FAD SDILS BULLETIN 3?

improved use
of

FOOD AND AGRICULTURE ORGAMIZATION
OF THE UNITED MATIONS ROME



CONTENTS

[List of Pigures |

|List of 'Ta.hleal

[T INTROTUC TION |
[1I RECOMMEN DA TIONS |
[T1T WORKING PAPERS |

1,

Problem areas and possibilities of nore
efficient fertilizer use
Ssh. Barber

Fertilization decieicn model - 2 gynthesie of
8ril and plant parameters in a computerized programme
U. Kafkafi, B. Bar-Yosef and Aviva Hadas

Nitrogen transformations and behaviour in soils in
relation to nitrogen availability for crops
3. Stanford

Potassium efficiency in tropical and subtropical
conditions
H. Beringer

Availability of secondary and micromutrients for crops
M. SillanpHd

501l management with respect to liming, mamuring and
other soil amendments in East Africa
S.0. Keya

Role of soil testing for improved mutrient efficiency
A. Finck

Recent research and advances in characteriszation of
genotyple differences in ion uptake and ion
apsimilation efficiency

F. van Egmond

Cropping systems for efficient fertilizer use
D.J. Oreenland

10.

Crop performance and soil mutrient potential
0, Talibudeen and M.B, Page

11,

Hethods of fertilizer application for increasing
fertilizer efficiency
J. Velly

11

33

i

.#]

L

100



12.

Present probleme of fertiliszer use on grain crops
A, Tanzka

13,

The use of isctopes and radiation in studies on the
efficient use of fertilizers
D4, Netheinghe

14.

New aspects of fertilizer technology in better
exploitation of plant mutrients
H.C. Horn

Thi

ftecent developmentes in fertilizer technology on nitrogen
K. Isermann

1a,

New phosphatic fertilizers
JoHe Angisux

[APPENDIX T

Prograxnﬂ

|APFEHEIX II

Iigt of Participants

Page

114

125

135

143

149

151



9.

10,

14,

15.

14,

LIST OF FIGIRES

Potassium uptake by wheat throughout the growing eeason
T™e nitrogen cycle in agriculture

Recovery of labelled N by cats and two eunccessive cropes of
dudan grase and anounts of residual organic N, derived from
fertiliser, renaining in seil after cropping. Adapted from
Legg and Allison (1967). Data represent wean of 12 soils

Maize grain yields and percentage recovery of applied labelled
N in relation to tillage methed and W application rate.
(Unpublished data obtained in 1976 fron cooperative experinents
with V,A, Bandel)

NOL-N found after 3 successive years of maize on Sharpsbure
ai%t lozm as affeected by W rate and irrigation lewvel,
Tollowing several years of lucerne

Residual nitrate N in root zone before planting in relation
to W uptake by irrigeted sugarbeet in southern Idaho
(Stanford et al 1977)

Long term average maize yield response to applied W fertilizer

and residual NGE—N in the soil fellowing 10 years of annual
N application

Simplified disgram of ¥ dynamics in poil

Iry matter production of consecutive ryegrass cuts and
changes in K concentration of soil solution (Memeth
and Grimme 1974)

Bxchangesble K contents after one week of diffugion in a
go0il at different scil moipture levels in relation to
digtance from an absorbing sarface

Methods for extracting different fractione of available
nutrients (Finck 1970)

Helationship between soil tesy K and relative yields of
erops (Cope and Rouse 1973)

Relationehip between water scluble P in scils and econcmic
optimim anount of P fertilizer for potatoes in the
Netherlands (Ris and van Luit 1973)

Nitrogen flow in the plant

Mfferences between the results of the complete and
no=-iron treatments

Lffect of applied nitrate on the OH or gt producticn
of the plant

Page

32

3z

34

36

36

42

44

T3

T4



17.

18,
19,

21.

22.

23,

24.

25.

26,

2.

3.

D

Effect of soil potassium potential (cal/mole) on the growth
characteristice of perennial ryegrass (523) in a controlled
environment. (%, Exhamstiony 2, response; 3, optimun; and
4, luxury and toric patantialss

Spot injector for granular chemicals (single rod)
Spot injector for granular chemicals (double rod)

Schematic drawing of push—type deep placenent applicator
for granular chemicals. The applicator opens a furrow,
deposite the chemical below the so0il surface and closes
the furrow

Relation between level of fertilizer application and grain
yield of rice (paddy) and maize

Response of maize in grain yield to nitrogen application
at different plant specings

Average nitrogen responses for improved and non-improved
varieties based on 195 curves, by crop season, 19006=72
(IRRT 19731)

Responge of various rice varieties in grain yield to nitrogen

application (Hokkaido University 1976)

Nitrogen absorption pattern during the growth of riece
plante grown on different soile (Shiga et al. 1974)

Orain yield and amount of nitrogen accumlation in plants
of two soyabean lines at different nitrogen levels

LIST OF TABLES

Iifferences between maize cultivars in the root paraneters
that affect nutrient uptake

[ry matter accurmlation by maize and phosphate content
during the firet month of growth in the field, as affected
by scil nitrate and phoephate levels

Effect of soil phosphate level on mumber of tillera and
spikelets and on straw and grain yielde of a senj-—dwarf
wheat with various levels of nitrogen fertilization

Relation between (A), exchangeable K and (B), K additions
on the K concentration in the soil esolution of eoil types
with comparable clay content.

Influence of clay content and vegetation on K dynamice in
soils of Chana, Means of 48 samples

Page

89
110

10

10

116

117

19

19

121

123

12

14

43

46



9s

10,

11,

12,

13.

14.

15,

164

17.

18,

149.

21.

22,

Effect of WPK on additional grain yield (t/ha) of flooded rice
grown for five successive years (dry season data, average of
31 experiment stations in the Philippines and of 3 cultivara]

Effect of split dressings of ¥ on rice yield and disease
attack (meane of 2 seasons ut 3 sites)

Relationship between mobility and availability of nutrient
forms in soil

Calibration of soil tests for availsble manganese in Egypt
{correlation with lin content of soyabeans)

Range of soil nutrient status in relation o crop yield and
fertilizer requirement

Fertilizer recoveries in continuoues wheat and rotation
experiments, Rothamsted, U.K.

Critical SNP values for the growth of various crops at 25° ¢
(cal/mole)

Critical concentrations and the equivalent che:sical potentials
(in parentheses) for the growth of various crops in flowing
mitrient eulture solutions

Effect of rate and timing of applicatione of urea to rice on
losges of nitrogen from the plant-soil syeten

Highest country yield, average of top 10 count gielda and
world average yield of various grain crops (kg;ﬁa « (Highest
of 1972-74)

Amoant and efficieney of absorbed nitrogen relative to ain
production of three rice varieties (Hokkaido Univ. 19?6§T

Percentage recovery of fertiliser W in Sudan grass as
estimated by the difference and H-1% isotope methods

Placement of phosphorus - relative effects on the percentage
of P in plents derived from fertilizer (d.f.f.) and fro
yield (M) by difference method

wffect of time of application of N to maize on fertilizer
N uptake measared by two nethods

Percentage uptake of W from fertilizer applied to maize
in a band at seeding, measured by two mnethods

Relative availability of rock phosphate (33 phosphorus
pentoxide) and monocaleiwn phosphate as eources of P
for ryegraes during the firet month of growth

Conparison of various natural phosphate sources for rice with
superphosphate as a labelled standard

Page

47

47

61

54

65

78

91

92

103

115

118

128

129

1

131

133

133



I. INTRODUCTION

FAO, in contact with the countries which it serves, has becoue increasingly
aware of the very considerable loss of plant nutrients which still cccurs when
they arc applied to the field, particularly in developing countries.

With this point in view, PAO organized an Expert Consultation in April 1977,
with participante frow countries eonsuming both a high and law cuontity of fertilizer,
to identify poseibilities for a nore inteneive and raticnzl utilization of the
valuavle plant nutrients in wineral and ocrganic fertilizers, with enphasis on
conditions in developing countries. The coneclusions reached schould serve interected
countries as & guide for follow-up activitiee in the ucre rational use of plant
mitrients at the research =nd practical level,

The programme of the Consultation included three wzin sections:

= Soils in relation o the efficiency of fertilizer usej; this point dealt
with the cquantitztive prediction of fertilizer dewand, gaing and
losses of soil nitrogen and potassiw. efficiency under various conditions,
and effecte of secondary and wiecro mutrienis, soil i.anagesent =nd the role
of soll testing in iuproved matricnt efficicncy.

- Planits in relation %o the efficiency of fertilizer uese, including iteus
of irom wptake and assiwilation efficiency, cropping syste.s, methods of
fertilizer application mnd the use ol isctopes in studiee on the effieient
use of fertilizers.

- Pertilizer technology dealing with new aspects of coupounding, coating and
conditioning and other recent developménts in relation to nitrogen, phospherus
and potassiw: fertilizers,

The lerking Groups at the Consultation nade a nuwiber of recormendations and
puggested suldelines under the uain headings:  research, scil teesting, fersiliser
forrulations and cultural practices. Under thie ite, the participante were
convinced that in all these fields there are estill =aple possibilities for
i.proveient and for sokinz the costly and souctires scarce plant rmitrients i.ore
efficient and their use nore econoniec.

T™is publicotion in the series of PAD Soils Bulletine is considered as n
gource of inforwation and a muide for spplied research and praclice-oriented field
activities, espeeially in developing countries. It is not, however, intended {u be
a publication for basic research.

FAC's Soil Resources, MNanagement and Conservation Service will be pleased
to deal with any cqueries in connection with this publication,
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1I.  RECOMMENDATIONS

The efficient use of fertilizers and eoil nutrients requires the

imowledge of basioc data on soil, climate and soil mutrient statnsy the basic
soil data required are pH, texture, organic matter and soll type. Keeping
these facte in mind, the Expert Consultation made the following recommendationsi

RESEARCH

1e

24

3

44

Se

Pertilizer Nitrogen

It ie recommended that investigatione should especially be made on the
problem of poor recovery of fertilizer nitrogen,

Soil Acidity

Hesearch ie needed to determine what economic methods exist for controlling
the increasse of soll acidity. Where higher quantities of mineral
fertilizers are used, the need to balance the acidifying effects of the
fertiligers should be recognized, and methode of balancing acidity
established.

Plant 2

Plant characteristios have an important influence on the efficiency of
fertilizer recovery. Root morphology, harvest index and other
characteristice are involved, Saleotion of plant types should be made
not only in terms of high response teo fertilizers, but alse in terme of
efficient use of mutrients and their effects on acidity.

Cropping Systems

Fertilizer efficiency should be esesesped in terme of the cropping syetem
a8 & whole, insluding systems involving tillage and neo tillage. There

i a major need for studies of fertilizer efficlency in miltiple cropping
systeme involving inter and relay cropping.

Tracer and other methods coupled with long term oropping system experiments
are recommended for evaluating fertilizer efficiency.

Crop RHegidues

Fertilizer efficiency should be assessed in the context of conservation
of all crop residues on or in the seil, and use of fertilizere should be
developed taking into account methode for conservation of all reeidues
arising in the cropping system.

Nitrogen Fixatlon

The requirement for nitrogen fertilizers in any cropping syetem can be
retuced by including legumes among the crops, aleoc pasture and cover

crop legumes, Further research on methods to assese the contribution of
nitrogen by the legumes to the system is needed, The effeot of inter-
potion between mutrients and other factors on nitrogen fixation is important
end also requires further study.



Although it is realized that the requirement for nitrogen fertilizers

may be reduced by non-symbiotic fixation, it is stressed that further basie
research is required to establish the factors which control the contribution
to a oropping system. ‘The contribution by algae, for example, is important
in paddy rice production, and atteniion should be given to proper
fertilization of rice to allow the optimum contribution from biological
nitrogen fixation.

B, SO0IL TESTING

Measuremente of soil matrient status are usually required., In order of

importance, they are:

2

i, masro—mutriente = N,P,X and, in special inetanaes, Ca, ¥g and 5
ii. micro-nmutrients ~ deficiency and toxiecity need to be assessad.
Macro=Rutrientse

N = Houtine testing i=s not recommended, but appropriate tests should
be made on research eites where N ig being studied, Recommendations
for N usage for particular erops should be based on yield response
experiments, modified for soil type and climatic conditions, assuming
that effective methods of application are used,

P — Routine testing is recommended. The method used should be selected
on the basis of soil type related to ite successful use on gimilar
soil types, Local field experimente to evaluate the iest are
egaential,

K = Recommendatione are the same as for P, except that in the more arid
areas, testing may not be necessary,

Ca~ Houtine pH measurements and crop requirements should be used as =
guide te liming remuirements,

Yz, 5, and Micro=lfutrients

Routine testing is not generally recommended except in problem areas,
ARecommendations should be based on vieual crop symptoms and, where
poeeible, local experiments. In addition, plent analysis may supplement
soil testing,

C. FERTILIZ=E PORMULATIONS

Te

Aock Phosphate

Uromnd rock phosphate is often the cheapest form of phosphate fertilizer
available and provides phosphorus, and aleo a liming effect, in soils of
oH bhelow 5. Some ground rock phoephates have been shown to give good
erop respenee, Ite uge should alwsye be considered when developing
fertilizer programmes in areas where highly acid soils predominate.
Fartial acidulation may be necessary to aseist early crop growth.
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Controlled Helease Fertilizers

Pregently available slow release fertilizers are mostly uneconomic in
ourrent circumstances, except for hishly specialized use., However,
adventages in terms of fertilizer efficiency may be offered by "superpellet®
or "bricquette" technigues which hawve sinilar advantazes $o the mud bHall
technique, Further research on preparation of sinple and compound
fertilizers in thie form is required, and siudies of their efficiency for
rign and other crops.

Compound Fertilizers

Wnere compound fertilizers are used, more stress should be put on checking
that the mutrient retics correspond to the actual requirements,

e CULTURAL PRACTICHS

Avplication Methods — Placement

These metheds are suggested Lo increase fertilirer efficiency and winimise
fertilizer loss:

H = Flooded rice = for pre-plant and ai planting, place at 5-10 om depth;
subseruently, at pavicle primordial initialion stage — broadocasty
2lvays use ammonium forming fertilizers,

= 0Other crope = apply #o that the Fertilizer ie in the moiat =soil in
the root rmone when the plant needs i+,

= Hegovery of nitrogen fertilisers in flooded rice production i=s
commenly less than 509 and further studies of apnlication methods
which may minimize losses through; e.z. denitrification, are needed
in rice cultivation and aleo in the production of other crops,

F = All ecrope — with apidulated phosphates, recommendations are as for
nitrogen on upland soils. 1In soils that immobilize P strongly,
mixing with the soil should be restricted., With rock phosphates,
finely divided Torme should be used on acid soils and mixed
thoroughly. 4dditional repearch on phoephate placement is needed
to obtain more effective utilization by specific crons,

K = FHRecommendations are the same as thoge for acidulased phosphates for
all croos.

Ca = n arid seile, 1iming materials should be mixed with the top soil.
On saline roils, gypsum should be broadeast with swbsequent irrigation

He, 8 and Micro=Mutriernts = Methode should be evaluated locally,

Timing

Pertilizer efficiency is wvery dependent on proner timing of application
with reepect to the develonment of the »lant, partiealarly irn the tropins,
Too ezrly application of nitroszen ie particularly likely %o lead o
inefficiency in oroo uptake,



4.

Soil Acididt

In any fertilizer development programme, very careful consideration should
he given to the longer—tierm effects likely to arise from acidification
aegociated with inereased removal of basic cations by crops, and the
affects of the fertilizer. This is partioularly important where
fertilirzers containing ammeonium are used,

30il Erosion

A major factor reducing the efficiency of fertilizer is soil erosion. In
any fertilizer development programme it is essential that the cropping
gyatem should be established in such a way that erosion is controlled.
Zero tillage with mulch practices have particular advantages in this
respect in the humid tropies, and the importance of maintaining
satisfactory levels of organic matter in some eoils should be recognized.

Other Cultural Practices

Appropriate ocultural practices, e.z. timely planting, have a major effect
on efficiency of fertilizer use.

TRATNING

The need for intensified training of regearch and extension personnel ie

stresged in the field of efficient use of plant nutrient sources.



IV. WORKING PAPERS

Faper 1 PROBLEN AREAS ANWD POSSIBILITIES OF MORE EFFICIENT FERTILIZER USE

2.1

2e2

E-j'

S5.4. Barber
Pordue University, Lafayetie, Indiana, U.E.A.
INTROTUC TION

Recent risee in the cost of fertilizer make it particularly important to use
fertilizer nutrients as effectively as poseible so that limited purchases of
fertilizer will produce as large an increase in foodstuffe as poesible.

This paper refers to some of the principles that determine efficiency of
uge of a fertilizer maitrient and suggests ways in which present practices may be
changed in order to increase efficiency.

In the present context fertilizer efficiency is defined as the amount of
increase in yield of the harvested portion of the crop per unit of fertilizer
natrient applied, Clearly it is dependent on the efficiency of recovery of the
mitrient from the soil and the uese to which it is put by the plant. While
efficiency mey often. be highest at low rates of application and decrease as the
rate ie increased, the aspect to be examined is that of obtaining greater yields
from the same rate of applied fertilizer by changing practices. Many of the
detaile have been publisghed by the American Society of Agronomy in Special
Publication No,26 (Barber, 1976). Sections of this publication are summarized as
followe.

HECOVERY AND EFFICIENGY OF USE OF PLANT NUTRIENTS IN THE 50IL

Current Efficiency of Fertilizer Uptake

The mobility of W in the so0il usually resulte in a relatively high degree of
efficiency of uptake (50% or more), so uptake ie capable of being increased by a
factor of about 2,

Phosphorous uptake by the first crop is usually below 106 and in etill
emaller amounts by subseguent crops. There is much scope for improvement.

Potassium uptake is intermediate between that of N and P at 20-40%.

Inereasing Efficiency of Fertilisger Uptake by Crops

Mutriente reach the surface of the plant reot by mass flow and diffusion.
Mase flow provides much of the N but relatively little of the P and K. The
dietance that ¥ can move by diffus=ion ie muech greater than that of F and ¥. The
diffusion coefficients of N, P and K are fairly closely related to the efficiences
of their uptake. Root haire contribute more to P uptake than to ¥ uptake as P
diffuses less far than K.

Model for Evaluating Uptake

4 mathematical model has been developed (Classsen and Barber 1975) by the
use of which it ie poeeible to study the effect and interaction of the main
plant and soil parametere determining nutrient uptake,
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Seil Factore Influencing Fertiliser Efficiency

The diffusion coefficient (Nye 1968) probably has a greater effect on the
rate of mutrient supply to the plant than mutrient concentratiori in the esoil
solution and buffering capacity, but ite magnitude is affected by buffering
capacity and two other parameters,

Flant Factors that Influence Fertilizer Efficiency

Flant breeders may have some opportunity to change plant root syetéms so
as to increase the efficiency of fertilizer use., Improvements possibly lie in
the development of plants with higher mutrient uptakes from more eomcentrated soil
solutions, a denser root system, more numerous and longer root hairs and, perhaps,
with mycorrhizal infections (Jerdemann 1974) and more abundant root exudates
(Riley end Barber 1971).

Flux Parameters that Influence Uptake Efficiency of each Nuirient

The root eystem has characteristics which are likely to favour the uptake
of N,F and X indiwvidually. Desirable features are: for N, abundant roots with
a high rate of N sbsorption;y for P, an extensive root system with numerous long
root haire, and for K abundant roote at high deneity in the soil.

Modifying the Seoil to Improve Fertilizer Efficiency

Modifications to improve P uptake include reduction of the tuffering
capacity to reduce adsorption and increase the diffusion coefficients, and
ad justing the pH to reduce P fixation and increase the P concentration in the
goil solution, K uptake can be improved by decreasing the buffering capacity.

Combining Plant and Soil Effects

Changing the method of placement of fertilizer holde some promise of
improvement., Broadcasting P and K tends to lead to high fixation and high buffer
capacity. An intermediate method of bands ploughed in is suggested (Barber 1974).

Efficiency of Fertiliser Use after Uptake

Examplee were given of how planting date may affect the proportion of grain
to straw without greatly changing total dry matter production, and of how timing
of the application of fertilizer affects grain production.

Chemical Methods of Controlling Nutrient Forms and Influencing Efficiency

Nitrapyrin has been used to check the activity of Nitrosomonas and so
extend the period during which ammonium nitrogen remaine in that form and ie not
liable to leaching losses.

Reducing Nitrogen Need by Developing More Crope for Symbiotic Nitrogen Fixation

Somatic hybridization (Camberg et al 1974) may one day enable non-leguminous
crope to be bred which would be capable of fixing nitrogen.

IEVELOPING VARIETIES WITH MORE EFFICIENT FERTILIZER UPTAKE CHARACTERISTICS

Little research has been done on altering plant root systems so that they
more effectively absorb applied or naturally occurring nutriente., In developing



countries, it may be important to get efficient use of mutriente where so0il levele
are low, Some results of preliminary experiments with maize (Neilson, personal
commnication) are given in Table 1,

Table 1 IIFFERENCES BETWEEN MAIZE CULTIVARS IN ROOT PARAMETERS AFFECTING
NUTRIENT UPTAKE

i/ 2/
ov, Root length (m) per gramme of . A
Shoot Hoot on el M
HBa T«9 48,6 0.76 0.29
AB19 10.1 81.0 0.3 0.49

1/ The maximam rate roots will absorb P

2/ e concentration in solution at which net P uptake ceases,

Root length per gramme of roct and per gramme of shoot varied widely, as did
the macdmum P absorption and the minimum concentration to which the roots could
reduce the P in solution. While high I occurred with the least root length,
the range present indicates a potential BEE developing more efficient cultivara,

In order to facilitate the breeding of new omltivars with greater ability
to absorb matriente, research is needed on matters such as the following: the
degree of variability of root systems within a species; how the root systen
should be modified; the type of root system needed by various plant species; the
biclogical mechanism within the plant that regulates the rate of mutrient
absorption per unit area of root; the regulation of the rate and naturs of root
growth; +the regulation of the incidence of root hair length and growth, and the
determination of the degree of infection of roots with mycorrhiza.

Related to the same mim is the need for information on the physical and
chemical properties of the soil that influence the extent and morphology of the
root system and whether the soil can be modified to reduce its buffer capacity
for P and K and increase the flux of mutrients to the root,
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Faper 2 FERTILIZATION IECISICON MOIEL — A SYNTHESIS OF SOIL AND PLANT

2

PARAMETERS IN A COMPUTERIZED PROGRAMME

U. Kafkafi, B; Bar-Yosef and Aviva Hadas

Institute of Soil and Water, Te Voloani Centre, Bet-Dagan, Israel

T TRO DOG TLONW

The growth of plants depends on many factors such se water snd mutrient
supply, disease control, temperature and radiation, Apmuming "optimum supply of
water and mitrients" De Wit (1958) calculated the potentiaml dry matter production
(PIMP) in esch world climatic zome. Although the potential yielde are known, the
actual yields everywhere are far less (Burringh et al 1975). The main problem
ie the practiocal application of the "optimum supply of water and mutrienta" to
various seil types and crops. The efforte needed to maintein optimum conditione
are often so costly that achieving PIMFP is uneconomiec, In forage grasses, the
harvested portion of the crop represents the total dry matier production
(exocluding the roots), For crope that grow continuously on the same field and
are harvested periodically, the control and correction of thelr nmutrient etatue
cen be aoccomplished by interpreting correctly their leaf analyeis. A flow chart
for the evaluation of the macromitrient status of grass plants and fertilization
recommendations was suggested by De Wit et al (1963)., For anmual crops,
fertilization decisione are taken before eeeding and are usually based on soil
tests (Olsen et al 1954; Esdaile and Colwell 19633 Sadsn et al (1969) correlated
with yield obtained during several years of field work. While such tests are goog
for the relatively non-mobile mutrients, phosphate and potassium (Bray 1963), no
correlation for initial seil nitrogen hae been established, More nitrogen than
any other nutrient is taken up by plants (Epstein 1972), and its uptake is
proportional fto ite oconcentration in the eoil selution tﬂmith 1976) . However,
the nitrate concentration in the msoil sclution under a growing crop changes
contimiously owing to uptake by plante (Kafkafi and Halevy 1974), leaching by
rainfall or irrigation (Levin 1964}, by denitrification (Woldendorp 19634
Bar<Yosef and Kafkafi 1972y Volz ei al 19?5) and mineralization of organic nitrogen
(Stanford and Smith 1972).

Before deciding to use a fertilizer, the farmer must know: (a) the
probability of response to a particular mutrient in hie field, for the crop he is
planning to growj (b) if fertilizer is needed, how much to add; (c) the kind of
fertilizer needed and when to apply it. Te integrated knowledge of soll ecience,
plant mitrition end field experience is combined in the fellowing fertilization
model to create, in the soil, optimum sonditions fer plamt growth.

THE MOIEL

To prevent any stress during growth an eptimum concentration of nutrients
should be maintained in the meil solution througheut the uptake peried. Thie ie
the mein assumption of the model and it is supported by the work ef Ii jkehoorn
et al (9968), Onoe the "optimum" levels of mutrients are determined and the
permitted deviations from the optinum are known, good management for preventing
mitrient stress is a matter of keeping the balance between losees and gaine in
the system, Losses are sttributed to plant uptake, leaching by rainfall or
irrigation, microbial and soil reactions, Gains are due to mineralization of
organic matter and fertilization, The medel contalns therefore, two main
aspeotst (2) definition of "optimum" mutrient ooncentration, and (b) simulation
of processes, mostly dynamic, which determine the concentration of the nutrient
in the soil as a function of time and soil depth,

Y
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At the time interval, in which the concentration deviates from the "optimum"

more than permitted, a decision is made on the kind and amount of fertilizer to be

Determination snd Considerations of "optimum" Concentrations

2.1,1 'T™e optimun N-NO. in soil solution
-

For plante grown in nutrient solution, Hoagland and Arnon (1950)
reported a mitrient solution composition which has since been widely used ,
The nitrate concentration in Hoagland and Arnon's solution is 10 = 15
meq/litre (140 - 210 ppm K-NO,).

The mexdimum growth rate of maize grown in the field was cobtained when
the concentration of nitrate in the soil solution was 10 + 5 meq/1 (Table 2).
Nitrate in solution above that level caused a reduction in yields by reducing
the phosphate concentration in the plants, probably by anionic competition,
as demonstrated by De Wit et al (1963), ‘The depression of phosphate
upteke by high nitrate concentration was cbeserved even at hign levels of
soil phoephate. ‘This concentration of N-NO. was the optimum for wheat
grown under saline conditions (Torres and Bif}ghm 1973).

Tghle 2 EFFECT OF SOIL FHOSFHATE LEVEL ON NUMBER OF TILLERS AND SPIKELETS AND ON
STRAW AND GRAIN YIELDS OF A SEMI-IWARF WHFAT WITH VARIOUS LEVEL3 OF
NITROCEN FERTILIZATION

[ﬂitrﬂgﬂn No. of plants No. of tillers No. of spikes OGOrein yield Orain/straw
per n:L2 per m2 per l'ﬂE (g,.r’m?} %
(kg W/ 000m? (inel.main_siem)
Soil Plppm) Soil P{ppm} Soil P(ppm) Soil Plppm) Soil P(ppm)
4 32 4 32 4 32 4 32 4 32
0 236 212 250 250 229 223 111 122 36 18
236 216 292 68 230 242 239 245 38 19
6 226 197 319 537 239 290 294 415 39 38
12 241 204 322 634 260 355 331 505 40 37
24 220 220 361 761 282 383 343 510 40 32
S.%. for N 9,1 11.5 11.9 13.6 0.9
Bk for P B.T 17.6 14.3 7.9 0.9

Evaporation and transpiration may reduce the water content in a
particular root zone to about 50% of field capacity before the next rainfall
ocoure or irrigation is applied. In such o cese the nitrate concentration
may be doubled, ocausing a reduction in yield. Taldng the above into
consideration, we chose the value of 100 ppm N=NO. in the soil solution as
the optimam concentration that should be ma.in‘tain;'d during the main uptake
period of most plante,



2.1.2

2.1,.3

Concentration of N-H, in the moil
b

Mineralization of soil organic metter and urea or ammonium
fertilizers are the sourcese of N-NH4 in soils.

The rate of nitrification of organic and mineral ammonium nitrogen is
dependent mainly on c/m ratlio, temperature and moisture teneion (Standford
and Smith 1972). The nitrification parameters 2/ used in our model are the
same as those determined by Stanford and Smith (1972) for organiec nitrogen
which were found to operate in Ieraeli climatic conditions, and those of
Frederick (1956), Sabey(1969) and Ssbey et al (1956, 1959, 1969, 1971), for N-NH, .

In the field, the concentration of ammonium N in the root zone is
usmally emall, However, the use during the cold winter season of urea
fertilizer as a top dreseing, or combined with irrigation water applied
daily for vegetable crope through trickle irrigation systems, can create
regions in the root zone that are rich in smmonium. For such conditions
the model should take into consideration the toxicity effects of ammonium
uptake on plants (Kafkafi et al 19713 Van Tuil 1965). A limit for a
mesximun amount of ammonium in the medium is therefore imposed during the
growing seasonj it is 20fl of the total nitrate plue ammonium in the soil
for plants which are lmowa to be sensitive to ammonium uptake, e.g.
tomato (Armon 1937, Kafkafi et al 1971), tobacco, cucumber (Ingerstad 1973).

Conaiderations for osphate

Phosphate is retained on the soil surface and only a small fraction
of it is preesent in the soil solution. The plant takes its phosphate
from the soil solution (Olsen and Kemper 1968), T™e distribution between
the solution and the surface is usally determined by adsorption isotherms,
the parameters of which can be used in predicting the diffusion of phosphate
towards the adsorbing root (BarYosef et al 1972)., In order to use such
parameters in predicting the needs for fertilizer application, information
ia required about the many parameters such as the functional relationehip
between phosphate diffusion coefficient (D ) and moisture content and
phoephate concentration. More information ie also needed on the rate of
uptake of a unit root length and the permesbility coefficient as a
function of tiseme age and external concentration (Bar-Yosef 1971, and
Oleen and Kemper 196B), In the meantime, this approach is being used only
on a research scale,

The most widespread soil test for available phosphate for
calcareous goile ie the bicarbonate method suggested by Oleen et al
(1954). A calibrated scale of extractable P is usually correlated with
yield response and the level of P for the most economic application is
suggested (Esdaile and Colwell 1963).

The hicarbonate test was found to be reliable in predicting
whether there ie any chance of a response to additional phosphate
fertilizer (Sadan et al (1969)., The test as such cannot tell the
farmer how much fertilizer to apply to raise his soil test value from
level x to level y, Kafkafi et al(1968) have shown that the recovery

2/ The flow chart in Annex 1 contains only first approximations,
The operating model contains the FMIN and FNIT equatione gpecified in
Annexes 3} and 4 respectively.



of applied phosphate by the bicarbonate soil test is a function of the
goil surface area, Using this parameter and knowing the recovery
percentags, one can calculate the amount of phosphate that should be
applied to a field to raise the soil test value to a predetermined level.
The surface area 16 not a common eoil test parameter that is usually
measared in advisory service laboratories,

For the soile of Israel in which montmorillonite is the dominating
clay, Banin and Amiel (1969) have found a linear relationship between the
goil surface area and the hygzroscopic water content. Combining the
information provided in the last two clted works enabled the use of a
gimply determined moil parasmeter in the caleulation of the recovery
percentage of applied phosphate for most of the eeils of Israel,

2.1.4 The optioum level of extractable P

Field response experimente end a permenant fertilization plet
experiment (Bar—Yosef and Kafkafi 1972, Kafkafi and Halevy 1974) have
demonstrated that the level of bicarbonate P that sheuld be maintained
in the soil is dependent on the crop, climate and nitrogen level,

Table 3 EFFECT OF SOIL PHOSPHATE LEVEL ON NUMBER OF TILLERS AND SPIKELETS AND ON
STRAW AND CORAIN YIELDS OF A SEMI-IWARF WHEAT WI'TH VARIOUS LEVELE OF
WITROGEN FERTILIZATION

h‘litrngen fo. of plants No, of tillers Mo, of spikes Grain yield Grainfﬁt.rm;
Tl e, R GRY
Soil P(ppm) Soil P(ppm) Soil P(pem) Soil P(ppm) Soil F(ppm)
4 32 4 32 4 iz < 32 “ 32
v} 236 212 250 250 229 223 1M1 122 36 38
3 236 216 292 368 230 242 239 245 18 9
6 226 197 319 537 239 250 294 415 39 18
12 241 204 jz2 634 260 355 351 505 40 37
24 220 220 361 761 282 383 343 510 40 32
S.E, for N 9.1 11.5 1.9 13.6 0.9
!B.E. for P 8.7 17.6 14.3 7.9 0.9

Por wheat, where rainfall is slight during the ripening peried, an
excese of phosphate is dangerous as it produces more sterile tillers (Table
3) which deplete the water essential for development of the grain, This is
glven as an example to stress the point that the value of an "optimam" soil
test may vary with every change in the growing conditions., The medel should
thersfore allow differentiation between the parameters that may change from
crop to crop and region to reglon, and the more stable and permanent
relationshipe based on fertilizer reaction in the soil. The bicarbonate
extracteble optimum P level determined for wheat in the Negev of Israel



(200=350 mm annual precipitation) was & ppm (Sedan et al 1969), and for the
northern part of the country (600-800 mm) it was 10=12 ppm. For tomatoes
for processing, however, the levels are much higher: 24 ppm for hot and

35 ppm for oold periods of seeding (Feigin and Sagiv 1975). Once the
gpecific requirements of a plant are known (termed here BICarbonate GPtimum],
the quantity of phosphatic fertilizer needed to raise the soil level to that
optimum can be calculated, based on the soil test level, 2/

2.1.5 Considerations for potassium

The concentration of potassium in the soil eolution ie in rapid
equilibrium with the exchangeable potassium. The roote can take up
potassium from very low concentrations {Epstein 1972).

The rate at which the potassium is taken up by intensively grown
orops {Mgenhmm and Kafkafi 1972) is faster than the rate of potassium
release from non-exchangeable sites. For practical reasons only the
exchangeable potassium just before seeding is considered as an immediate
potential supplier of potassium to the plant. No response to potassium wae
found when the exchangesble potassium percentage (EPP) of the cation
exchange capacity (CEC) wae higher than 0.5 in clay soils or 7 in sandy
goils.

Fotassium i taken up by plants in large quantities during their
vegetative growing period. The total amount of potaseium removed by a
particular crop depends on the harvested part of the plant. Alfalfa
grown in Ierael is harvested every 2B=35 deys for 9=11 cuts a year, and
can remove B850 kg K/he (Kafkafi et,al 1977) every year. Wheat can contain
as much as 500 kz K/ha at ear emergence (Fig.1), but sbout 60% of it
returne to the soil at harvest time,

-
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Fig. 1 Potassium uptake by wheat throughout the growing season



2,1.6

2.7.T

2.1.8

The quantity of K removed by the crop should not be limited by K in the
soil, It is obvious, therefore, that a sandy soil with a CEC of 5 meq/
100 g needs more frequent potassium addition than a clay soil with a CEC
of 50, provided the two soils contain the same type of clay material.

Exchangeable poiassium pércentage optimum (EPPOP) Yy

The abeve considerations and the linear relationship that wae found
by Banin and Amiel (1965) between the CEC end the hygroscopic moisture
content(as a percentasge of air—dried soil = TETAID) resulted in the
following equationt

EFPOP = T x 'IETA.ID"1

Plant parameters

The amount of mutrients required by a plant to reach the potential
yield can be calculated, However, the rate of uptake and the exact time
period in which the uptake occurs ie unique for each crop. The nutrient
uptake ocurves as a function of time are essential information in planning
accurate fertilization, Data have been published for Israel on maize

Bar—Yosef and Kafkafi 1972), wheat (Kafkafi and Halevy 1974), and cotton
Halevy 19768}, The importance of this information increases as one
starte to combine irrigation and fertilization by means of trickle
irrigation, In such systems it ies poseible to supply daily the exact
amount of fertilizere needed and to prevent leaching of nitrate, The
ather plant parameter which muet he known is the effective depth of the
root gzone and its changee during the growing season. Such information
is contimuously being accumilated (Kafkafi et al 1965, Saziv et al 1974).

In most armual crops 80% of the root volume ie resiricted to the
upper 50 cm of soil. For taproot crops like cotton and tometo, the roots
may take up nitrogen from deep layere at the end of the season, Therefore,
the effective root depth is a time—dependent parameter.

Fertilization considerations

e optimal concentratione are caleculated to prevail on seeding day.
The programme then checks at pre—set time interwvels the gaine and losses in
the system. If the losses due to uptake by plant or other factors
exceed. the permitted deviation from the optimum, the amount of fertilizer
needed to restore the optimum conditions is calculated and printed.

Nitrate nitrogen requires frequent additions owing to its high
mooility in =o0il and ite uptake by plante in large quantities, Our
experience indicates that loweet permitied concentration is 50 and the
highest is 250 ppm N=NO,., Below and above these values plant growth
may slow down, The P and K fertilizers can often be applied during
goil preparation hefore seedingz. However, in sandy soils top dressings
of these fertilizers are sometimes required, especially if trickle
irrigation is used and a limited root volume develops (Bar—Yomef 1976).

The flow chart in Annex 1 presente the frame and firast
approximations in our approach. A more detailed and sophisticated programme
has been written and is ocurrently being checked under field conditions.

3/ See Annex 1, first page.



A4 present the mzin advantage of the fertilization medel is to force
the experimenter to muantify his parameters and to plan future experiments
to learn the permitted deviations from the optimum without cansing drastie
reductions in yields. Such a tool can help us in more efficient
utilization of plant rmtrients in any specific combination of local

conditions of soils and crops,
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Annex 1 to Paper 2

The parameters snd their unite, in their order of appearance in the flow chart.

—

Parameter Meaning Unit Source
BICP Bj carbonate—soluble P in =oil rpm P Soil test
BICOP timum coneentration of bicarbonate—soluble ppm P Previoue knowledge
P for = particular crop Soil test
MTRID Hygroscopic water content vercent  Beoil teest
WMAXPA D Maximum phoephate adsorption rpm P Adgorption isotherm
P Orowth period (benefit of fertilization) week Nutrient uptake curve
I Index (number of weeks before seeding) weelk
WIR (I) Weelly irrigation or rainfall in the Ith cm Measurement
weelk
TETFC Volumetric moisture content at field unitleas Soil test
capacity
FHP Volumetric moisture content at which Programmer decision
irripation muet he added
L Effaective root depth om Measurement
EFP Yxchangeable Potassium Percentage percent Soil teet
CHG Cation Exchange Capacity meqfﬁﬂﬂg Soil test
TEMP (1) Averasze soil temp. at 20 cm depth in Ith % Measurement
weelk
™ TOTal so0il Witrogen conient percent  Soil test
EX™ EXTractable Nitrogen (ammonium + nitrate) kg;dif N  Soil test
EX TN EXTractable AMmonitm-N kg/d N Soil test
EXTNIT EXTractable NITrate-! kg/d W Soil test
AMPTC AMmonium Permitted Concentiration in soil Dpm Predetermined
NITCOP HITrate Concentration OFTimum in =oil ppm Fredetermined
solution
™™ (1) Volumetric water content of soil in the Ith fraction Measurements or
week estimation according
to transpiration
Urs (1) UPtake of Witrogen in Ith week kg/d W Wutrient uptake curve
UPP (1) UPtake of Fhosphate in Ith week ke/d P Mutrient uptake curve
UFK (I) UPtake of Potassium in Ith week kg/d ¥ Nutrient uptake curve

lf d = decare = 1000 m°



Annex 2 to Paper 72

-
Mineraliration functions of soil organic nitrogenﬁ/

ﬁTﬁ? W, =N (1 - e_kt} N, - nitrogen mineralized (pom) at time t (days)
Hu — potential mineralizable nitrogen {ppm}
k = rate consbtant {d.E'.EI'_‘I}

ziqf Ho = 0,196 x TOM TOM ~ tetal organic nitrogen in the range

200=-1500 ppm and C/N = 40

T = Temperature (Kelvin)

£§_7 Y= T,3 x 106 x 10ﬁ2?58£{

[A7 FMIN - EB x 0.196 T0W x (1 - &™)
- FC
TRTA = actuzl so0il moisture content

FC = field capacity moisture content

2/ Based on work by Stanford and Smith (1972), Stanford et al (1972) and Stanford
and Epstein (1974).



Nitrification functions é!;f HhHHﬂo

[iJ FWIT = K* (NH,) * Ry x R

[2] R =0.51 0,39 log M

/37 M =0.6 - 0.3 TET4/FC

/37 W = 29.7-29.4 TEM/FC
LT Ry 1012+02 & 45=3573/T

Annex 3 to Paper 2

FNIT

K- at Ry = 1 and R = 1 = 0,25 week

T = 25°C and wmoisture tension of
0.1 bar.
Rm = moisture coefficient
RT = temperature coefficient
at moisture content higher than field
capacity
at moisture content below field capascity
T = temperature (Kelvin} in the range

281 - D3I K

3/ Caloulated from the work of Fredrick (1956), Sabey (1969), Sabey and Johnson

(1971), Sabey et al. (1956, 1959, 1969) and Parker eand Larson (1962}.



Faper 3 NITROGEN TRANSFORMATIONS AND BEHAVIOUR IN SOILS IN RELATION TO
NITROGEN AVAILABILITY FOR CROPS

H] . St mfurd

United Statee Department of Agriculture, Belteville, Maryland

1. INTRODUC TION

Soil N exploitation began with cultivation, Before N fertilizers became
a eignificant factor in agrieculture, much was learmed about the lkkdnetics of soil
N exploitation from long—term field studies conducted under different soil and
crop management eystems. Studies by Jenny (1933) illustrate the exponential
nature of soil N decline under cultivation,

In the older agrioultural areas of the world, a quasi-—-equilibrium with
reaspect to N gains and losees had been reached long before cultivation began on
most solls of the U.S.A. Since the corganic ¥ content of U.S5, moile before
cultivation has been fairly well defined (Allison 1973), rough approximations of
the ¥ loesee sustained since cultivation began are poeeible,  About 50 percent
of the initial N was lost during the first century of cultivation, equivalent to
an average annual loss of about 16 million tonnes of N, The anmual loss was
certainly much higher than this during the first 50 years, a period when losses
by leaching, erosion, and other means muet have greatly exceeded crop removals
partioularly on the more fertile soile.

The almost linear increase in world conesumption of fertilizer ¥ during
the past few decades has diverted asttention from the continuing importance of
the =cil ae a source of ¥ to crops. The new challenge is to devise means of
judiciously exploiting both scil and fertilizer N, with minimal adverse
environmental effects. The N cycle in agriculture (Pig.?) shows the
complexities involved in meeting thie challenge (Frere 1974),

2, MATNTENANCE OR RESTORATION OF SOIL ORGANIC N

The level of organic matter that can be sustained, economically, is a
function of soil properties, climate, cropping systems and cultural or management
practices, PFactors that may be controlled to varying degrees include (a)
nature, frequency, and smount of erop residuee returned; (b) use of fertilizere and
animal wastes, and (¢) tillage methods,

The amount of residues that must be returned annmually to maintain a given
organic matter content ig strongly dependent on soil properties and climate,
In & 12 year study of southern Blackland eoils, an anrmal return of about 4 000
kgfhﬂ. of residues was required to maintain the level of organic matter {(Laws 1961),

In general, residue production is positively correlated with yields of a
glven crop. The anrmual return of residues has increased during the relatively
recent period of expanding fertilizer uee, introduction of higher yielding
varieties and improved cultural practices. In the past 2% years, for example,
average maize yielde in the U,S5,A. have increased by sbout 50 percent. The
corresponding increase in amount of repidues returned to the Boil is estimated to
be 1 t/ha, Relatively little is known about the accompanying changes that
have occurred in the organic N content of soile, although increased incorporation
and retention of applied N would be expected,



Z
-

pusT |

NOILTX
.o-"".-_-‘-

Nzt

\\‘El/ r VOLATILIZAT]

RUMNOFF

[sm. ORGANIC | AMMONEICATION
MATTER | (MMOBILIZATION ¢ CLAY AND
&

EROSION “‘-.\\

ORGANIC COMPLEXES

-

o

>
_ — NITRIFICATION

o

Fig. 2 The nitrogen cycle in agriculture
a
190 2
-7 w
% of applied N z’f 180 o
70 Ist crop, oats in35ni| after /4‘ {70 E
erops L na N z
3‘60 _///j,/_ l ,jremainlng‘ﬁa f 5
W i ; =
4 50F 2hd and 3rd crops: / in soil 450 o =
¥ 40+ Sudangrass A0 {40 £ E
=30} 2nd Crop, % of 3{1%\{\ {30 %
é‘lﬂ- residual meE:;rp 20l o7 I‘En‘lﬂininﬁgﬁ-: 20 E
IE 10 3rd crop, % of residual 10} lio ::
L

Fig. 3

M from 2nd crop =

O i L i
90 180 270 360

O I 1
90 180 270 360

Labeled N Applied, mg/pot

Recovery of lsbelled N by cate and two successive crops of

Sudan grasse and amounte of

residual organic N, derived from

fertilizer, remaining in soil after cropping. Adapted from

Legg and Allison (1967).

Data represent mean of 12 soils



3

; 1 :
Studies using fertiliser labelled with 5H to determine the extent of ¥

incorporation in eoil organic matter and ite subsequent availability to plante
have been reviewed by Allison (1973). Legg and Allieson (1967) investizated this
problem with several eoile in = glasshouse study., Average recoveries of the
initial N applied and residual 15N fertilizer by successive crops arae shown in
Fig.3« Although smounts of immobilized N remaining after cropping were
substantial and increased with rate of applicatiom, only 4 to 5 percent of the
residunl organic N from the first two orops wae removed in the final crop, Such
data emphasize the need for evaluating the cumlsative effects of crop reeidues and
increased use of fertilizer N on s0il N status under field conditions,

So0il organic matter decompeeition ie accentuated by cultivation. Until
recently, the primary purposee of cultivation have been to prepare a peedhed and
to control weeds, Interest in no tillage or some form of minimal tillage
develonsd when it became possible to control weeds with herbicides, and
suitable farm machinery was devised for planting in untilled land (Trivlett and
Van Doren 1977). BSince cultivation hastene biological activity in moil,
minimal or no tillaze is expected to conserve N,

Cooperative field experiments are underway (Sennett et al 1975; Handel et al
1975) to compare the N economy under no tillage and conventional tillasze,
Maize is grown each year with application of labelled ¥ fertilizer (ammonium
sulphate or ammoniuwm nitrate) at rates of O, 45, 90, 135, and 180 kgfha.
Between maize crops, & rye cover crop is seeded on the untilled plots, 'The rye
is klled with herbicide each year before maize is planted, With no tillage, the
maize stover and rye residues remain on the surface. With conventional
tillage, maize eBtover is ploughed under each year. HResults for the third year,
a2t one location in Maryland, are given in Fig.d. At suboptimal W rates, yields
of maize grain and fertilizer N recoveries were distinctly lower on untilled than
on pleughed plots, These differences may reflect grester immebilization of
fartilizer W with no tillege than with ploushing. he the studies continue,
amounts of labelled W inecorporated into the soil will be evaluated in relation
to tillage method and N applied.

MTHHRALIZATION OF B0IL ORIANIC N

The amounts of ¥ released to the crop from the organic W pool are not well
gorrelated with the total organiec matter or W cﬂgtentﬂ of soils (Stanford and
Smith 1972)., The conversion of organic ¥ to NH, and NO, ions generally is
referred to ag minsralization, However, in labgrajnry }ncubations, We measure
?et mi?eralizatian, the resaltart of coneurrent mineralization and immebilization

F'iﬁ.z -

In our laboratory, we hove devized a method of determining N mineralization
potential, N . The muantity, ¥ , is defined as the amount of eoil W that is
potentially mineralizable according to first order knetics.  Thus, the amount
of ¥ mineralized per unit of time, t, iz considered to be proportional to the
antecedent pool of mineralizable N, i.,e,, — dN/dt = k¥ (at t , 1 = ¥ ). 'The
progress of W mineralization is desoribed by repeated soil ifeubatliofns of one
week or longer at 35 C and optimum soil water content (ca, field capacity), with
intermittent leachings of mineral N, Potentially mineralizable W (N_) mey he
estimated from the linear regression of log (N -N.) on t, whera M, refresents
ouwmlative ¥ mineralized during successive incibations {8tanford and Smith 1972},

The amount of N aectually mineralired during the cropping season reflects
day to day fluetuations in temperature and secil water content, S5inece the
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influence of these factors on mineralization rate has been defined, their sross
effacte can he estimated from weekly or monthly averages as described elsewhers
(Stanford et al 1977).

FATE OF N APPLIED IN EXCESS QF CROFP NEEIS

The goal in fertilizer W use is to supplement adequately the I supplied
ty soil N mineralization in ways that are consistent with economic crop productiom,
In the sheenca of reliable bases for predicting how much N should ke apolied, il
ig inevitable that varying amounte of minersl W will be present in *he 2¢il al the
end of the cropping season, The fate of the unused ¥ is a majer conecern to farmers
and to those concerned wiih environmental implications.

OPPORTUNT TIRS 10 EXFLOLT GRE] DIAL NT'TRATE IN SUBHUMILD REGIONS

Amourte of ¥ applied or mineralized, in excess of crop needs, may
acewmlate in the soil or become loet to varying degrees by leaching or
denitrification, Downward novement of nitrate eccours only when waser
infiltration exceeds the soil water atorage capaacily (Allison 1973}, Wb e
water inputr ercesd evapotranspiration, some downward movement of nitrate in
inevitable, although the balance usually favours nitrate vretenlion during nost
of the growing season (Allieon 1973).

In areas where percolation of water throuzh the root rzone between crops
seldon exceeds 10 om, large amounts of N (applied and derived from the =oil)
acoumilate within the root mone. in example ig given in Fig.5 (Herrvon et al
1968), In this Nebraska study, 3 years of continuous maize followed alfalfa, and
no more than B kg Hfha wag required for naximum maize yield. Al thie N rate,
relatively liitle aceumulation was evident io a depth of 180 em after i years,
Ilmta of this kind {Herrﬂn et al 1971) prompted the ¥ebraska workers to include
nitrate mesasurements to rooting depih in the soil testing prosramme 38 a basis for
¥ fertilizer recommendations {0lson, personal communication

In other areas where limited rainfall ocenrs between crops and exceesive
N application ie prevelent, e.z, irrigeted sugarbeet in Idaho (Carter ef al 1578
and Colorado (Ludwick et al 1976), nitrate measurements in the soil profile have
been pronosed as 2 guide to fertilizer N recommendations, Under sach conditions,
rosidusl nitrate oftern supplies a subsiantial portion of the ¥ needs of the
succeeding orop (Fig, 6), In the deep loeseial soils of the subhumid plains area
of the United States, effective rooting depth may extend to Im or more. In such
cases, deep sampling to measure reaidual nitrate for advisory purposes is required
(Schuman et al 1975).

KITRATS LEACHING IN HUMID REGIONS

Where annual percolation of water usually exceeds 10 com, the residusl value
to the succeeding crops of W remaining at harvest is less consistent and, therefore,
lese predictable. In the Netherlands, van der Pamuw (1962} found, for exanple,
that winter rainfall (Nov—Feb) in excess of 10 om was directly correlated with
residusl nitrate losses during a 14 year period in which winter rainfall waried
from 10 te 40 om,. Saveral excellent field etudies conducted in fhe bumid regions
hove shown little evidence of nitrate leaching from the root wone when rates of
applied N were nearly optimum, Gast et_al 1974; Molregor et al 1574; Neleon and
MeOregor 19733 Olsen et al 1970, although the potentizl for cubetantial losses
existed with ¥ spplications above the optimum (Fig., 7). Residual nitretes carry—
over from one crop to the next should not be ignored, however, even in the humid
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regions (White and Pesek 1959), Yet, in the major maize producing areas of
midwestern U,5,A. where reeidual ¥ carry-over varies widely, neither residual ner
mineralizable ¥ are evaluated as & guide to fertilizer W recommendationsa, Frar
in higher rainfall areas of eastern U,5,4, the carry-over of residnal niirate

ie extremely variable since it depends on winter precipitation,

IENT TRIFICGATION

Hot mich is ocurrently known about the praciiscsl significance of
denitrification in sgriculfure that was not already known at the beginning
of the present century (Allisen 197%),  Although additional facts regarding
pathuays, mechanisme and other factors invelved have been reported in recent
years, the economic eignificance of gaseous N losees from soils remaing A
mystery. Allison (1973) sugsested that denitrification losses would tend <o
increase with rising uee of W fertilizers. There ie no eyverimental evidence,
however, to support thie assumption,

The conditions under which denitrification will eccur and ine semquence
of enzymatic (biological) transformations (NOD =NO = HO = N0 =8 _} invelved
heve been well documented through research, Lov oxygmen (lgﬂﬂ thgn 1=703,
available carbon =upply; and favourable pi (5 to 3) enhence rapid denitrificasion
at temperstures near the optimum (30 — 3500) {Broadbent and Clark 19653
Nommilk 1956). Under submerged rice or in poorly drained, waterlogged nolls,
gonditions are often conducive to denitrification, but more generally the extent
of denitrification ie uncertain. Even in relatively well aerated soils,
denitrification may occur in anaerchic microsites giving rise to gradual losses
that are difficult to suantify (Allison 19733 Jroadbens and Clark 1965] .

It has been claimed that use of fertilizer M is related to the incidence of
gkin cencer, cmped indirectly by increased evolution of W 0, The hasic
argunent is that N,0, a relatively unreactive gas, resches“the stratosphere
where it is photochemically converied to WO_, a reactive product, Thia form of
¥ then reacts with ozone, O,, to form O, (Mtzen 1974).,  Since ozone acts as a
ghiald blocking entrance of3uv raye to The earth's surface, its deztruction is
believed to te positively corralated with the incidence of cxkin cancer.

Rerearch to find: {a) how mch N 0 is surrently evolved from the earth and
oceans, (b) what Tactors influence the §_O/N, ratio of the zases evolved during
denitrifieation, (c} whether 7.0 nroﬂuctfnﬂ End fertilizer ¥ consumption are
positively correlated would seém to be justified, if only to main 2 betier under-
gtanding of the ¥ cycle in sgrioalturs,

In our investigations on denitrification, we discovered that disappearance
of niirate under anaerobic conditions may involve a secondary pathway that leads
to MH.-3 production (sece broken curve, Fig,1) (Stanford st_al 1975a) . _ Using
nitra%e labelled with!2N in the presence of glucose we found that the ! JNH
produced gradually becamo incorporated in organic cellular naterial. Aftdr 24
hours of anaﬂrobic+incubaiiun, 2% to A0 percent of the sdded labelled nitrate
had reverted 4o HE, and organic N (Stanford et al 1975a,b). The zignificance of
thepe firdings to ﬁitrugen coneervation in  agriculture is yet ‘o be deternined.
Hevertheless, resultis challenge the prevalent wview thai denitrification H[ﬂO:
¥,0 and Hﬁ] socounte For esgentially all snaerobic nifrate dissimilation in”

;gils.

E3TIMATING OPTIMAL FRATILIZER N RE4UI RWMEN TS

Sound fertilizer N recommendations ruet tax<e inte account the internal 0
requiremant of the erop for a projected atfainable yield, the Y supplying



oapacity of the scil and the efficiensy or recovery of ¥ pupplied from scoil and
fertilizer.

The internal N requirement for attainable yield has been defined for a
number of crops. The N percentage in total dry matter (W % TIM) aesociated
with 2 broad range of attainable yields appears to be nearly constant. With
maize, for example, the optimum W % TIM, ca, 1.2, appeare to be independent of
variety, location and cultursl practices {Stanford 1966, 1973},  Approximate
optimal W % TIM values for certain other important croos sre listed as follows:
rice, 0.9-1.7 (Broadvent and Reyes 1971; De Datta and Kerim 1974; Sanchez et al
19?35; wheat, 1.25% (Stanford and Hunier 19731); esugarbeet sincludiﬂﬁ root),
1,6% (Carter et al 1976); potato (including tubers), 1.7% (Stanford 1966); and
for sugercane (2 yr crupi, 0.2 (Stanford and Ayres 1962},

The amount of fertilizer H,N_.; recuired for a specified internal crop
requirement, N , where ¥ eupplied from the soil is Na and fractionsl recovery
of Wy is denot&d as ., may be expressed as follows: V. = (N, - N )/E
(Stanford 1973). Estimates of ¥_ are derived from prﬂjecteﬁ axtainagle yields
and apsociated N uptakes., The components of ¥_ sre: (a) mineralized during the
eropping season (N ) and (b) residusl mineral f in the root zone at planting
time (H ]. Assuming that recoveries of measared or estimated ¥ and N are
efmilar, then their combined efficiency may he cxpressed as E_, and W, =

= Es n + qu}?Er. If apparent recoveries of Hﬂ and Ha differ, then
N, = (N - E N =8N g The latter approach was used with reasonable
succasacto eStinate Ef fnagz year field study with sugarbeet {Stanford et al

1977).
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Paper 4 POTASEIUM EFFICTIENCY IW TROPICAL AWD SUB'™RICAL CONTITTONS
H. Beringar

Bintehof Agrieultural Research Station, Hannover, Pederal Hepublic of Oermany

1. INTRODUCTION

Two eeis of interrelated factore, natural cenditions and socio—esonoming,
determine the efficiency of ampplied fertiliser. 'The oropping eyetem iw
specially important where menpower is abundent but land is scarce and capital
for the purchase of inputs is limited, Under such circunstances zgriculture
becomes labour intensive, nore than one crop i= zrown per year to erhance
income, good use ie made of ineident light, and by providiag an almost
permanent cover for the seil, erosion and mutrient loeses are reduced., The
ecosystem will, however, deteriorate if resources used by the plant are naot
restored by fertilizers.

2. IWHAMICS AND AVATLABILITY OF K

Mutrients reach the root eurface by three prineipal mechanisnmes
(Oliver and Barber 1966):

L interception, whereby nutrients absorbed in the water film of soil
colleids can pases to an adjacenl root surface. Thie process,
formerly known ag "eontaot exchange", plays only a miner role in she
rmatrient supply to the plant.

y o mass flow; driven by %he water saturation deficit bhetween the
atmosphere ard the ecil. 'The exlent of this defiecit determines
transpiration inteneity., Tuirients disgsolved in the soil water are
transported to the roote by the flow, and the higher their
concentration the better the needs of the plant are met, Atout,
80% of the Ca and Mg requirements of a crop are so supnlied,

iii. diffusion, which playe the majer rele in the P and ¥ mutrition of
the orop. The concentration of P and K in the poil solution is
rather low, Absorption of K by the plant reduces this concentration
and a gradient is built up Hetween the soil solutien and the pool of
exchangeable ¥ and the K reserves respectively (Fig.d).

The different fractions containing ¥ in the s0il are in equilibrium
with each other if no crop is grown on the scil, The parent minerale, like
miczs and feldspare, on the left side of the diagram, have a hish content
of firmly bound K. On the righthand side the conceniration of K in the =oil
solution is rather low, but the dissolved K is hizhly mobile. The amount
of K which is or can become available to the plant is determined by sizse of
the pools %i.e. the quantity) and the rate at which ‘hese pools release
potassium (i.e. the intensity). It is important t¢ recognize that the
diffusion coefficients as indicators of K mobility are several orders of
mamitude higher for the dissolved snd exchanseable ¥ than for non-
exchangeable K and the ¥ in the reserves (¥ye 1572), If maximam cron yielde
are aimed at, the amount of plant available ¥ must alwaye be high enough to
satiafy peak requirements,. Howewer, if the fertilirer input is oriented
towards maximum use of the ¥ reserves; the low fluw rate of K from these
regerves could sometimes limit yileld.
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Generally the fraction of exchangeable K in the top sodil is used
as indicator of plant available potaseium, but the correlation between soil
exchangeable X and crop yield and K uptake by the plant respectively is not
necessarily good (Mengel 197%)., Data from fertilizer trials on rice in Indis
(Grimme 1976) have shown that a higher response to 90 kg K/ha was obtained on
Boils with a medium ¥ status than on soile poorer in K, contrary to expectations
from Mitecherlich'as law.

Influence of Clay on K Availability

'‘Me K dynamics in a soil are controlled by the clay fraction,
Whereas K is bound unspecifically on the organic cation exchange sites and it
iz eagily deporbable, the clay content and the type of clay minerals vary
from s0il to =aoil. In 2t1 clay minerals like montmorillonite and illite cations
are adsorbed at planar, edge and interlattice positiona, Considering the ratio
of KiCa in thepe different positions with the bea ratio in an equilibrium
solution, the mpecificity of theee positione to bind K is expressed by the
Gapon coefficient, The high coefficient for interlattice sites (»1000)
compared with coefficients of 2 for the planar and 200-1000 for the edge
positione indicates clearly the well-kmown fixation of K by illites.
Kaolinitie, i,e, 1131y clay minerals have only planar sites at which ione are
easily exchangeable. Depending therefore on the clay compoeition and elay
content, fertilizer K in the low ¥ rice soile of India (Gimme 1976) could have
veen bound mere firmly and was thus less available, Consequently, the deter—
mination of exchangeable ¥ as a basis for the prediction of fertilizer efficiency
st be sapplemented by other criteria, among which the moet promising is the
soil solution from which the plant absorbs its muirients.

Testing K uptake from several soils Nemeth and Forster (1976) found a
good correlation with the K concentration in the sgoil solution (r = G.Bg%w=),
In comparison exchangeable K was poorly correlated with K uptake, Only when
soils were grouped according to their clay content did the correlation become
better, Thie is because a given amount of exchangeable K is distributed over
fewer clay particles in a sandy soil than in an alluvial soil. As there is a
strong positive correlation between the degree of K saturation of the inorganic



exohange capacity and the K concentration in the peil solution {(Nemeth and Grimme
1973}, gcil teste for availsble K muet alwaye coneider the inerganic CEC in
K, Boyer (1972) correspondingly recommended that a
a0il should contain mufficient exchanseable K to saturate at least 2 of the

addition to exchangeable

CEC with K. Below 0,2 meg exch,

deficient in K.. ‘e threchold below which responses to applied K can be
expacted iz generally between 0.1% and Q.35 meq ¥/100 g moil,

e influence of the type of clay minerale on ihe relafion between
exchangeable K and ¥ concentration in the soil solutiom ie shown in the data
of Table &, A1l moile tested were of similar pH [5.9 = 6.0) and clay content
{u?ﬂﬁ]. K concentration in the so0il solution increased with inereasing

Tahle # HELATION 3RTWEEN(A) FEXCHANCTARLE K AND (B) K ADDITIONS ON THE K
CONOENTRATION IN THY SOIL SOLUTION OF SOIL TYPES WITH COMPARARLE
CLAY CONTENT

X100 g eoil, most tropical soils are certainly

(ing/100 & so0il)

eoil eoluficm

Red soil Reliet red soil Orey-brown podzolig
ultisol oxisol Ealﬁsnl
(Fimaria) {Germany) Garmany
fixch. K (nz/100 g) 12 15 10 16 10 17 0
K in so0il solutien meq/1 0.73 1.05 0,80 1,20 0,2 0 d 1.2
K addition ¥ concentration in

Relict red soil

kWGy-hrowh podzolic

8]
10
20

o
16
20
40

0.80
1.60
2,60

000
- - L3 -
— e R |
Rt

Source: Femeth and Orimme (197£)

exchanzeable K in all the samples, but whereas in the red soil from Nigeria and
the relict red soil 15 = 18 mg exchanpeable ¥ corresponded to 1,050 — 1.2 meq
Kji, 17 mg exchangeable K in the grey-brown podrzolic soil derived from loeas
Thie is caused by the prevalence of kaolinite in the
red Boils and by the occurrence of 2t1 clay minersls in the latter soil.
Accordingly applied K fertilizer will raise the K concentration to a larger
extent and will be more efficient in stimlating plant growth on a kaolinitie
soil, On the other hand soils with illite minerals have a higher K buffering

yielded only O.4 meq K.

sapacity and will release ¥ for a longer period of time.

Thig ie shown in

Fig.9 where rye graes has been repeatedly cut on the relict red soll and the
grey-brovm podzolic, both having been feriilized with K to comparable
Whereas on the kaclinitie red seil dry matter
production was high (72 g) at the first cut and dropped progreesively to 13 g
in the fourth cut, yields on the grey-brown podzolic were more uniform. This
indicates the higher K buffering capacity in the grey-brown podzelie,

exchangeable K levels,

It is
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Fig. 9 Dry matter production of consecutive ryegrass
cuts and changes in K concentration of esoil
solution (Nemeth and Grimme 1974)

thus clear that the parameter exchangeable ¥ ie ineuffiecient %o characterize
the X buffering capacity of soile differing in clay content and clay mineralogy.

Many attempte have been made in the past to desecrive the ¥ dynamice of a
goil by laboratory methods, Haylock (1956) used repeated extractions with
chemicals. Based on the Uapon emuation Beckett (1972) developed the concept of
the intensityfﬁuantity relationchip, Althoush thie greatly stirulated reeearch,
the analytical work is laborious, One of the more recent developments is the
electro—ultrafiltration methed (Nemeth 1972). A Boil suspension is exposed to
an electric field of increspsing strength., The ione desorbed from the ecoil at
the indicated voltagee are collected at 5 min intervals. The amount of K
desorbed in the firet and second 5 min periode is correlated with ¥ concentratior
in the soil solution, whereas the 10 — 35 min fraction allows an ewvaluation of
the long—term K supply rate, Comparing the two soils it i® clear that the
kaolinitic red soil originally had a high ¥ concentration in the soil sclution
which was severely depleted by the contimous ryegrass cropping, Furthermore,
this red scil is wvery poar in K resarves., In contrast the grey=browm podzolic
had a lower K concentration in the soil solution btut higher K affering
capacity, as indicated by the anounte of K desorbed at 400 v (30 = 35 min
fractiuns and by the dry matter produntion of the grase,

Influence of Soil Moisture on ¥ Efficiency

The concept that the diffusive flux of K in the #c6il is the most
important criterion for the potaseium supply to the plant root implies that a
required diffusive flux can be achieved either by a high E concentration if seoil
meigture i8 low or by a lower concentration if many soil pores are filled with
water, It can he assumed that soil moieture is adequate during the rainy season
in tropical areas so perhape explaining why soile low in exchangeable K may
respond little to K fertilizers.

Iuring dry spells a crop, particularly if potentislly high yielding or
pasging through a phase of high K demand, will suffer from K etrese because of
a low K concentration in the soil solution and lack of soil meisturs, In a
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nodel experiment by Jrimme et al (1971) a cation exchanger was used to simulate
the root. Fig. 10 shows that when the =o0il is moist the depletion of ¥ (as
indicated by decreases in exchanseshble K) is higher and, the foraging area of the
root is larger. Although the eoil of Fig,3 was reduced only from pf 1.8 to

ol 3,2 which ie well within the range of zood water eupply, diffusive flux into
the ion exchanzerdecressed by 44% from 0,51 to 0.29 meg/em”/ day, Thie ie a
subatantial reduction of availshility and may be criticel in cases of marginal

K statue when the X supply is just sufficlent under optimum water conditions,
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Fig., 10 Exchengesble K contents after one week
of diffusion in a soil at different
80il moisture levels in relation to
dietance from an absorbing esurface

In avoiding such stresees fertilicers are valuable, In Helland, increases
in yield of potatoes following application of K at 400 kgfha were highly
correlated (r = 0,85%%%) yith the mmber of rainlees days (Van der Paauw 1958).
This clearly demonstrates that limiting soil moieture has to be compensated by
higher ¥ concenirations in the soil solution to ensure zood availability of K
and high yields., Similerly, under submerged conditioms the K uptake by rice
plents was higher from both the exchangeable and non—exchangesble K fractions,
but the 20il ¥ was exhausted more rapidly (Eiswas 19?4} and yield could only
be maiqteined by aoplying K. ‘

¥ Status of Tropiecal snd Bubtropical Soile

1t is penerally assumed that iropical and subiropical 8oile are not
defigient in X at a low level of farm menagement (Jonee and Wild 1975).  'This
iz partly due to low yields and emall exports of K from the field and partly
to the resyeling of K in shifting cultivation (Nye and Greenland 1960) .
Hevertheless, certain soile from Ghana (Table 5) are rather low in exchangeable
¥ (0.15 mes/1002) and therefore in K buffering capacity. In the rain forest,
or when olay contents are low and kaolinite ie prevalent, the intensiiy i.e. the
E zvailsbhility ie cuite good, Thus the K =upply wight initially be sufficient
for plant growbh bat would soon be depleted, especially were all other growih
factore to be improved. Another consemquence of the high K mobhility will be
greater leaching of K under heavy rainfall, 'The less weathered savanna soile
on the other hand are slighily richer in exchangesble K, the K intensity is lower
and the muontity of potentizlly available K higher, Similar remlts for
Malayeisn soils have been reporded by Triszalingmn and Grimme {1578}, of 12
soils tested, nine contained less than 0,16 meq exchangeable Kfﬁﬂﬂ g of which
more than 63% was eamily desorbed, i.e. highly available,
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Table 5  INFLUENCE OF CLAY CONTENT ANT VRGETATION ON ¥ DYNAMICE IN SOILS OF (HANAL,
MEAYS OF A8 SAMPLES

Variable ¥o. of Exch, K Intensity Quanti%y ?uanti?T % 160
Soils meq 5 1;2 mag % Intensity
{1,/1) x 100
Clay <10 o, 12 015 0.59 0,18 36
10=20 % 17 0,24 0,60 0,35 75
» 20 % 19 0,25 0,32 0.25 105
Forest 14 0,16 0.6% 0,22 57
Forest /savanna 8 0,16 0.36 0,20 49
Savanna 26 Q.23 Q.46 0,27 80
Range of SE 0.01=0, 20 0,01=041 0.02=0,05 519

Dccurence of clay minerals (the figures refer to number of soils)

i-ray pattern

nene identifiable wealk mediwm gtrong
Montmorillonite — = 26 7 ? 3
I1lite 21 23 4 - -
Efflinita - 3 A 16 29

Source: Acquaye (1974)

FESPONSE OF CROPS TO K FERTILIZERS

#11 the foregoing aspects of K dymamics affect K fertiilizer requirements
and K efficiency in warm climates.

A Need for Long—Term Fertilizer Trials

The results of a 5 year fertilizer experiment are given in Table &,
Remarksble yield increagee were obtained by application of 140 kg N/ha, the
efficiency of which was 2,03 t/ha in the firet year but dropped to 1.54 t/ha in
the fifth year, clearly because the P and K reserves in the soil became yield—
limiting. Applied P and K resulted initially in only emall yield increases,
out in time their efficiency increased, This reached a maximum for P in 1971 and
fell again in the NP treatment owing to lack of K. Potassium was the most
efficient in the final year leading to a yield inorease of 1.4 t/ha over the
yield from NP, In 1968, 1 kg of fertilizer K produced 6 kg grains whereas in
1972 23 kg grains/kg were obtained, Efficiency of K can therefore be
estimated only in long term fertilizer irials, The required duration ise
determined by the K reserves of the soil and the K requiremente of the crop
epeciesj the rooting pattern and the capacity of the root to explore the soil
for K3 the yield potential, and the K return by nonmarketable plant residues,
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Table 6§ FFFHCT OF NP GN ADDITIONAL GRATN YIBLD (T/HA) OF FLOOIED RICE GROWN

FOR FIVE SUCCESSIVE YEARS (DRY SEASOY DATH, AVERAGE OF 3 EXPERIMENT

STATIONS IN THE PHILIPPINES AND OF 3 CULTIVARS
i
kg/ha

i PEC':_] K,0 19468 1969 1970 1971 1972
SIS W e — DR e JPRR0 e WO R S0
10 o 0 +2.93 +3.02 +1.67 +1.67 +1.54
140 60 ) + .33 + .48 + W00 +1,13 + 53
140 60  AD + .38 + .37 + .77 + .64 +1,40
ke zrain/ks NPK 14 15 13 13 13
ke grain/ie X,0 6 5 13 11 23

Sourcet Kammler and Malicernet (1976)

Split Application of K Fertilizers

The mood mobility of K but poor K tuffering in kaclinitie tropical soils
implies that split appliocations may be emperior to eingle doses, This indeed
has baeen found for rice {Fernando 19613 Esakkimuthu et al 19753 Misra et al 1976),
The resilts of three field trials with rice on sandy loam soils low in N,P and X
statue are ziven in Table 7. Increzseed nunbers of panicles and graine per panicle
in the treatments with eplit napplicatione suggest that & single basal dressing
could not meet the K demand at criticel perdiods. As a resalt grain yield was
increaced by 6 q/ha in the split treatments tut probably also partly becsuse of
improved disease and pest tolerance (Trolldenier 1969).

Teble 7 EFFFCT OF SPLIT DRESSINGS OF K ON RICE YINLD AND DISEASE ATTACK
(MEANS OF 2 SWASONS AT 3 SITHS)
B Orain yield Panicles Orains % Plants affected by |
50 lez/na K,0 r;lﬁz:-. n /panicle  S.3.1/ BLH g_/y
Aasal 40.0 354 69 440 28
1/2 at transplanting p . 8 ;
1{2 three weeks later 4.5 369 < = 2
1f3 at transplanting
1/3 at tillering 46.0 372 78 1.8 13
1/3 at panicle init,

1/ Ztem borer
2/ Bacterial leaf blight

Sourcet Misra et al (1976)
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Influence of Agronomic Practices

The efficiency of each nutrient is improved by having = well baleanced totsl
mitrient supply and all other growth fasctors ati their optima. Thers is a grest
need to optimize planting date, plant pooulation ete. in improving fertilirer
efficiency (Allan 1371, Werblow 1975). Few experimental dats relate to the
efficiency and cycle of nutriente in mixed or multistorey cropping. [Lata by
Talal (1974) reveal a ¥ uptake of 90 kg/ha by alternating rows of maize and
pigeon pea in comparison with &1 and 44 kgﬁha.by pare stands of maize and pigeon
pea respectively, Kenwar (1975) stated that & farmer producing 6 + rice and
6 + wheat/ha per year amrmally removes 276 kg N, 55 kg P (125 kg POo) and
379 kz K (396 ke KED] per ha, Such heavy exports of K. 0 rapidly Extaust the
K reserves, especidlly of moils with high K mobility hug low ¥ buffering., Tet
intensive eropping supported by balanced fertilizer application could ultimately
raise soil fertility, not least by improvement of the physical condition,

Futiure experiments will hawve %o show how far such cropping systems can
mobilize K reserves, but wherever the diffusive flux of K is suboptimal maxinmm
yielde will not be attained because the rate of release of non-exchangeable K is
too Blow,. Te long term task is not only to find eut how far rmtrient resgerves
in the moil cen be depleted to save fertilizer inputs, but also teo learn how to
meke full use of the yield potential of ecological cropping systems and improved
penotypes and how to meintain or even inerease soil fertility.

GONCLITSTOHS

Rainfall, the wvarying nutrient requirements of crope snd standards of Tarn
management affect fertilizer recommendations and effieciency of applied fertilizers.

S0il analyses should combine the determination of potentially available
mitrients with mezeurement of the intensity of nutrient relessa fo the roots,
Exchangesble K shounld be expressed both as meqfﬂﬂﬂg and ag a percentaze of the
CEC #o that kmowing the kind of prevailing elay mineral fuller information is
available on the extent of fivation and release of K. FEasily available ¥ and
potentially awailable ¥ reserves should be quantified hy two or mere methods.
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Faper 5 AVATLABILITY OF SECONUDARY AND MICGRONUTRIFNTS 1O CROPS

M. SillanpH¥

Institute of Soil Science, Agricultural Research Centre, Vantaa, Finland

INTRODUCTION

On the basis of the amounte in which different elements are required by
plante and of their functions the elements are classified into different eategories,
Some authors, especially recently, have distinguished only two groups, i.e.
macromutrients (N, P, K, Mg, Ca, S} and micronutriente (other mutriente}, while
most research workers have been using the following three categories: (a primary
or major mitrients, N, P and K, which are required in relatively large amounis,
(b) secondary elemenis or nutrients, comprising Si, Ca, Mg and 5 because of their
relative abundance in both soils and plants, (¢) trace elements (minor elements,
microelements or micronutrients) which exist only in small amounts in ordinary
soils and plants. Their proportions are usually given in parts per million
(ppm). Sometimes the name "matrient" is used only for those elements which have
been proved to be essential for plani growlh or for the matritionm of animale to
dimtinguish them from other, non—eeseniial elsmenta,

More than half a dozen trase elements, including B, Cl, Cu, ¥Fe, Mn, Mo, ¥n
and possibly Co are xnown or suspected to be essential for the normal growth of
plants. Some of these (Cl, Co, Cu, Fe, Mn, Mo, Na and Zn) are also essential for
animal nuirition., Other trace elements required by animals are Cr, I, He and
perhaps F. Leficienaies of Ba and Sr have been found in certain conditions to
semge growth or other sbnormalities but whether they are eessential is still
doubtful.

OCCURRMNGE OF TRACK ELEMINTS

he amounts of trace elements removed wyearly with normal crop yields

{(Mn 300, Zn 250, Cu 30, Ho 10 and Co 1 s/ha; approximate data collected from
varicus Buurcen} represent only a very emall proportion, generally less than one
percent, of the totol amounts of the yvarious trace elemenis present in soils,
Thus, it i® clear that the total amounts, even in the most serious deficienoy
cases, far exceed the regquirements of crops, but the total amouni ie seldom o

reliable indey of ayeilability to the plant,

Bepides the nineralezical composition of the parent material, the zoial
amgunte of trace elements present in soils depend on the {ype and intensity of
weathering and on olimatic and other factors predominating during the process of
£0il formation.

The relative resistance to weathering of various rocks and minerals
apparently has a great influence on both the texture and the trace element content
of moile, Mine textured soils and the finer fractions in other soile are likely
=0 have been derived from the more easily weathered minerals, which are also the
main sourece of trace clements. Ooarse textured soils and coarse fraoctione
are derived from minerals, such as quartz, which are resistant to weathering and
have a low micromutrient content. The lower total trece element contents of
coarse rather than fine fextured soils have been reported by several anthors,
Organic soils, especially pure peats, are another sroup of soils in which the
totel contents of most trace elaments are low,
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Trace elements are bound in different waye in soils and the demarcation
tetween different forme is diffuse. For example, ths following forms may occur:
(a) Trace elemente in the smoil solution, (b) Exchancesble ions bound by the
electric charges of s0il particles. These ione form e plent—svailable fraction of
irace elemente, similar to that of exchangesble K, Ca and Mg, The trace elements
are, however, more firmly bound and lese availsble. (&) Trace elements complexed
with organic material, Most trace elements are typical heavy metals, which are
able to form complexes with ligands derived from soll organic material or fraom
biological residuee in the soil. The availability to plante varies, (d)
Precipitated trace elements, The concentrations of Fe and Mn are high enourh to
allow precipitation., Thie fraction is to some extent plant-availskle, (e) Trace
elemente occluded during development of new solid phases in which they are not
prinecipal conatituents, Thie iz a long term equilibrium reaction sbout which
little is lknown, (f) Constituents of moil minerals. These trace elements are
releaged during weathering., Tons which have entered the crystal lattice of clay
minerals belong to this group. The svailsbility of the last menticned is
gtrictly limited,

FACTORS AFFROTING AVATLABILITY OF TRACE ELEMENTS

The availability of different trace elements to plante and the factors
affecting if, vary coneiderably from one irace element and medium to another.
Availability is not enly influenced by the total amount of the element in the
goil tut al=c by factors such as pH, texture, organic matter, clay minerals,
redox potertisl and interrelation of the elements,

Soil pH

Soil pH cen markedly affect the availability and consequently the plant
uptake of trace elements, Reducing the acidity reduces the solubility and
uptake of Al, Co, Cu, Pe, Ni, Bn, Zn, and partieularly of Mn and increases that
of Mo and 3. Cases have also been reported in which the ability of planis to
utilize irace elements decreases with decreasing acidity (increase in pH) to
& minirum at pH 5.2-6,5, while utilization at higher pH remained constant or
even inoreased,

An example of the influence of seoil pH raised by liming on the trace
element content of plants ieg given by the following data (Mitchell 195?):

Fate of applied Element content (ppm in oven dry materials)
G Cﬂ} Soil Mixed pasture Red clover
(t/ha) . Go Wi Mo Mn | Co Wi Mo ¥

0 Sedl 0,28 1,83 0.42 125|0,22 1,98 0,28 58
1444 8.1 0,19 1.34 1,54 111 | 018 1,40 1.48 M0
27,1 6odd 0,15 1,08 2,14 72|0.12 1.10 1.53 40

The effect of pH on the selubility and plant availability of different
irace elemente ie often more waried then that showm shova, Apparently, there are
also differences in the influence of pH on th uptake of native and applied trace
elements, the latter being usually more affected. Among the actual trace
elements Mo is the only one whose aveilability increases with increased seil pH,



Je2

LR
e

@Boil Texture

Little ie lnown about soil texture as a factor affecting availability,
btut coaree textured or sandy eoils tend to be asscciated with low total trace
elemnent contente and eymptoms of deficiencies in crops.

Orgsmic Matter

The influoence of ecll crganic matter on the availability of trace
elements hae been widely studied and contradictory results have been reported,
The view was held earlier that the sbsorption of trace elements by organic
matter may sometimes be sufficient fto canese deficiency, but more recent work
does not support this view and the influence of organic compounds on inorganic
poil conetituents is not olearly defined.

On cropping, organic geils are smong those moet often found to be
deficient in one or several trace elementa, In some cases snalyses show =z
high content (ppm) of trace elemente in peat spils, but when the plants grown
on peat are also snalysed the content may be lower than in plants grown on
cther soils, Thiz has been attribtuted, maybe oo often, to low aveilability or
high fixation of trace elements in organic seils whereas the actual reason may
lie in the low total content. To understand these contradictory results it must
be realised that the dimeneion or unit in which the trace element content is
given ie of prime importance and should not be overlooked when interpreting the
resultas, For example, if two ecils, a mineral scil with a bulk density (or
volume weight) of 1.5 and a peat soil with an extremely low bulk density of 0.1,
are analysed and both show an erual content of 100 ppm of a certain trace element
when eypressed in the usual way on weight hasia, the result ie completely different
if expressed on volume basis, as shown helow.

Trace elenent content ags expressed
Soil Bl on weight baris on volume baeis
Heasly {ppm) (mg/1itre of soil)
fiineral 1.5 100 150
Peat J.1 100 10

Thus, in this extreme example, the 10 ppm in the peat s0il actually corresponds
to only one fifteenth of that of the mineral scil.

I+ is spparent that plants are able to adsorb many forms of organic matter—
bound trace elemente and that many of the trace element deficiency cases found
in pest soils are not due to the low availability tut to the inadequate total
trace element sources in these soile.

Miscellaneous Factors

Other factore which may cause ocongidersble differences in the availability
of ftrace elements to plants are microbioclogical activity in soile; soil drainage
and oxidation-reduction conditions, westher conditions snd eeasonal veriation,
Becauge of the mutusl interactione between these factors, the extent of their
gingle effects iz offten uncertain,



Microbiological activity is largely dependent on all the abovementioned
factors as well as on the chemical composition of soil, pH, quantity and
quality of soil organic matter, steo. There is some evidence that Zn deficiency
may sometimes be directly caused by the soil micro-organisms compefing with the
plants for the emall quantities of the available Zn present. More indirectly,
miecro—organiems mey affect the availability of trace elements by releasing ions
during the decomposition of organic matter, by immobilizatitn of ions through
incorporation into miercobial ftiesue, by oxidizing elemente to less available forms,
by reduction of oxidized forme and by indirect transformations such as changes in
pH or oxidation potential.

Clearly the svailability of Mn and Fe is more affected by oxidation and
reduction than that of other trace elements, but reduction cameed by high
moleture content or flooding can also incresse the aveilsbility of 3, Cu, Mo, Wi,
Zny, Fb, V and Co in some cases {Mn, Fe, Mo, 3) up to toxic levels, The low
availability of Mn and Fe in oxidized conditions ie ueually explained in terms
of the lower solubility of the triwvalent as compared with the reduneced divelent
form, However, oxidation=reduciion processee are usually accompanied by
changes in =o0il pH, which may complicate the picture, as well as interactions
between Mn and Fe and ether elements.

The svailability of many trace elements has been found fo fluctusle with
geasonal variatiens, It 1s diffienlt, however, to point out any general' trends
in availability due fto weather changes because of the complexity of factors
gimltaneously involved, High soil temperature hzg often been found to he
associated both with high uptake of trace elements and with low s0i1l meoisture,
the latter being often shown to be responsible for low availability, Alea
mierobiological activity is largely controlled by temperature snd may alter the
availability according to the state of oxidation-reduction, type of miero-
organism, orzanic matter, etc. ILxeoessive phosphorus fertilization has baen
found to reduce the availability of Cu and Zn, incresze that of Mn and have
variable effecte on the uptake of B and Mo, Several possible explanatione
have been offered for the Zn or Cu deficiency so induced, including the
immeobilization of the trace element within the plant by abnormal amounts of F
heing present, precipitation by P within the conduecting tiesue of the plant
shoot, possible P-En antagonism within the root and reactions occcurring outeide
the physiclogicelly active roots =o reducing the uptalee of Cu and Zn.

CORFRRCTION OF THACE ELEMENT DEFICINNCES

For correcting trace element deficiencies in the field, the most commonly
adopted practices are perhzps the soil applications of soluble salts such as
borax, cobalt chloride, copper sulphate, ferrous sulphate, manganoue sulphate
or oxide or manganese ammonium phosphate, sodium molybdate or zinc sulphate
containing the trace element in question. Common mineral fertilizers usually
gontain minute ¢mantities of trace elements but recently additions of certain
trace elements into NFK fertilizers hawve become more common.

Salte of ftrace elements may also be used as a foliar eproy, especizlly
when the soil applications =sre ineffective, as for example in the case of Fe in
limed or ealcareous soils, where the soluble ferrous esulphate cquickly ionizes
in the soils, becomes bound to other ions or oxidizes into the less soluble
ferrip form and loses its effectiiveness,

In cases where both soil applications and feliar epraye have given
unsatisfactory results, chelates hawve been used to correct trace element
deficiencies, Sinee the introduction of EDTA (ferric potassium ethylenediamine
tetra~acetate) in 1951 great advences have been made in the use of chelating



agente, not only with Fe bui also with other irace elements that are deficient such
as Cu, Mn and Zn.

Chelntes are highly stable and although =zome of the chelates are quite
soluble, the trace element in m. chelate doee not ionize @r precipitate in the seil
but ie held in a soluble complex form which is aveilable for abserption by the
root, In chelates the trace element is protected from fixation and the chelating
molecule including the trace element may enter the plant. Te chelated metzle are
only slowly exchangeable with other cations, but highly water soluble chelates may
be subject to mome lose by leaching and may also be decomposed by microbial actiwvity,
Chelates are usually not toxic to plants.

Chelates hawve aleo been used as foliar sprays but the resulis, in general,
hawve not beem ae satiefactory as by soil treatments, perhaps owing to the
decompoeition of chelates by sunlight. Ome of the factors limiting the use of
chelatep ig their high price,
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LN TROTUC TLOW

Soil smendments provide a meens of raising the productivity of good farm
land or utilization of those marginal soile where extremes of acidity, alkalinity
or physical characteristics limit plant growth. ‘The productive soils of East
Africa are generally acid, and low in availsble N, P and S5 and minor element
deficiencies or toxicities are cormon. 'The low pH of these soils results in a
preponderance of exchangeable Al, menganese toxicity and P fixation. It is for
these reasons that liming has been adopted to raise the CEC, increase the supply of
Ca and reduce the Al and Mn toxicity.

CONVENTIONAL SO0IL AMENTWENTS
Lime

Responses 10 liming hawve not been as marked on tropical soils as on
temperate zone soils. 'The addition of Ca to soils with low CEC may cause
nmutrient imbalance and lower the availability of micronutrients (Ignatieff 1949),
The unpredictable response to liming probably emphasizes the difference between
tropical seoile rich in meemuioxide and the soils of the temperate regions
dominated by 241 claye. The oxide surface dieplays a conetant surface potential
while the 231 clays exhibit a constant surface charge (Mekaru and Ushara 1972).
Ignatieff and Page (1958) showed that wheat snd pyrethrum in Keny=s responded to
liming when the soil pH was below 5, tut responses were unlikely when the pH was
sbove 5,2, Other experiments at five sites arcund Kitale, Kenya, indicated
that application of 500 kz/ha of Ca did not increase the yield of maize although
exchangeable caleium was as low as 2 meqf1ﬂ0 g (Laycock and Allan 1976),

In Tanzania and Uganda economic responses from  applied 1ime have not been
ghtained with food crope such as maize and potate. However, in some acidic and
egpecially sandy soils, responsees have been ecbtained with sweet potato, rice
and sisel in Kenya and Tanzania. In Ugenda, responees were obtained with beans
at Kamanda.gﬁtepheﬂu 1967) snd with sorghum at Serere (Wadsworth 1965, cited by
Foster 1970). Maize planted on land reclaimed by draining the Hyanza swamp
in western Uganda where the soil pH wae below 3.5 failed completely in the
absenoe of lime,

Foster (1970) conducted 84 factorial trials on continuocusly cultivated
Boils in wvardiens dietriets of Uganda and obtained 18 significant responses, He
concluded that groundnuts are lixely to respond to lime one year after its
application, if the seil exchangeable calcium is below & meq/100 g, Cotton,
sweet potato and beans did not respond to lime in 23 trials where the sell pH was
sbove 5,25, but significant responses were obtiained in eight out of 18 trials
where soil calcium wes below 6 meq/100 g and soil pH below 5.25. His findings
that cereals are likely to respond to lime if the pH is below 5.29 concurréd with
those from Kenya by Ignatieff and Page (1958).
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The materizle used to raise the eoil pH hawve been nainly caleium cxdde,
caleium magmesium carbonate and magnesium oxdde applied af fthe rate of zbout
] tjﬁa, Aecently Uriye and Singh (nersonal cummunicaiinn} were sble to raise
the pH of a Tanzaniz oxieol (ﬂitﬂ%ﬂlj from 5.5 to T.0 by sn spplication of 5
tjha,of sepiolite (calcium masmesium silicate) of which there are lorse denosits
in northeastern Tanzania. They obtained o significant yield increase with a
test ocrop of maize,

At ite 13th meeting, the Fast Africsn Snecislist Committes on So0dl
Fertility =nd Crop Mutrition reviewed the progress on liming experiments during
the lagt 10 years and repolved to disecourage further research on the subject b
nroposed that liming sheuld aim at newlralizing torie Al witheut raising the
CEC or nH.

Farmyard Marmre

In contrast to lime it is clear that farmyerd marmure imoroves fertility.
Longz term manurial experiments at Serere, Uganda, by Jameson snd Kerlham (1960)
showed that Tarmyard manure applied at & and 12 t/ha every five years inoreseed the
the yield of all ocrops except sweet pofato and had s reeidusl effect for 20 years,
Leaving the land fallow for some three years did not restore sodil fertility but
an application of 25 tﬁha of farmyard marure every 2 yeors was adequale fo
maintain so0il fertility under continuous cropping at Serere,

Grimes and Clarke (1962) in Kenya showed that in a rotation of sweet
potato, maize and cassava, a large response to farmyerd manure was chtained by
an ammal application of 4 t/ha. They also found theat artificisl fertilizers
were as effective as farmyard manare in masteining orop yielos, TIn Bukoba,
Tanzanin, Fwrans and Mitchell (1961} reported that arn application of 5 or 10 tﬂﬂa
of farmysard mamre significantly increased the yield of maise on 2 leached sandy
Boil.

Interaction between Lime and Parayard Nanure

Although Foster (1970) did not find any consietert intermction betwoen
lime and other fertilizer freatrnents in Ugeanda, Le larae (1972) working in
Tanzania found that productivity could be maintained by using conmpost, superphos—
phate, ammonium sulphate and lime. Compost increased pH, exchanseable K, Ca and
Tz, Lime applied at the rate of 1.9 t}%n.}? monthes before plenting increased
pH and exchangesble Ca and decreased exchangeable Wn, Anderson (1970) working
with aoid seile of Tanrania also recorded A heneficial effect of lime, P and ¥
on yield of groundmits,

Plant residues

Under pontimious arable cropping, the spil suffers deierioration
remilting in reduced infiltration. Ae at IITA, Ibpden, Nigeria, work is in
progress at Merogoro, Tanzania, on the reclamaftion of such soils by the nse of
organic mlches, With the objegt of improving the goil structure and
permeability, no tillage ie practised sand trash is left on the surface, The
peed iz directly sowm, In addition to the activities of microorzanisme
in the eemi-humid enviromment of Morogorae, termites faeding on the marface
litter leave behind fascal pellets and aerate the s0il with their tunnels, The
procesgs of improvement is therefore a notural one, sfimilated by managemeant,
The ure of a grazs milch is a standard recommendation for coffee culture in
East Africa and the benefit certainly zoes heyond water conservation.
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OTHER SOIL AMEN[MFNTS
Mltermud

Gpil salinity occurse in =ome parts of East Africa and restricts the
srowth of crop plants, ZExperiments conducted by Kinyali (1976) at Arusha Chini,
Panzania, ueing filtermud (a byproduct of white sugar mamfacture) as a soil
dressing showed that it was poesible to grow sugarcane where the pH was B.7
and 2C above 4 mmho/cm. Not only did the cane setts planted on the treated soil
germinate and become established faster but the cane yield was also more than
doubled. The effect of filtermud may be due to ite hich potsssium content
(about 13 meq/100z)., It may also aid in the formation of stable soil
agrrerates, The increseed aggregation improves aeration, water movement and
increased root development, changes which were noticeable three months after
its application. Large cuanlities of filtermmd are available at sugar factories,

Ash

Kitchen ash is produced in many East African households and is velued by
the backyard tobacco zrower and gardener.  Another source of ash is bagasse
which is used as Tuel in sugarcane factories, In Africa ash has been claimed
to reise the soil pH (de Geus 1367, cited by Kalpage 1976). Probably the
effect of burning crop residues snd of the bush fires that are 80 common in
Africa is to sapply plant matrients which would otherwise be immobilized prior to
minerslization, Zake (1974), in zlasshouse experiments using two red sandy
clay loan amcils from Duzanda (atena and Amarsnthus and soyshean as test crops,
found that applicasion of ash produced better yields than the GaE31 treatment and
in certain cases CaCO_ depreseed yields. -

Caleium Silicate

It has seen suggested that calcium silicate might be superior to the
traditional lining materials since it would help to reduce P fixation in acid
soilg, FHowever, it is the 5i0, and not the 5i0, vhich is active in reducing
F fixastion. "Kensil", mined insi(eny-::, which at one time was thouzht to be rich
in GaSif_J3 is predominantly GnEiDQ.

Orsanic Katter

Urban expaneion in Bast Africe provides a growing potential source of
organic mamires and pretreated dried mwase is being used in the parks in
Hairopi, Goffee pulp is an agricultural waste available in limited rquantities.

Jreem manuring by the ploughing uqder of succulent lesumineus crop plants
hag not gained accentance in Africa, nor has the inoculation of legumes with
Hrizobia been fully exploited althoush it is probably the cheapest and most
econonic of improvement measures. Inoculants are not readily availsble, and
being inmported and sukject to deterioration may net be suitanle or fully
effective,

SJPFLY AND DISTRISUTICH ObF 30TL AMGNLDEEN I

Supplies of aaimal maruve are scarce at all simes and of low nutrient
composition which deteriorates furiner on etorase, Larze cruantities of plant
residues for compost maldng or mlching are also ueually lacking, 1 ha of
permanent srasslard being rermiired to muleh 1 ha of ooffee annually (Pacine and
Jones 1954). Transpori of bulky or heavy loads oy carrying on the back or nead
ig a severe linitstion imposed by most farms beinz ineaccessible to motor wyehicles
or by prohibitive transport coste. The fuller integration of animal and crop pro-
duction systems is necessary so that the animale can not only be fed and produce
manure cn the farm but can also lighten the burden of manmal lsbour and traneport.
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Paper T FOLE OF S0IL TESTING FOR INPROVED NUTRIZIT ORFICIENCY
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INTAODUC TION

Flants obtain their mineral nutrients from the soile and under ne<ural
conditions plant srowth mzy be limited by a nutritionsl minimum growili facier,
In agrionlture the ain is the production of high crop yields and itherefore the
limiting main factors have to be improved by supplementing ‘he natural seil
supply with fertilizers, Since fertilizers are neither cheap nor sbundent,
they must be used economically.

The common mistales in feriilizer use to be avoided are:

(=) neglect of the basic soil conditions recquired for optimum conditions of soil
and fertilizer mutrient use, (b) insufficient NPK fertilizmation for hizh
production, (o) nezlect of the mupply of secondary and trace elements, (d)
wmnecessary surplus of fertilizers leading te polluiicn.

Tor precige feriilization the optimm fertilizer remuiresen: should ve
based on diaznostic methods. The best test is the fertilizer experiment, bul
it ie expensive and elow, Therafore cownon dinsnostic methods (soil and -lant
testing) sre required, ond the purpose of this paper is Lo desecribe the
pringiples of eoll teszing as a basis for fertiliecer reconmenilations,

SOIL TESTIHG MOR ASSHSMETT OF GENZRAL OROWHE CONOTTIOTE

L high efficiencyr of soil mutrient use is only cktained when the basic
conditions of soil fertility have veen met, e,z oontimum soil resction. nH
testing 18 2 basic requirement in order to awold so0il aedidily, to obtailn optinum
evailability of soil nutrients which =re stromgly denendeat on pH and wo ohisin
optimam 80il etruciure.

The combination of optimum nuirient availsbility snd zood structure often
presents difficulties on medium and heavy soils insofar as feor a zood eoil
rmtrient sapply a lower pH range is prefersble, whereas for oplimam struciure
a higher one would be betier. The optirmm ol range is not yet estavlished for
many #0il and growth conditions. This accounts for differens opminions on
optimmm liming. However, the occagionzl lack of response To lining can often
ve cxplained by inademquate nutrient supply, to clarify which recuires defailec
goil testingz.

feil testing for ol and the line rermiremnent, degpite many thoories
involved, is reliable end conmparatively simple {MeLesn 197:).

SOIL TW&MMNT FOR WUTRIENT AVATTABILITY

Formne of Mutrienls in Soils and She dstimation of the Available Fraction

From the olant matritional point of view scversl forms of mutrients in
Boils can be distinmuished, althouzh not always easily senarated by laboratory
methods (lsble ).



Tahle & FELATIONSHIP ZETWEEN MOBILITY AND AVATTABIIITY OF WUTRIENT FORMS IN SOIL

Water soluble Fxechanseable i ey E
e i fatrisnt reserves
mitrients mtriente
Chemical Highly Farily Easy to hfficult
mobility mobile mobvile mobilize to mobilize
Avedlability Very easily Easily ¥oderately Almost
| available availabls availszhle wnawailsble

siethode for the deternination of availavle mitrienis are designed So estimate
21l or part of the total available fraction. Fiz.ll shows a selectiion of meihods
for extracting different partg of the eawvailable range.

nutrient form
method ‘mobile mobili -
water-sol] adsorbed| Zable

K lactate =[]
P lactate
P water [ ]
M3 cact,
Mn educible
Cuepra
B water [

Fize 11 lethods for extracting diffTerert
frantions of available mutrients
{Finck 1970)

Mg different Torme of mirients are interrelated, Plants take up
matrients fron the soil solution (water soluble form) which represents the
intenzity facsor (Corey and Schulte 1973). The maintensace of 2 high



intensity, however, depends (via the exchanzeable form) on a high content of
easily mobilizable reserves (capacity factor) and on the rate of transfer from one
fraction to the other,

In & seientific investiration all these fractione and fastors can be
determined with greast accuracy, e.z. for P recently by Dalal and Hallsworth (1976).
However, soil testing for farmers should be eimple as well as relinkle, & zood
method should combine the intensity and ecapacity factor (includins the rate facsor)
although normally the emphasis has to be tat on one of then,

3.2 Selection of the Beet Method

The choiee of a method depends on the special behaviour of the nutrient
in soil and on the production level,

For cationic mutrients with a considerable exchange froction, for example,
thig fraction ie likely to give a fair estimate of the availszhle fraction,
especially if the reserves are relatively low,

At low production and fertilization levels plants mainly use soil
natrients and the test methods must nlaoce emphasis on the reserves that can easily
be mobilized, Zven the total reserves have been used as an index (extraction
with hot cone, HC1l). The importance of the reserves ag 2n index for availsble
mitrients inereases with the temperature, eince at 30 = 40" © 4he wobilization rate
ie gbout 4 = & times higher than ot annual averaze fomperature of 1D° ¢ {Mnck

1963),

At bigh production level high yielding plents ore used and the >mtrient
supply of the soil is hish, Under these circumstances annucl nlante take un
nutrients meinly from easily evailsbvle forns.

In view of the complexity of determinins 'awailable! matrients i1 is not
surprising that there are many extraction methode. lore than 50 methods heve heen
propoeed for Mn and slmost as many for P,

The methods for aveilable mutrients can be divided into biolomicel and
chemical methode, The chemical methods either extract mainly the water soluble
or evechangzeable nutrients or the mokilizable reserves,

ixamples of 'water soluble' methods are those for B and sone for P,
The vresults represent nmainly the intensity factor. Meadvantazes are the
small and sometimes variable contenie lesding to sampling and anslytieal
difficulties, In order to include part of the capacity factor, an extraction
ratio of 1 : 60 is chosen for P and hot water for B,

Several ‘'exchangeable' methode are used for available K and Me, The
inferpretation can be based on content of exchowmresble watrients in goil or
expressed as percentage of the exchange complex.

Fethods for nobilizable 'reserve' mutrients can be divided accarding to
the extractanse: i,e, extraction by inorganic acids, orgenic acids, slkaline
solutions, complex resgente (for heavy metals), reducing rearents Eror "redox!
elements), physico-chemical methods (e.g, exchanse resine, eleciro-ultrafiltration)
end isotope methods,

Jed Calibration of lethods

The beat method for the estimation of the available portion of a nutrient



carnot be selected by logical reasoning alone and it mst be emphasised that
"logical reasoning is quite unreliable s a guide to the truth in hiologieal
research'(Beveridze, cited by Finck 1960), Therefore the methods have to be
evaluated (calibrated)} in order to select the best one for a given soil and
praduction condition.

The main stendards for calibration are the relative yield and plant
matrient contents, e relative yield is obtained from fertilizer ewperiments
in which the rmirient Tested ie the main factor and solely responeible for the
yield obtained, The result is expreesed in curves for different soils and
crops,  An example is shown in Fig,i12.
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Fig. 12 BRelationahip between so0il test K and relative
yields of crops {Cnpe and House 19?3}

The mitrient condents of plants can te used if Tertilizer experiments
are difficult to carry out, as of'ten is the case for trace elemente. Within
the rangze of latent deficiency and optirmm supply, the mutirient comtents of
plants reflect the amounts of availsble mutrients in the soil snd can
therefore be used as an index of calibration, Tie procedure is muite
reliable if certain precantions are coserved (Finck 1976).

The comparisor of test sTtaqgard and soil matrient iz made statisticslly
and the resulte are expressed as v° walues (the r value often._used is much less
adequate and lese intelliminle). Soil meshode ehould have r° values of nore
than 60 or 70% in order to be useful,

A= an example, data for available manganese are presented in Table 9.



Tahle §  CALIBRATION OF SOIL TESTS FOR AVAILABLE MANGANESE IN BGYPT
(CORRELATION WITH Mh CONTENT OF SOYABEANS)

Method r? (%)
1n NHA- acetate 13
0.1 n shesphoriec acid feta)
1 n Ya~acetate (oH 5.5) 106
7,05 m Wa~EDTA 24
0.1 m Na=pyrovhosphate 67
0. 2% hydromuinone in ﬂHq-anetate =1
0.0%5 s 3
0.025% L 69

Sourcet Metwally et sl 1973

INTEAPRVTATION OF SOIL TEST DA

e data on aveilable nutriente in the soil supplied by a reliable metheod
provide sn estimate of the crop responee (Hauser 1973). In order to obtain
fertilizer recommendations from the soil test data, the following information
is required: (a) relationship between soil data and relative yield, (o) the
anount of Fertiliszer nutrient required to make good the difference between a
certain relative yield and the maximum yield {(data supplied by fertilizer
experimente). T™e relation between soil data and fertilizer amcounts can he
plotted directly on a continugus curve or calculated via fertility classes,

An example of direct and continueune internretation fincluding the
econogin aspsot) is presented for P in Fig,13, For convenience in use, the
anmmts of fertilizer are grouped in classes.

T=ble 10 shows the relationship between soil nutriemt status, orop
yields and fertilirer requirements, The goal of fertilization is the range of
optimum mupply without zetting far into the range of luxury uptake. At optimum
supply a normal fertilizer dressing corresponding to the lossen {mainly the
nutrients removed by crops) has to be applied, Data for amounts of mutrients
removed by crops were riven by Ignatieff and Page (1968), de Geus (1973) and
Pinck (1977},
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Figz. 13 Relationship between water soluble P in =o0il and econominc

optimum amount of P fertilizer for potatoes
(Ris and Van Luit 1973)

Table 10 RANGE OF BOIL NITRINNT ST87U3 IN RELATICH TO CROP YIELD AND

FERTILIZLER AHQUIHEMERT

Soil mutrient status  Crop yield Fertilizer recuirement

Severely deficient Lecwer Heavy, or gpecial measures to he taken
Slightly deficient loderate To be increazed to say 500 above normal
Cptiman supply Jood Wormal rate fo revplace losses

Lusury supply {rood Reduce to half normal rate ¢r lees
Small surplus Moderste Hone

Larze surplus Low Counter measures remired
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Available Nitrogen

The estimation of available N is less well developed compared
with P and K, The most important problem is the estimation of the first
¥ dressing to be applied at sowing time or in the =spring, taking into
account the amount of N present already in the soil. In the Netherlands
it is suggested that the amount of nitrate should be determined to a depth
of 1m and that this amount of N should serve as the base for the
fertilizer rate (Ris 1974). ‘Thus if 120 kg N are required for wheat in the
#pring and if there are 80 kg in the s0il only 40 kg have to be added as
fertilizer. This procedure not only saves mineral ¥, but alsc prevents
unnecessary lossee and the eide effecte of pollution.

ALLIED PROBLEMS

The Upper Supply Limit of Nutrients

In intensive agriculture fertilizers are sometimee applied in
large amounts. In consequence the awvailable mutrient content of the =oil
rises to five or ten times the normal amount. Soil testing, therefore, is
also becoming a means of avoiding waete. The establishment of the upper
limit requires considerable calibration worlk,

For lactate soluble P, for example, values of above 120 ppm P give
maccimim cereal yields. Therefore soils containing more than 120 or even 200
ppm P need no additional P for some years,

Toxicity of Nutrients

A new function of sell testing is developing with regard to
environmental problems, The accumlation of nutrient or other elemente
in the eoil may endanger crop yielde and the health of the consumer., Taxic
elements may be introduced by plant protection products and the prolonged use
of ocity waete or fertilizers containing trace elements, If the toxicity limits
for plants are estsblished by correlation of plant and soil data, toxicity
limite for available nutriente in socil can be established,

S0il Testing and Stress Conditions

Plants are subjected to many stresses and fertilization under such
conditiens presents epecial problems, dince the adverse effects of strese
can often be decreased by the betier supply of some nutrients, special
fertilization becomes increasingly important (Finck 1977). A surplus of some
mitrients in soil may not increase the yield, but may increase the resistance
of plants to adverse climatic and bislogical conditions,

Testing saline soile for salinity is a basic requirement, but the
mitrient status alse needs epecial consideration. Owing to antagonistic
effects, however, the data indicated by soil testing need a different
interpretation and have to be pupplemented by plant analyeis data, Since
fertilization of saline soils should avoid any unnecessary addition of
fertilizer salts and yet add the mutrients required, precise diagnostic methods
Play an even more important role than on non-ealine soils,

It is poseible with appropriate fertilizer dressings, based on soil and
plant teste, to suppress the upiake of Na and increase the formerly depressed
uptake of essential mutriente to the benefit of the crop yield,



Dad

Soil and Plant Analysis

Soil testing and plant analysis in combination often gives the best
information on the nutritional status, and the interpretation of the data is
eagsier since the limiting wvaluee for a given plant are fairly uniform everywhere,
However, plant analysie requires more technical expenditure, whereas soil
analysis is normally easier to perform.

Iimiting walues {cuncentratiuna required for optimum aupplyj have Theen

established for many crops (Chapman 1966, Walsh and Beaton 1973, Reisenamer 1976,
Bergmann and Neubert 1976).

ne great disadvantage of soil analysis for available mutrients is the
diversity of limiting values for all kinds of different soils. They have to be
egtablished in any area before soil testing cen be interpreted. Therefore
in areas of unknown soil conditione soil testing is diffiocult to apply whereas
plant analyesis often can give immediate information.
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Paper 8 RECENT RESEARCH AND ADVANCES IN CHARACTERIZATION OF GENOTYPIC DIFFERENCES
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INTRODOC TION

Genotypic variability which ocours to a greater or lesser extent within
plant species gives an opportunity to breed cultivare which meet in various
ways the growere requirements. The numercue reporis of genotypic differences
in igpn ungake. ion utilization or the secondary, effects of_these nrocesses.,
“indicate that improvement of ion uptake and ion aseimilation efficiency is

poseible,

The genotypic differences reported range from: (ﬁaf+K+}—activated
ATPases in sugarbeet, K uptake in grapes, iron uptake and assimilation in
soyabeans, maize and tomato, the nitrate reductase in maize and wheat, the
nitrate concentration in smooth leawved and savoy leaved spinach, to the salt
sensitivity of tomato etec. (Alleweldt and Pollak 1976, Barker et al 1974,
Brown 1967, Brown et sl 1971, Hageman 1975, Kylin and Hansson 1971, Rao 1976,
Rush and Epstein 1976, Weiss 1941).

Two topics will be dealt with in this paper: (a) the nitrate uptake and
assimilation efficiency of wheat, and (b) the efficiency of utilization of
iron by soyabeans,

NITRATE UPTAKE AND ASSIMILATION BY WHEAT

After the straw strength of wheat had been improved, 2o reducing the
risk of lodging at high W rates, it was said that the nitrogen response was
improved, Kramer (1977), however, distinguished between nitrogen response
and nitrogen tolerance. The N response is the increase in production per
additional unit of applied W, while the N tolerance is the rate above which
additional N decreases production. It wae mainly the genotypic differences in
straw gtrength that contributed te the improvement of the W tolerance, The
more cleosely the maximum N tolerance is resched, the more timely it is to fry
to improve the N response of wheat without reducing the maximum N tolerance,

Phy=iological or biochemical markers are required by the plant breeder
for hie work on attempting to improve the N response of wheat. In the N
flowsheet shown in Fig.14, the most interesting features are the nitrate
abeorption by the roots, the nitrate reduction in roots and shoots, and the
translocation of reduced W to the ear, In making a choice, a knmowledge of
uptake kinetice muet be used to characterize genotypic differences, For
exanple, the relationship between WO, concentration in the root medium and
WO. uptake rate at important pointe fn Feekes' scale could be calculated for
whéat genoiypee grown under standard and well defined eclimatic conditions,
From the reenlts obtained in these studies y . and V
could be calculated as important phyﬂiulug;ciﬁigggﬁé%g %?nﬁs?-uptakgfx
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Attempts have been made to use in wvitro nitrate reductase activity as
an indicator of the supericor performance of a crop genotype. Success
reported for this single eriterion has been onlv limited. As can be expected
with any complex system, no single criterion has been found to play a
regulatory role important enough to serve as a marker for the efficiency of
nitrate use, Recent results show that in wheat, for example, there is
genetic divereity in ability to take up, accwmlate and reduce nitrate (Ras 1976).

From a theoretical point of view markers of nitrate reduction in root
versus shoot can be expected to be of importance, In higher plante =solar
energy is intimately invelwed in nitrate assimilation, The intermediate
reduction product Hﬂ?_ (nitrite) can be photoassimilated in green leaves by
accepting elecirons, most probably at the level of ferredoxin, This means
that nitrite (NO_, ) is assimilated even more directly than carbon dioxide {GGE}.
Penning de Vries“(1975) pointed out that as light saturation is approached,
nitrite (NO_, ~} may increase photosynthetic efficiency by allowing electron flow
through phogosystem IT, when photosynthesis rate is limited by the ambient
concentration of CO,. The entire nitrate assimilation pathway also operates
without photoassim:gatory coupling, e.z. plants reduce NO, to NH * in the dark
or in their roots. There is evidence that nitrate assimilation cBn ocecur in
either the root, the shoot or in both (Minotti and Jackson 1970), Since
reduction in roots presumably is more costly to the plant in terms of energy
{photoassimilation of NO. impossible) reduction of NO, in the root must be
evaluated as an aspect of efficiency of NO, utilization. Apart from
nitrate reductase in the leaf, the ratie a? nitrate reductase in shoot to nitrate
reductase in root may be an impﬂrtant marker of N assimilation efficiency.

Relative to translocation of N to the ear, studies with rice, wheat and
oate have shown that genotypes, with an equal grain production but of
differing protein content, differ in N translocation efficiency to the ear,

The genctypee with the highest protein content in the grain transport more leaf
¥ to the ear, The efficiency of translocation of ¥ to the grain can be
used as a marker for higher protein content of cereals. In this respect the
net harvest index for protein can be used,



EFFICIENCY OF IRCON UTILIZATION BY SOYABEANS

Pe deficiency originates from an absolute lack of iron, but is usually
induced by factors which influence soil and plant availability. A well known
example of induced iron deficiency ie lime induced chlorosis,

Plant species and genotypes can differ in their ability to sbsorbt and
translocate iron, or they may be divided into efficient and inefficient
utilizere of iron. According to Brown and Chaney {1971} the plant factors that
contribute favourably to efficilency q£+1r0n ulilizauion are: exudation of H
inte the root medium, reduction of FPe ' to Fe  at the root surface; accumulaiion
of citrate in the root for transport of Fe as Fe—citrate and a concomltant
decrease of P in the rocotsap.

Venkatraju (1971) observed that Fe deficiency in sunflower induced an
excretion of H ions into the nutrient mediam. This excreiion was accompanied
by a decreased anion uptake and an increase in carboxylate accumulation in the
plant. In contrast to thie, in an Fe inefficient genotype of maize, Fe deficiency
did not result in H ion excration even though the deficiency is known to increase
carboxylate accumulation, and for soyabeans it is known that genotypes can differ
very much in their efficiency of iron utilization.

Ae differences in H or OH ion excretion by plant roots are a result of the
way the ionic balance of plants c¢perates, some attention must be paid tc this
topic. Plants grown on nitrate 22 the nitrogen source produce large amounta
of O™ in the ¥0. —assimilation process (i jkshoorn 1962), To regzulate in this
case the pH in sﬁoat and root tissue the plant disposes of the OH ions in wWays
such as the following: (a) direct excretion of OH in the rooting medium,

Ebg neutralization of OH by malic acid after activation of FEP—carboxylase,

¢) neutralization of OH by e.g. malic acid in the ghoots, phloemtransport

of malates {o the roots and decarboxylation of malate followed by exchange of
NO.” for OH  or HCO.” (Egmond 1974, Houba et al 1971). For more details a recent
paﬁer of Raven and énith {19?6] is recommended, The currently popular Ben

Zioni Lips model, especially as modified by Kirkby (1974}, ie very useful as a
worlking model.

In grasees and cereals some 50=60% of the negative charge sriginating
from NO. —assimilation appears in the mutrient medium. In buckwheat, tomato,
augarbeét and spinach the OH or HCO, excretion is considerably lower; after
iramelocation to the shoot nitrate ig assimilated and oxalate, malate and ciirate
and the carboxylates of sodium, calcium and magmesium accumulate in the shoots,
The release of HCO, or OH excretion by plant roots supplied with nitrate can
be calculated frnm3wh01& plant anzlysis data as follows:

Uptake of anions = Uptazke of cations + OH excretion, or approximately
(HDE + organic N + H,PO, + S0, + orgenic " = (K + Na + Ca + Mg) + OH excretion
as 1 eq. NDB agpimilated = 1 mol of ormgenic ¥, and according to I4 jkshoorn
and van Wijk (1967) organic & = 0,054 organic N on ion equivalent basis.
We then write & + 1,054 (orzanic W) = © + OH excretion
OH excretion = 1,054 (organic §) = (C-A) or when erganic

S is neglected OH excretion = (organic N) — (C-A),

The interspecies and genotypic differences in OH exeretion by the
roots i= used as the basis of a working hypothesis for the response of plants

to Pe stress (Egmond and Aktas 1977). They suggested that plants which normally
excrete low levels of OH ions into the mutrieni medium respond to iron stress by



shifting the ionic balance in favour of H ion excretion sc that iron stress is
alleviated; these are the Fe efficient plants, Plants which normally excrefs wvery
high amounts of OH ions also shift their ifoniec balance in the same direction as a
result of iron stress, btut although lowering the OH ion excretion they still
excrete net OH ions, Iron availability is then not increased; theee are the

Fe inefficient plants.

From plant analysis the OH exeretion of the roots is caleulated with the
eeuation mentioned shove, while the H ion execretion by plants supplisd with
nitrate ¥ and not supplied with iron is salculated in a comparable way by
H ion excretion = (C-A) - (srganic N).

The results of the experiments showed that in general the working
hypothesis was a right one (Egmond and Aktas 1977} bus there was a remarkable
exception for the two soyabean genotypes 'Hawkeye' and T200, This exception
is shown in Pig.15,. In thig Figure the effect of Fe strese on the OH ion
excretion of the tested plants is presented in four ways. Avary first colum
shows the effect of iron stress on the OH lon exeretion, In every second
column this is divided into the effects on anion and cation uptaks. Tvery third
column zives the effect of Fe stress on the amount of nitrate reduced, A and ©
The last column gives the effect of Fe etrese on the organic § and (C-A) or
carboxylate. In the case of the Fe efficient 'Hawkeye' the rate of OH ion
excretion gradually declined and on the 12th day of the experiment H ion
excretion began, In contrast, the Fe inefficient T?0? increased the rate of
OH ion excretion gradually with developinz Fe stress, I4 should be emphasized
that none of the other plants tested behaved in the same way as the soyabean
genotype T203,  This means that in contrast to the other planis tested the low
availability of iron in the root medium is accentuated by Fe deficiency in the
T203 genotype.

Lz stated before, plants grown on nitrate as the niirogen source produce
large amounts of OH in the WO, -assimilation process, Clearly this OH production
which is related to NO q—assimélatiun, drops to zero when the N0, reserves are
depleted by the plant.” In conformity with this it is often shosm that plants
which are insufficiently supplied with nitrate later excrete H ions into zhes roct
medium (Iijkehoorn et al 1968, Houba et =1 1971). Whern the plant has depleted the
the nitrate W reserves the equation: H ion excretion = (C-i) = (organic N)
can be simplified fo H ion excretion = A (C-A) whereby [y (C=i)
is the carboxylate production by the plant after N depletion, From thie it is
expected that the extent and duration of iron strese is clesely linked to she
amount of nitrate supplied to the plant. Or, it is expected that the plants
recover sooner from iron stress she lesfs W iz supplied to the plant. In 2 pot
experiment with T203 and 'Hawkeye' soyabeans grown o a calcarecus seil, well
known for its lime induced chlorosie problem, the following aitrogen doses were
supplieds

H

1= 0.5 g N as nitrate, which is only enough for gome weeks of zrowth,

HE = 1.0z ¥ as nitrate, which might be depleted at the end of the experiment,

53 = 1.5 g ¥ as nitrate, which the plante will not deplets during the experiment.
The Fe efficient genotype 'Hawkeye' grew well con all N freatments, although

at 43 days after sowing the N, plants became light green, obviously tecause of

depletion of the nitrate reserves, On the other hand, for the first 25 days

the Fe inefficient genotype T203 was iron deficient (clear wvisual symptome) in

all treatments, the worst treatment being the highest rate of nitrogen (1.5 g H).

Gradnally, however, the ¥, plants recovered from Fe deficiency during the

experiment and at 43 days after sowing the T203 ¥, plants were almest free from

vigmal symptoms of Fe deficiency.
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In Tig.16 the net H or CH ion excretion of the plant roots up to the
final harvest date is plotted against the amount of N supplied, In this
Fiqure the nitrogen effect is clearly demonetrated; with increasing supply
af nitrate the OH ion excretion increases. The genotypes differ in that the
O ion excretion per unit of W is rmch larger for T203 than for 'Hawikeye'.
Moreover, it is shown that with the lowest N dose both genotypes acadify
their rhizosphere, which acidification must have started after depletion of N.
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INTRO OOC TTON

tme general factor common fo all crop production systeme should first
be recognized. The better the crops grow, the greater will be the efficiency
with which mutrients are utilized. Thus those systems which best reduce pest
and diseaese inecidence, and which have cropping sequences adjusted to take bes.
sdvantage of the climate and soil conditions, will always do better than less
well adapted systems, Similarly, legumes given proper rmutrition,fix N at
higher rates than they do when other mutirients are in shert supply, or when tha
20il is toe aecid for them to make optimum growth. Thus the most important
effect of a cropping gyotem on fertilizer efficiency is through its effect on
the health and vigzour of the various crops.

Cropping syelens alse influence the efficiency of fertilizer use through
their effects on the processgeg of fertiliser loss, These processes include
leaching, erosion, volatilizasion and irreversible conversion to non-plant
availanle Forms, In this paper cropping systens will be taken to include
systems for the production of iree crops and forase crops, since by combining
arable cvop production with perennials such as trees and pastures the efficiency
of fertilizer use may be nonsiderably improved.

I: is impossible to review all aspectis of all cropping systems in a
gnort paper, and so attention will be ziven to some aspects of examples from
temperate, subtropical and tropical agrienlture.

EFFICIENCY OF TVRTILIZER Jai IW TEMFERATE ZOWNE CROFP PRODIJCTION 8YSTEMS

Arable Farming

Many valance sheets for plant mutriente in teaperate zone arahle cropping
systems have beom published (Cooke 1957)}. The longest standing experiments for
which good data are availzble are those initiated at Heothamsted in 1852, With
commendable foresight these experiments were initiated with W,F and K applied at
rates up te 144, 33,9, and 139 kg/ha respectively which are still realistic
at the precent time, (ver the peried of 120 years or soc the proportions of
Ny P oand ¥ recovered in cereal crops are approximately 35@, 20@ and 20%
(Bothamsted Experdimental Station 1963) but vary considerably, There has been
1itlle change or & degrease in =0il N contentes on the contimious cereal
cxperiments, and therefore the lost W is presumed to have bean leached orv
volatilized, The P and K are =till in the soil, but in forme in which they
are not immediztely available to plants, althouzh some at least is in
cailibrioam with the soluble and labile forms and so contributing o crop
wields {Rothamsted Txperimental Station 1968},

Is comparison with cereals, recovery of fertilizere by root crops
(parti mlarly sugarbeet} in the United Kingdom is considerably better (Johnson
197£), perhaps becmuse they occupy the ground For a longer period of time,

If crope are planted in the antumn and fertilifed before the winter rains
and the rapid spring growthy considerable logses of fertilizer can occur
(Kuipere 1962, Devine znd Holmes 1983). Recoveries of spring spplied W are



mich higher, This may partly account for the generally greater efficiency of root
crope in recovering fertilizer as these crops tend to be fertilized rather later
in spring, make their meost actiwve growth later in the swmmer, and are harvested
later than cereals,

Although recoverius of F and K by the crop to which they are applisd are
often low, there is anple evidence o show thal in arable reotations Lhe -cial
recoveries are considerably hisher because subsequent crops in the reotation
benefit from them (Table 11}, Thus Coocke {1967) sum=arized much U,X, work se
follows:

"1, The large pesiduss acouwmulated in soil fram long periode of Sanurviog:
with phosphorus aml,"'ror' potasgium fertilizers have been found useful o
crops in all the experiments dopne,

2 There are large residual effects from the larze dressincs of conpouad

fertilizers that are commonly used for cash rooh crops in Jritzing  They
greatly inecrease yields of feollowing cercals.

i lLarge dressinzgs of nitrogen fertilizers used for root crops have
comsiderable residunl effects on following cereals,

La desidues of all three nutrients (N,P,X, applied 35 fertilizers
cause general increases in yield and often lesser the need for fresh
fertilizer,"

Table 11 FERTILIZER RECOVERIES IN CONTLNUOUS WHEAT AND fC MATION wXPoUiIMENTS
ROTHAMS T D, UK,

Continuous Wheat | Wheat=kale=barley=rracs=-potatoes
% year rotation

Period thatrient recovery Period Nutrient recovery
M 1852 = &1 22 (37) | reme - 1 2

1966 = 67 36 (64) f

1852 - 71 14 {33)

e 1958 = 7O

P 1966 = 67 21 (35) 956 - 70 29

1852 = 91 29 (52)
K 1956 = T0 bl

1966 = 67 14 {315}

Sources: Johnston (1968), Widdowson and Penny (1972),

Figures are nutrient in harvested part (a} less nulrient in harvested part when
no fertsilizer applied (b) a8 per cent of applied Fertilizer (¢} i.e, EEE x 102,
Figures in parertheses are % *x 100, Hesults are neans for periods shown, for all
crops and out grass,

Wheat recelved W 144 kg/hz, P 33,5 ka/ha, ¥ 90 kg/ha annually. In the rotation
experiment the mean anmual fertilizer application over the T year period of the
rotation was N 70 kz/ha, P 27,2 kg/ha, K 141 kg/na. Original publications should
be consulted for full details,



ra

Cook and Davies (1957) who reviewed much Aimerican work alsc found hat for
temperate areas the residual effects of N, P and K in arable rotations wers
considerable, Olson (1972) also concluded that while total recoveries of nitrozen
in arable cropping systems in America were of the order of B, recovery could he
improved by including sed crops or deep taprooted legumes to soak up mineral
nitrogen which in some areas accwnulates in the subseil, Bfficiency is also
greater 1f nitrogen fertilizers are appli=d only aftter the reg! sysiten of the nron
ig established, but this may not be the most convenient or the wost produstive Line
at which to apply it.

In addition to appropriate timing of the fertilizer application, recovery
is likely to be affected by the way in which the root system of the aron develops,
In & well structured soily root zrowth is optimal but if the =0il is compascted
o that root development is restricted, recovery is less afficient (Phillips
and Kirkham 1962, Kubota and Williams 1967, Lupten ef al 19741,  Zero tillasze and
minimun tillage techniques have zenerally been found fo neceseitate rather nigher
fertilizer application rates than scropping systems utilizing conventisnal ploushie-
and harrowing (Heaumer and Bakermans 1972), However, it is probable that
efficiency measured over a period of severzl years will be at least as hish =as in
conventional land preparation nethods, ag the fertilizer not recovered immediately
in the crop remains in the soil. The initial higher resquirement is necessary
only to establish new equilibriun conditione and umiil lhe better structural
condition g¢reated by faunal activity on ne tillage systens is established (Cannell
and Finney 19?3}.

Grassland Farming

Although reeults published for N recovery from fertilizers apnlied to
grassland show a wide range, they tend to be higher than for arable crope zrown in
eimilar conditions, and may be as high as 858 for ¥ (Williams and Jackson 107&).

It is probable that the most important factor is the continuous presence
of the erop in the =eil, Very low levels of nitrate in s0ils under permanend
graseland have been widely observed {Russell 19731).  Althoush the reasons are
2till not established unequivooally, there is no dispute thai nitrate levels
are low under grass, DBecause only niitrate and nitrite (which ig not found in
significant amounts) are readily mobile in soils, the absence of nitrate implies
that leaching and wolatilization losses due fo microbial dissimilatiorn of
nitrate are negligihle,. When a net release of N does ocour, rootz are always
present To absorb it quickly. In nwn-alkaline soils nitrate is always the
dominant anion, and leaching of cations depends on the amounts of nitrate in
the seil, Thus cation leaching as well as leoss of ¥ 28 nitrate is controlled,

Losses of fertilizer N from pastures may be jgreater when heawvy fertilizo:
dressings are used (600 kgfhaj}ear of ¥ is often an economisz rate in the U.K, ) _
but data obtained by Hood (1976) indicated that even when N was applied at 750 kz/
ha to a grazed pasture leaching losses accounted for only 5% of that applied.
Studies of the concentration of nitrous oxide in pastures receiving nigh rates
aof ¥ fertilizer by Dowdell and Webster (1976) and Burford (personal communicatian )
indicate that the losszes by denitrification are prebably alsc laow,

When legumes are included in the pasture, it is undesirable %o use heavy
dressings of N because these repress the legume componernts and ancourase the
grasses, and the N fixation by the remgining legumes is depresaed,  Heverihe-
lese in Purope it has become customary to use grass dominant pasfures and heavy
I dressings, as amnong other reasons, it ie easier to ensure rapid dry matter
production in the early spring, when winter feeding stuffs may be scarce, than
if reliance ie placed on pasture legames, However, in terms of dry matter
produced per total fertilizer uanits applied, the legume based nastaras ars



probably wore efficient than heavily fertilized zrassland,

Althoush the soil-pasture system is very retentive of nutrients, a source
of loss arisce from the concentration of matrients in animal excreta. Losges
of ¥ ocoar throush wolatization of ammonia in urine patches (McOarity and
dajaratnan 1974, Donmead et al 1974) and by denitrification from animal slurry
(Burfora ey al 1975}, Losses of K by leaching may aleo oceur on some =oils
Uiavies e} al 1962) althoush Cooke (1971) concluded that grazed grasslands are
seldon deficient in K, the return of X through the aninal making zood the large
amowtty zecurmulated in Lhe grass, I the grass is cut and fed to animals
elavwhere subeiontial losses of X arise, and K fertilizers are needed if *he
production level iz Lo be maintained,

PFFIOISECY OF FRRTILIANR USL IN PASURIWHLAT ROTATION SYSTEMS OF THE SEMI-ARI Cy
U PROPTOAL A0

this production system is probably one of the most efficient in terms of
fertilizer remairement, in that wery litile input is needed, It involves &
maccession of two to four years of pastiure, followed by iwo or three crops of
corenls, usually wheat, T™e fertilirer input is restricted to superphosphate,
suppleaented where necossary by trace elementss the ¥ requirement comes from the
rhizocia aszzociated with the legumes, usually subterranean clover, grown in
the preture, mand the system iz sometimes described as the “super and sub"
avitemn,

Berause it is proctised in semi-arid areas leaching losses are low, and
consequently there is little or nc need for K or lime, and the N fixed by the
pastare is largely available to succeeding wheat crops. Although good
regponses to F are obtained, little (2a 10%) of that applied is recovered in
the first crop grown after applicatior (Woodroffe and Willians 1953) but again
hi th residual values occur (Pipe- and de Vries 1964, Oonald 1964, Saith 1964)
ever, tnough most Aastralian soils are low or very low in natural reserves of
phosphate (Wild 1958) and "fix" -mch of the applied phosphorus,

An impertant rele of the F and £ applied ie in buailding the organic matter
nontent of the soil (Williams and Donald 1957),  PFertility build-up in most
zoils cultivated in this way is an essential part of the success of the
systen (Creenland 1971) and the contribution of the Fertilizer to this
process chould be rexzarded as part: of its funciion, The accumilated organic
F does not mincralize a6 readily as the ¥ and S (Williame and Lipset: 1961)
and 80 iz not "available" but the organic matter of which it forms part
improves the gtructure of the soil and hence water entry and storage which are
critical aspects in relation to cereal production., Efficiency of use of W is
closely related to water availability and for a given quantity of applied KW

yirlds rise in proportion te rainfall. The stimmlation of W fixation by the
Poypd G oapplied to clover based pasture ig a major factor in the effeciivenesn
ciothe systou,  fbout £ kz of W oare estimated to be fixed from the air for

cach kyr of P oapplied (Williams and Donald 1957).

SYSNNNE OF AjHLE CROPPING OF S0ILS OF THY HUMID TROPICS

I the iropice the problems associated with the development of efficient
arapping eystems became more difficult. This ie due to the pronounced
seasonality of the zliamate, the intensity of the rainfall, and the characteristics
of the seils. WFarly planting at the onset of the rains 18 usually critically
relaled to yield, and timing of fertilizer application bocomes more important
thar in gentler climates. The high proportion of rainfall which leaches



through the soil is expected to cause greater losses of fertilizers by
leaching; the high proportions of ¥e and Al oxides in these seils are

af ben stated to be likely to le=sd to high rates of P fixation and hence
inefficient recovery of applied Py the high erosiviiy of the rain is likely
to lead to sarface run—cff carrying applied fertilizer with it and removing
mitrients concentrated in surface soils. The year—round high temperatures
and high Wwanidity are very favourable for microbiological activiiy, and
developnent of pathogens can be ewxtremely rapid, as well as processes such ae
denitrification.

‘Mree sropping systems have so far proved saccessful in the humid
tropice, namely paddy rice production, tree crop production, and small
farmer natural fallow rTotation systems, These systems are successful because
they do nol cause a soll erosion hazard, httempte to translate agricultural
practices developed for intensive arsble production in the temperate zone
tc the nupid tropice have largely failed, because they are not adapted to
the more severe constrainis of the tropical climate. However, recent work
at the Inlernational Institute of Tropical Agzriculture in Ibadan, Nigeria,
has shown Lhat a eystem based on milch—zers tillage techniques and inter- and
rolay= cropping should enable sastained intensive arable production to be
naintained in these aress [Oreenlond 1979).

4ot Fertiliser @fficiency in Faddy Wice Production

The recovery of fertilizer ¥ in crops of rice tends to be low but can hbe
improved by attention to methed and timing of application and water management
(Sanchez 1972). Results cobtained uwsing nitrogen—13 have shown that placement
st 15 o can inecrease recovery of applied W in the grain to as mich as AL
(IAFA 1970). Losses are greatesl under conditions of intermittent, as opposed
to coniimious, floeding because of the formation of aitrate when oxysen becomes
available in the soil, and the subsequent denitrification of the nitrate when the
soil iz flooded (Patrick ct al 1987).

Responsce to P oare less common ia rige than are responses to other

matrients, probably dus in part to the generally higher availability of

eoil P in flooded land, Perhaps most important is the fact that not only is
£0il phosphate more available but alsc P in rock phosphate, and at least in
asdd zeils recoverics of P from applied rock phosphate can be a3 zood as those
from superpnosphates (Engelstad et al 1974},  Substiantial improvenents in
efficiency of fertilizer use by rice have been obtained with the introeduction
of the new rice varieties, with sherter straw and better root characteristics,

g Fertilizer officiency in Other Arable Production Systeme in the Humid Tropics

The traditiconal natural fallow rotation system of arable crop production
in the esublmunid snd humid tropics depends on the accurmlation of matrients in
amtural fallow vegetalion, and their release on burning, te maintain Boil
fersilitv. Hecovery of the nutrients releaesed from the wvegelation by crops
ig wnormally very low, tus provided the roots of the natural vegetation
previgasly present are not killad, loss from the eoil=vegsetation system i=
small and the nutrient cycle between natural vegetation and esoil is largely
neintained, 1% normolly takes ssveral years Tor the vegetation to redevelop
aderruately, and so the intensizy of land use permitted by such systens is low,
althoagh efficiency is high in terms of ocrop production per unit of mitrient and
emers’ input,

Yerious problems, however, start to arise if pressure on the land increases,
so that the period when the vegetation redevelops is shortened and the cropping



period extended. FProductivity then falls disastrously owing to failure to
replenish matrient reserves, and the increasing importance of soil erosion
and other factors assoclated with prolonged cultivetion pericds, MNutrient
logses due to erosion have recently been quantified for an Alfiscl ir southern
Migeria by Lal (1976) and are substantial, particularly since the greatest
concentration of mutrients in soils of these areas ies in the immediate surface,

Yields on these soils can be maintained if nutrients are supplied by
fertilizers (Kang 1974) and erosion is controlled, Because of the geveres
erosivity of the climate of the lowland numid tropics, erosion control denands that
a Boil cover be maintained throushout the year. Mechanically conelructed worke
are liable to failure, even when desisns based on thoee found satisfactory in
lees erosive conditions are used, Combination of araktle crops with trees or
other perennials, or proper use of multiple cropping zan, if the dry season is
not too prolonged, provide the necessary cover. Alteraalively or additionally,
all crop and weed residues can be used as mulches to give the necessary soil
protection (Lal 1976).

Efficiency of feriilizer use in such eystems mizht be expectied <o be
low because of (a) severe leaching (b) high fixation rates (c) competitiaon
between crop uptale and assimilation by microorganieme which are inwvelved in
decomposition of the muleh (d) poor crop, and particularly, root growth due
1o initial soil acidity, or acidity developed following coniinued use of
fertilizers (e} multiple cropping,

is Leaching

Good quantitative data on leaching of fertilirzers applied to arable
crop8 in umid tropical conditiong are still needed, Data obtained
under tree crops (Codefroy et al 1970, Bolton 1968) rather confirm the
expectation of serious leaching losses, although apparent recoveries
(neglecting the sgoil cﬂntrihution} of 4,FP and K are broadly similar tc
thoee obtained in temperate =mome asriculiure, which implies that the
problem in the hamid tropics is =t least no more sericus than in
temperate areas,

ii. Fixation

'he myth of poor phosphorus responses due to high fixation rates in
"tropical soils" dies hard, For instance, as recently as 19731 and in
a publication of the U.5. National Academy of Sciences, Olson and
Engelstad (1973) state that "Fixation is especially rapid and strong on
ferralitic soils (oxisols)" and "Fixation of applied increments of
phosphorous is far more gerious in certain tropical eoils than soils

of temperate regions"., It may be true of veleanic ash soils, those
developed on highly basic¢ rocks and others with high free alumina
contents, but is ¢quite untrue of the majority of soils in the tropics,
Ruesell ti??%] etates "It is worth nosing that most troplecal seils
behave as typical temperate soils". Thers is ample evidence fron
long term fertilizer trials to establish that applied P gives riee to
substential residual responses, a result recently reconfirmed at TITA
(Kanz 1974). Kamprath (1967) reviewed briefly "fixation" of phosphorus
in red soils of the warm and hot humid regions. In gpite of zpparent
high fization rates very substantial residuasl responges are obtained

and in North Carelinza even seven teo nine yeare afser the initial applic-
ation of superphosphate to the strongly F fixing red Ulitisol good
residual effects are found,



In Horthern Australia Arndt and MoIntyre (19631) found that the residual
value of rock phosphate after T years was 60 to T0F% of that in the
initial year. Cooke (1967) concluded that "there is much evidence
that in meny soils "ordinary" dressings of phoephate fertilizers leawve
resgidues that benefit later crope, just as they do in temperate

scile".

iii, Competition in aseimilation

When mulches are used to protect the soil from erosion, competition for
mitrients between microorganisme involved in decompeosition of the mulch
material and plant roocts is likely to arise. This is usmally most
proncunced with respest to nitrogen, However Oreenland and Nye (1960}
found that rice and maize siraw applied to an alfiscl in Ghana caused
only a very limited tie up of fertilizer N and more recently Kang (1975)
at Ibadan in Nigeria found that provided adequate rates of W are used,
there is no difference in recquirement with and withoat a mileh applied.
lMore information on this topic is required, but resultes currently
avallsble do not suggest that the milches will lead to a sericus
reduction in Tertilirer efficiency.

iv, fieduced efficiency assoeiated with high acidity

In the perhumid =sreas of the tropies soll pH may be as low as 4.

Crop growth and response to fertilizer may then he limited by Al
toxdeity, and deficiency of Ca and Mg, Responses to N P K

fertilizers will be small unless the acidity is first corrected, Small
rates of lime (lese than 3 t/ha) often give substantial responses, but
higher rates may couse yield deprespions becsuse of induced deficiencies
of trace elements (Spain es _al 1975, Juc 1975). Responses to liming
when the pH of the seil is greater than 5 appear to be less common than
might be expected, and ¥ F K responses are not then dependent on
interaction with lime. Howewver, application of nitrogen fertilizere
for several yeare can ocsuse gubstantial acidification, and the
efficiency of ¥ P K will diminish., Abruna et_al (1959) have given
exanples from South Americhm and Jones and Wild 319?5} examples from

West Africa.

Ve Effects of inter— and relagy—cropping on efficiency of fertilizer uptake

™e mumber of experiments on fertilizer efficiengy on interoropping and
relsy—cropping experimente are inadequate to make useful generalizations,
Oelsligle et al (1976) posed the question "What, if any, are the increases
in utilization efficiency of the different nutrients when compared to

gsole cropping™ and from their review of the gvailable literature
soneluded that if the timing of application was appropriate and ademquate
rates were used, recovery of fertilizer would "surely increase'" compared
with fertilization of =ole crops.

hanches {19?6) has al=so reviewed mulrient uptake in multiple eropping
gystems, Results from many parts of the tropiecs show that when legumes
are included in the intercrops they can improve N uptake by associated
cereal or other crops, and the efficiency with which fertilizer W i=s ueed,
provided that they are utilized in the oropping scheme in such a way that
they do not compete seriously with the associated crop or crops for
water or sunlight. Clearly, timing of application is important, but
there is too little information on this topic. The compatibility of



root systems ie another important topic which requires study, to assist

in developing rational management systems, Indigenous relay intercropping
systems undoubtedly incorporate a great deal of empirical knowledge, and
merit careful consideration when endeavouring to replace them by more
productive eystems (Oldgbe and Greemland 1976).

CONCLIOSIONS

Cropping systems, as well as timing, method of application and forms of
fertilizer, can influence fertilizer efficiency. though there are many factors
which ceuse various practices to hawve different relative importance in different
areas, the importance of having an actively growing root system present whenever
fertilizers are applied appeare to be generally true. In the tropics thie is
particularly important, and appropriate relay intercropping practices are likely
to lead to the most efficient recoveries, Proper timing is probably more
generally important than placement, Hesidual responses in both tropical and
temperate regions are generally high, and efficiencies of recovery should not
be assessed on the basis of recovery in the crop to which the fertilizer is
applied alone, tut on the recovery in the several crops utilized in the cropping
syptem. ‘There is & need for further long fterm etudies of fertilizer efficiency
in different cropping systems, pariienlarly in the tropice, The mest perious
irrevereible losses of fertilizer and other nutrients ariee from erosion, and
not fixation. Mulches provide the simplest method of erosion control, and their
effecte on muirient recovery merits further study,
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0, Talibudeer and M,3, Paeae

Fothamsted Dxperimental Station, ‘iarpanden, 13,3,

1. 5011 WUTRIFNT POTHHGLAL

A review (Talibudaen 19747 of the defiitior of the cherisal pofenti=l
of a plant mutrient ir the so0il, soil madtrient pote tial (S9FY, snowed 'iias
for all practical purposss i1l om. be renpresented oy the polivity
pancentration in dilute colutions] in the il woter in ereilicrdum witn e
a0il (statis or dynamic), I iw alao eonveniac! when cgaparins arap/eedl
environnents to consider this e-uilibrium activity or corcer-paticn i erer.s
uni=s {i.,e, A ==ATIlnd, 17 solution culrure =nd A0 == oot gl tuen
where AR i the emquilibriwn activity ratio (3ecketr 12 {n}
facilita®es the use of the tagtivily=-ratio' or '=pradiucn! consent where mroedend
ions are involved in exchange/adsorption/precipitatior processes ir ‘he gail,
(b} enables a more rigorous comparison 4o be made of seil rmutriens stoius wder
various environmental conditions (o.z, wvarious sonpnting sr interastites icos,
chelating molecules and tenperatures), (o) makes it fearinle tu put che
mitrient extractins abilities of various crops and cheniazl owiresciar-s o o
common energy scale, and {d! allows the needs of the srowings plast ta oo
aspezced on o common scale Through ite warious developmenl atager under
changing eavironmerntal conditions. {(The unizs af r:nn-::e?'l{f__:-q*.i:m, ackivity
ratis and emerzy are conventionally molarizy, (molarity, :and raloriss per mole
or joules per mole,)

. SOIL HUTRIZHET PONYN TIAL adG JROP poHFCEMANSH

2.1 A doncept

Ideally a SHP should ke the averzse value in the root rane ander “ne
environmental conditions prevailing ir the soil. Thesn 'environnernsal
oenditions' intesrass the effasts on SNP of pH, !eaperasure, the partial
precsures of oxyson, carbor dioxide and waker {and in “he context of ~odern
asrionlture, perhaps ammonia) and the verious chenical soesponents af ihe
goil complex. To relate SNP to erop performance, measurcrents would reed to he
averazed over & partieular stare of development.

ir relating SNUF to eron srowth, the mest 2ommon yardisiiciks used Lo define
slant performance are dry matier yield (FY!{of a particular plani part) ond
mitrient uptake (M) into the shosts. Ir racent years, & more Dundsnental
plant index of root =ztsorving power (AF) hzs been suggested and weasured in the
laboratory for a few plants with root systems of ideal shape, e, sylinders
with no root haire (Fried and Shapire 1960, Hye 1366, fried and Broeshar:t 10670,
RAF has been show:, 22 one would expect and prediect, fto be related to the
development stage of the plart, plant species and root aze, s projent ~bhis
concept +o the field recuires simplifying assumpiions and laborious measuremensr
of rootz, 'The latter de not include all active rodt companenis,

The effects of a wide range of HHF wvalues, an PT and 50 shown in Sipgure
allow the identification of mean wvalues of reveral critical nrop enerd
paraneters Tor a particular development stage that can be derived ewperimenzally
by measuring the mean SHP over that stazed



5 The 'exhaastion' (or 'threshold' or 'uptake') potential, when FY and
nutrient concentration fH[.‘} in the plant increase slowly with SHWFj

ii. the 'response’ (DI"' 'deficiency') potential, when PY and NC increase
rapidly with SNFj

iii. the 'optimum' (or 'adequate supply') potential, when FY is mascimumz
and

iv. the 'luxury-toxic uptake' potential, when PY decreases and WC increases
with increasing SHP.
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2.2

2.3

Some Mffioulties

The concept described above is undenisbly an oversimplification but
attempts to bridge the gap between the older ad hoc asronomic experimentation
and the more recent sophisticated, fundamentally based models being developead
and investigated in the lsboratory, (The basic tenets of the latter are nos
yet of practical use to the agronomist.) Zome difficuliies in desimine
experiments for investigating thie concept are now diseussed,

The transitione between development stages are not likely to be
distinct but could be evaluated by analysing the observed PY : NP and T &
SNF curves at each stage. At various developmen! stages, the SHP values
giving masdmam dry matter yields fﬂﬂgpt} may be differeni, Furthernore, ths
meximum growth of some part of a plant in the earlier stages may not result ir
meodmum yield of the horvested part, For instance, szcessive vegetative
growth in some root crops results in poor root yields, Similarly, with wheat
too much ¥ in spring can lead to exceesive tillering which reducas irain
yields 1In contrast, more ¥ given during grain filling (when 'available' N
in the seil is usually at a low level) often increases grain yield and invarisuly
increases N concentration in the grair, suggesting pariicularly the need g
maintain an optimam SNP during sredin £filling. 3, to obiain maximum benelit at
final harvest from native and applied nutrients in the Boil, the ZHF at each
development slage should be such Lhat the yield a' final harvess is meximum and
not necessarily AGonpt for that siage,

To take account of recesnized nutrient interactions for a particular
crop (e.g. Nik, ¥iP, KiMg, CasPj pi (A1):P,,Ca,Mg; trace element
interactions), initial experiments would need to use 'optimum' basal levels
of such interacting mutrients (other than she tested mirieni) based on provious
axperisnce, Subsequently, their effect could be investizated by factorially
combining a few levels of an interacting mutrient into the main experiment ==+ up
to study the crop performance:SNP relationships, Such ideas develop rnaturally
from the basic concepts of soil nutrient potential originally proposed by
Schofield (1963) and his cellasboraiors at Hothansied during 1934=5%, starting
with soil water and concluding with Py K and lime potentials,

Procedures Used Hitherto

The methods ueed so far to derive one or more of these ocritical potertials
are briefly described below:

2+3a1 ZEmpirical approach 4

The nutrient status of the soil (before growing the crop mt after
equilibrium with various levele of added fertilizer) is sssessed by
calculating the SNP from the composition of the equilibrium soil weter
(Schofield 1947)., The yield response of the erop at final harves* is
meagured and, combined with SNP walues, is used ig assess the exhaussion,
response and optimum potentials but not, so far, lwmury—toexic potentials
of the crop (Woodruff 1965)., At best such estimates can only be
approximate. By far the largest body of data for various crops (Beckett
1972) concerns SYP values covering a range betweer crop exhaustiorn and
response. Such values, at least for higher plants, must be regsrded
only as average and approximate because SNF in the dymamic emiilibrium
between plant and seoil changes during growth and aleo the critical
values may not be the same for the various development stages, (The
former reason is less true for nutrients invelved in ezchangefadsorptiOnf
precipitation reactione in the soil.] However, for a particular soil,



they indicate the level to which SNF muss be brought to produce a stated
level of performance by a particular erop, Ziven normal environmental
~onditions (Table 12),

Table "7 CRITICAL 3SNP VALUMS FOR THE SROWIH OF VARIOUS CROPS AT ?f}oﬂ
(cal/mole)
0 T ]
‘ Orop Axnsastion  Hesponse  Optimum Reference .
—]
{2} Potaseium ;
Grass and hey = =1500{pH 7] - Schaffer et al 1962 !
{unspncifin* ] - |
|Ryegrase =800, =8G00
| and =S400 - - Arnold 1362, Talibudeen and Dey 1968,
{ Mddiscott 1970 ;
1‘-fnr.-ai =472 and  =4200 and = 3400 Seheffer et al 1962, Feizenbaum and
=£200 =700 Mamin 1967
dinter rye and - - =400 Schaffer et al 1962
spring barley | i
(ats 3300 - - Acruaye et al 1067
MNaize and
Sorghum = 300 =200 - thomaaye et al 1967
Itice - =3700 =3000 Ramamoorthy and Paliwal 1355
Vetch and '
clover =R - =1200 Hagin and Dovrar 1963
Sutierranean =520 - =A600 {Barrow 1966, Barrow et al 1977
zlover
Sowvabean - =4010 - Woodruff and Melniash 19879
Alfalfa - =3930 - Lewvin et al 1969
Potnso -=1900 =500 and =200 and Schaffer et al 1967, Armold et al
—1200 -2400 |1968, AddiZcott and Mitchell 1970.
Sujrarveel - - =3000 |Scheffer et al 1962
04l padn - = 3900 = 3000 Tinker 1964
Cacan - - =3500 |Moss 1984
Janana - - =3200  [Moss 1984
Srranmorey =00 - - Aradfield 1969
(o) MNamesium
Susarheet - -2 K3 - Tinker 1967
Coconut =2T00 - - Hetheinghe 1962
{c) FPhospnate
Unspesificd - =760 =4H900 |Lelyng 1964
arop (wheal)
!




Table 13

CRITICAL CONCENTRATIONS AND THE BQUIVALENT CHEMICAL POTENTIALS (IN
PARENHESES) FOR THE GROWTH OF VARIOUS CROPS IN FLOWING NUTRIENT
CULTURE SOLUTIONS

Lo Lxhaustion Hesponse Optimm Loty Heference
(a) Potassium M x 1@6 (and —RTIn{(}) at 25%
dyegrass, Dromgrass 1 (8200) 8 (7000) 24 {6300) 1000 (4100)
Oats, bvarley 1 (8200) 24 (63200) 1000 (4100) - Asher and Ozamne
1967
Bubterranean
clover, vetch 1 (B200) B (7000) 100 (5500) 1000 (4100)
(b) Phosphate M x 108 (and -RTIn{M) at 25°¢)
Oromgrass, clover 0,04 (10200} 0.2 (9200) 5 (7w0) 25 (6300)|) Asher and
Loneragzan 1967
Lupin = 1 (B200) 5 (7300) 25 (6300)
Patato 1 (B200) - 40 (6000) - Houghland 1927
Wheat 1 (B200) 5 {7300) 10 {6900) - Eﬂnm:uer' 19145,
Teakle 1929
Barley 1 (&200) 2 (7800) 5 (7300) = Bingham 1951
Soyabean 1 (Bz00) 3 (7600) 5 (7300) = Parker 1927
Pea 2 (7500) - 30 (6200) - Sommer 1936
Z?.3.2 Empirical approach B
Seoveral workere have reported critical mutrient concentratione for
the growth of various crope by maintaining their roote in flowing and
aerated culture solutione containing the tested ruirient in a wide range
of corcentrations (up to one thousandfold). Critical concentrations
of the nutrient are converted to energy units {(i.e. chemical potentials)
by caleulating ionic activities by conventional methods for comparison
with the corresponding SNF values (Table 13). These critical potentiale
seem to be smaller by at least 1-2 koal/mole than those derived from SNP
experiments, Perhaps thie results from the better root systems developed
in solution eculture, although muitrient potentiale in soil and solution
culture are not strictly comparable,
2.3.3 fuantitative approach

For determining the exhamstion potential of a crop, this approach
utilizee the relationship between the quantity (4) of (exchangeable)
nutrient ion in the soil and its 'potential' (I) to caleculate the amounts
of ¥ remuired to be removed from it to decrease ite potential to various
predetermined valnes., MNutrient uptakes from the s0il, maintained ai
various matrient levels, are correlated with each of thepe calculated
ratrient removale., Flotting these correlation coefficients against SNP
for each scil trestiment at various timee gives a meximum r value at the
exhaustion potential of the crop (Addiscott 1970a,b, Addiscoti and
Fitchell 1970) this potentizl being independent of the period of growth
and the =s0il used, provided "non—exchangezble" forme of the malrient




2ail

Fal

are not substantially released, Values for the exhaustion poteniial
for warious crops can be derived in this way wiih a mean standard error
of about $17%, In addition to the degree of precision iz the
advanitage that the extracting power of the crop can be eguated to that
of an appropriate conveniional laboratery extractant by interpolating
its SEF wvalue on the quantity:potential curve for a soil (in a neutral
electrolyte) corresponding with the amount of rutrient ion it can
extract from the soil (Addiscott and Mitchell 19730,

Buch ooy oacdaurs, coubling z411 mutiient ayvailaoilis
particular crop fo a epecific exiraclant, ig of wrolue to he aoricul-ural
chemict,

Iilustrative lemults

'The resulls described here are intended Lo illustraic the nature of the
information availails eo far and are in no way exhaustive. "Those on potassium
are taken from an earlier review (Zeckebttc 19727 and ars srouped for various
crops alfter converting Ectivitg TALLO Unils inio enorgy urilz, agewning a

uwhifarn 20il temperaturs of 2570,
Zadal Potzpsium

Yor the Jranincas, an optimum SHE of =3000 Lo =300 salfmole 1s
observed for wheat, rye and paddy rice grown under gquite dilfferent
enmvironmente, Sxnaustion sotenlizls wvary from =2500 cal/melc Tor
rragrags, =300 for wheat, maize and sorghuon to =500 for cats,
Aespange potentials are alsc reasonably whilorn =t zbous =790 for
vheat, maize, sorghum and -isec, but those [or grass and nay arans are
lower at =700 zal/mele zb pli 7.

Legumes can grow al lower K potentials than the Sramineas, cri<iecal
exhaustion and responszc potentialz being =600 (mear] and =4%00 te —4000
cal/mole respeatively.

The exhaustion and response patentials for palaloss are similar
to those for the dJraminess althoush che opfimum potential iz higher
at =2400 cnlfmolﬂ. The apltimum valae for sugarsest is =2000 alshoug:
in the aosernce of sodium, thie could be nisher,

The requirensnts of tres crope in fhe tropics Tor optinum noatei-2an
de net esecn to differ wmuch From the Graminsae on the coaorsy soals, walaes
aff =000 to =3000 salfmule being ochtained. Howewar, shservations aro
DAINGE,

™
L]
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Hasmesiwm and phosphosus

don Table 123 there is too Littls publisned inforaation “or
relevant comment.,

IMPLICATICYN OF 20IL WITRISHT POTENTIAL LW (ER SUPPLY O “TITRIVTTS T FLANTS

Bonilibriwm Condditions

The quarsity (o) 3 potenszial (p) {or irteisity or concenuration)
relationship of a soil is well-recognized and has heor brisly refsreed L0 in
relation to its importence iv oredisfing asricons mapoly by o2 =ail, [he
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adsorption isotherm is conventionally expressed as the amounts of mutrient
in unit volumes of soil and equilibrium solutien for which linear and
curvilinear relationships are observed depending on the nature of the
seilrmitrient interaction,

When linear, the slope, or buffering capacity, b = dqfdc, is constant
and the amount of mutrient supplied over a2 concentration range ¢, to o, is
rasily caleulated, When the qic relationship EB nonlinear, b can he célculated
in eeveral ways: (a) by the function b = d {Re )/dc where R snd n are constants
(Olsen et al 1962); (b) by deriving the buffer capacity parsmeter from a single
Langmuir process equation of the type:

q = 1’{J]|':,.""|:I{2 + c)

Zlving B =K qgfkicz where K, and K., are constants, from which a
'supply parameter' {ﬁ K ]'—1f4{qc)% is derived and which is shown to be highly
significantly correla}e& with phosphate uptake by cotton (Khasawneh and
Copeland 1973) wi*h zinc uptake by wheat from four conirasting Indian soile
{Sidhu et a] 19??}, and with zinc desorption by several extractants from an
Indian soil (Sinha et _al 1975): (c) by caleulating a 'maximum buffering’
capacity (MBC) for phosphate adsorption on soils by fitting high and low
bonding energy Langmuir processes (Holford and Mattinsly 1976a, Dalal and
Halleworth 1976) on the qie relstionship, The equilibrium buffering capaeity
(WBC) can then be obtained as before by differentiation:

EBC = k1q'f(l+k1c}2 + icpq“;"{1+1c2c}2

from which MBC is easily obtained for the condition c=0). Highly significant
correlations are obtained between phoephate uptake by ryegrass and EBC or MEC,
especially the latter, As expscted, thie shows that the higher the buffer
capacity, the lower the concentration ¢ necessary and the larger the amount g
required for a certain amount of phosphate uptake (Holford and Mattingly 1976b).

hmamic Conditions

2eel Hutrient flow through soil

Mffusive and nase flow are the mechanisme of the movement af
matrients to roois, The physical and chemical characterietics of the
goil complex that affect diffusive flux are well known and identifiable
muantitatively., This is achieved by studying the modification (by
each soil complex) of the diffusion coefficient of the nutrient in free
solution (Olsen et al 1965

Bsail i JJa;u:rln'fh' a /o

™

where F is the tortuosity factor (i.e. the pore space for mutrient
movement and its layout in the so0il complex), & the fractional wolume
of the pore epace cceupied by =o0il water =nd b I{:dq,i’dc} the matrient
buffer capacity determined from the amounte of 'awailable'! mitrient in
unit wveolume of eoil, g, and so0il water, o, the latter being exponentially
related to SNWF. £ and P are interactive factors so that the tortuosity
factor f decreases much meore with decressing #, lees =0 at lower P wvalues.

Clearly, measurements of such soil parameters can only be made with
any acceptable precieion in the laboratory and we are faced, for the
foresesable future, with considerable approwimations in applying
laboratory £ and® velues in the field., However, for = similar trane-
formation, a b value, averaged across the rhizosphere, is unlikely to



change much if soil pH does not chanze, Little is lmown mbout the effecss
of changes in cther soil factors, e.g. water content of the soil, on the
factor b,

We slso recognize that the mase fleow component of nusriens flux
through the soil must be affected to some extent by a tortuceity factor
not too different to that for diffusive flux snd that the buffer
capacity of water in the soil iz given by the water characteristi=
of the so0il, i.e. the water 'contentipotential' relationship,

The zradients in the water SNP are created 5y evapotranspiration,

1,2,2 The rootisoil interaction in nutrient flow

Within the last decade, efforts have been nade to deternine
experimentally nuirient sbsorption rates by roots (Loneragen er al 1965,
Wild et al 1974). ‘This was foreshadowed by the postulation of carrier
sites in roots (Epstein 1956) whose number depends partly on ithe nuirient
concentration in the bathing solution (Hagen =nd Hopxins 197, #ild et =1
1974). It has also been demomstrate? that the roots of variwus species
have different concenirations of carrier sites (Nosgle and Fried 1360},
From the sophisticated, complex, experimental and matihematizal models
developed recently (Nogsle and Fried 1960, Brewster and Tinker 1370,
Baldwin et al 1973, Nye et al 1975) some conclusions can be derived which
show an understandable similarity to work of twenty years earlier (Hagzen
and Hopkins 1955, Wild et al 19728) 2=
B The unit sbsorpiien rate (UAR) of the nuirient by the root {in

anount g/sec) decreases with the period of growth as low nuirient

concentration in the bathing solution but is relatively constant
et higher concentrations;

b
[
-

UAR varies with species;

iii, Uptake is given by (2 mxl).c, where a iz root radiueg, ®, root
abgorption coefficient, 1 fotal active root length of the plant
and ¢ the mutrient concentration in the bathing selution,asain
related to SNF (Nye et al 1975);

ive When these root characteristics are rela:sd to diffuzive flux in the
soil, we are presented with sn "uptake—supply balance" index
(aa/D__...b) for each plantisoil combination, also varyings with
develgﬁh 1t stagzes of the plant. Mese nodels have been and are
being elaborated for mass flux, transpiration, competition between
parallel and randon roots, interferences with root haire ete,
Modifications by soil temperature, mycorrhizal hyphae, changes Dby
the roots of environmental conditions in the rhizosphere, e.g.
pH, chelation of ions etc. by exudates and decomposition products,
would have o be introduced lzter,
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Paper 11 METHODS OF FERTILIZER APPLICATION FOR INCHEASING FERTILIZER FFFICIENCY

J. Velly

IRAT, GERDAT, Montpellier, France,

IHEROIC TTON

In countries where fertilizers are widely used, means have usually been
found of obtaining high fertilizer efficiency,. There is a eimilar need in
developing couniries where the use of fertilizer is relatively recent and
where natural conditions, such as rainfall and seil characteristics, tend to
increase logses or cause poor utilization of mautrients, fecent increases in
fertilizer prices hawe made efficient uese of fertilizer even more necessary.

Moet of the studies on this subject, carried out world-wide, hawve been
deveted to ¥ and P which differ markedly in their behaviour, Nitrogen can
move rather freely in the =so0il and can be lost in many ways. Efferts have
therefore been made to apply ¥ at periods when the N needs of the plant are
rreatest sc as to avoid, as far as possible, lesses by leaching which are
often heavy in the tropice, FPhosphorus, however, moves little or not at all
and can be fixed very strongly in many tropical seils. 1t has been
considered necessary to place it ae close as possible to the plant roots to
promote its absorption, the riske of losees with water being very small,
except by erosion,

In this paper, the resalts of experiments on both rice and upland crops
arce reviowed, Flacement of fertilizers is discussed, as well as their
application in split dressings, IHifferent sources of the same element are
compared sinee the first step towarde increasing feriilizer efficiency is to
ensare that the most active source ie being used. The appendix deals with
pmall items of agricultural equipment which can be used in developing
pountries to ensure that the fertilizer is placed as may be necessary.

‘his review is far from being comprehensive partly because of the great
mamcer of studies on the subject, but it should provide a fair idea of exiating
solutions, through appropriate methods of application, to the economically
important problem of increasing the efficiency of mineral fertilizers,

NITROGEN IN RELATION TO CROP YIELDE AND UPTAKE
Lowland Rice
?.1.1 Forms of N

In Latin America (Sanchez 1972) the poor performance of nitrates
and lack of difference between urea and ammonium sulphate as sources of
N were general throughout the region, but in Mali (Poulain 1976) ammonium
forms were better although for economic reasons urea was to be
preferred.

In Thailand, four different slow release N feriilirzers were
nompared with urea for a period of two years at five research estations
using three varieties of rice (Suwanwanng and Sathdhani 19?0], bt
vields did not differ significantly.
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A number of organic compounds commercially awvailable in Japan
and containing slowly available N were referred fo by Mat=uo and Dewis
(1970) as being seemingly promising, although their cost per unit of ¥
was high, Tuanyl urea, used in conjunction with a source of readily
available ¥ for the early stages of growth, was more effective than
normal fertilizere.

Sulphur coated urea (SCU) was used in a four year programme aimed
at increasing the efficiency of ¥ applied to riece grown under interuitient
flooding (Engelstad et al 1972). Such conditions are widespread (759
in southeast Asia and lead to high losses of N resulting from nitrification
during the dry periods being followed by denitrification or leaching of
nitrate during periocds of fleoding. Trials in the glasshouse chowed ‘hat
the best resulte with SCU were obtained with delayed flooding or with
alternate flooding and draining, the coating preventing dissolution of the
gramles and nitrification during the drained periods, The rate of
release of N was slower under flooded than under drained conditione and
under cyclical {looding compared with contiruous fleooding.

Field experiments in several countries have been used t0 compare
SCU with ures supplied as basal or split dressings. Out of 2 total
of 56 comparisons, 46 showed 5CU to be superiocr to urea when both were
applied ae a basal treatment. In Lhe Asian countriee, 12 out of 19
comparisons showed SC7 to be saperior to split applications of ures, which
in South America when all the urea was =zpplied as a topdressing basally
applied SCU was superior in 19 cases out of 26, These results indicated
that ¥ ie leost from urea when flooding is not continuous,

Hesalte of work in Peru with high yielding non-lodging varisties
grown with intermittent flooding showed that basal applications of 3CU
were more efficient than urea or ammonium sulphate ae topdressinge (Sanchez
et al 1973), Despite the 48% higher unit cost of N, the basal application
of SCU was benefiecial since there was a 408 reduction in the optimum rate
of ¥ and the need for precise timing of =pplication was eliminnted,

Similar experimentis in African countries (IITA 1974) enabled no
elear conclusions to be drawn, there usually being no difference between
the different forms of H.

Timing and placement of N

Despite the wide range of conditions under which irrigated rice is
grown, it has been found that in most countries an application of M at
tillering or panicle initiation is better than a single dressing at
planting (India, Mahapatra 1969; Japan, HMurayama 1970; Mali, Poulain 1976;
Latin America, Sanchez 1972; Peru, Sanchez and de Calderon 1971).

In the U.5.A. there has been evidence that correct timing is
influenced by the varietiy grown, and that while late varieties have hizh
H requirements at tillering and shortly before clewering, early varieties
hawe a more uniform N roquirement {hWait 1964), The application of
ammonium sulphate to dry soll was preferable to = wet soil, and when
applied to a2 wet soil placement of the feriilizer in the reducinz zone
of the soil was advisable.

In many countries there are areas of rice wherc little or no
control of water is possible and any N ie therefore applied at planiing



or a5 circumstances may permit.

Placement at the appropriate depth is facilitated by the physical
atate of the FPertilizer., The mmd ball technique developed by the IRRI
(1574) led to increased yields at a lower rate of =pplied N compared
with topdressing, but the method requiree an impracticably large number
of balle (62 500 per hectare), Attention is being given to the
produstion of urea in granular or briguet foru by the International
Fertilizer Development Center, Alabama, tests of which indicate parity
with the mud ball technicque (IRHI 19?5;}.

2.1.% Uptake of ¥

The uptake of 0 from fertilizer applied to rice serves ae a
diseriminant between forms of ¥ and methods of application, although
more efficient uptake does not necessarily imply higher yields of grain.
Studies by the joint FAO/IAFA Division of Atomic Energy on the use of
ammonium sulphate labelled with 19N (IAZA 1970a) showed that efficiency
of use of W wae highest on most 20il types when placed at a depth of
5-15 em at transplantinz or broadcast on the surface two weeks before
primordial initiation, When the pH was exceptionally high or low,
depth of placemeni had no appreciable effect,

Urea behaved similarly fto ammonium sulphate in reepect to timing
and placement, but fertilizers containing N in nitrate form were
markedly less efficient and if they have to be used they should be
applied late in the zrowing season shortly before primordial initiation.

flasshouse studies by the joint FAQ/IAEA Division of Atomic Energy
suzgested that the lower efficiency of surface applications is attributable
to gaseous losses of N from the surface, Such losses on some soil iypes
may be as high as 70%, and attempts to reduce them by using inhibitors
much as W-Serve have failed.

2.2 Ugland Cereals

22,1 Timing and placenent of o

Three split applications of N at 40 kg/ha were more effective
than a single application of 120 kg/ha to maize in Upper Volta (Poulain
1972) where the soils are deep, light iextured and have good permeability.

In Madagasear (Velly et al 1972) 120 kg/ha of N applied prior to
seedinz maize were compared with the same amount in two split dressings
(one=third at 3 weeks after emergence and two—thirde at flowering). The
single basal dressing reduced the zrain yield below that of control (no N)
while the split dressings raised it by 1900 kgfha. In a repezt experiment
the following year, the basal dressing which was applied 3-4 weeks after
seedinz increased the yield by 2,7 t/ha over control and the split
applications by 4.4 ’s;%?!..

it Benin, Weris and Bowyer {(19567) found that N applied to maize
at 10 kgfha 2 weeks after emerzence was as effective as split applications,
while in another year 15 kg/ha applied 2 weeks after emergence followed

by 15 ki/ha ai flowering incressed the grain yield by 900 kg/ha.



Fex (1972), reporting the remlts of a eeries of experimentis
in Puerto Rico, concluded that post—planting applications of N to
mzize and sorghum were much mere effective than preplanting appli-zations
in increasing grain yields,

Sanchez (1972) confirmed that in Latin America split or =ide-
dressed applications of N to maize are more efficient *han basal
applications becamse leaching losses and wind competizion are reduced.

2.2,2 Uptake of N by maize

Experiments carried out under contract with the joini PAC/TAFA
Diviegion using labelled fertilizer showed that under a wide range of
conditions there was a great similarity belween ammonium sulphate,
ammonium nitrate and urea as sources of N (IAEA 1970b),

Uptake of N applied in bands at seading was conzigtanily greaser
than when ¥ was ploughed in before seeding, Side-dressed ¥ was mosi
gbundant in the zrain when it has been applied when the plants were
50 ¢m or more in height but before tasselling. After sasselling,
fertilizer N efficiency decreased sharply. Hfferences between two and
three gplit applications were small, and the most efficient treaiment was
usually half the fertilirer applied in a band at seeding and half side-
dressed when the plants were 50 em tall.

It should be noted that the resulis of these experiments mainly
reflect the availsbility of fertilizer ¥ to the plants; yields were
of ten wnaffected.

2.2.1 Uptake of N by upland rice

The uptake of ¥ from labelled urea by upland rice was studied
in the Ivory Coatt by Chabalier and Pichot (1976). The effect was
determined of eplit dressings of W at 60 and 120 kz/ha, applied half at
planting and half at booting, on uptake of N by the plant and losses of
H through leaching. Hesulis are shown in Taole 14,

Table 14 EFFECT OF RATE AND TIMING OF APPLICATIONS OF UREL 0 RICE ON LOSSES
OF NITROGEN FROM THE PLANT-EOIL SYSTHM

D i/ 20 X /b ]
: 10 kg/ha at 30 ke/ha at 60 ketha at 60 ke/ha at
Fate of applied N se;dinz vooting seeding boobing
Found in plant (kg) 7 13 11 21
Immobilized in soil (0-25 em( (ke) 19 15 18 20
ineral ¥ in smoil (0=29 em) (kz) 1 1 2 1
Leached (kg) 0.5 0 3 0.5
Total arrounted for (kg) 27.5 29 34 4243
Losses (denitrification?) (%) T 3 42 28
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With a moderate application of W (60 kgfhaj losses of N were small, but
not so at the higher rate (120 kz/ha). They were also smaller when N
was applied at the booting etagze and the plant was growing actively.
Uptake of N by the plant was inversely related to losees,

2.2.4 Uptake of N by wheat

The wheat programme of the joint FﬂDfIREﬂ Dwieslon of Atomio
Energy in Agriculture showed that applied N almoet always had a
pronounced effect on the yield of grain and also on the N content of
the grain (IAEA 1974).

Split applications were better than a bassl dressing at planting,
W applied at tillering being uesed more efficiently. Early split
applicatione were more effective in increasing grain yieldse, while later
applications had more effect on the N content of the grain and less on
yield.

There was little to choose belween ammonium sulphate, ammonium
nitrate and urea as sources of W, but frequently the mixing of
ammonium N with phosphatic fertilizer increased the uptake of fertilizer F.

Responee of Miscellaneous Crops to N

Cotton grown under irrigation in Madagascar gave a highly significant
inerease in yield of TOO kgfha of eced cotton following a drescing of urea
at 150 kg/ha applied 70 days after planting, whereas there was no response
when applied at planting (Blanguernon 196?5.

Deep placement (15 and 35 om) of urea was compared with broadcast
urea ploughed in before planting cotton on alluvial seils of northwest Nadagascar
in which water ie available to the plant only by capillary rise from the water
table, Flacement at 15 om deep increased the yield by 65 percent over that of
control, compared with 30 percent when broadeast and ploughed in. Yielde were
not affected by different depthe of placement (Cretenet 1967), Later trials
on the same soils using mechanical equipment for deep placement showed that the
best results were obtained by placement of half the W at 15 em and half at
15 em deap {Bsrger 1972),

Sanchez (1972), reviewing recommended methods of applying W to crops
in Latin America, reported that for cassava half the N should be applied to
the side of the planting furrow and half side—dressed at a later stage. For
yame, delaying the application of W until three months after planting, when
secondary shoots are then being produced, increased the yield by 50%. Potatoes
did not appear to be affected by timing of H. Splitting the anmual rate into
equal amounte for application after each cut of forage or pasture was
universally recommended.

FHOSPHORUS IN RELATION TO CROP YI1ELDS

T™pes of Phosphatic Fertilizer

Rock phospates of different origins were compared with superphosphate
in & glasshouse experiment using four Nigerian soils of differing pH. Onm
moderately to very acid soils the rock phosphates were equal or superior to
superphosphate (IITA 1975).
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A similar experiment in France (Traore 1976) compared six West African
rocl: phosphates with Reno phosphate and superphosphate =s controls. Cn the
baeie of dry matter production, all the phosphates were effective at pH 4.5
At pH 5.5, only superphosphate, Reno phosphate and Tilemsi (Mali) roclk
phosphate increased the yield significantly, whereas at pH 6.3 only super-—
phosphate wae active,

In the second year of an experiment in Wigeria comparing sinzle super=-
rhoephate with Togo rock phosphate with and without added 5, the rock
phosphate with added S was as effective as superphosphate (Stockinger 1976),
The beneficial interaction between Togo rock phosphate and sulphur was
canfirmed by Yawovi (1976) using three almost neutral Tozo soils.

From these experiments it appeare that rock phosphates could be used
with advantage on many acid soils of the tropics.

Lowland Rice

1.2.1 Porme of phosphate

Judging from experiments reviewed by Davide (1964) any
gignificant difference beiween different scurces of F on lowland
rice soils seems to be restricted to extremely acid or alksline =oile.
Superphosphate was a good source on all but the wery acid soils which
were usually better suited to rock phosphate and bone meal,

In a series of experiments carried out by the ™A {lnzelstad
et al 1972) in India, the Philippines, Thailand, Sri Lanka and Colombia,
it appeared that certain rock phosphates could replace the more
costly acidulated phosphates, tut to be effective the rock phosphate
should contain not less than 150 of total P in the form of the citrate
goluble fraction, Over 60% of the rice growing area in Melaysia
and T84 in Thailend, for example, could be suitable for rock phosphate
applications, Similar results have been reported by Velly and Hoche
(1971) in Madagascar.

3+2.2 Timing and placement of P

The WA experinents (Mngelscad et 2l 1972) showed peneral
agreement that phosphate should be applied =2arly, during the first two
monthe of growth. This finding conforme with ihe recommendation in
most countries of Asia that P should be applied as a bazal dressing just
pefore transplanting or seeding,

Although results from India were contradictory, it was found in
Japan or volcanic asy eoils with a hizh capacity to fix ' that dipping
the roots into a 1:5 paste of superphosphate and soil before trans-—
planting was effective,

3,2,3 Uptake of P by lowland rice

The joinw E"&C';"IIM':F. series of experiments on rice {IF\Z‘._-". 19702)
showed that the best way of applying superphosphate was on the soil
surface at the beginning of the growth perisd, although late timing
and split applications did not materially affect uptake, Flooding
generally tended to increase the soil P supply but did not affect
appreciably the awvailability of P from superphosphate. On rice soils
in southeast Asia the increase in P availability on flooding was often



relatively asmall. Ammonium sulphate etimmlated the uptake of P from
fertilizer placed at a shallow depth but not on the surface, The
application of superphosphate to nurseries had no effect on the
relative utilization of esoil and fertilizer P after transplanting,

Use of P on Shori—term Upland Crops

One of the main conclusions reached by Barber (1977) was that P must
be applied early, young roots absorbing P mich more rapidly than old roots,
In 2 field experiment on maize, placement of the fertilizer in bands covering
about one=tenth of the area of the field and plouzhing it in was better than
broadeasting and ploughing in or placement alongside the seed, Contact
with the roots was zlsoc betier than when fertilizer was close to the seeds and
fixation was less than with broadecasting. Thie type of result ig o function
of the plant snd fixation capacity of the soil; =a different plant might
require a different width of band, and on a eoll with a low fixatlion capacity
breoadeasting and ploughing in might be better.

Placement and type of fertilizer are inter-related. In a glasshouse
experiment with a Madazascar soil of high fixation capacity, Szoumenides and
Fichot (1975) showed that the needs of a plant could be met either by
placement of a rapidly soluble P source or by spreading and mixing a slowly
soluble source such as rock phosphate, As it is imposeible to saturate all
the =oil fixation capacity, it is necessary to ensure that enough is saturated
#o that intensity is no longer a limiting factor, The oxample of P
fertilizer given by Barber (loc., cit.) clearly shows that the method of
application is a compromise between the volume of soil in which the fertilizer
ie placed (and where the roote can find it) and the fixation capacity of the
soil,

The foregoing to some extent clarifies divergent findings for different
crops and soils. Sadaphel and Singh (1971) in India compared four methods
of P application to sorghum: broadcast, band placement, alongside seed and half
with seed and half as a foliar spray., Fertilizer applied cleose to the seed
gave far higher yields than broadecasting,and elightly better yields than
placement and half with seed and half as spray. Broadcasting was the least
effective method, In Senegal, Pieri (1975) recommended that fertilizer for
aroundmuis and soyabeans be broadeast and ploughed in to promote rapid growth
that ie essential for efficient uptake of water and mutrients in semi-arid
ZONES &

e foliar application of superphosphate in India has been reported by
Darat and Das (1962).

Uptake studies by the joint FAO/IAEA Division of Atemic Energy in
Apriculture have shown that under s wide range of soil and climatic
conditions band application of mixtures of ammonium forms of N with super—
phosphate accelerated the rate of P uptake by maize, This did not occur with
urca mixed with superphosphate. Mixing did not usually increase the rate of
uptake of fertilizer N (IAEA 1970b).

Virmani (1971), comparing placement of lasbelled superphosphate 8 cm deep
with bresdcasting, found that placement resulted in higher grain yielde and P
content of grain and straw of wheat grown on two irrigated alkaline soils in
India, Diseimilar results were reported for soysbeans in Senegal (Nicou 1974).
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Uge of P on Long-term Crops

The uptake of F by _cocoa was studied by Maseaux et al (1974} in
Cameroon with the aid of ‘2P lakelled fertilizer. In 2 preliminary
exmeriment on depthe of placement it was found that phosphate must be placed
within immediate reach of the roots a8 noe P migration scourred, Ir 3 zecond
experiment, in which P was placed at different distances from the Sree and
t various depths, it was Tound that uptake was sreatest for a depth of S om
1t @ distance of 89 em from the truank, Secause the root system is superficizl,
t can be recommended fto spreasd the fertilizer owver Lhe surface of she grownd
covered by the crown of the tree commencing G0 an from the runk, The
fertilizer can bte covered with smlch but should #ot be buricd,

Similar experiments have bean carried out on coffee and passion fruis
in Hrazil by Malavolia and Nemtune (1977) using labelled superphosnhats, It
appeared that the best method was to spread the fertilizer under the grown of
the tree, Hdevertheless, spraying the leaves with ferzilizer was about fthree
Limes more effective,

ALEPONER OF LOWLAYD TICH ' K

With the exception of Jaspan, Taiwan and Kores, litnle K iz used for rice,
Considering the N-K balance in rice muirition, von Texidtll {1970) cansluded
that the plants require a ratiner large ¥ suoply at tillerins, the uptake of
which teo lzrge a basal K application could reduce helow bthe eritical Level.

On the other hand rice plants require a considerable amouni of K up ig
ripening, and timing of the application is therefore important. As a general
rale, & small basal application should be Followed by an applicatior al
maximam tillering snd at primordizl initiztion, Responses to split
applications can be expected on lizht soil and where the basal application of
His low,

Experiments by Velly (1973) over two successive crops in Madarsascar
showed that while 50 kg K/ha apolied at Lranzsplanting inereased the rice yield
from 3697 to 3312 kﬁfha, the same amount in split dressings a2t wransnlanting
and. panicle initiation furiher significantly increased tho wield oy 35T kﬁfha.

CONCLUDING REMARES

Jegpite differenceg in eoils and climates, the evidence from
experimente is generally in Tavour of =plit dressings of N, the first of which
is lees efficiently utilized and should therefore not he tao generous,  Whilae
the efficacy of the several esources of N differ little, ammonium nitrogzen for
irrizated rice should be placed in the reduced soil layer.

Care sheuld alwsys be taken to adjust ¥ applications fo the needs of the
plani so that none is left unmised in the soil and thusg be lianle ta lass.,

More use could perhaps be made of the naturally ccourring mineral
pitrogen in the soil, Work in dest Africa by IRAT has shown that there is useally
a peak in mineralizatlion at the bezinniag of the rainy eeason ond thet 30 = AC k=
Ffﬁa may be found in the top 40 om of soil. Wherever crops con be planted early,
uge can he nade of this N which would otherwiee be lost by leaching with the first
heavy rairfall of the =easzon,



Te bhest method for application of P ie lese clear than that for W.
Soils vary widely in thedir capacity to fix Py and in practice a specific
solution mist be found in each case involwving mainly the crop, placement and
type of fertilizer, There is general agreement that P should be applied
early.

Most experiments on placement of P have used a scluble scurce of P,
usually superphosphate for which localized placement is normally the most
efficient, A comparizon of placed superphosphate with brosdesst rock phosphate
ploughed in would be of interest if the experiment were contimued for several
years so as to take account of changes in the aveilability of P from the twe
EOUPCES,

Fhoephorus deficiency is rather widespread in West Africa but several of
those countries have substantial deposite of rock phosphate., 4 better
lmowledge of their use could be rewarding,

The use of K presente four difficuliies other then price and availability
in the remeoter regions, 1In a distant semi-arid zone, a crop of millet
producing 1.5-2 t/ha could contain 65-85 kg of K in the straw, the replacement
of which in fertilizer form would net be practicable, It is highly probable
that K fertilization carmot be separated from the use of plant residues, for
which easily manageable methods have yet to be found.



APPENDIX TO PAPER 11

It has been shown earlier that placement of fertilizers in pockets
or bande often increased their efficieéncy. Om small farmas, without
sophisticated machinery for the purpose, this operation is so laborious
that fertilizers may be spread by the less effective method of broadeasting.

In coneideration of this difficuliy, the IRAL hae developed relaiively
simple, sturdy hand operated toole for the injection and band placensnt of
granulated fertilizer in rice fielde, Pigures 18 and 19 illuetrate twc
different types of injector and Pigure 20 shows a push-iype implememt for
band placement, the local mamufacture of which remuires no high degree of
technolopy.

(ther push—type fertilizer distributors include the Planet Junjor
which can e used on areble land for band plsgement, while the Indian made
"Sholapur" multi-purpose implement is representative of those designed for
animﬂ.l dI'aEﬂ.l.g';h‘t- [

Many of these implemente allow the similtaneous sowing of seed and
application of fertilizer and can be adjusted for depths of sowing and
placement as well as distance between the seed row and fertilizer band.

Those designed for animal traction zre able to sow andfbr fertilize one or
several rowts at a pass, depending on the power available and the conditions
in the field, However, with a large capacity implement capable of several
rowe at a time, sidebanding becomes impossible when the crop is tall, so thaz
a one=row type needs to be used under such conditions.

Little emphasis ie required on the general need fo bring Lo the
attention of farmers the results of research leading to recommended
fertilizer placement technicues. Audio and vieual nethods mist e
supplemented with practical demonstrations to show that the recommendations are
practicable and econcmic. Such demonstrations are only feasible if
equipment appropriate to the size of helding and labour force has been
introduced and is available. This step iz essential if the more economieal
use of fertilizer is to be attained.
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FE.EEI‘ 12 PRESENT PROBLENMS QF FERITIILIZER JSL
A. Tannia

Faculty of Agrienliure, Hokkeide University, Sappors, Japan

1. INTROTUC TIOR
Agricullure at present fages two conflicting issuest

15 The increaeing population of rke world and the prevailin:- malmilreition
of people in advancing countries demand grestier production of Tond,
An the area of potensially cultivable land ie linmided, it is essential
that the yield of rrops per unit area he increass=d, e achisve this
more fertilizer must be used,

ii. The raw materials for fertilizer nanufacture are becoming searce and
more expensive, Parners, especially in the advancins courtries, oennom
unse as muich fertilizer as they should.

Our limited resources must therefore be used at asximam efficiency and
vields kepl at the hishest possible level, 1n thie contexs some
aspects of insreasing the efficiency of ferrilizers while maintaining
high yields of grain crops are discussed in this paper,

Za BOTENTIAL FRODUCTIVITY OF CROPS AND FERTLLI¥RA USk

‘The averame yield of a crop in a country (the couniry wield) differs
from one courtry to the other owing to differences in climate, edaphic
conditions and level of crop varietal improvemeni: and cultural prastizes, In
Table 15 the hizheet country yield, the averagze of the top 10 country yields
and the world average yield of wvarious zrain cropr are given,

For example, in rice {as paddy} the highest country yield ie 8.9 t/ha
in Australia znd the world averasze yield is about one-third of the yield in
Australia, The recorded highest yield of rice is about 12 t/ha which was
reported from experimental plets in Australia and from = yield competition
anoniz farmere in Japan. The figures suggest that there are various phases
in improvement of the rice yield: (a) Improvement from hizh country yields
(6.2 t/ha in Auetralia or 6.0 t/na in Japan} to 12 t/ha, (b) improvement from
an ordinary country yield (2.4 t/ha) to the average of the =op 10 countiry
yields (5.6 f.fha], (e} improvement from low country yields (for example 0,9
t/ha in the Khmer Republic) to the world average yield (2.4 r/hal etc,
Approaches to achieve improvement in each of these different phasee are wery
{iiffEI'Erlt-.

The potential productivity differs amonz creop species owing to
differences in the photosynthetic rare per unit area of leaf, protorespiration,
chemical composition of harvested organs, duration of growth etc, If we
know the potential productivity of wvarious crops, i% is poseivle to astimate
munerically the improvements made so far in breedineg and cultural practice.

In round numbers, the reported maximam yielde from experiment plois are

14 t/ha for maize, 12 t/ha for rice, 10 t/ha for wheat, € t/a= for soyabeans,
% t/ha for Phaseclus vulgaris =tc, Thue, the potential productivity seens
to be the highest in maize, less high in rice and mich lower in grain lesumes,



The highest eountry yields are ir the order of maize »rice Wheat » .44 > soyabeang)
veans, dry’ chickpeas, This order appears to conform with the order of potential
productiviiy, The order of the world awverage yields among crops does not,
however, coineide with that of the highest country yields,. Tie indicates that
the room Cor improvement is larger in some ¢rops than others.

Tsble 15  HIGMEST COUNTRY YIELD, AVERAGE OF 0P 10 COUNTRY YIELDE AND WORLD
AVERAGE Y1WLD OF VARIOUS GRAIN CROPS (kg/ha) (HIGHFST OF 1972-74) 1/

REOpS Ej nnuiif;Q;:eld Lopﬂjgrziﬁnﬁiies WprLd averEge A/B
(A) ()
iheat 5733 (Hetherlands) 4893 1703 1,27
iice 6667 (Australia) 5601 2402 2.86
Sarley 4393 {Belgiam) 214z 1925 2.19
Mad ze 7133 {Yew Zealand) £192 2792 2.63
e 4400 (Switzerland) 3T 1578 2.35
Oats 017 {Hetherlands} 1973 1694 2.96
¥illet 4127 (vaypt) 2088 591 %97
Sorghun A65T ['mailand) img 1237 1. 76
Zemns (drey)2771 (USSR) 2097 495 5.56
Chickpeas 1706 (Bgyot) 176 653 2,74
Soyabeans 3117 {Italy) 2080 1408 2.21

1/ 3Source: FAC Production Yearbook 1974,

2/ Grain crops whose cultivated area in the world exceeds 1 x 10Tha are included
in this table.

In #i2.21 the country yields of rice and maize are plotted againet the
#aneral level of fertilizer application in each country, In interpreting
*his Figure, there are the following complications: (a) the fertilizer
application rates differ among crops within a country; (o) the level of
fertiliser application in a2 country is a reflection of the overall technology,
broanse 3 country which uees 2 large amount of fertilizers also generally uses
n laryse avount of pesticides, fungicides etg, Neverthelees, there is a
pocilive correlation oetween the level of fertilizer application and the country
yield, There are, howayver, wide deviations from this general lrend, The
yield of rice is much nigher in Ausiralia =»vd 3pain, for example, than the yield
eypected from the level of Tertilizer application, The game is true of maize;
‘e yields in Wew “ealand, Tsrael, Italy, the U,5,4., Canada, and Saudi Arabia,
are hisher, Possible reasons for the hizh yield in these countries are hetter
climatie conditions, espeeislly solar radiation, in some countries and more
ndvanced technology in others,
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1/ Average of 1972, '72 and '74 (FAQ Production Year Book '74

?f 19(2;(3 {fot=1 use of fertilizer/total arable land,
countries below 0.5 te/ha were omitted)

4 wvery hizh yield can only be obtained when solar radiation is abundan
becsise it is the only source of energy for photosymihesis,. Ahundance of so
radiation i= ane of the key factors responeible for the hish yields of rice i
sustralia and Spain (Tanaka et al 1973). It is zenerally accepted that in
addition to suitable 20il meoisture conditione (a) a high yielding variety,
{b) heavy Tertilizer application and (o) high planting density are the three
ezsential components of the technology for wery high yields, The effect of
fertilizers is more proveoanced at closer than at wider spacings {Fig.??"}
(Tanaka and Yamasuchi 1972}, 'The very high yield of maize in the U.5.4. has
been accomplished by the combination of the Foregoing three fantors,
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VARTETL IMPROVAMENT WITH SUFFICIENT Ok INSUSFICIENT FRRETILIZEE SUPFLY

Varieties differ in their yield responee to appliced fertilizer, Adhom
a heavy dressing i= applied to rice the plants often tend to become zall and leafy,
and lodzing and mutual shading among lesves which caase an imbalanno botween
thotosynthesie and respiration may pose a problem (Tanaz et al 13464).
Thue, varieties were bred at the Iwernational Fice Fssearch Inetitute (1037
which retain their shori staiure and sghort srect leaves sven affer a heayy &
application {Ghandler 197345 These varieties produce a very high yi=1d when
they are grown with an ample supply of feriilizers 2long wilh other zood
technology. The contrioutions of these varieties are very larre from fuc
viewnoints: {a) farmers who ecan afford to use intersive techaology carn obtain
a very high yield with these varieties, and (b) before the release of these
varieties it was euspected that high rice yields which are common in the
advanced countries of ihe temperaie region are impossible in the tropics owinge: Lo
adveree climatic conditions.

At present, however, it is diffiaglt to provide all farmers in che

advaneing countries with sufficient fevriilizer. Moreover, lhere is a pressnt
tendency even in the advanced commtries to coneerve natural resources snd the
environment by using less fertilizer. Under such circunsianess 1L i8 necessary

to decide whether different varieties are reqiired wher Teriilizer rates are
reduced,



Timare 73 summarizes many experiments conduected by the IRRI in which
the varietal difference in response to N was tesied under well controlled
conditions (IRRI 1974). The maximam yield and the efficiency of applied N
in increasing the yield were higher in improved than in non-improved varietiesy
at zero W, the yield of improved varieties wae erqual to that of non-improved
varieties in the dry season and higher in the wet season. On such evidence
the improved varieties could be recommended for both cirocumetances, Thers
are, however, complications: some improved varieties are too short in stature
in areas where waker in the Tield is sometimes Fairly deep, others are
suscentible to certain diseases, and &o on. When a heswy fertilizer
application is made, the use of improved varieties is keneficizl, because a
very high yield is possible and intensive conirel of water depth, diseases, etc,
is economically feasible, However, when only 2 Limited amount of fertilizer is
used, intemsive managoment ilg economically impossible, and traditional varieties
frequently yield more than new varieties,  Thus, the merits and demeriis of new
varieties cannot be assessed only on Fig.23 (Tanaks 1975).

L receni experiment gave further evidence which conflicts with the
tendency observed in Figz.Pi. Fourteen rice varieties in Hokkaido were tested
with and without applied N under well controlled conditions. Using the
yield data obtained (Fii,24) rice varieties can be classified into follewing
three groupsi

Group 13 Low yield at low ¥ and low N resvonse (Fukoku).
Group ?t Low yield at low W and high 3 response (Ishikari)
Group 1t Hizh yield at low N and low ¥ response (Eikd).

Jroups 1 and ? include old and new varieties, respectively, and if only these
twe zroups are considered this experiment confirms the findinge shown in Fig.23.
However, Group 3, Eike, which was released in Hokkalde during the second world
war when fertilizer was extremely scarce, yiclded more than other varieties at
no applied W but did not give a high yield conparable to that of Group 2 with
appiied N. The ability to absort W with no applied ¥ wae not much greater

but the ¥ absorbed by the plant was distributed more efficiently in the grain

in Fixd than in the others (Table 16), Miie meane that the efficiency of
absorbed ¥ to produce grain is higher in Eilkd.

Table 16 AMOUNT AKD EFFICIENCY OF ABSORBED NITROCHN RELATIVE TO GRAIN PRODUCTION
OF THHEE RICE VARIETIES (Hokksido Univ, 1978)

Tarint:r Fukoks Eikd Ishikari
N level (kriha) n 100 0 00 0 100
N absorbed (kg/ha) 60 93 65 117 8 169
¥ in grain/N absorbed % &3 oK 70 &1 &1 i1
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Farmers should select Group 2 when fertilirer supply is sufficient and
Group 3 when it i8 insufficient. If there were 2 Sroup £, whiczh had
characteristics of high yield &t low 4 and hirh T response, 3t would be ideal,

One other feature shown in Table 14 is thet with spolied M Ignikari abeovhed
more N than the oshers. T™he recovery percentasze of broadecas? fer-ilizer ¥
caleulated by the conventional subtraction method, was 13, 52 and T11% far Pukel,
Biké and TIshikari, respectively. The low rates of recovery by the old wvarieties
migTest 2 comnection between variezal characterisiics ana sechods of ¥
application,

VAL OF CROP RES1JORZ IN SECYCLINT FLANT NUITGHTHNTS

Wnen a erop i= zrown in a field, only a portion of the crop iz harvested
and the residue is left in <he Tield, Crops ansorbh various plan® wmirienis
from the soil or from fertilizers, and the elements thus sbeorhbed are
digtributed throughous wvarious lissues, Tannka and Tehisaka (1909) ssudiad
the distrivation of various elements in certain organs of the nmaize plant at
harvest, The perceniaze of P distribused in the srain is such Lhat at harvesi
HOY of the P absorbed by the crop is removed fron the Fialé even i€ sll ike
renjdue is returned to the sBoil. However, the roenicgs of K disirionced in
the grain is less than 15%. Thus, more than %% of +he K absorbed by the cron
iz returned to the soil when the residue is returned,

2

As fertilizer applicartione increasze, the ‘olal dry matier produciion
of the crop also increases, the grainistraw raitic decreases and the content of
sone elements in ths straw increases, The result is an increase in the
anount of plant mutrients in the residues, Thus, the need to conserve the
plant matrients in residues bernmes move important urder intensive conditions
than it 15 in a more primitive agriculture,

When the yiold is low owing to primitive technolegy, deficiencies of
arnor elements are zenerally aasked. However, with an increase in yield,
deficiencies of minor elements sometines limit yicld=z., For evample, in rine,
zinc deficiency has become a serious problem in sowme areas iv India, Fakistan
and the Philippines {Tanaka and Yoshida 19708, In develaping countries where
there iz unfamiliarity with ths symptome of minor elemont deficienay, this
causative facter of an abrornally low yield is occasiomally overlooked, hut
onice diagnosed the deficiongy is quite easy lo cerrect, The major portioo
of the minor elenents absorbed by the plants zenerally resains in tne siraw
ingtead of accumulating in the grain, Thuse, these can be -ecycled by
returning the ecrop residues, altheuzh the absolute gquantizy so recyelsd 1s
Iimited by the initial quantity in ke moil,

There are various methods of handlinz arop residues so that plant mutrients
are returned to the fields, For exanple rice straw i utilized ¢r dispozed
of in the follewing ways (Tanak= 1573, 1974).

i. Remowal 3 Tre straw i5 used ko mace rope, bags, ste,., as fuel or
animal feed or to grow mushrooms, ALL plani natrisnts iv lhe siraw
are removed from the field, Labour requirenents are lare,

ii. Burning: 3By bturning orranic matter, H and § in the siraw are lo=s
to the air, but most of the plant mutrients remain in the ashk and can
e returned to the soil. Labour requirementss ape smell,



iii. Incorporation: By incorporating the straw into the soil nothinz is lost,
tut labour requirements are large, During the early staze of microbial
decomposition of straw in a flooded ecil, (a2) bicarbonate, organic acids,
ferrous ireon, hydrogen salphide, ete, acowmilate in the seil and may
reach toxic levels: (b) immobilization of N takee place, becamze the ¥
aontent of etraw 1s zenerally low, and results in ¥ deficiency for the rice

iv, iompost: Compost is partially decomposed stiraw, which is produced
either as such or in the form of farmyard manure. Production is highly
labour intensive, The advanced stage of decomposiiion of the straw
ensures that its use does not retard the zrowin of the rice plant,
Provided there is no loss of elurry compost containe all of the plant
natrientis present in siraw plus other nutrients, especially N, added as
animal excreta or fortilizers.

In Wast Asis zreat efforts have been made to utilire the straw with
naximum efficienecy in the form of compost, Statistics in Japan indicate that
those farmers who are obtaining high rice yields are using compost intensively.,
Such statistice do not, however, prove that the high yield is a resuli of the
uee of coupont,

Hice plants, which are srown in a2 seil rieh in organic substances owing
to compoet application, aosorb ¥ contimuously throughout their srowth due to a
rradual release of available W from the organic substances in the soil and
produce a very hizh yield (Fiz.25).

Brown rice yield
(t/ha)
(1) 7.48
___...--"""" 4] 6,55
_———= 2] 523

1501 Tap drassing

_ (3] 5.35
o

absarbed (kg hal
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Bitrugen
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i (]

o 20 40 L ac Wo 120
Daoys after tronsplonting
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Yitrogen absorption pattern during the growth of rice plante grown on cifferent
eciles (Shiga et al. 1974).

fm & soil rich in organic cubstances,
tn = scil low in organic substances, basal application of 160 kg W/ha,
01 2 s0il low in oresanic substances, basal application of 120 i M /ha.

he same as (3) plus four top dressinzs at the rate of 90 g H/ha in all,



O the other hand, when =z heavy dose of W is hasally applied to rice plants
mraving on a soil low in organic substances, the plantis absork ¥ rapidly

in the ezrly stagee of growth tut extremely slowly after flowering, and produce a
low yrield. However, even on ihis =0il the ¥ shbsorption pattern can be made
gimilar to shat of the soil rich in organic substancee and a reaszonably high
yield can be obtained if N is top-dressed in split doses, his means that a
hizh yield is poseible withoul compost if N is applied properly. However, with
eonpost 2 hizh yield can he obtained without the grower having full knowledge

of how to manipulate the zrowth of rice plants by 0 application,

NATTRAL SUFPLY OF N1 TR0SEN

By growing rice without fertilizere and removing the =traw of every crop
fron the field, il is possible to obtain 1.5=2,0 =/ha of paddy annually for
thousands of years, This yield level represents an equilibrium betwesn the
natural sapply and the removal by the rice of plant nuirients, especially W.

The role of § fixed by blue—sreen slgme in the maintenance of fertility
in subtmerzed rice z0ils nas been lmown for many yeare, 13 has been claimed that
about G0 gz tha per crop could be fixed ir the flooded-planted =o0il, but
a nare recehT ropori fHEtanabE et al 19??} sugzeste that the rate of N Fixation
in the rhirmozphere of riee is very low at 0,08 kgfha per day. Hore cquantisative
date are necessary oelore making any definite statement.

Herently it was demonstrated that some microorganisms iv the rhisosphere
af Graminese, such &% rice, m=ize, whest, sugarcane, etc. haye the ability ve
fix atmospneric W, Thig finding helps to explain the "equilibrium yield!
af cereal crone,. 1t appears, howevar, that the amount of fixed ¥ in the
rhisgsphere of cerasl crops i not very larze and is decreased by W application,
which in Tuture will be the mairn source of increased cereanl yields,

In contrast, eymbiotiec fimation of ¥ by ithe rhizebia of zrain legjumes
is mich more important, Fig,?5 rhows data obiained from an experiment
conducted with a set of ifozenic lines of soyabeans, If it is assumed that the
same mmount of ¥ sconmulated by AS2=Z2 {nonﬁnodulating line} at no applied
nitrogen was sbsorbed from the soil by 462-1 (nodulating line), then A62-=1
accumulated 231 kz V/ha, out of which 105 kz N/ha was absorbed from the soil and
125 kg N/ha wae fixed from the air. By applying ¥ o 462=1 the anount of fixed
M decreased and the sbsorbed N increassed, and due to the balance between the
twa the anount of accumlated ¥ and also the grain yield were less at moderate
levels of ¥ application than at no applied ¥, The yield of A62-2 with 300
[l Hﬁha was higher than that of A62-1 with no added ¥,

Thepe data demonsirate that soysbeans are active in the symbiotic N
fixation and produce 2 reasonably high yield without Tertilizer N applicatian,
Howewver, hizher yielde are possihle by an application of W at a wery heavy rate
although it depresses W fixation, There are reports indicating that the
yield of soysbesne is increased simmificantly by ¥ top dreseed at a heawy rate
at later stazes of growth.

Wo final conclugion can yet be dravn ag to whether it ie betier to =eek
a method to accelerate the I fixation or to use an adequate method of fertilizer
application to supplement {or substitute) the ¥ fixation to obtain the maximam
vyield of grain legumes. In this conmection it hae been demonstrated that by
accelerating photosynthesis, W fization ies aceelerated and the grain yield is
increased simificantly in soyabeans {Hardy and Hawvelkas 1975), fs in cereal
crops, photosymthesis is therefore the key factor Tor obiaining a high yield in
grain legumes.
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Faper 13 TH= USE OF ISOTOPES AND RADIATION IN STULINS ON THE WFPICIENT Us) OF FkiTLIZ: NG
ey NHeshsinghe

Joint FPAO/TIAEA Division of Atomie Energy ir Asriculture

1. THTROLAIC TION

In this paper, fertiliser use efficiency is defined as the percentage of
fertilizer nmutrient applied 1o a crop taken up by that crop,

Information on the most s=fficient metheods, fimees, and sources of feriilirer
application is aleo =n essential prerequigite for the conduct of field experiment-
for determininz the most economic rate of fertilizer application, Tre dilfferont
rates of Tertilizer tested in sn experiment for evaluatings theo yield reesporce
curve should be applied in a2 maumer which will ensure the hishest possinle
fertilizer use efficiency.

Fertilizers may be reandered {ipnefficient by 2ny of four basic ways:
1. leaching — a.5. nitrates;
ii. surfagce run=off = e,z,. top dressed or surface bLrosdeast fertilicers;

iii. gaseous losses = 0.g, niirosenous fertilizers as ammeonia, or as Y due
io denitrificationg

iv. immobilization in the 8oil by chemical or microbiological procesgses = e,z.
vhosphates, nitrosenous fertilizers.

The extent to which ihese Faciors influence fertilizer utilization by ha
erop will depend on soil and climatic conditions, soil managemen® praerices,
{@yiro irrigation, liming, tillage operations, scil conservation neasures),
method and time of fertilizer application and nature of fertilirzer, Under a
given set of soil and climatic conditions and 86il management practices,
fertilizer use efficiency can be maximized by minimizing interactions between soil
and fertilizer. This oan be achieved by: (a) applyins the fertilizers at
a place where the plant roots are most active and hence will ta%e up the
nutrient most rapidly; (0) applyiagz the fertilizer af the lime wher the
physiological need of the plant for %he nutrient for crop production is highest;
{Eg applying the ferfilizer in a suitable chemical form to minimize interaction
with the spil while a2t the sane time providing a high nuatrient gvailability o
the cropj {d) establishinz an approprizte water reginme (Eﬂd other management
practices),

tmantizative information of practical wvalue on how the zmount of
Tertilizer utilized by a crop veries with the different fastores influencing
fertilizer use efficiency can only be obtained throush Tield experinents carried
outk under the actual conditions under which the crop is growm.

Te traditional indirect'difference' netheds snd the moderr direct
isotope methods used for such siudies are discuesed in the nex: section.



COMPARTSON OF THE DIRECT ISOIDPE METHOD AND TIE INODIEMCT DIFFERENCE METHOD FOR
LE'ERMIWING FARTILIZER WUTRIGHT UPTAKE

Radioactive and stable isotopasl! (e.gs P=32, N=15) provide the only
mezne of obtaining A& direct muantitative measure of the influence of wvarious
factors on fertilizer use efficiency by & erop. For instance, the amount
of phosphorus taken up by a ¢rop from a phosphate fertilizer can be directly
meagared in the field by labelling the fertilizer with a known quantity of the
radivactive isotope P=32, applying it to the crop, and later measuring the total
phesphorus and total P=32 content in the crop.

PFercentaze P derived from the fertilizer in the corop, = Fdff, =

specific activity of P{ratio P=32/P=31) in erop x 100,
epecific activity of P in fertilizer

Totel kg fertilizer P/ha in crop = total k= P/ha in crop « 9 PAfF,
100
Fertilizer use efficiency = #total kg P/ha in erop x 100,

kg fertilizer F/ha applied

Similarly, W uptaxe from nitrogen fortilizers cean be measursd by labelling the
fertilizer with the stable isotope N=1R,

leotope labelling of the nutrient element in fertilizer ig a2 means of
marlkding that element for subsequent identification in the plant, Without euch
lakelling, it is not posesible fo determine how much of the mutrient element
in the plant ie derived from the fertilizer and how much from the soil,  The
isotopically labelled muirient element behaves in an identical manner to the
nen=labelled elemeni both chemically and physiclogically, and the plant cannot
distinguish the difference between them. Hoawever, the isotopically labelled
element can be measured by radiation detection instruments in the case of radio
aclive isotopes such as P, or by maes spectrographic methods in the case of stable
imotopes sach as W=15,

Prior to the use of isotope methods, fertilizer use efficiency studies
were entirely dependent on conventional field experiments using dry matter
vield responses or differences in totsl nutrient removed by the crop as
criteria for assessing treatment differences, The effects of particular
trealments (e.g. methods of fertilizer placement) are evaluated by comparison
with a control plot in which no fertilizer was spplied. Howewver, such
experimente can only give a measure of the impact of fertilizer application on
the total uptake of so0il plus fertilizer matrient by the crop.

The difference method would be useful for the comparison of fertilizer
placement methods, fertilizer sources, eto, if the experiment wee carried ouf
on & matrient deficient soil in which marked yield reeponses are obtained for
fertilizer application, and the level of fertiliszer application is such +that the
mafnitude of the freatment responses would £1ill be within the steep part of the
wield resnonse ourve, High levels of fertilizer application would bring the
yield level of all treatments to the flat part of the yield response curve
and no differences in dry matter or totel nutrient yields between freatments
would be cheerved. In practice, it is difficult to select the appropriate
level of fertilizer application prier fo carrying out an experiment; the

32 15

1f For convenience only, isotapes are written P-37, N-15 rather than ~"7F, ]



experiment would have to include several lewvels of fertilizer. Moreover,
any conclusions drasm from such an experiment on the effect of a particular
treatment would only be wvalid for crope growing under conditions where the
tested mutrient ie very deficient, Extrapolation of the resalte o normal
conditions where fertilizers are applied to maintain good yields might nect be
justified.

The difference method may give a reliable estimate of ihe actual
fertilizer uee efficiency when the experiment is carried out on & soil of
moderate nutrient deficiency and when the fertilizer applied makes ne
difference to the uptake of soil nutrient between fertilized and unfertilizod
plote, The methed would underestimate the amount of fertilizer used if there
was little or ne yield response to fertilizer applicalion, On the ather
hand, on a soil highly deficient in the plant nutrient under teet and where
plant growth is limited due to the mutrient deficiency, the difference method
would overestimate the amount of fertilizer nutrient absorbed by the orop
unless the fertilizer was well mixed in the entire roct zonz of the crop.
Fertilizer application would produce a healthier plant which would expleit
more soil nutrient than the plant in ‘he non=ferfilized plot, Also, if the
applied fertilizer caused a change in the awvailable soil mutrient pool, as for
inetance by the mineralization of organic nifrogen in the soil, the difference
method would overestimate the anount of fertilizer nutrient abmorbed by the craop.
As Westerman and Kurtz (1974) pointed out, "The difference method assumes
mineralization, immobilization and other W transformations are the same for boih
fertilized and unfertilized seils, CUbviously this is an erronecus assumption
and can accourt for gross differences between recoveries calculated by non-
isotopic and isotopic techniques,"

It may be concluded therefore that while the indirect difference method
may sometimes serve to make quantitative comparisons of different fertilizer
sources or pleacement methods, it will rarely give a reliable quantitative
measure of fertilizer use efficiency. For the latzer, it is esseniial to use
the direct isotope meihod,

Westerman and Kurtz (1974) compared the uptake of fertilizer N from
urea and oxanide (both labelled with N=15) by Sudan grass in a field experinent,
Fertilizer use efficiency wae caloulated by the difference method and %=1%
isotope method,

Table 17 shows the averaze recovery of applied ¥ for the % rates of N
application for each hervest and the total for 1966 and 1967. The difference
method overestimated the fertilizer N use efficiency of urea and oxamide by
35% and 314, respectively in 1966, and by 23% and 35% in 1967, when compared with
the direct N-15 isotope method, Omnly in the third harvest in 1966 and 19€7 did
the percentage fertilizer W recovery caloulated by the difference meihod coincide
with that caleulated by the isotope method., At the fourth harvest in 1966 when
fertilizer W recovery as indicated by the H=15 isoctope methed was very low, the
difference method showed a negative fertilizer N recovery, underestimating
fertilizer use efficiency as expected under conditions of low feriilizer reeponse,
At all other harvests fertilizer use efficiency was grossly overestimated by
the difference method, The exasggerated values for fertilizer W recovery by the
difference method show thal plante grown on the ¥ fertilizer plots sbsorbed
more soil ¥ than plants grown on the unfertilized plots.



Table 17 PERCENTAOE RECOVERY OF FERTILIZER N IN SUDAW GRASS AS ESTIMATED
BY THE DIFFERENCE AND N-15 ISOTOPE ¥ETODS

YTear and Il source Mfference method =15 I=zotope method
harvest d&ate
1966
June 30 Uresa 43,9 29,4
Oxamide 2Tudl : 1.9
July 20 Urea A3.6 T
Oxamide 478 23.7
fymast 0 Urea 2.5 244
Oxamide 9.8 10.3
October 20 Urea -4.9 1.3
Oxamide =3,2 do T
Total Urea 85,1 50,1
Dxamide 81.7 505
o —
July 30 Urea 575 63,4
Oxamide 44,3 I8, 2
August 14 Urea 5.7 25,8
Oxamide 79.0 50.4
September 14 Urea Lo 35
Oxamide 10,4 10,2
Total Orea 15,5 Q2.6
Oxamide 133.7 98.9

Source: Westerman and Kurtz (1974)

Mamerous examples of how erroneous conclueions could be drawn from
experiments using the difference method can be taxen from FAG}I&EA coordinated
research programme reports on rice (IATA 1970a), maize (IAEL 1970k) and wheat
(TAEA 1974).

One such (IAEA 1970a) concerned field experiments on phosphate fertilizer
placement on flooded rice carried out in a mumber of couniries. In the
Philippines and Burma (Gyozon) where levels of socil P were high and there was no
yield response to applied phosphate, the difference method gave nezative uptakes
of fertilizer F for nearly all the six placement metheods tested, The BF=12
isotope method, however, showed small but positive uptakes for =11 treatments and
was able to identify two distinctly superior ireatments, Underestimotes of P
uptake from fertilizer were alsc obitained by the difference method in Burma
(Mandalay} and Ezypt where there were moderate levels of soil P and there was



some responss to applied P,  Low lewvels of soil F and hisgh responees to
fartilizer P at two centres in Thailand resulted in overestimates by the
difference method, although both methods agresd on the superiority of the

gane two treatments I:Bul‘fa::e brosedcast and hneing}. The advantage of the
izotope method owver the difference method is shown wvery elearly in Table 18
where it points to the superiority of surface brosdeasting and heeing in all
countries, whereas the same conclusicon can be reached by the difference method
only in the Lwe Thailand experimnents.

Table 18  PLACSMENT OF PHOSPHOAUS - RCLATIVE EFFECTS OF THE PERCENTAGE OF P
1¥ PLANTS SERIVED FROM FRRITLIZHR {(d.f.f.) AND FROM YIFLD (%)
HY DIFFERENCE MATHOD

| Hill 10 Hill 20 | Row 10 How 20
location Surface  Hoeing com depth om depth| cm depth em depth
I
| %P d.fuf. | 100 101 | 35 25 25 20
Philinpines \ ‘ i
Yield 100 113 | 95 114 114 125
: = %
G B dofof. | 100 152 | 56 2| 39 28
Turna (3 i I |
Yield L 100 102 112 94 ] 101 102
i | |
¢ P a.f.7, | 100 100 | 24 2 ] 24 i
Burna (M) l | _ !
Yield 1 100 102 1 103 95 i 98 104
i |
T i 1 | P
L 100 93 f 58 N9 h9 57
Ermypt ] ! :
Yield L 100 97 | 98 97 | Es 93
@ P d.f.f. | 100 108 ' 3 55 l 94 84
Thailand (8) i : ‘
Yield 100 108 96 81 | 88 54
i 1
4 pd.f.f. 130 100 T4 o8] ™5 53
Thailand(B) .
Yield 100 90 | 54 24 49 29
L i

Sourcet IATA {1970a)

APPLICATION OF RESULTS FROM FEITILIZER USE EFFICTENCY STUITRS

for the development of sound fertilizer manazement praciices it i= necesear
to exprese differences in fertilizer use efficiency in a ouantitative way.
Thue, the findinzs from an experiment on the placement of different rates of



fertilizer might state that 45 kg P/ha applied broadcast on the surface gives
the eame P uptake as 77.5 kg/ha applied to hille at a depth of 10 em.

In practice, ihe method of fertilizer application which leads to
highest crop utilization need not necessarily be the most economic. For
instance, placement of nitrogen fertilizer at 10 em depth in lowland rice
may result in more efficient fertilizer utilization than surface application,
but the labour costs incurred in deep placement may be greater than the costs of
extra fertilizer required for the less efficient method of surface application,
The ruantitative information obiained on fertilizer use efficiency should be
coneidered in conjunction with information on lsbour costs, costs per unit
mutrient, etc. before drawing any conclusions on the most economic fertilizer
management practices.

EXAMPLES OF S0MU FERTILIZER USE EFFICIENCY STUDIES USING ISOTOPES

T™e coordinated research programmes of the joint FAGﬁiﬂEﬂ Tivision
have included experiments on a wide range of annusl and perennial crops, some of
vhich will be discussed to illustrate how isctope methods can be used to study

varioue kinds of problems relating to fertilizer use efficiency.

Experiment on lJifferent Methods and Times of N Application to Maize

In thie field experiment ammonium eulphate labelled with =195 at one
percent atom excess was applied at 80 kg N/ha in 6 different weys: (i) plough
down at planting, (ii) banding at planting, (iii) side dressing when the maize
was 50 em high, tiv} 15 days before tasselling, (v) at tasselling, and,

(vi}10 days after tasselling. ‘The results given in Table 19 (means of data from
experiments in Argentina, Brazil, Colombia, Peru, and Egypt) show that fertilizer
H uptake was asbout 50 percent higher when side dressed from 50 cm height to
tasselling stages than band application at eeeding or side dressing 10 daye after
tasselling, The plough down treatment was the least efficient — — about halfl

as efficient as sidedressing up to taseelling stage. In this instance, the
results show the sane pattern irrespective of the criterion used for assessing
fertilizer ¥ uptake (percentage W derived from fertilizer in plant, actual fert-—
iliger W uptake using N-15,; and fertilizer N uptake by difference method).
Calculation of the percentage FAff valuee are independent of dry matter yields.
They provide a sensitive means for compering the efficiency of specific fertilirer
practices avoiding the errore involwed when yield dependent criteriz are used for
euch comparisons. Table 20 shows the individual country data for fertilizer

use efficiency for the band placement at seeding, It i& =een that for the
comparison of treatmnents in different locations the percentage Hdff datas present
a different picture o the yield dependent criterion percentage uptake of

applied fertilizer W using the N=15 method. This is becemse the degree of
dilution of the ¥=15 lshelled fertilizer ie no longer dependent on a single
variable (different metheds of fertilizer application) but also depends on other
Tactors which varied widely in the different locations and influnenced dry matter
production, Hence, the percentage Ndff date cannot be used to compare the
efficiency by a particular methed of application in different loecations where
factors other than the variable under test may influence the extent o which the
=15 fertiliszer ie diluted. In such situationsz the yield dependent ecriterion
{percentage fertilizer W utilized by the crop) based on the isoiope method mist
be used, Table 20 alsoc gives the percentage uptake of applied fertilizer W
caleulated by the conventionsl difference method, again illuetrating the
unreliakilidty of the method for such studies.
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Table 19 EFFECT OF TIME OF APPLICATION OF ¥ TO HAIZE QN FERTILIZER ¥ UPTAKE

IEASURED BY THO METHO

1

[Fertilizer management
practice (rate of ¥ =

< Hd.f.f.y

Uptaice of Fert, N (zrain)
kz N/ha

80 ka/ha) (srain) N=13 data Difference merhody*
Plough-~downm 27 1.6 T
[Band 26 14,5 1.2
Sidedressed at :
40 en 34 21.2 173 {
Tageelling -~ 15 days 18 21,6 e, h
Tasselling 14 . 21,8 12.5
Tasgelling + 10 days 26 | 1%.4 6.8
LS D (P =0,09) i 645 8.2

Source: Joint FAO/IAEA programms, 1365

Iata are means from country projecte in Argentina, Brazil, Colombia, Peru and

Emmpt.

% Nd.f.f, denotes percentage of total N in the grain derived from fertilizer

Total ¥ for fertilized treatment mirus toial W for control.

Table 20 PERCFTACE UPTAKE OF W FROM FERTILIZNMR APPLIED TGO MATZE TN A BAWD AT
SEEDTHG, MEASUSED gY ™MO METHOIS

] Tield of grain T*,?: E;r‘atl.f‘.f.l‘"lr Percentare uptake of applied fertilizer
| , N (zrain)
Country (kg /ha) : (zrain) H=1% data ifference Hesthod
T
Apzentina | 3 Boo 23 19,0 - A,
Drazil | 4 450 26 18.9 1.0
! - -
Colombia | 2 65{3 2_:.- 10.4 ":I--"l
Peru | 5 750 38 37.8 17,8
Bt l 3 650 l i8 g.2 - 6.5
|

Source: Joint FAO/IAEA programme, 1965,

% Nd,f.f. denotes percentage of total W

in grain derived from fertilizer.
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ifficiency of Different Scurces and Times of N Application to Wheat

In this experiment on wheat carried out in six countries, the efficiency
of a total of 120 kg Hfha gpplied as amonium sulphate and sodium nitrate was
tested when applied in three split spplications of 40 kg Hfha each at planting,
tillering, and boot stage. For each time of application, N-=15 labelled
fertilizer was applied 4o a separate plot — — the three times of application
requiring three HN-15 plota. When N-15 labelled fertilizer was not added for any
given time of application, unlabelled fertilizer was used, This enabled the
megsurement of fertilirzer use efficiency of the 40 kg N/he for each time of
application separately and also for the whole 120 kz H/ha applied thrice split
without confounding the effects of nitromen supply on plant growth and nutrient
uptake, This ie a technigque unigue to the isotope method and it illustrates an
important feature of the method, The results of the experiment show that
wnen applied in eplit dressings sodium nitrate is more efficiently used than
ammonium sulphate in all the countries — — the average fertilizer use efficiency
being 46% for Wal0, and 32% for (MH,), SO,. Nitrogen application at the boot
atage repulted in Bourer ¥ uptake by the grnp than application at tillering or
planting time.

valuation of Efficiency of Natural Rock Pheosphates

Chemically procesgeed fertilizer materials can be isotopically labelled
at the iime of their manufacture for use in fertilizer efficiency studies of the
type already discussed. Relatively insoluble natural fertilizer materials,
sich as rock phosphates {in which there is coneiderable interest ioday in
developing couniries) cannot be isotopically labelled. For comparing the
efficiency of such fertilizers (Fried 1954) developed an irdirect method based
an the "A" value concept (Fried and Dean 1952), In thie method the availsble
goil phosphorus ("A" value for soil P} is measured by using P=32 labelled super—
phosphaie,  Rock phosphate is added {o the =oil, and the awailable phosphorus
in the =0il treated with the rock phosphate ("A" walue for soil P plus rock
phosphate F) is again measured using P-32 labelled superphosphate, The
difference between the ifwo "A'M valuse gives a measure of the efficisncy of the
rock phosphate relative fo the muperphosphate,

The "A" wvalue concept ie based on the assumption that when a plant is
confronted with twe sources of a given matrient in the =soil, the anount of
matrient it absorbe from ezch souraee is proporticonal teo the amounte of the
rmirient available in each =ource. If the amount of =wailable =il P ig 4
(unlnovm} and a lmown amount (F) of P=32 labelled superphosphate i applied,
then the "A" value for =o0il F can be measured from the rslationship

4 = 1=y, vhere y is the fraction of P in the plant derived from the P-32
i ¥

labelled superphosphate (100y = %PAff). The "A" value for soil F plus rock
phosphate is similarly determined.  Table 21, which giwves the resulte of a pot
experiment by Fried (1954) shows the relative availabilities of rock phosphate
compared ioc monooalcium phoephate for ryezrass on different soils. In thie
Table,A, refere to the available soil P, and 4, to the available P in the roci
phoephate fertilizers in terme of the P=32 1abglled gtandard monocaleium
phoephate used in the experiment, The results show that 4 tone of rock
phosphate supplied as mich P to ryegrass over a period of a month as &7 1b P205
in the form of salcium monophosphate on the Favesboro soil, as 76 in the
Davidson soil and 167 in the Brookston soil., The higher availability of rock
phosphate in the Brookston soll is probably due to ite low pH and high organic
matier contenti (Fried 19%4).



Table 21 RELATIVE AVAILABILITY OF ROCK PHOSPHATE (33% PHOSPHORUS FENTOXIDE)
ANT MONOCALGIUM FPHOSPHA'TE AS SOURCES OF P FOR WYHGRASS IURIIG THE
BT RST MONTH OF GROWTH

"AM walue, 1b F_ 0. per acro equivalent to
monocal&idn phosphate

4 tons ol

l

Sgil + £ tons rocic phesphais
ronk phogzphate by differonce
Boil Soil (44) (a, + A?} {AEJ
Fvesboro ) 125 67
Davidson 119 155 76
Erooketon 91 258 167

Sourcet Fried (1554)

Takle 22  COMPAALSON OF VARTOUS NATURAL FHOSPHA'Tw S0URCES MOR RICT WItH

SUPHEPHOSPHA'E AS A [ABELLEL STANTARD

| - T
i Soil
Fertilizer l
| ! Thailand Srazil Hlungary Pacistan 1/
(pt 2.9) (pH 6.2) (oH 6.6) (pH 8.2)
linda 180 1 00 1 400G 10 200
iraxa 220 910 3 300 10 000 !
Araxa Thermo 100 &0 =) a0
Tunis rock 110 150 1100 1 200
Florida rock 120 240 ¥ 300 10 000
Basic slagz 120 B0 140 140
Done meal 120 140 420 600
1/ pH of soil—water suspensien, 1:2,5,

Data from IAEA (1970a) show the uniis in grammes

P in superphosphate,

of fertilizer P equiv=lent Lo 100 z

Table 27 shows the resulis of a pol experiment carried out under the
Joint FAO/IAEA Division's first Coordinated Research Programme on Rice
Fertilization, Using the technique discussed above, the efficiency of seven
forms of insoluble natural phosphates was measured in relation o superphesphate
on soils from Brazil, Thailand, Hungary,and Pakistan, Depending on soil pH,
etrildng differences were observed in the availability of the various phosphate

fertilizers tested.

On the acid soilg the availability was in zeneral high, but

on the alkaline soils only the alkaline phoephates such as Araxa Thermo and
basic #lag had an availability similar to that of superphosphate.



Aoot Activity Studiee en Trec Crops

The isotope method for the quantitative measurement of fertilizer use
efficiency cannot be applied to perennial tree crops a=z it i= not practical
to harvest and =ample whole trees, A different approazch Was therefore adopted
in the Joint Mwvision's coordinated research programme for cobtaining information
on efficient tree crop fertilization (TAEA 1975).  Since placement of fertilizer
in eclose proximity te the zone of highest root activity and at a time when roots
are most active would help to maximize fertilizer uptake, a method was
developed to siudy the root activity patterns of <ree crops, The technirue
involves the injection of P=3i2 labelled phosphate solution into the seil at the
varioue distances and depthe to be tested for root activity. A few weeke after
injection, leaf =amples of eimilar age are taken from well—defined morpholozical
positions on the iree and analysed for P-32. The P=32 contents in the leaf
samples reflect the levels of root activity at the different positione tested,
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Paper 14 NEW ASPECTS OF FERTILIZER TECHNOLOGY IN BETTER =XPLOITATICN OF PLANT WUTRIEWTS

2a

R.Ca Horn

IFIC, Muscle Shoals, Alabama

THTRODUC TION

The purpose of this paper is to identify some of the newer fertilizer
materlials and examine current methods of fertilizer production and use as they
apply to fertilizer efficiency, particularly in the developing couniries,

For many people, hunger and malnutrition are a way of life. Yields per
hectare and per farm worker are often extremely low, and are conducive to
world food shortage and poverty of many of the world's farmers,

There are two main waye of obtaining the necessary increases in food
productiont (i) by the expansion of farming to land not now cultivated and
(ii) by intensification of production on land already being cultivated,

Large parts of Africa and Latin America and sizeable porticns of Asia,
particularly in Indonesia and the Philippines, are not yet cultivated, The
fact that climatic factors favour long or contimuoie growing seasons amplifies
the potential for agriculture in those areas.

Higher yields are required to justify the increasinz cost of oringing
new land into production, Contimious development of new land is imperative
but, for the short term, increasing crop yields per unit area of culiivated land
mist be the major source of any inorease in food and fibre. Yields need to be
at least doubled by the end of the century and to do so will require major
improvements in plant nutrition,

Moet fertilizers currently available have been developed for use on
goils and crops in temperate zones, For most areas in the tropics and
subtropice - where climate, crops, and soils differ markedly from thosze of the
developed countries — presant day technology and fertilizer materials are either
agronomically inadecuate or economically impractical.

Technology which uses indigenoms resources to the fullest extent musti be
developed but need not be highly sophisticated. Some techniques, already
discarded by the developed ¢countries in favour of more economic processes or
more highly concentrated products, might be entirely aderuate in a developing
country. Zingle superphosphate is an example of such a casze, A phosphete rock
or potash source coupled with such technology could help to insulate a developing
country or area from the vagaries of the world fertilizer market for those
nutrients,

Fertilizer naterials and methods of application which increase the
efficiency of use of all fertilizere, especially niirogen, are urgenily needed
to increase food production and conserve natural resources. As long as ammonia
production 18 mainly tied to petroleum based hydrocarbens, its price can only
continwe to rise.

FRIMARY PLANT NUTRIENTS

Te concept of increased fertilizer efficiency through the slow or
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controlled release of mutrient iz not new. Theorstically, any of the solid,
water soluble fertilizer materials could be coated to slow or control the release
of plant muirients. In practice, nitrogenous materials have received the most
attention, chiefly beceause they have been the most expensive of the primary
nutrients and becamse they are subject to substantial matrient losses through
three different mechanisms - leaching, denitrification and ammonia volatilization,

Hitrogen

While there ie an abundance of N in the atmosphere there is, paradoxically,
an almost universal and persistent deficiency of ¥ in the =soil. Aimospheric W ie
go inert that it is useless to most organisms, Agricultural crops can directly
utilize only those forme of I which have been combined ("fixed") with other
elements such as hydrogen or oxyger.

Molecular nitrogen is nearly inert because the triple bond which joins the
two N atoms is excepiionally strong and stable. Large quantities of energy
in the form of electricity or feossil fuele must be supplied to break this hond
in indaetrial fixation processes.

T™e mlk of g8ll fixed ¥ is of biclogical origin. nly & few hacteria
and simple algae have the ability to fix atmospheric N as ammonia. Brill {1977)
estimated bacterial fixation alone at 150 million tonnee per year. Aheout A0
million tonnes or one=fourth of the N fixed by all systems is ammenia made by the
Haber process,

Hecent discoveries shout the chemistry of N fixation indicate that
molesular nitrogen may be much less inert than was formerly supposed, and if
the ¥ flxing activities of bacteriz could be fully understood they might also
be improved and ultimately used to supply ¥ tc other plant species. The
outcone would be decreased dependence on gynthetic ¥ fertilizers for plant
mutrition and a higher worldwide standard of living.

The major scurces of ¥ currently available in the developing world include
anhydrous armonia, aqua smmonia, ammonium chloride, smmonium eulphate, ammonium
phosphates, ammonium nitrate, mixed ammonium sulphate-nitrate, ealecium ammornium
nitrate and urea,

Urea is the major source of N for rice and cereal production, Production
of urea in Asia iz expected to increase from 7.5 million tonnes of N in 1975 to
over 20 million tonnes by 1980 and indicates that urea will be the major N
source for feod production in developing couniries for the remainder of this
century. Therefore, any technoleogy which leads to improved N utilization
efficiency in urea is of prime interest, Such technology will inwvolve
controlling the rate of nutrient release, The two most common ways of
controlling the dissolution of fertilizers are development of compounds with
limited water solubility, =nd ceoating scluble materiale to retard their
release to the soil solution.

Probably the most widely lmown coated fertilizer is sulphur—coated
urea (S5CU) developed by the Tennessee Valley Authority (TWA). Of the many
subetances tested, sulphur was chosen as having the best combination of suitable
properties and economic potential for use as a coating agent, As work progressed,
the coating of sulpbur was decreased in weight and a wax was added to smeal
imperfections in it, while finally a conditioning agent was added to reduce
stickiness,



'he dissolution rate of SCU gramules is controlled by the amount of
sulphur and sealant applied, being inversely proportional to coating weight,
50il temperature and moisture content have less effec! on dissolution rate,
Suitable controlled release properties were obtained with a sulphur coating of
14%, sealed with 2% wax and treated with 2% conditioner., Pilot scale
production of several hundred tomnes of SCU has allowed field tests to be made
on Beveral crops in 19 states of the U,S8.4. and 28 other countries,

Field tests on rice indicate that SCU increases the effectiveness of
applied nitrogen (Engelstad et al 1972). Rather consistent yield increases heve
been cbtained with SCU as a basal dreesing compared with unceated urea, and
economic calculations show that 50U can often compete Favourably.

Among other coating materials tested for controlling the release of
soluble nutrienis have been such diverse materials as asphalt, coal tar resins,
magnesium asmmonium phosphate and organic polymers, Coatitges from organic
polymerse and copolymers have shown promise in encapsulating veth liquid and solid
HFK fertilizers, “"Osmocote" (Sierra Chemical Co.) is an example of a polymer-
coated fertilizerj "Gold N' (Imperial Chemical Industries Ltd,) is a sulphur—
coated prilled urea, Both materials are produced commercially, but are the
only examples of such coated fertilizers known to be widely awvailable,

A munber of slightly soluble organic nitrogen compounds have been
studied in the laboratory and glasshouse,  Among those showing promise were
oxamide,; glycouril, cyanuric acid, ammeline and ammelide, melamine, and
methylene ureas of various molecular weights, Because no practical or economic
process has been devised, most of these materials have noi been produced
commercially for use as a fertilizer,

Recently a new process for synthesis of oxamide was reported by Hoechst
in Germany (Riemenscheider 1976) which may bring this excellent fertilizer
material cleser to production. 'The process produces oxamide directly from
hydrocyanic acid (HCN) and oxygen. 'Te reaction is homogenecusly catalysed by
copper nitrate in amiecus acetic acid and proceeds at atmospheric pressure at
50-80"C. Oxamide of 99% purity is obtained by centrifuging and washinz: ihe
catalyet solution iz recycled to the reactor. The only apparent problem with
the procese is that it is dependenl on HCY as a raw materialj howsver, where
byproduct HCN is avaeilable from the preoduction of plastics, conversion to
oxamide might prove to be economically attractive,

Oxamide contains aboul 32 N and has been proved to be an excellent
slow release fertilizer. As with some other low seolubility fertilizers, the
release rate is controlled by the particle size.

Aldehyde-urea adducts euch az urea-formaldehyde producis, iscbutylidene=-
diurea (IBIU), and crotonylidenediurea (CDU), represent another series of
materiale of low solubility which have slso been proved azronomically. ‘These
materials as a group contain about 12-3%% W and apparently do not hinder
germination of seeds or growth of seedlings even at hizh applieation rates,
Moet of the materials in this group have a residual effect at leaet on the
second crop. Commercially available materials include IBIU, CIU,and "Mag Amp",
which ie a mixture of magnesium ammonium phosphate (Mg WE, PO ) and magnesium
potaesium phesphate (Mg K ¥O,). SCU prills are also commercially available
under the name "Gold H," *
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Research is currently being done on systems which use mixed aldehydes
with urea and thiourea to produce desirable release characteristics, while
the reaction of urea with spent sulphate pulp licquors produces a elow release
nitrogen fertilizer. A German patent has disclosed the preparation of
catenated ammonium polyphosphates for slow release; awvailability of the
nutrients ie controlled by the temperature at which the material is prepared.

Magnesinm ammonium phosphate ie another example of the low solubility
plant nutrient sourcee. It has been widely accepted for zlasshouse and
mursery applications and for use in oritical soll areas where it is diffieult to
establish vegetation,

In spite of the advantages of these materials, when compared with urea,
they =1l have the disadvantages of lower analysis and higher prices.

PhasEhnruﬁ

Man is dependent for phosphate on the mineral apatite which containes
caleium, phosphorus, and fluorine together with various elements substituting
for caleium and fluorine in minor amounts, This mineral occurs in many
igneous and pedimentary deposiis scattered throughout the werld, but rarely are
the deposits concentrated enough to permit their development and use,

Pure fluorapatite contains about 18% P (42% P_0.). ‘e term "phosphate
rock" is applied to those oree in which the apatite guﬁten is high enough for
the material to be used directly in a mamfacturing process. For those rocks
which are toc low in P to be used directly, phyesical processes have been devised
which produce concentrates by rejecting undesirsble materials,

Mining, concentration, and extraction methods now in use are extremely
wasteful and recovery in deposits is sometimes 60% or less of the total P
originally present., As present deposits are depleted, producers are foroed to
mine materials of lower grade and fmality, This trend increasee the importance
of improved processes to make the best technical and economic use of indigenous
materials, especially in areas where costly imports are difficult te finance.

In terms of enhancing the efficiency of use of phosphate fertilizer,
changes in management practices and modification of fertilizers to increase the
availability of mitrients can be effective, Among the materials that might be
classified as conirolled release fertilizers are ground phosphate rock,
defluerinated phosphate rock, basic slag, Fhenania phosphate, fused caloiwm
magnesium phosphate, caleined aluminium phosphate ore, dicalcium phosphate, bone
meal, magnesium ammenium phosphate, and calcium and potassium metaphoephates,

T™e use of ground phosphate rocik is potentially more economic than
chemically processed phosphate fertilizers, especially when an indigenous rock
of euitable ¢mality and reactiviiy is awvailable, on the grounds of reduced
proceseing and traneportation costs,

e effectiveness of direct applications of ground phosphate rock depends
upon the chemical composition and reactivity of the rock and the degres of
finenees to which it is ground, Extremely fine ground rock is wvery dusty and
troublesome to apply in the field, but although it can readily be grammlated
to the normal size of fertilizer particles this technique defeats the purpose
of fine grinding. )

The International Fertilizer Development Centre (IFIC) is studying very
small granules termed "minigranules" which ean be prepared by compacting the
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finely ground rock with certain types of equipment, 'hese small particles,
0,4-0.07 mm in size, (48 — 200 mesh) can be applied without the dust proolem
associated with wery finely sround rock and at a more even distribution than the
larger gramles.

Aleo under study by the IFDC is the incorporation of a suspending arent
into the rock while it is being ground, On adding water fo the product,
which can be transported dry, a stable suspension is formed zontaining about
70% molids, Such a suspension can be applied in the field with wvery simple
equipment ,

Cf the other phosphatic materials mentioned, none is new, ‘Their
efficiencies are largely dependent on soil pH, and most of then can be
produced without the benefit of hizh technology. FProcesses could be adapted
to use even small depositis of phosphate rock to serve a local area. In
addition, some of these materizle are good sources of secondary and trace
elements.

Most research work on phosphates zppears to be directed toward highly
concentrated materiale the production of which remquires a rather high degree
of technology. Hesearch support Tor the developing countries should be
directed toward location of indigencusz materiale and development of processes
for the production of useful fertilizer materials, regardless of how such
products might fit into conventional roles.

Potash

Controlled release potash sources have not received a great deal of
attention in comparison with nitrogen and phosphate, However, tests with
potassium polyphosphates and calcium potassium polyphosphates as slow release
sources have been conduected by TWA. Agronomic evaluation of the materials
was reported by Engelstad (1968),

Sulphur coated potassium chloride for agronomic tests has also been
prepared by 'IVA, Yielde were sometimes increased in comparison with uncoated
potassium chloride, but mere information is needed for agronomic and economic
evaluation, Controlled release N=K fertilizers alsc show some promise and
are under study (Hignett 1975).

SECONDARY NUTRIENTS

Many soils in the tropice and subtroples are inherently defieient in
sulphur and these deficiencies become more serious when heavy rates of nitrogen
and other primary mitrients are applied. Sulphur deficiencies have been
reported in 48 countiriee (Beaton and Fox 1971).

A decline in the use of legs concentrated fertilizers such as single
mperphosphate and ammenium sulphate has tended to asgravate mulphur deficiency.
In some of the developing countries especially, a return to the use of single
superphosphate may be the most economio and effective method for providing the
needed sulphur, as well as other secondary and trace nuirients.

Elemental sulphur can sometimes be incorporated in gramular fertilizer
by spraying it as molten sulphur in the granulater, but it is less available
than the soluble forms althoush recoversble over an extended period.
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MICRONUTHIENTS

With traditional systems of cultivation, charasterized by relatively
low yields, micromtrient deficiencies may not be a limiting factor in ecrop
production on tropical seils although deficiencies of Zn, Mo and B have been
neted. Their correction has sometimes led to increased yields. However,
as production is increased, micromutrient deficiency problems will require
attention.

A systematic study of the role of micromutrients in orop production on
tropical soile would be most helpful in predicting where deficiencies are
likely to be a limiting factor. Where specific deficiencies can be identified,
indigencus materials for correcting them should be sought, Small mineral
deposite, too small to be considered a viable mining operation, might be a source
of micronutrient materials. Pyrite (FeS,) and pyrrhotite (Fe 56} could be
sources for iron and sulphurj chaleopyrife (CuFeS.) and bornite {tu Faﬁd} as
gources of copper iron and sulphuri sphalerite (Eng} as & source of Zinc and
sulphur, Jarosites, either naturally ocourring or as a byproduct from hydro-
metallurgical processing of copper-iron mineral concentrates, might be useful
sources for iron and sulphur on highly acid soile of the tropics. Moet of these
materials are insoluble enough to be considered as slow release sourcee and would
be available over extended periods of time.

MISCELLANEOUS METHOIS FOR INCREASING EFFICIENCY

Flacement Techniques

Rezearch at the International Hice Research Institute led to the experimental
use of mud balle containing urea or ammonium sulphate as a means of placing
nitrogen fertilizers in the reduced zone of a flooded seil. The method, theugh
effective in raising yields, was impractical on a large scale but prompted the
preparation by IFIC of fertilizer in the form of supergramles weighing 1= g each
or briquettes which are now available for experimental purposes, Flans for
coating these large gramules to slow the release of plant mutrients are under
oonsideration, Slow release of such meterisle as urea and ammonium sulphate
would lessen the danger of poesible root demsge ceamsed by high concentrations of
plant nutrients in a zone surrounding such & large grarmle and, in the case of
urea, decreaee the problem of high pH caused by rapid hydrolysise.

& new placement technicue is that in which the fertilizer is applied in =
band about 8§ cm wide on the surface of the ground so that subsequent ploughing
buries and mizes it with 8-10% of the soil. FPlanting in or near the band
ensures high recovery of the mutrient. P and K so placed increased maisze yields
by 8% for five consecutive years (Barber 1977), while elsewhere N and P applied
similarly raised wheat and sorghum grain yields by 20%., Ligquid fertiliszers are
particularly well suited to this method of application, While the strip
application technique was developed for use with mechanical eguipment, the
potential for increasing yields in developing countries should not be overlooked.

The efficiency of foliar application of certain muitriente on some crope is
well kmown. Its potential should be investigated with special emphasis on crope
which respond best to such treatment and on methods and equipment which can be
enmployed by the small farmer.

Combination of Fertilicers and Feeticides

In the past, IFDC has been asked to prepare large granules of fertilizer
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Ded

containing pesticides for experimental purposes, but these requests could not

be granted because of toxicity problems and lack of suitable equipment. Recent
research by pesticide manufacturers hae led to the development of controlled
release products which may reduce toxieity hazards to the point where production
of fertilizer—pesticide combinations might bescome feasible,

Nitrification Inhibitors

Ammonia from applied fertilizers or from bacterial action or organic
matter 18 subject to oxidation to the nitrate (NO_,) form throush the activities
of a specialized group of bacteria. The nitrate form of N may be directly
utilized by plants but is alsc subject to reduction by a second group of bacteris,
thereby returning N to the atmosphere from which it came =nd completing the W cycle,
4 a result of the activities of the denitrifying bacteria and the removal of I
with the harvested portion of crops, the reservoir of fixed W in the soil must be
contiimially replenished.

Agents that reduce or eliminate the bacterisl oxidation of the ammonium
form of N to the nitrate form are termed nitrification inhibitors and can be
helpful in increasing the effectiveness of nitrogenous fertilizers,

Several useful nitrification inhibitors have Deen patented: "N-Serve”
(2=chlore—6-trichloromethyl pyridine) and "AM" (2—amino—d—chloro=f-me’hyl
pyrimidine) are examples. Other such compounds are being studied to determine
their effectiveness.

Recent work with urea ireated with neem seed meal and extrmcte of neem seed
indicate significant activity in inhibiting nitrification (Manickam et al 1975).
Research in this area might produce other examples of indigenous materials which
are effective in suppressing nitrification.

Urease Inhibitora

Under some conditions where urea is used for fopdressing, esubstantial losses
of niirogen as ammonia can result from the action of the enzyme urease present in
the soil and plant residues. Urease hydrolyses urea to the unstable salt ammonium
carbonate which decomposes to ammonia and carbon dioxide. Urease inhibitors can
be incorporated in the urea to slow the activity of the enzyme until the ures has
penetrated the soil deep enough to lessen or prevent the loss of ammenia after
hydrolysis.

Compounds which have shown promise as urease inhibitors include
hydroxamic acid, acetohydroxamate and thiccarbamates. Alkyl and eycloallkyl
derivatives of rhodanine-S=acetic acid and their hesavy metzl salts are also
lmown to inhibit urease,

T™e use of urease inhibitors should be further investigated for
applications where urea is not incorporated in the soil immediately after
distribution.
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FORME OF WITROJEN FOR PLANTS

Nitrogen applied to crop plante is usually in the form of ealte of niirate
nitrogen, ammonium nitrogen and cyanamide nitrogen, These N forms undergo
microbial and chemical conversion in the eoil and become available to the plant
at different rates although on the whole relatively rapidly. A preference for
the WO, form, and, to some extent also for the NH, form, iz shown by the plant
raoote }nr the uptake of N, The rates of W fartiéizer required for producing
high yields, however, can result in damage to the scil due to excess palt and
in lesses due to leaching in areas with heavy rainfall when quick acting N
forme are used. These undesirable effects can be reduced by matching the
quantity and timing of N applicatione more closely to the needs of the plante,
or 8low release nitrogen fertilizers can be used which release and malke the N
components available more gradually. In function, they resemble a humus-rich
arable soil in which the organically bound ¥ is gradually mineralized by microbes
and thus made available to the plant.

REQUIREMENTS AND NATUFE OF SLOW RELEASE N FERTILIZERS

Ideally, the rate of supply of available ¥ from the fertilizer should
meet the changing needs of the plant in relation to the mozt efficient
use of the W in increasing the marketable yield of the plant, In this way a
slow release fertilizer could also reduce labour requiremente.

e solubility in water of a slow release fertilizer should be low so0 as
to minimize leaching, denitrification and damage from excessive salt concentration.
Such a fertilizer should be comparable to common N fertilizere in handling and
storaze qualities and unit coet of N,

the slow release ¥ fertilizers fall into two main groups = the natural
organic materials and the synthetic substances., The former includes farmyard
marmre, green manure, horn meal and sewage sludge.

The synthetic substances rely upon physical and chemical methods of
controlling release rate, ‘The physical methods are typified by the coatings
of sulphur, plastics, waxes etc. aspplied %o common fertilizers, and in the caee
of compound fertilizers their action may aleo extend to H, Chemical metheods
inolude N compounds hawing a slight solubility in water. These compounds may
be inorganic (e.g., metal ammonium phosphates) or organic such as oxamide,
pyrolysis preoducts of urea, or urea—aldehyde condenesates like urea-formaldehyde
crotonylidenediurez (CDU), isobutylidenediurea (IBTU). Other chemicel
methods are the use of nitrification inhibitors (e.g. N~Serve) used in
combination with common WH, fertilizers, and ion exchangers such as coal,
gilicate or vermiculite in conjunction with common N fertilizers,



BFHAVIOUR OF SLOW RELEASE N FERTILIZERS IN THE SOIL

The zradual release of available N from slow release N fertilizers
ie due to several reagsons. In the case of the glightly =oluble mineral
fertilizers it is the result of their relatively good chemioal stability,
while with coated mineral salts it is dependent on the rate of penetration of
water into the gramules, The release of W from organic substances is related
to the intensity of microbial activity which is the effect of interactions
between weather, mitrient supply in the soil and seil structure, For symthetic
orgaric W fertilizers, temperature and ecil moisture are decisive, without
which large quantities of organic W cannot be converted inte forme (NH,—¥ and
NO M) available to the plant. 4

While the rate of release i=s considerably slower than that for common
forms of mineral N fertilizers, it is nonetheles=s more related to =seil
properties and conditions than to the specific needs of the plant, Tha
slower release ie alse reflected in reduced leaching of N. Work has shown
Lhat over a period of 16 weeke eumulative leaching lossesg of ¥ from ammonium
uitrate could reach thelr peak in 4 weeks, while losses from IBOJF and COU
were at a relatively steady rate over the whole period and amounted to no more
than two-thirde of those from ammonium nitrate,

PRACTICAL APPLICATICHS OF S10W HELEASE FRRTILIZERS

The use of Zlow release N fertilizers is at present confined to
hortieultural crops such as fruit, wvegetables and ornamental planta and to
lawn grasses. 'They are well suited to such purposes as they have a good
crop compatibility and produce the same crop yields as standard fertilizers, but
with better uese made of applied I and snaller leoeses from leaching and
denltrification. Their application te agriculture has not yet proved to bhe a
practical measare since this type of artificial fertilizer is expensive. An
added drawback ie that a peak demand for N by the plant at a certain tine cannot
be met, as for example occurs with cereale when flowering aprroaches,
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New pheoephatic fertilizere can be classified into two groupsi new products
or oprocesses of sSome commercial importance, and products still in the
experimental stage. The first noticeabls trend in the last 20-30 years in the
mamafacturs of phosphatic fertilizers has been towards higher P concentrations
in straight and compound fertilizers; single sauperphoephate has 7-8 P (16181
P,0.)and triple superphosphate has 20% P %ﬁﬁg P,0 ); the second tendency has
bEed toward higher water solubility: diammonium phosphate (DAP) 18,22,0
(18,50.0} dicalcium phosphate (DCP) 0.17,0 (0,39.0) or phosphates produced
by thermal methods, and thirdly, there has been the development of fluid
iertili;ers elther in solution Eall the elemente in soluble form) or suspension

slurry).

To meet these three tendercies, industry has had to find new water soluble
products znd ones with a higher P content because it was impossible to exceed
20=-22% P (43=50% P_0.) with monocelcium phosphate (MCF) or DAP. This has now
bren achieved thru&' the development of polyphosphates (Carpentier 1969).

‘he polyphosphates result from the linkdng of two (or more) orthophosphoric
acid molecules with elimination of one H_O molecule., The first term of the
peries is pyrophosphoric acid, the second is tripolyphosphoric acid containing
366 B (82 P‘?D,E} and so on. There are also cyclic forms (with 3 or 4 P atoms).

4] o o L] ]
I I I l I
HO) = P = 0 = T - OH Hl = P = 0 = r -0 = T - (OH
| |
OH OH OH 0l OH
Pyrophoesphoric acid Tripolyphosphoric acid

GE\P}éﬁﬂ
/Gf o

I __:\P-—.GH

off Yo

Eyelic form

fuperphosphoric acid (which has no connection at all with superphosphates)
containe = mixture of 20 to 30% orthophosphoric acid and 80 to 205 polyphoephoric
acids, Its P content is about 356 (80F% P,0;) compared with 24% (54 P,05) in
orthophosphoric acid. .

ne polyphosphates are particularly interesting because:

LA freight charges are relatively less becaupe of their higher P content;



ii. they are water soluble even in the presence of Csaj

iii, they do not precipitate as Fe or Al phosphate in the soil, they are not
fixed and remain mobile until they are hydrolysed, fairly slowly, as
orthophaephates, In pome respecte they behave as slow release fertilizers
because P is only absorbed by plants as orthophosphoric ion,

Other kinds of polyphosphates (Devis 1975) are: Ca metaphoephate, 0,28,0
%:}.63.0 on P_O; basia) containing 21% Ca (29% CaD), and K metaphosphate, 0.26,30
0.58.36 on gx?de basis). 'Tey are both water inscluble but hydrolvse quite
rapidly in the soil.

Products in the second group are those that are still in the experimentsal
stage, and the hope is that some will be found with a high content of P (and W,
or other elemente}, that do not react with the soil, that are not adsorbed, not
fixed and that remain water soluble and hawve great mobility. In thie way, it
might be poesible to increase the efficiency of use of P fertilizers,

More than 30 compounds (Matzel 1976) have been tried and most of them
contain a covalent P-N link, e.g. amidophosphate ester

{CEHEO)E P'D]-IH2 or éﬁﬁ (HHE]Q—?E a derivative of P nitride.

These types of compounds mast meet conflicting cenditions. If they are
to remain meobile, they muet not hydrolyse in the soil, but if they are to be
abeorbed or metabolized, then they must be hydrolysed.

When P — N compounds are submitied to elution in soil columns (40 cm), the
depth of penetration decreases with low soil pH, hecanse in acid soil they are
hydrolysed and the products of the hydrolysis =re adsorbed or precitipated with
iron,.

Percentaze adsorbed

Fine silt Loess

pH 3.8 PH Teb
KH,PO, ssessnnrsonse 100 60
PD{HHE]3 100 17
{CEHEGJE PONH, +uees 12 8
[{G?HED] N/, PONH, 23 5

The agronomic value, however, is no better {often lower) than that of ortho-

phosphate,

kelative wvalue

Acid soil Neutral soil
(1,) POH veuran 100 100
P{‘J(IMQ]B 94 105
[GQHS}ENPG(EHE)E‘ 112 81

()

[TCHg) B 7, PONH, 15 1



Hone of the P = N compounds investizated so far have given a clear benefit in
yield or a better P utilization than the ortho—fertilizers, Another point
winich mast be borne in mind is their high marmafacturing costs,

Another group of organc—phesphoriec conpounds, the glycerophosphates, seems

to have very promising properties as P fertilizers,
{with two isomeric forms) and diphosphate esters (with two cyclic forms

1976).

0

CH,0 - P{ OH }2

l

CHONU

|

Cit.,OH

Glycerol 1-phosphate

Cyclic 1.2 glycerophoephate

They are mcmophoaglhate esters

(Coffey

CH,,OH
[
I
CHO — P{ CH }2
CH_,0H

Slycerol P=phosphate

CH, — C o
75
HOCH \\Péf

\ 4 \GH

CHE—G

Cyclic 1,3 glycerophosphate

lycerophoephates are relatively rich in P (18 and 20% respectively) (41 and 46%
FEG } 3 they are water soluble, a8 are ecven their caleium salts (Lamirand and
Pp_r?sclle 1941); they are not adsorbed or fixed in the soil (Reuschkolb et al
1975, Rolston et al 1974) and therefore they penetrate the soil with rain or
irrigation water, but they do nel deecend beyond the wetting front. Moreover,
they are fairly rapidly hydrolysed in the soil by phosphatases, as orthophosphates;

in coneemuenca, they are not leached to the water table.

Fycerophosphates as P

fertilivers should e applied as particles to the surface of the esoll or with

sprinkler or drip irrigation water.

This gives the opportunity of correcting P

deficiencies during the growth of the crop or of applying P in split dressings,
It seems that the present manufaciuring costis per unit of P in the form of

glycerophosphates are 2 or 3 fimes higher than those of classical P fertilizer,
The muantities to be applied, however, should be smaller and coste should becoms

lower with production on a commercial scale.

Further reseach on the use and efficiency of glycerophoszphates in

agriculture is needed,
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Monday 18 April

10,00 - 10.30

10,30 = 12,30

14,30 - 17.30

Taesday 19 April

09.00 - 12,00

14.00 = 17.30
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PROGRAMME

Opening

Introduction

1. Problem areas and poseibilitiee of more efficient
fertilizer use,

S.A, Barber (USA)

Soils in Relation to the Efficiency of Fertilizer Use

2. Muantitative prediction of fertilisation demand as
determined by soil, climate and plant parameters — A simple
practical approach.

U. Kafkafi (Israel)

3. Gains and losses of soil nitrogen with special reference to
crop production,
G. Stanford (USA)

&4 Potassiom efficiency in tropical and sub-tropical conditions.
H. Beringer (Pederal Republic of Germany)

Soils in Relation to the Efficicncy of Fertilizer Use (cont.)

B Availshility of secondary and micro-mutriente for crops.
K. SillanpB¥ (Finland)

oy
L]

801l management with respect to liming and other soil
anendmente in East Africa,
5,0, Keya (Kenya)

T. HRole of soil testing for improved mutrient efficiency.
A. Finck (Federal Republic of Germany)

Plante in Relation to the Ifficiency of Fertilizer Use

&, Recent research and advances in charasterization of genotypic
differences in ion uptake and assimilation efficiency.
F. van Egmond {The Netherlands)

9. Cropping systene for efficient fertilizer use,
D.J. Greenland (UK)
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09,00 - 12,00

14,00 = 17230

Thureday 21 April

05,00 = 12,00

1£.00 = 17.30

Fridsy 22 April

09.00 -

Plants in Relation to the Efficiency of Fertilizer Use (cont.)

10.

11.

12.

13.

Significance of the nutrient potential of seil for crop
production.,
0. Talibudeen [(UK)

Methods of fertilizer application for inereasing
fertilizer efficiency.
J. Velly (France)

Present problems of fertilizer use on grain crops.
A. Tanska (Japan)

The use of isotopes and redistion in etudies on the
efficient use of fertilizers.
D.A. Nethsinghe (IAEA/FAQ)

Fertilizer Technology

14.

16.

New aspecte on fertilizer technology to better
exploitation of plant nutriente,
R. Horn (IFDG/USA)

Recent development in fertilizer technelogy on nitrogen.
K., Isermann (Federal Republic of Germany)

Recent development in fertilizer technology on phosphorus.
J.A. Ansianx (Belgiwn)

Hecussions and Reconmendations
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