soil testing is often
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conducted in isolated units that hardly commnicate with each other. S0il testing
ag a practice and even fertilirzer recommendations, which should be specific activi-
ties towards which research outpute should be directed, are often forgotten aspects
in research strategy. In soneequence, progress in soil testing has been somewhat
elow in many places despite the great advances made in analytical chewietry, data
processing and other supporting activities.

SPECIFIC ASPECTS OF S0IL TESTING ANT SUGGESTIONS FOR IMPROVEMENT
411 aspects invelved in btuilding up snd operating 2 2011 testing service
ghould be carefully coneidered if it is to be efficient. Some of the wore iuwport-

ant of these are discussed in the following eectione.

Arrangerents st the Farmer Level

Every effoert should be pade to ensure that as many farmere as possible
become acquainted with the eoil testing servicee. 'They should be given sirple but
correct informetion sbont what scil tests can provide. One effective way of
eneuring that farmers make use of the scil testing services is to require evidence
of soil analysie before financing the sapply of fertilizers.

Special atiention should be given tc the ecil sampling which should bhe fully
explained in publicatione and leaflets and ite iuportance conetantly emphasized.
411 sampling equipment needed, such as comtainers and questionnaire forme, should
be at the dieposal of the formers., Instructions for taking & representative sauple,
filling in questiomnaires, and sending sanples and payment, should be nade as clear
and sinple as posgible. The lzeal mammfacture of inexpeneive tools which peruit
only suall samples tc be takxen could be of great help in ensuring better sampling.

Faruers should be persaaded o send sanples ae early in the geason as
poesible, so avoiding the peak perieds, Por zcet purposes, ssnples can even be
taken with crope still in the field, if sampling in the bandes where fertilizer
was applied can be avoided.

Te utilisation of fertilizer recoumendsticns by the far.ers should be
verified and the resscns for any divergence froo then exained. The help of
ggronomists is often necessary to ensure correct ivplenentaticon of the recosmenda—
tioms.

Laboratories

In ary given region the soil testing faecilities should be evaluoted and
leboratories organized if neoceosssry. 'This can be dore 2t a reasonable coset,.

If there are already several laboratories, effcrts could probsbly be better
directed towards cbtaining uniforuity. It would be most appraopriate for
laboratories of a given region to use ginilar smelytical nethods as well as printed
matter comparable in ite esgential ocontent. IMfferences in nethods snd units of
expreseing resulis and recovmendations are = source of annoysnee for faraers and
agrononiste.

Prograrmes to lkeep the laboratories in constant contact e=n he organized
by the lsboratory linked to the research crganizziion. Such progracmes can direct
efforts o the couparigon of resalts of soil sanples snalysed by all laboratories
throughout the year, =nd so pake possible the evaluation of the comsistency of the
results frow each lsboratory and between lzbeoratories. & programe of this type
serves aleo as a stimmlus to the spread of infornation, including new pethods,
and ie fundsmental in cbhtaining wniforuity. In the leong run il will signify io the



farner that several soil testing laboratories perforn similarly, so that he can choose
the one that is more comveniently located.

Adequasy of Fertilizer Reconmendations

There is often a distonece separating what cight be considered tc be a technically
and eccnomically correct fertilizer reconmendation based on soil enalysis and that
which the farmer will finally use. 'This is = well pronounced problem in developing
regicne whers cften a whole spectrum can be fuund between prinitive and very advanced
faprners.

Ceritainly the most importent problen ie lack of aoney or credit or the willing-
nege to assume the finanecial risk that the use of fertilizers requires. The farmer
inight reduce the asounts reconmended, but in 80 doing would cmiee 1little harn,

Often, however, he might decide tc omit eome component of the reconmended dressing,
2. line or nitrogen, with possibly dieaetrous consequences for hlﬁself and for
the credibility of fertilizer use,

Another commoen occurrence is the use by the Tarmer of recomendations that in
the past have proved toc be efficient. 'Mus he wight, for instsnce, contirue to use
lime. even if &% 18 no longer recommended,

In some specific caees, reconmendations might refleet the different levels of
managenent of farmers, as indicated by yield gozlse or past yielde,

The cases nentionsd illustrate the fact thet supposedly zood fertilirer
recoumendations in the hande of the farner, do not eonstitute the end of the process.
Contimious intervention of agrononists is necessary to enmure proper inplementation
of the recoimendations,

Hecormendations should be kept up tu date with available products, which tend
to change frow single fertilizers to the increapingly concentrated conpound
fertilivers, Hegional effcrts should be sade bo reduce to a ninioum the nwiber of
availeble corpound fertilizers. This can probsbly be deome if the sost frequent
reconmendations sre {nDh_, with the definiticn of 8coe miniovam raticos of matriente
that sre necessary, and by grouping erope of #inilar requirenents.

Ae in the case of laboratcories, sone pearaasnant type of contact between
organizaticns affected hy fertiliser recormendations is desirsble.

Baclground Heeearch

Research that could leac o progress in scil testing and fPrtlllZEr PR -
endatione is of'ten sc dieperced as to meke it a diffienlt task to gathz- =7
necesgary information. Trained peoole that are able to integraote dlfferﬂnt agpacte
of research are not always available,

Ferhape & useful approach o attaining higher efficiency in research iz for
20il and crop scientists to diseuss the principles of =20il tesbing to show the need
for part of their research to be directed towards prastical aspecte of scil testing
and fertilizer recormendations. From this they should gain = general mowledge of
the whele crganization of s0dil testing znd learn where specifiec research efforts
are nesded,

Besides the pany especific aspecte f eoil terting related to rethods of Foil
analysis and fertilisation of creps, there are sone subjects that certainly deserve
closer attention. T menticn a few: the ter s correlstiom and enlibration need
better understanding; coonoswices of fertilizeor use should coneider soil anelysis and
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the need of naintaining and increasing soil fertility; alternative working philosoph-—
ies of eoil testing should be compared; more organized efforts should be wade in
defining the fertilizer requirements of different varieties of plants, especially
conparing native oultivars with iuvproved oultivars, and nutrient budgets should be
deteriined for different nethods of nanagement of wajer cropes.

Follow=up on Goil Tegting

The impact of soil testing and fertilizer reconmendations should be constantly
evaluated at the farmer level.

Thus it would be uzeful to know how nany faruere in a given reglon uae
fertilizere and hzave their scile analysed and amcng theee, what are the effecte con
productivity, profite and soil fertility. Deviatione from the expected behaviour
should be evaluated and corrections applied if needed,

The constant evaluation of soil testing and fertilizer recoomendations at the
farner level will aleo provide very iuportant feedback infomiation for the extension
and research servicee, since epecific problese that need educational or research
efforts will certainly be identified.

Resulte of eoil analyeis aleo constitute a waluable source of inforoztion
agbout specific regional eoil fertility problene. Thue, general patterns of soil
fertility cen be wapped and followed on & tine basis,

durveys of the most fregquent reconmendatiocns serve as orientation for the
fertilizer industry.

CORCLUSIONS
o1l testing is an effective aid in the preparation of fertilizer recormend-
atione for crops., To promote progress in thie activity the following aspects should

be congidered:

i efforts at the farner level to ensure proper and eagy sapling, mailing of
enil eamples and correct ifnplecaentation of Tertilizer recoimendatioms;

ii. organization of laboratories, to emsure scil analysis capsbilities, and
of programmes to enBure the preatest poesible uniforwity between laboratories;

iii. provieion of up-to-date fertilizer recoumchdations with built=in flexibility
to accormodate epecific caseej

iv. coordination of research intc soil testing and fertilizer recommendations

V. emetant fcollowing up of the use and consequences of scil testing and
fertilizer recovmendatione by Ternere.
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HISTORY OF S0IL ANALYSIS TN THE PHILIFPINES' BURRAU OF SOILS

Soil analyeis had ite heginning in the Fhilippinee in 1939, It etarted ==
one of the activities of a Division of Scil Survey and Conscrvation, the forerunner
of the present Buremt of Soile of the Departoent of Agriculture, The analysis
was concerned with the deterdnation of the total mounts of nitrogen, phosphorus
and potassium present in the soil rather than the available forms of theee elenents
now used as the basie of fertilizer reconmendations,

Soil analysis a8 a rapid soil test was initiated by the above Division in
1947. In 1951, this Division was transformed intc = larger organization, the
Bureau of Soil Survey and Conservation (renamed later =ze the Burem of Soils).
Prom then on, eoil testing setivity was decentralized from Manila, with the creation
of two field soil testing laboratories. In the subsequent yesrs, the nwiber of
so0il laboratories gradelly increased, Today there are 29 laborestories under the
Bureal, of which 14 aore in Luzon, & in Visayae and 7 in Mindanaoc.

Lamzon, Visgyas and Windanao are the three rain divisions or groups into
which the Philippines is subdivided, The whole country ie compozed of 7 107
islands, presently cowprised of 72 provinees, and sub-divided into 12 soils regions
to which the various functions of the Burem are decentralized,

Bach soile region has 2 centrzl laboratory called the regionsl secile lsbora—
tory; other laboratories in 2 region, if =ny, are ‘mown as dietriet lsboratories,
It has been puggested that cnly one laboratory, the rezional laboratory, should be
waintained if only to be assured of better equipped lsboratories, but owing mainly
to difficulties of commmication and traneportation, the laboratories have prolif-
erated to the present wmanber.

Today, seil analysis is = country—wide activity =nd mapport to the food
producticn progracmes of the national governient especially thoee for rice, naize and
feed grains. Other prograumes tc which goil testing is linked are thoee ecncerned
with the production of coconut, tobaceo and other orops, pasture development and
non-agricultural uses such as scil engineering and urban development.

S0IL SAMPLING ANT BQUIPMENT USED

felatively cheap tools and equipnent used in soil easpling are available
locally and present little diffiomlty.

The epade, which is readily availuble cn almeost every farn, is the tool most
widely uscd in soil sampling for eoil testing. 1t is ueed in the fullowing nammer,
After opening a V-ghaped hole in the ground 15 oo deep, & slice 2o thick is teken
from one side, The central portionm (5 o wide) of this slicc constitutes a sib-
ganple. A Bample representative of the ares is & conposite of at least 10 such sub-—
samples, each a8 unifon. =8 possible in dinensions, collected from points evenly
distributed over the area.



District or provincial offices of the Burcan are making increased uee of the
tube suvil sampler, 20 or more core cub-sasiplee from which eonstitute the represent-
ative sanple. 'The use of much samplers ensures the collection of unifor: coree to
forn the corpoBite sauple. The larger muber of sub-samples drawm by this rethed
should more accurately represent the whole area sampled, and ia therefore the | ore
appropriate method to use, especially when collecting saples for research purposee,

ROUTINE SOIL ANALYSIS AND EQUIPMENT USED

Soil Analysie from 1947 to 1967

With the introduction of routine soil analysis as the basis of fertilizer
recommendations in 1947, the following routine soil tests or deterninations were
wade by the rethods specified until 1967. Hitrates and asmoniz, eolorinetric by
the Spurway method (by spot plate and colour chart); pli, by nitrazine paper indica-
tors and later by glass electrode; available P, colorinetric by the wndified Truog
method (by photometer); available ¥, Ca, Mg, Fe ond Mn, eolorinetrie by the Peech
and Fnglish method (by photoneter),

Buremi of Soils and UNSF/FAD Aesistance Projects

From 19603 tc the presemt, development projects on Boil analysis and other
activities such a6 8oil claegificsticr and land use studies have been undertaken
with UNSF and UNDP/FAC assistance in cooperation with the Burem of Soils.

Thezse projects specifically were:

Research and Soil Fertilily Project, 136358
Soil Survey and Classification, 19653=73;
301l 2nd Land Ressurcen Appraicsal and Trsicing Praject, 1971 %o tho srecont.

The ssgistance provided for UTTGFfFf'l.U experts and equipnemt in the variosue
projecte. Thue in 1953, the ten regional scil laburatorics then existing were
recipients of essential laberatory emuipaent from the UNSE o aument and nodernize
exigting laboratory equipcent. Other ermuipeent so supplisd to the s0il testing
programme wags g muber uf UN wvehisles whieh were nsed in the gathering of soil
sanples,

dtudies to correlate sBoil test valuee with bthe yield reeponee of crope to
fertilizers were zlsc conducted under this Project,

In 1367, with the object of reducing the tice inveolved in seil tests
facilitating repid =oil feste and establishing a vore volid basis for fertilizer
racommendations, the Buresu adopted the fullowing scil tests and wethods; soil
texture deteruination by the feel wethod; i deterninntion by glass electrode;
organic uatter by chromic acid digestion and viswal colour cosparison using =
serice of cclour standarde prepared fron dextrose solutions; liwe requirecent by
Qafh. direct trontient '.'LlE't.h-:.if]= aveilaple F h:,.' the Olson and noditod ngéy methods
with "the ume of n eoloricetric photoneter; exchanceable ¥ by the hol mmlphur acid
extraction nethod and flanephotonetric deberninstion, nnd by the cold salphurie
acid extraction e a substitute sethod,

In 1%{6, the Buresy wns again a recipient of omiiprent [or =2il charactor-
izoticn analysis at three labcoratory cenires, one each in luzon, Vieayae and Min-
danno.



THE PAESENT STATUS COF LABORATORY ECUIFHENT

The regional &0il lshoratories each of which is losated at the Regional

Office Headrmuarters in every eoils region, are generally botter emuipped than the
district laboratories.

The regional soils laboratories undertake goil analyeie as the baeig of
Tertilizer recosnandations besides other special laboratory activities such as
fertilizer assay, tests of soil salinity and alkalinity, suitability teete for
irrigation waters, and s0il incculant production. Apart froo the laboratory
equipnent sapplied through UILISF,""F.&U projects, each regional lsboratory is alsc
equipped with a Varian-Techtron stonic sbsorption epectrophotoneter, donated by
the Australisn govertmient.

Most of the district scoil laboratories are equipped Ly the nationzl govern-
ment, a few by the local governuents ant sone by joint provineial-USAID funds,

Itens of equipnent in regional soil leborstories include atonie absorption
spectrophotorneter, [lame photometer, photometric solorixeter, pH reter, dietilling
apparatus, slectric hot plate, shadng nachine; drying coven, analytical apparatus
and muffle furmece, i disiriet laboratory would have: photaelecirie colorimeter,
pH meter, distilling apparatus, electric hot plate, shaking s.achine, analytical
balanece and drying oven.

Of the ftwelve regional laboratories, three are cquipped with fagilities far
g0il inceulant production and anosther three have facilities for physical and chendical
characterization of scila,

Brief Description of Some Equipmant

s Atonie absorption spectroaphotometer = Varian Techtron Model 1700, with
digital read-out.

ii. Flare photoneter — Dr. Lange, Model Moa, In the ¢entral laboratory in
¥anila, the unit is of the ecity zaes type, while in the regional laboratories
the source of fuel is acetylene. & good feature of the apparatus is its
non=clogging type of atoudzer,

iii. Photoelestrio eolorimeter = most of thei are Leitz Hodel M, provided with
a rotating filter disc. A few of the laborztcries have = Japanese type,
rexnzantas of the LE‘{SFKFAD donation,

iwv, pH meter = various maces of pH meter are uged: Becguan, Metroh, Corning
EXL apnd the Japanese TOA TEMPA., A few of the Dacltian and Corning HEL
inetrurents are batiery coperated.

Vs Dictilling apparatus - soue laboraturies are equipped with a Japanese—aade
distilling apparatus and the rest are emipped with n Barnstead ndel.

vi. Hotolatie — almost all the laboratories use Idndbers oodels but o few still
hove Japanese-node anparatue.,

vii, Shaking wachine - twe kinds of shsking iachine are used. {me is the Pisher-
¥han bype mc the other i & Japanese tyno.

viii, Drying oven = there are several cinds of droring cwven: Japanesc skes
of = T ¥
vergent, Pracigion Selentific ond T & T Urdtenp.

ix. Analyticel balz:ce — many of the balences arc of the swinging bea: type,
There are unly five uniie of the electrically operated Mettler .emospan type.



The diverse nakes of equiprent in use by the vearious leboratories present a
problen, especially concerning the acquisition of spare parts and naintenance. In
the district laboratories, the equipment for the deteruination of potaesiun ie the
photo—electric colorimeter, while in the regional laboratories, the flane photometer
i being used. The shaking machines are of wvaricus kinds and the rates of oper-
ation vary somewhat, but this does not affect significantly the amounts of the
glements extracted,

Muach of the exieting laoboratory equiprent is ageing and is due for replace—
rnemt.  Apart fron up-dating this squipnent, we have reccimended and are trying ic
attain wnifornity of eomipment arong laboratories and a full conplement of all items
necessary.



Paper 22 TRAINING NEEDS CF IEVELOPING COUNTRIES IN SOIL TESTING

by

E.J. Thompson
Faoulty of Agrioulture, Univereity of Ghana, Legon, Ghana

TPE OF PERSONNEL WEXIED IN SOTIL TESTING

To plan and superviee the careful execution of field and laboratory tests
a well trained soil scientist is needed., Parthernore the reliability of the
fertilizer reconmendations depends upon the velidity or otherwise of the inter-
pretation put on it. In other words, thie depends on the interpreter hineelf,

Tn interpreting the results of the wvarious tests it ie iwportant that the
operator recoghizes not only that soils vary zreatly in composition and behaviour,
ut the cropes sleo differ greatly in their plant food requirements. It follows
therefore that a fund of basic lmowledge is reruired of the person to whon the
interpretation of s0il tect reewlts im entrusted. Basic dnowledge of the so0il is
acquired by studying the soil in the field, its cropping history and past treatoient
togethor with a chemical analysis to deterine readily available plant food. This
pre-suppocee 2 good grounding in so0il science as well 28 plant physiclogy.

The acouracy and value of the soil test reeults will be deteriined zlso by the
appreciation of the fundacentals involved in the aznpling as well as the analytical
phases of the worlk,

Amy persgon invelved in the drawing of sanples from the field should be able
to differentiate between soil types and smst learn to avoid areas in the field that
are not representative of the field as a whele. It is eof iwportance also that the
gaipler should have s:me conception of what the analyet in the laboratory does with
the scil after he receives it.

Most Boil sauples are collected by or uwnder the inetructione of sore agriculi-
ural agency such as a county agent, soil comservationist, agriculturz] teacher or a
fertilizer concern, In the developing countries, where such institutions are not
well developed, the choice of parsong ie rather restricted. Sapling is ususlly done
by field assistante from expericent etatione cor research institutes. ‘hatever the
case, these persons need tc be irzined to apprecizte the iuportance of the wark they
are doing. The training of such persons will clearly be at a lower lewvel.

In the last few decedes significant advances have been ..ade in the techniques
of laboratory and field experi.entation and t.ore reliable resulis are being obtained
in the developing countrice. Laboratory technicimme or assislants are being beltier
trained Lo carry ocut routine mnalyses of soil swoples. Il requires that these
aperatives understand the purpose for which the analyses are being carried out.

T™ea ascil tests and recormondations used should be frllowed up to deteriine
whether the farner carried out the reococmendation and vhat yields were obtained,
Becmuge detailed fara records ore not Zept in developing countries, etaff of either
the research institutes mnd experinent statiuns or cccasionally agricultfurzl
extension officers carry cut the necessary investigations, Hermbere of the exteneicn
gervices need training in large mupers te enable theo to undertaite these iaportant
duties.
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TRATHING NEEDS OF PERSCNNZL FOR S0IL TESTING

Txperience has shown that 2 well planned organization ig needed if eoil
testing programes arc to produce results of value, Such work camnot be carried out
by individual specialists werldng alone and almest independently, however well
trained and eperienced thay mey be. They need the support of assistants of rany
categories including field nen, laboratory asesistante of all gradee, technicisne to
look after instrunente and equipment ete.  These need to be eupervised by formally
trained perscns whe would not normally be ocnsidered scientific specialists.

Tree general categories of persomnel are therefore required: (a) scientific
adninistrators and soil specisliete; (b) officers whoge duties woeuld consiet uainly
of executive work and technical supervieion and (o) field and laboratory sssictonte.

The first categury of personnel would need Fomial univeraity training at
degree level, the second category womld receive a sub—degree level of training but
at 2 higher diploma level, while the third group would require the lceal prigeary,
secondary or technical training at various levels. Censiderable inportance should
be attached to officers of the mecond category. These represent the sc=called
middle level manpower who are so essential to the muccess of nost programes.
Gchemes for development often appear to enphasize wnduly the need for research.
There met be officere to put the resulis of thie investigational werk to economic
s, The suocessful application of the results of secientific investigation is ae
degerving of respect as ie regearch itself, Thig is particularly important in the
developing countries and ren recruited for technical applicetion of the results of
investigations should be well trained and well naid.

Training of Field and Laboratory Acsiafonts

In the developing countrics trained wcapnpower is ecarce and persons with a
gscientific or technical background are even more scarce, The young person with
goofd soience subjects at the Ordinary Level Schoel Certificete level sooner or later
is likely toc proceed to the Advaneed Sohocl Certificate level and eventually to ome
of the institutions of higher learning. Hxperience in Ghana ie that those who seek
perianent employment in soil testing or other laboratories are those with the least
chance of proceeding heyond the Crdinary Level School Certificate. Jur normal
requirenent is the West African Schocl Certificate or the General Certificate of
Lxamination (G.0.X.)} with 2 pass in a 8seience subject, fziling which a pase in a
science gubject cr such relevont experience as may be judged by the Appointnenis
Committee to be ermivalent,. In certain cases the syste. admite to an apprentice
grade a person with Middle cop Primary School Leoving Certiticate. Such & person
wust posd a Preliuinery SBxacinstion for entering intc the norael strea: within
two years. The Universities in Ghana operate a Thified Schene of Servige for ite
junier staff to which other research institmtione zenerally conforn. The Tange
of categories within this group is as fallows:

i. Technical Apprentice

fualifications: Middle Genool Leaving Certificate. Iaegt pz2eza Prelizdnary
Bxapminatisn within 2 years.

Dutiee: General lsberatory practice under the supervision of = more highly

quelified assistont, e.g. routine cleaning and care of sinple reazents and
equintent, 2 knowledge of safety precimftions =and ginple laboratory nanipals-

tions.
ii.  Technical Assistant Grade IIT

qualifications: Tither the Vest Africon Bchool Certificate or 5,005, with =
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page in a ecience subject or uneuccessful candidates with 2 pass in a science
subject or such relevant experience or =gy be judzed by the Appointnents
Committes to be equivalent.

Duties: General lsboratory practice withuout direct supervieion; and duties

requiring preliminary lmowledge of speelal laboratory techniques relevant to
the Department concerned.

1ii. Technical Aseistent Orade TT

alificatione: As for grade ITT plus a pass in Special Technique Brasdinastions
T and IT and recommendation fros the Head of Deparicent.

Duties: Sindilar to those of Techniczl Aseistant Grade III, the differcncc
between their grades being a atter of cxperience, skill and responsibility.

ive Technical Aesimtant Orade T

Ag for Grede IT plus & paes in the Special Technique Exaninations I, IT and
ITT and reconmendation fron the Head of Departient conecerned,

Ve Aseigtant Technician

fualificatione: Fither the Certificate of the Association of Science Tech—
nologists or the Intermediate Certificate of the City and Guilde of London
Institute (Science Laboratory Technician Ger'tifica.tegr or smich relevant
experience.

Intics: Iuties involve highly spepislized skille in one or two advanced
laboratory techniques; or supervigory and adninistrative responeibility in
the laboratory plus some specislized skills,

Training under the scheme ig organized within the Universitier and is carried
out while on the job. Staff nembere are released cne day a wesk to attend the
lectures and practicale which span three yeare. Candidates spend an averape of
240 hours a year in lectures and practiecsl work, the latter sbsorbing 2 ninimum of
S8 of the time,

The pyllabus ig similar to that of the Inftercediate Certificate of the City
and Guilde of London Inetitute and covers general laboratory technirques which
include procedure, general safety, lsboratory workshop practiccs, and techniques of
phyeice, chemistry and biology. In addition there is a special eyllabus for
technical staff of the Eo0il Science Departient dealing with relevant aspects of
goilg work on which o epecial paper is set in the exmiinations,.

The training echece atteipts toc correct the weak ecientific background of
steff werbers and successful candidates have often advanced to further acade dc
work. The product «f the gchene is a hiphly satisfactory one.

Training of Txecutive snd Technical Superviscry Slaff

In thie category under the mified Scheme of the Uhiversities are three
grades nanely, Chief Technicisn, Senior Technician and Technician, The duties
attached tu the poete are sindilar buil the difference hetween the grodes iz a
matter of experience, exill snd responsibilityr.
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Training programmes are generally arranged with oversesg institutions under
technical aid schenes. gtaff members go on attachrent. The +training igs one of
two Kinde:

ia a coarse of training leading to the Science Laboratory Technicians, Advanced
Certificate of the City and Guilds of London Inetitute in conjunction with
the Institute of Science and Technology or scme other appropriate qualifica-
tion. It coneiete both of training in one or more univereity departinents
and of instmiction taken part—tine in the ftrainees' Tree tine a2t a technical
colleges

ii, a courge of training in epecialized technirmes in a wniversity departoent or
research ingstitution. TFomial inetruction at a technical college may alec
be refquired.

Fresent thinking is that the training at this level shold zlsc be carried
out at University inestitutione at hcoue, It is at this level and in such a schene
that FAO and eponscring agencies could be of help. Such training progranmes
could be arranged regiomally for periode of up to one year, Such prograumes
already exist and can be further expanded. An exaple ie the Internmational
Inetitute of Tropieal Agriculture (ITTA} Training Course for Hesearch and
Extension Supervisors) one has been held for grain legune production in Tropieal
Africa and snother in integrated pest osnagenent, Simtlar gchemes could be
developed to suit people working on scile snd goil testing in particular,

Some of the University institutions in develeoping countries hold a training
programme in agrioulture for the niddle level grade of technician. At She
University of Ohana there is a National Diploma course privarily designed for the
middle level exteneion staff of the Ministry of Agriculture and recently patronized
by staff of the Ministry of Fducation., The course spans two years and in the
seccnd and final year it can be modified $to suit the interests of individual
atudents.

Sirilar courses could be started in cther countries with the help of
interested eponecring agencies. Alternatively students could be sent to institu-
tions in countries where such courses exist for training.

Training of Scientifie Adninietrators and Specialiste

Thig aspect of the training schene prescenls the least difficulty because
trainees are few and can be acconmodated in existing inetitutione.  Generally,
for the first degree at least, training facilities exist in local university
inetitutions in the developing countriee. What iz lacking is adequate poet
graduate training facilities. However, firet degree personnel cean be given on the
job training for = mucber of years after graduation befure going sbrosd fo asquire
more exporience. Alternatively, experienced scientific and techmical staff froo
abroad may be attached to university or research institutions in the varioue
countries where they cen help train potential advwinistrative and specialist staff.
fnother choice ig that of regional training programmes sindilar to the ITTH
training in integrated pest management. This couree included z graduste Lraining
ProgTanme .

CONCLUTING REMARES
T™e Ghanaisn cxanple has been used not becmaee there iz anything unicae or

exenplary shout it, but sieply that it ie ressonably represemtative of the sitnation
in the rest of the developing world,



The need for trained osnpower =t all levela of the seale iz obvious. The
preconditions exist in a munber of caser for the training of pereonnel-manpower,
budding institutions and men of goodwill. It ie to be huped that external agencies
with the lmow how will contimue to help in the developnent of canpower and resources
of these developing countries.
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I THE ORGANIZATION OF S0IL TESTING SERVICES

by

1
G.W. Arnott, FAL0 Scil Analyst J

IR TRODOC TIOW

It appears unmecessary to try to nake a distinection between "developed" and
developing" countries and the tern "Less Developed Countries" (LDC) used by the
Organization for Boononie Cooperation and Developrent {UEGD, 1973) is preferabla,
particularly when there i good reason to exphaeize the similarity of many problems
of development in most parts of the world. ™e foundation and orgenization of
soil testing services ie a cage in pointy problens are sipilar in sost countries,

Before considering the problens mentioned in the fitle of thie paper, the
firet muestion to be mewered is,'"should soil testing services be developed? or
if they already exist, "should they be expanded?', As Chang (1976&) chserved,
it is common to find that although large volunes of malytical data {on scil and
other samples) have been accwmuleted, thepe datzs have seldom been evaluated and
need to interpret the results of field experinents. The very bulk of the data
generated iz the maln difficulty. It ig relatively indigestible without treatnent
and the only really efficient wWay is by couputer proceseing.

S0il teeting services in an LIC usually are part of a conbined effort ainmed
at iuproving the productivity of the snall faruer and hie scoio-econonic standards.
They also nay be established to satisfy the needs of field experinenters in
agricultural resesrch and extension. There nay be a2 need and =2 place for eoil
testing services and their worth will be proved when the demsnd leads to the
establishrent of commerciasl laboratories, as in nany of the nore developed
countries, In an LI it uay tzke neny yeare before this eituation is reached and
the demend makes such laboratories viable.

Whether an LIC decides to fend for iteelf or whether it seeks cutside help
in the development of scil testing servicee uight not affect scue Long tern probless
or the golutions remquired in their estshlishrent and crmanization. The United
Natione Developnent Prograime, USATD, and Bilateral Aid frow varicus Governnents
can be aentioned as having suceossful records in this field. The external add
riay be given either ae a loan or as a gift and, when coupled with foreign advisers,
wsually leads to the rapid establishrent of the services. The losn or gift nmy,
however, only serve tc postpone or even accentuate later problems euch as the
uplteep and replaceuent of equipment, budgeting for cperating costs , and etaff
training and development.

LSTABLISIMONT OF S0IL THSTING SHIVICES

Welech and Weise (1973) considered that scil testing programes can be
divided ints four distinct parte: (i) educationalj (ii) snelytical and lshoratory
operation; (iii) research %o provide correlation or calibration data; (iv) inter—
pretation and recoomendations, In an LDC the soil testing service will usunlly
be estzblished within the Goverrcient Departicnt of Agriculture snd there will be an
exieting infrastructure which can sapport, to a greater or lesser extent, these
four aspects,

l,v‘r Pregent addrees: Soil and Land Regources Appraisal and Training Project, nf-.‘.n e,

P.0, Dox 1864, Manila, Mhilippines.
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The general ain of such a departzent is the production of uore food {or
jndustrizl or export crops) per unit area, a wain input for which is fertilizer
(or manures in general), Prior to the estsblishuent of soil testing cervices it
ie useful to asecss the present use of fertilizers snd the potential increasee in
demand and supply within the country. As Isunadji and Uexiaull (197€) noted, it
ie not B0 long ago that chesmical fertilizer neant srmonium sulphate to the majority
of paddy farmers in Asia. In Indcnesia the paddy farmer is linited to a choice af
ghout four main materials but in Japan more than 3 000 products are wariketed.
e choice of the cerrect fertilizer ie thus beconing increcsinzly difficult,
egpecially for the suall farcer who may prefer to buy the fertilizer with which he
ie most familiar (often regardless of cost and effectiveness) or the fertilizer
which appears cheapeet per bag, or the one which he believes (or ie rade to believe)
is of the best muality. Famers soueiices paid premium prices for certain brands,
or fertilizers dyed red (preferred solely becase red was considered a lucky colour).

These pointe serve to highlicht the useful role which scil testing services
can play but alsc emphagize the problems, The pervices might inelude water and
plant sample smalysis and must be linked to, or backed by, laboratories for
fertilizer quality control (in turn supported by effective fertilizer legielation).
They also rely heavily for their succese on the Advisory or Extension Service with
agronomigts linking the laborateries and their resalts directly tc the farmer,
preferably by personal contact.

The similarity of problens in establishing soil testing services neans that
wmch time and effort can be sawved, and nistskes avoided, by ccoperation and the
transfer of technology and expertise hetween countries. Foreign aid usually has
a good irpact and effectiveness, but it should not be too short in duration at thie
critical stage of establisliient, Apart fron the material eupport, foreign staff
either on loan frow a university or from an international organization need tine
to gain an appreciation and understanding of local problens and to attodn thedir
maximun effectiveness, ‘They should have contimuity of contact although this need
not be contimucus in tice and nay be spread over several years.

It nwight be better to adopt a not too optinietic programme of expaneion ar
proliferation of soil testing services. The poesibilities of future problens in
the four aspects wentioned above {educational, snalytical, correlation, interpreta-
tion and reccrmendations) should be assessed when the sid programme is planned, and
spsistmee zhould be phased sceordingly. A nmore gradual withdrawal of aid than is
custunary for a developing or strengthening progravme may be advigable.

ORGANTALTICH

The development of scil testing services within an egiablished departient ray
involve founding a new Division or Sectiom. A problen common and perhaps inherent
+2 the govermsent esysten is the lack of cooperation ascross divisional boundaries,
Budgeting is by division and it way be eepecially difficult for a new division fo
establish the nececsary cooperative links when Finencing is a facter, The cuccees
of soil testing services depends eo amch on theee ecoperative efforte wilh soil
fertility epecialists, lsboratories for fertiliser ruality cunircl and fur research,
end extension officers, These probless comld be minimised in the new organization
oy adopting the “tea" zpproach vhereny 2 tex~ leader organiges, intesrates and
controels the work of the lsboratories, field exvperiienial officers, extension
officers, econouists and asrcnoudists.
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Although govermment depoarttnents are usually non—profit caking, it 12 desir-
able to instil some of the "oommercial attitude” daring tho-training programss
gnd in the day-to-day wori of staff concerned with Bodil terling szervices.
Efficiency of operations should be high whether cr not fees are charged, ‘here zr-
pros and cons, especially when the main "customers" are s=mall farmers, but a
service is of'ten appreciated the more when the user has to pay. Each moil testins
service should decide For itself, however, whether or not a charge should be made
for the analysin andfbr advizory work,

Another main problem of organirzation for the laboratories as well azm Tield
atafl i3 the uneven flow of zamples (atd thue demand for resultu] throuzhout the
vear., If a fee is charged then ruick szervice is expected and to provide thias, at
peak periods, sets organizational problems concerning staff, ecuipment, methods
selected and tenchnimues of anzlysis, Either the capacity has to be flexible or a
certain percentaze of the resulis has to be delayed. The latter may be feazible
if 2 service is provided for samples from fertiliszer trials, but any delays in
supplying results must be programmed and explained to users,

BUILDINGS AND SERVICLH

Desigzn

Laboratories are seldom desisned well in any country and it is especially
difficult in an LDC to find architects with experience in ouch desisns. As with
other buildings to meet special internal functions, laboratories should be designed
specifically to suit the particular emuipment and space resuired, Yet it is often
the case that a building (even a new uncg ig provided and the soil testing service
is expected to it into the shell, comlete with rooms.

Limitations of zovermment budzgets ard procedures often lead to the acceptance
of the lowest tender, or to construction ir stases tut this can be false economy in
the long run, or even rnot =zo lonz, particularly with lartoratoaries, The firdishk and
fittings need not be lavish (money should not be wasted); they should be functional
tut not spartanly so. The comfort of the mtaff must be consmidered as well as the
efficiency of the working system, and one of ti:e aims should ke to provide pleasant
working conditions. Thia may be one of the main factors related to retainins sood
gtaff.

Planning

Following on from the principle of plamnins laboratories for spesific
remuirements, it is sssential to have a clear idea of what is to be done and the
ecuipment and ataff neesded to do it. OGuidance can be obtained from an erperienced
architect backed by knowledreable secientists, If ar architect erperienced 1n
laboratory desisn is not available, the advice to be fournd in hooks should be
followed. Ior examole, Perguson (1973) in his book "Practical Laboratory Planning®

presents admirably comprehensive information based on many years of practical
EXDEeTienne,

If cemtral and rerional labvoratories are envisared, an overall plan should
be made. Considerable savings are poseible by standardizins units for furniturs
and fittings (laboratory modulea}l and for architects plans and tuildine materials
(modular construction).
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Logation

The choice of locstion is inportant for several reasoncs. If the =so0il
testing service is to serve meinly farmere, there :met be easy access for the
farners or their sanples to the laboratory. Space may he needed for planned
expansion in the Muture. The phyeical relation to other sectors, such as experiicent
or research stations, ie important (a station wight provide the best location} in
that the laboratories shouwld not be isolated frow complementary disciplines.

Te convenience of the location for labeoratory staff should be considered
in matters sach as proxdndty to public transport, access to schools, shops anc
recreation centres. In sBome places il nay be necessary or desirable to provide
houses and/or transport facilities and so on for staff.

Facilities

Fallowing fron the above, seldon is sufficienl consideration given to
factors such as the confort of staff and training/recreational facilities far thei.
Casteneon (19?3} sugrested the provision of =m euployee's lounge and building plans
should include such a lounge and/or canteen-cun—lounge (note that it ie usually
recummended that food should not be consumed in a laboratory). In addition there
should be provision for a conference/training roow, perhaps doubling as & recreation
roong an atiractive, confortable, eound-proofed library; and adequate toilets and
shower room.

Storage space is often inadequate and preparation rooms are usually tuo
emall, both being considered of winor inmportance in bad planning. The latter roons
should have dust extractcrs and Castenson {1973) noted that a snil gterilizer,
traps and screens are needed to mard againet the escape of infestatione such as
seoybean cysat nematodes,

Maintenance and Services

The adequacy or otherwise of elecirieiby and water supplies must be estinated,
If power is inadequate, or irregular, battery-operated instmusents may bhe praferred
and if water is of poor ouality, rain-water storage tanks could be installed (if
the climate ie enitable) or bulk—treatuent plants considered,

The wcet functional or best enited laboratory fituents sy not be readily
available in an LDC and, if need be, plans should include zllowance for the inport-
ation of items such as fure—cupboards and fans, lsboratory taps, large =inke,
wabte disposal channele and effluent traps. Whenever pogesible, uee shomld neverthe-
lezs be encouraged of good quality materials available locally.

Althougn not readily availeble cormercially as yet, solar heating ie an
obvious choice for meet LIC in non-tropieal zones. In tropical countries, solar
heating coculd be used for het water supply and perhaps ae part of ihe energy needed
for water baths and distilled water preparaticonm, In the process it wight alss be
uged for cooling purposes if = suitsble heat—exchange syston were developed,
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The externsal services should include sufficiemtly large effluent trape in
which lsborastory wastes could be trested befure discharge in the public drainsge
gyetemr.

Maintenance of the buildinge =snd services is often a probles, there being
ingufficient snmual budget allowance (if any) made for this. Deterioration can
take place very rapidly and it will affect the efficiency of operations ae well as
the morale of the staff.

S TAFFE

It might be thoushi that an LDC would have & main problen in obtzining
suitably trained staff for the oporation of eocil testing services; but this is nct
alwsys the case. If outside 2id ie given, fellowships are usually included for
the overseas training of senior staff. In addition, there iay be foreign "experte"
who asesist in the estsblishuent of the ecil teeting service and help with cn—the=job
training. What cay be mich nore of a problen in an LDC ie keeping good senior and
junior staff. If the job does nct pay well enough [or satisfy in other ways)
there are many cpportunities for well trained staff to obtain higher paid jobs in
the private sector, or to dransfer o uore semior positicns in other government
departments.

Another main etaff problen, not eonfined tc LDC, i1s the lack of experienced
instruent technicians. Such positione usually fall int: the lower grades within
2 government waze etructure, but it nmight be said that Lhey are worth their weight
in "the emqmivalent of local ourrency." Foreign aid scheies coeasionally are far-
eighted encugh 2nd well planned to include thie grade of staff in their training
DTCETANMSE Emd.,,."'r:r expert assistance. 1t should be recembered that good technicizns
are especially liable to be tenpbed away frou governuent service to the comercizl
sector in an LIDC.

The balance between centralizotion and decentralifzation is sometines swang
t: the latter for reagons other than technical. Iecemtralization, or the prelif-
eration of lshoratories and associsted potivities, ozy be encouraged for the less
adnirable reascne of Binple "empire building® cr s conbination of thiz and the
perhaps ustifisble desire to provide job—opportunities. It wight be argued that
labmur—intensive syetese chould bhe develoved to satisfy the dewande of an lncreasing
flow of graduates froo universities snd diplomates froo technical colleges. Thie
probles hae an influence on the choice of eqmuipsent and is elaborated helow.

SoUTPMESTT

T™e choice of syste.s of analysis nay pose prablese for an LIKC. It uight
appear rost attroctive to inport a "package" mtocated syste. or mtonated
inetrunents fron the Lore developed countrics. These pay be advocated becanse of
{proven) efficiency, less lisbility to human error and, possibly, greater flexibility
of throughout. In fact the LDC might have such a syaten thrust upon thor by the
donor country, snd it nay be accepted for no cther reaszon than it would appear
ungrateful not to de sa. For exanple, direct-reading eaission spectrographs allow
the sinmltanecus deteroination of several elesents in a sanple snd nay be linked
directly to conputer focilities. They zre cxpéneive instrucents ot cmm handle



large murbers of eaples with vindmem lapour end tine. Bt ihe lzbour-inteneive
methods rway be preferred in an LDC where the pane number of sanples edn be handled
with were staff. DTven in the abeence of sophisticated instrunents, it iu possible

to develop systeuns which allow a large outmmt with carmal methode, perhepe aided

by "mutoration" fto the extent of mutoratic dispenzers and diluters which are cperatad
by hand,

As mentioned above, the available water and eleciricity supslies may deter—
rine the schoiee of equipnent. If thers is mny doubt sbout the relisbility of power,
satiery—operated instrusents should be installed wherever possible; most of the
inetranente required in basie s0il testing serviees can be operated Ly 72-volt
batteriee,

4 responasble degrec of standardizatioen of equipaent ie both eseneikle and
desirable, especially where nany lceborstories are to be established. There are
chrrioue advantages in avolding tueo Lany different maltes and nodels, bub the choice
of aquipment suitable for the scil testing service (in a particular LI} calls for
expertise on the part of the plammers, They must have a sound kmowledge of the
methods and techmiquec to be used and of their mggedness, One particular uethad
or technigue nizy be wmore senfitive than another but, Tor the purpases of soil test-
ing serviees, the more ragged cethod {Ycuden and Steiner, 19?j) ey be preferred.
This wmay involve &n  inetrument which is cheaper than another although less
sengltive., An aédditional compideration ie that the nore seneitive (and usually
o e;-:penr:ivej ingtrucent nzy be affected by hunidity, =nd m.i'p-conditi.mingf
dehundidification ey be essential to its Batisfactory cperation,

4 enrvey should be vade of leecal suppliers, coupanies and agents 1o find
which have repair services (it is not eufficient to have coupany tochnical experts
who visit ceccesionally). Donor givern.eénts or agenciee should bear this in .dind
when providing equipnent under a pocliage deal, khatever the shoice of emaipoent
ey be, the s0il testing service should have a well-equipped central store froo
vwhich replacenente can be obtained. For exanple,” if twenty laboretories heve o bo
eqmuipped with pll meters, the ®tore ghould carry twoe or three gpare unite,

Taking the zbove pessivietic but practidal attitude a step further, a
"dusl eyeten of analyticzl procedures night be coneidered for anm LI, sc that the
suxiliary systen could be brousht into operation when the firet faile (because of
instrusent breakdown and sa on).

MISCELLAYEDUS PROBLENS
Boil Samplihg

The irnertance of s0il eanplinz is often streesed but it is difficult For
a snall farver té collect "proper" sasaples, even thoush he is #iven detailed
imstruciions. It ie hetter if the sgroncuiet or cxtension officer has =sesistants
to talte the sauples, Comsidering the lrboar invelved, a cocposite of 10 sub-
sarples is often accepted as sufficient, but this seldor provides a reprecentative
saiple. A minionn of 20 sub—sanples should be recoumended. Sub=-gurface
samnpling will De of incressing iuportance after a few years of fertilizer apniica-
tion when resicunl effecte becone more inportent. Thege requirc.ents e.uphasize
the need for well—designed equinrent which will allow rmiies and soourate sz pling
cf parface and sub-surfase layers. Stainless steel tube—-type sarplers (with =
giit dowm the side to facilitate sanple renovcl) are best for topEoile. Sorew
sugers, although not idesd Tor taldng eamples, allow reascnobly rapid sompling
o sub=-turface layere.
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Agein comsidering the ancunt 5f labour involved in collecting a cunposite
sazple of eoil {or plent .aterial) the inportance cannot be nverstressed of proper
pacldng, labelling and tranepcrtation.

Glasshouse Investigations

It ie a noot point whether or not glasshouse pot-testing should be included
as part of the ecil tesiing eervice development, btut ss long as the linitatione
are horne in nind (and too definitive extrapslations aveided) the technique is
convenient, especially for couparative purpoeee. Bulk soil samples can be taken
from widely distant areas, gathered tiogether under the sane roof, and mubjesied 4
the same, unifornm treatuents, allowing a rapid and well-controlled cosparison and
eptablishrent of mein differentials. If it is decided that glasshouses shoyld
be established, their design, the worc o be done, and the equipment needed remi:
careful consideration.

When properly conduoted, glasshouse investigations can provide a useful link
between the leboratory eoil teets and field experinents.

Field Experiments

Although the glasehouse stage mizht be coitted, the field experiuental etage
camct.  Without the resulte of field experirents the recormendatione of sedil
testing mervices will contain a very larze elenens of muessworic, Cooperation with
soil fertility specizaliste is reruired to plan & networg of ficld experimenze.
Depigne and techniques were descrived in FAO Soils Bulletin No,11 (1972). More
cuiaplex but rore poverful designs wore described by colwell (197.) tut theee qay
ve better used on hxperi:ent Statiuvns hecmise they recmire vore plots than the
nomial "Trials on Farcers' Fields" and = coneetuensly greater degree of control =ad
cupervieion, hether the experinents are done on farsers' fields, or on Zxperisent
Stations, or && 2 cosbination of the 4w, does not leecen <he need fir repe.itiom
on the same site, preferably fur at least three or four years, This reuirerent
is often overlooked and it can raise spacicl problems in budgeting and plenning.

It does enphasize, however, the dangers of starting with too nany experivents
(with the scecupanying problens of logimties)., It is betier to have a sodest
programme of say L0 well-éupervriced 4riale with an averwre cocffieient of
variatiun of 20 percent than 00 frials with an average OV of 50 percent.

Unlese there ie a relisble cormercial source of chendieal fertilizers, the
mapplies for field experiients should be analysed by the Fertilizer Juality Contrel
Laboratory tc check the couposition and ensure uniformity of veterials tc be usgsd
in the field experinents.

Further support to the soil testing serviee and fertilizer experi.ent
progracme should be provided by plont and water—quality analveis laboratopies and
the input/output of these should be an integrzl sonsideraticn =f the servico.

CDn‘II:;il__G_f'_Iipﬁz_‘u ratories

If there azre Central and Ferional Laboratories in the soil testing service,
the syste: of control of accurecy and precision i1s of pararount irportance, 1t
right be thousht that in e field such as muian medioine the acourscy and precisicn
of medical laboratories would be above question, but this is apparently nut aoj
it hae heen reported that cceuracy snd presision way be noor and grose errirs cowizon,
The soil tester nay foel the eafer, in that the dector or the patient cannat oue for
dasages, and it ie Ltrue that the plant (low=yielding or cven dead) cannol answer
Wack; but the farrer can, if only in losing faith in the service spd zovice provided,
‘Thie :nst be avoided and results and recormendations ruet de careflly exs ined before
wE LT FIVE ),
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Ixtension/Advisory Services

The important place of the Extension/Advisory ®ervice cannot be over-
emphasized. It should for the direct link to the individual farner or to Tarmers’
organizations, The advisory officers must avoid the nistaken assampticon {vides
Ulbricht, 1976) of the illiterate, ignorant peasant farwer. The spall farmer has
an intimate lmowledge of his land and usuwally sppreciates and aceepts advice on how
to increase his yields, but hae to be convinced that he shculd accept this advice,
Te field eyperiment way need toc be carried a stage further, to the demonstration
plot, before this advice ir readily accepted.

Prior to deciding the fertilizer reconmendation, a technical cfficer should
collect information about ercpping hietory and previous trestnents, =cil snalyses,
erope to be growm and rotations with other crops.

Research

If the "te=u" approach is not established in soil testing services, there
iz the danger that the service becoies isclated fron research activities. They
ghculd be conplementery. Ceses of insufficient or non-response to reconmendations
ghould be discuseed with research officers. Special problem so0iles may be identified
in this way. Un the other hand, although scil testing services concern themselves
mainly with the wore commonly ueed fertilizers (or with those woet readily available),
they ghould pay attention to the use and effects of "fertilizers and fertilizer
gysters of the future" which may be part of the research progranme. Fxariplas ared
the poesible use of sulphur—coated urea; other snlphur—coated or encapsulated
sitraighte or coupounds; slowly available forme of nitrogen (and phosphorue and
potassiun); minor element "fritted" conplexesj and the possible development of
H-fixing (though non-leguninous) varieties.

Research ained at reducing the dependence of an LIC on isported (il based
mapufacture) fertilizer naterials is of lonz—tern importance to soil testing
pervices, Adnittedly the wain coneern at present ie with NPY requirenents, the nost
important of which is nitrogen. fezearch sad ecil testing servieces should conbine
in the study of .amrineg systene tailored to suit local conditions, and zdned at
lesegening dependence on irported naterials,

S0IL TESTING SEAVICES IN THE PHILIPPINES

F0il testing eervices in the Philippines were gptarted in 1947. Daring the
period 1363-69 2 United Nationes Speeial Fund Project assisted with the strengthening
and expansicm of these gervices and related aspects. It iz interesting to review
the present eituation to see how suecessfully problens were solved and which have
recurred or developed smd still require gclution.,

The project wae sunocegsful in i1mproving nethods and servieces in eleven
laboratories, in establishing a wiide network of field experinenis and in integrating
the findinge of field and lsboratory work $o the stage of advisary services, The
s20il cherist of the Project, Ir. 5.C. Chang, nzde geveral recoomendations in hie
report (Chang, 1967) and some of these ars roted below with comments about the
pregent situation.

1 inerease in mwber of laboratories was not encoursged, it being reconmended
to integrate all the field lsboratories into eight sain centres, Tuing to
the derands from districts to have their owm serviece, the nuw ber cof labora—
tories has increased from 17 in 1967 to 29 in 1977 {(including four founded
by Provincial Development Assistance Pro;{'ra::;:r;e.B}. Tig expansion has
aggravated problens of equipment, eapplies, operational funds, supervision
end control of work and staff training, and of cooperation with reseazrch and
exteneion officers.
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it. the training prograsme should be strengthened, with epphasie on the training
of research leadere. Good progress has been rade with training coureee for
laborastory staff although the sheer weight of muibere has posed financial
problems and too great a demand om the tine and efforts of the liwited nwiber
of senior etaff. Potential research leaders have been trained by fellowships
sghroad, but many or most of then have subsemiently been attracted away from
the Buresu of Soils by cffere of better salaries andfor batter cpportunities,
Te Scil Pertility snd Research THvisiong were particularly hard hit in this

WEY .

$4i. etrong recoumendations were pade for olose linke with research and for joint
work with research and soil Tertility divieicns. The FPhilippine Council

for Agrioultural Regearch was established and this has done nuch to rationalise

agricoultural research effort. Within the Buresm there is still roon for
improvenent in cooperative work anong divisions. A main constraint ie the
lacik of funds which has affected =11 aspecie. Mevertheless, the sitfuation
ig improving and, if the "Tea: Leader plue Tean'" approach were esteblished
to oross divisional boundaries, even better progress could be nade.

Some other aspects which reflect the institutional and organizational problems
of =o0il testing services in the Thilippines are cutlined in the next scetions,

Buildings

Limited funde for building led tc the use of the cheapest nateriale in sany
cases and maintenance has been a problem. Rehabilitation is required anc is being
inplemented.

Plane for new Central Loboratories reflect the lack of the architecte!’
experience in lshoratory design and the resirictions inposed by having to fit
labkoratories into a pre—conceived exterior desizn.

Locations are usually good in that the lsboratories are attached to the
Bureau of Scile Offices where the etaff have contaect with officers from other
divisions, but the laboratories are seldos linked to experiiental stations, urban
logations being preferred beczuse of water and eleciriecity supplies and other
facilities.

Deepite their urban location, wany lahoratories have poor water and electri-
city supplies snd this hag interfered seriously with instruments and worig outpat.

In general the equiprnent has lagted well but nany instruwients are reaching
the stage of aluost being beyund repair (sSpare parts being unavailable) and
replacenents are neesded zlthough uncbtainshle for lack of Tande, On the ather
hand, the Provincial Development Agsiztance Progracme funds have often been spent
on ill-suited itens, the Purean of Seils not having been consulted on details of
maices @nd medels, Thie has led to an undesirable corplexity of different tyones
of instru.ents.

A good development hae  been that of o NMainterznce Section althouph their
efforte are often frustrated by lack of espares, tools, instraient kits for repairs
and nany missellaneocus iterns required in a well-emuipned workehop.

Staff

The logs of well—trained muolified staff has heen nentioned above, (nece
egain, this can be ascribed Lo budget liritations which, in fact, affcet =211 levels



of staff. There are insufficient "pernanent" staff positions and many are employed
on a temporary basis. 'This is not good For staff worale or contimuity of reliable
cutput and lezds to resignations and many inter—sectiosnal transfers.

9. COMCLUSIONS

Tere have been development and organizational problens in the scil testing
parvices of the Philippines but the services are well established and have gained
very good acceptance by farners.

e probleme are recognized and the sclutions to wost of them are mown.
Financial limitations are a nain restraint postponing their solution, but these
financial probleus of the Buremi reflect the abmorually difficult few years through
which the country as a whule has been paseing. The Philippines are not alene in
this respect, however, and all countries look forward fo the resargence of world
eeoncmy which will allow expansion of their development programmes in such icportant
fields as soil testing services.
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