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Foreword

The rationalization of fertilizer use in the developing world is quickly gaining
importance. The general fertilizer recommendations which have been developed during the
last two decades for large agricultural areas throughout the world were based on thou-
sands of small experiments carried out under conditions of practical farming. This tech-
nique of small trials, which is described in an earlier FAD 3Scils Bulletin, led very
quickly to fertilizer recommendations which were safe for the farmers as they resulted
in high monetary returns. They did not, however, take into account the specific con-
ditions of individual Fields which would lead to even higher yield increases and benefits.

Individual fertilizer recommendations for each field can only be based on chemical
soil analyses since they are quick and efficient enocugh to follow for the testing of many
fFields for many farmers per season., The difficulty in putting this well-known principle
into a practical and efficient system 1% the interpretation of soil test data in terms of
fertilizer requirements which varies from region to region.

This calibration of soil tests is done by the various soil testing laboratories in
industrialized countries in very different ways, each working rather isoclated from the
others.

Moat of the specialists in the laboratories of developing countries, be i1t FAD or
national specialists, wvho want to calibrate their soil test values for improving fertilizer
recommendations on a field to field basis, have no or little access to the calibration
methods used elsewhere, mainly because these methods are not usually published. Nor do
they have time and resources to visit many laboratories and to develop from the obtained
information their own calibration methodelogy.

The purpose of this Bulletin is to serve as a guide for the mentioned specialists,
It is the first attempt to compile and develop from the experience and information of
various successful soil testing laboratories a suitable methodology for each step of
the s0il test calibration into a calibration system which can be applied under most
varied soil and climatic conditions.

The hope is expressed that all those specialists who use this guide wholly or partly
may communicate back to the Soil Resources Development and Conservation Service of FAD
their experiences, opinions and obtained results. These will contribute most fruitfully
to the build-up of a stock of experience on problems and difficulties met under the various
conditions, which may eventually lead to an improved second edition of this guide,

Edouard Saouma
Director
Land and Water Development Division
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1. INTRODUCTIN

Since soil chemistiry became a recognized discipline among the natural sciences in the
middle of the 19th century, attempts have not ceased to predict crop yields from chemical
8oil analysis. At present soil testing has become such a general routine in the industrial—
ized countries, that one is inclined to forget the decades of painstaking research which
finally made it possible to predict yields from soil test valuee and to recommend appropriate
fertilizer applications.

When talking about eoil tests a clear distinction should be made betwesn tests which
can be interpreted easily in agricultural terms and thome which cannot. In the firet group
belong, for instance, the pH measurement indicating directly the soil alkalinity, the tests
for lime requirement, for salinity, etc. These soil tests are not the subject of this
bulletin.

To the other group belong the tests for available plant nutrients in the soil, mainly
Ny, P and K. The valuea from these teste dn not show fertilizer requiremente directly.
The frequently used classification of Bgil test valuea of "high", "medium" and "low" does
not indicate how much fertilizer must he applied to get the desired and economically justified
yield increame. For making such recommendations the so1l_teats for available plant nutrients
muBt 'De calioratéa ‘'with' 1{e1d ‘'experimentéd ana ‘the :ﬂ&tﬂbﬂﬁl%giﬂ and techniques used for the
calibration are described in thie bulletin.

It is unfortunate that a soil test interpretation worked ocut in one area is usually net
valid for another different set of agricultural conditions. Therefore, the soil test
calibrations which are applied in industrialized countries cannot be transferred to develop—
ing countries; in the latter case new calibrations muet be made under local conditions if
80il tests are to be used for fertilizer recommendations,

Although the calibration of soil tests can be used as the basis for the establishment
of a soil testing service, it is not an easy or quick procedure; it can be foreseen that
more and more of the new laboratories in the developing countries will undertake such
calibrations themselves, Chemical soil testing ie still the quickest and, in the long run,
cheapest means to determine fertilizer needs and predict yields for individual fields.

For annual crope to which moet of our staple food crope belong, soil testing caanct
yet be replaced by any other equally efficient means. This is the reason why, even with
all ite shortcomings, soil testing ie taking such an important place in the day to day
guidance of commercial farming in the industrial countries.

In developing countries where soil fertility levele are rising with increased fertilizer
use, the numercus eimple fertilizer trials which gave initial and most important guidance
for introduction and use of the fertilizer should logically be replaced gradually by
calibrated soil teeting.

For perennial crops plant tissue analysis is likely to give better short-term guidance
than soil testing, the latter providing supplementary information if required. The calibra~
tion of plant tissue analysis is not described in thie bulletin.



The calibration of soil tests is a rather complex procedure although ite basic principle,
the correlation between soil tests and crop responses, is ertremely simple. The major
complication is caused by the fact that the nutrient content of the soils is not the only
factor which determines the yield, btut one out of many. In all agronomic systems some of
these other growth factors, or variables as they are called, exert strong influences on
yields and fertilizer effects. This resulte usually in correlations between crop responses

to fartilizer applications and soil tests not being as clear and significant as could be
desired. :

Methods to overcome these difficulties and to reach workable interpretatione of soil
test data are described in this bulletin. Since the different pheses of work involwved in
80il test interpretation tend to be confusing, in the next chapter an attempt is made to
state the involved problems clearly and to show how they are related.

Acknowl edgements

The calibration of soil test data for practical farm advices has not developed yet to a
separate discipline. The various laboratories work more or less independently from each
other in accordance with the soils, climate and farm conditions of their particular areas
and any one of them have developed certain outetanding and practical procedures and metho-
dologies. It would not have been possible to write thie guide without the very friendly
and useful cooperation of many of these experienced laboratories. Special thanks are due
to the soil testing laboratories of Minnesota, Indiana and North Caroclina in the USA, to

the concerned Institutes in Kiel and Weihenstephan (MUnchen) in Germany, and the Institutes
in Oosterbeek, Wageningen and Haren in the Netherlands.

In the later phases of the work the detailed suggestion and comments of Prof. Dr. R.A. Barber
(Purdue University, Indiana, USA) and of Dr. F. van der Paauw (Institute of Soil Fertility,
Haren, Netherlands) were highly appreciated and are specially acknowledged.



2. THE BASIC PROBLEMS AS DISCUSSED IN THIS GUILE

The principle of using soil testa as a basis for fertilizer recommendation ic the
depandance of the crop yield on the amount of piant available nutiiesis in toe soil, tne
latter baing determined by soil tests. Although thun dependence undoubtedly existe, there
are many influences which tend ito obscure a clear relationship. Such influences may be
simple errors in determining the required data, they may be unavoidable shortcomings in the
technical possibilities and last, but not least, there are many growth factors other than
the nutrient content of the soil which influences yields and responses to fertilizers.

For a systematic approach to tackle these problems it is necessary firat of all that
all precautions should be taken to reduce to a minimum the error inherent in soil test
figures. This is discussed in Chapter 3.

The next problem concerns the scil extraction or analytical method used for the
determination of "plant available” nutrients in the soil. The principle of these analyses
is to simulate the activity of the plant root by a chemical extraction, using as an
extractant weak acids, salt solutions or even pure water, Thers are two main reasons why
this simulation cannot be perfect. First the ability to extract nutrients from the soil
varies greatly with the type of plant. Secondly extraction in the laboratory is donme in
& matter of minutes or a few hours in order to make it a practical tool, while the crop
plants have a full season to extract their nutrients, This time effect is of special
importance if applied plant nutrients are released slowly during the meason, as is the case
with nitrogen from organic soil material, or if nutrients are fired by the socil in less
available forme. The fixation of potassium by certain clay minerals is an example. These
nutrients can be extracted slowly by plants but are not extracted by the usual laboratory
procedures, Therefore the simulation of the root action by a chemical extraction is at
beet an approximation. However, there are more and less suitable extractions and the
method by which they can be compared in order to select the most efficient one for the
given soil conditions is described in Chapter 4.

The climate—ecil-plant system is a complicated interplay of variablea, the influences
of which determine in the end how the plant develops and what the crop yield will be. In
Chapter 5 there is a description of an attempt to express the totality of these influences
in one production equation, via multivariate analysis, in which some of the parameters
quantify the influence of soil nutrients as determined by soil tests. Subsequently the
various growth factors are discussed and a check list of factore is given.

Soil tests are calibrated by correlating them with the yield results of field experiments.,
Not all fertilizer experiments are suitable for that purpose. In Chapter & the lay-out and
design for experiments specially suited for soil test calibrations are described.

However, even with the best soil test and field experimental data the epreading of pointa
in the soil test/yield correlations may be wide. In Chapter 7 is described how these original
correlations can be improved by correcting them for influences of known variables and by using
nutrient uptake figures, which often correlate better with soil tests than the yield data,

The methods employed are simple graphical procedures not involving advanced mathematica and
especially suited for use by experte in field projects.



A section of Chapter 7 is devoted tc an ev=iuation regarding the usefulness of relative
‘crop responses such as "percent yield" for mzil test calibrations eince such data are

frequently used in published research.

Having obtained good soil teri/crop response correlations the last estep ie their correct
interpretation and their use fr:- making fertilizer recommendations. Thie final step is
usually not reported in deteil in the literature and is often a matter of considerable
uncertainty for field exr.rte when they try to make wvalid and correct recommendaticne. A
guitable scheme and meihodology is discussed and described in Chapter 8.

Chapter 9, ne last, is devoted to certain aspects of organization and preparations
which are important when a new Soil Teeting Service is to be put into operation.



3. ERRORS IN SOIL TEST DATA AND THEIR PREVENTION

In the course of the work starting from the collection of a soil sampls in the field
to the point at which the analytical result is calculated that measures the moil's content
of a plant—available nutrient,many errors can be made. The sources of error in that process
have been studied extensively and invariably it has been found that the larges part of the
total error involved is inherent in the soil sample itself (35)., This part is usually
80-85 percent of the total error. The other 15-20 percent is the sum of errors made in
the laboratory by sub—sampling for the analysis, and by the analysis itself including
errors from the instruments involved etc. Alsoc different laboratories deliver slightly
different analytical valuea. These differences are rather small and are part of the
mentioned 15-20 percent (13).

From the distribution of the total error in soil tests over the various phases of work,
it can be seen that the laboratory work contributes a rather insignificant part of the error
a8 long a8 it ie run properly including the usual checks for all phases of the work as
described in any good laboratory guide (11).

Thus the largest and most significant part of the total error of soil test values

originates from the soil sample itself. This error alone can upset each correlation if
proper care is not taken to keep it at the lowest poseible level.

3.1 Error in the Soil Sample

Soile are heterogeneous and their properties vary from spot to spot. This wvariation
ie lower for some properties like pH walues, and higher for others. Ths contents of
available nutrients belong to the latter.

Schuffelen et al. (29) have determined the heterogeneity of a ®soil within one square
metre by sampling each square decimetre and determining available potassium. Taking the
average of the K—contents aes 100 percent, the sub—eamples varied between 43 percent and
200 percent all within this one square metre. The sampling error was AQ percent per sample,

Not all scile have such a high variability. The example shows the order of variability
compared to other sources of error.

Typical of soil heterogeneity ie the fact that there is little difference between
emall and large plote or fieldes. The variation in nutriemt levels within one square metire
of soil is nearly the same am that within a hectare. There are of course fertility
differences between areas within this hectare, btut these are rather emall compared with
the high epot 1o spot variation mentioned when these spots are in the order of one square
decimetre, or a sample core,

This means that if the fertility differences between two fields are to be measured a
large number of spot samples from sach field must be taken in order to obtain a Bignificant
difference betwesn the twoc averages of the fields.



In practical soil campling many spots in the field are sampled, usually with a spade
or a Buitable auger and these subsamples are combined into composite samples.

The required number of subsamples recommended by many scil testing laboratories varies
between 15 and 40, equally distributed over the field.

It can be calculated (36) that a practical maximum precision is reached with 40 sub-
samplea per composite soil sample. This is shown in Pigure 1. The error variance for one
subsample ies set 100 percent on the vertical axis, With an increasing number of subsamples
(n on the horizontal axis) the percentage error variance decreases with the factor 1//m' .
With 4 subsamples the percent variance is ‘Iﬂﬂfﬁ = 50%; with 15 subsamples it is 26 %
and with 40 subsamples it is down to 15.8%., Any further increase in the number of subsamples
will decrease the sample error only insignificantly.

If the error in the soil test for one subsample is 40% of ite value as cited above, this
error 15 reduced to 26% of 47 = 10.4% of the scil test value if 15 subsamples are collected in
the field. By taking 40 subsamples the error in the soil test is reduced to 0.158 times
40 or 6.3% of the soil test value. For soil with lesa original heterogeneity the same
calculation applies and all error values are smallar.

The error of 6% of the soil test values is not too high for the purpose of soil test
calibration. In heterogeneous soils it is necessary to take 40 subsamples per composite
801l sample. Since the scile' heterogeneity is not known in the test fields, it is eafe to
decide on 40 subsamples per composite soil sample for the calibration work. For later routine
80il testing of farmers' fields, somewhat increased errors in test values are unlikely to
change the so0il test clasas of the field and the strict rule of 40 subsamples for the
calibration can be relaxed to 15-25 subsamples for the advice of farmers.

34141 Duplicate soil sample versus repeated analysis

From the error distribution between the soil sample and the laboratory work as
described above, it follows that only a little precision is gained if the laboratory analyeis
is made on the same sample 3 or 4 times inetead of the usual twice. Aleo there ie little
advantage in taking more than 40 subsamples for the composite sample analysed. If a etill
higher precision is required a practical way is to collect from the field in question two
or three, inestead of one, composite sample. By doing this the error variance of about 16%
would be decreased to about 11% and 9% respectively, a considerable improvement.

For soil test/yield correlations it is recommended that one good soil sample of
40 subsamples be taken per replicate (block) of the field experiment at planting time, before
fertilizer is applied.

3.1.2 Depth of suil sampl ing

The soil layer from which the roots of the crop plant take up the bulk of the
nutrient should be sampled for soil testing. Sampling of a thicker or thinner layer of
80il will reduce the precision of the interpretation.

For field soils the usual sampling depth is the plough layer, as roota develop
freely there and fertilizers and soil amendments are mixed into that layer with every
ploughing. Changes in nutirient contents and effects of soil treatments and of the cropping
itself will therefore be most marked in the plough layer which is usually 15-25 cm thick.
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In graesland the soil layer of maximum root development and of most pronounced
changes in nutrient contents is much thinner. Recommendations from soil testing laboratories
for the sampling depth of graseland scil vary from 5 to 7 cm. Since small variations in
this very shallow sampling affect the resulting msoil test figures considerably, special
sampling augers have been devised which are prevented from penetrating deeper into the soil

than the orescribed depth by a simple horizontal steel plate. The sampling precision with
such augers 18 verv high s8ince on every pamolad apet axactly identical soil cores down te
squal depth are taker.

These sampling methode have been in use for a long time mainly for the determina-
tion of plant available P and K. Nitrogen tests are done by only a few laboratories because
these teats have not correlated well with the N-uptake by plants. However, recent research
in the U.S.A. with a epecific nitrate sensitive electrode gave promising resulte (4, 9).
Calibration tests with maize showed good correlation of nitrate tests with yleld. The most
suitable depth of soil sampling for that purpose was found to be 60 cam (two feet). It was
recommended that the composite soil sample for the nitrate test be taken with a suitable auger
and dried quickly in the open air to interrupt bacterisl action. 1/

Although not much has been published yet about this new nitrate determination
and i1te use for routine eoil testing, the results mentioned show that for nitrogen, which is
more mobile in the soil than P and K, the usual sampling depth down to the plough sole is
likely to be insufficient. This is perhaps one of the reasons why nitrogen tests in plough
layer samplea have not correlated well with yield responsea.

The optimum sampling depth of 60 cm, as found in the mid-west of the United
states and south Canada, may not be the optimum in other climatic regione. In arid climates
with water moving in the upper soil layers under the influence of irrigation and evaporation
the necessary sample Jdepth may be emaller, while in the humic tropice with wvery high rainfall
and permeable soils the leaching of HOS may be such that nitrate teste are impractical.

i.- BErrors in the Laboratory

There are many guides and handbooks available (11) in which detailed instructions and
suggestions are provided as to how soil samplee should be treated having reached the
luboratory and how the chemical analysis should be organized, carried out, and checked to
obtain reliable and accurate analytical data.

Efficient so1l teeting laboratories analysing thousands of eoil samples & year, always
carry out the analyses in a standard series of 8 to 30 analyses per series, and the
annlytical procedures are adjusted for such serial work.

The organization as well as the equipment used for serial analysis vary widely in
dirferent laboratories, and not all are suitable for adoption by new laboratories in develop-
ing countries, Simple instrumentation and very lightweight equipment are, in general,
preferable and will suitably influence the accuracy.

1/ Independent from this work Soper (31, 32) obtained very similar results, also
recommending a sampling depth of two feet (60 om) for lﬂj testa to obtain the best
correlation with yield data.



4. COMPARTS(N OF CHFMICAL SOIL TEST FROCEDURES FOR
SELECTIQN OF THE MOST SUITABLE ANALYSIS

4«1 Introduction

The best scil test procedures are those which reflect closely the nutrient uptake of a
large variety of crop plants and which, in addition, are insensitive to the type of moil.

The comparison of extractants, or scil test methods in general, can best be carried out
in a greenhouse with potted plants. In this way many disturbing factors are excluded,
compared to work in open fields, and more precise and significant correlaticne can be obtained
which are needed for a valid comparison of the tested chemical methods. The objection that
greenhouse results are not valid for the open field does not applv here because the results
are not used, and should not be used, as a basis for field recommendations, but only for
comparing chemical teets. The extractant found to correlate best with the yields in a green—
house ie likely to be the best for field samples too.

If the comparisons are carried out with field plots, more data will be required to
compencate for the greater variance, before a clear distinction between the chemical methods
can be made.

4 reasonably broad variety of socils should be included in the research and they may be
8plit into groups for the work—out of data. The grouping criteria may be, for instance,
the eoil pH for phosphorus correlation, or the dominant type of clay minerals in soils for
potaseium correlations. In each of these soil groups the contents of the tested nutrient
element should vary over the full range from low to high. In this way the results will

show the suitability of the varioue analytical methode for many or for only special types
of moil, (26, 27).

Some workers used only one s0il and varied the nutrient levels by applying fertilizers
(19). Such soil uniformity leads to better correlations, but for practical advisory work,
where many scile have to be dealt with this procedure cannot be recommended since nothing
would be learnt about the general applicability of the selected method.

ds test planis for thie research it is advieable to choose one from the important field
crops of the area and not, as is often the case, a so—called indicator plant such as salad,
spinach, etc. (Urain crops are specially suited for pot tests. From these plants improved
varieties should be chosen which are likely to be used much during coming years.

Potted plants should not be harvested at too early a stage. Certain nutrients are
needed more by the plant in some growth stages than in others. While potassium is largely
taken up in the earlier growth periods, phosphorus and nitrogen are much needed for sesd
formation. Soper (31, 32) shows these relations clearly in his correlations with soil tests.
Therefors, it is advisable not to harvest before a full development of heads in the case of
grain. Similar precautions should be applied to other teet crops. In all cases the amount
of soil (pot size) must be adequate to take the plants to maturity.

In addition to the determination of plant yields per pot, the contents of the investi—
gated element in the harvested plant material should also be determined in order to know the
total uptake of the element per pot. The uptake is a direct indication of the availability



of {he element in the moil. The plant will take up easily available nutrients even if other
outaide influences prevent it from using the nutrient to the fullest possible extent for yield
production, Therefore the uptake figure is often a more reliasble measure of "availability™

of the nutrient in the socil than the yield.

Some researchers are in favour of ueing the nutrient content expressed in percent of dry
plant material rather than the total nutrient uptake. They reason that total nutrient uptake,
which 18 cobtained by multiplying the percent content in the plant material with the yield, is
partly dependent on the yield and therefore more dependent on general growth conditions than is
the pure percent content. This, houwever, 18 not so. Poor plant growth which 18 not caused by
a deficiency of the tested nutrient elemeént usually resultes in a relatively high content of this
element in the plant material, which would wrongly indicate a "high uptake". The real uptake
ia low, however, due to the poor plant development. Hence, the figure of "total uptake" 18
the best value that can be used, beside the crop response itself.

4.2 Procedure

Bulk samples should be taken from 20, 30 or more fields including the main soile of the
area. The soile' contents of the tested element should cover uniformly & broad range from
low to high. Preliminary soil tests will help to make the right selection.

Each bulk sample should be well mizxed and samples of it submitted to the usual routine
80il analysie, which may be carried out in triplicate.

The available content of the nutrient under coneideration should aleso be tested using
each of the methodologiee to be compared.

Six 10 litre plant pote should then be filled with each seoil and test plante seeded.
Three of the six pote receive all outriemt elements, except the one to be temted; these
are the "checks®. The other three pots ars given the same nutrition plus the investigated
element; these are the "fertilized" pots. The nutrient salts should be mirxed well with
the soil. They should not be added as a sclution as thie may result in an unequal nutrisnt
distribution in the soil.

After harvest the total dry weight of produced plant material per pot is determinsd and
analyses are carried out for the determination of the total uptake of the tested element.

Data resulting from such research are shown in Table 1. The comparison of four
extractants for teeting plant available phosphorus was carried out in Thailand using 16
main typee of paddy soils of thie country. The test crop was . favoured high yielding rice
variety. The two treatmente referred to in this axample were for the "check® 120-0-80 in
kilogram nutrients per hectare and for full fertiliszer 120-80-80.

The four columne of soil test data show the figuree obtained with each extraction
method. The next four columns show the abeclute crop data and the last column the relative
values of percent yield. 1/

The soil teet figurep of each of the exiractants were correlated with sach of the
five types of crop data and the resulting correlation coefficients are shown in Table 2.

1/ Check yield times 100 divided by fully fertilized yield.



Table 1 Comparison of the Correlation of phosphorus
extractioms with yield and nutrient uptake.

Soil Te=st Data Crop Data (grain + straw)
e | | 7T
ractants 1.I or/pot | mz/pot l

8011 No.| Bray 1| Bray 2| Truog| Oisen |[Check yield | Tielda | Uptake| dait.| %
responge| of Pc uptake | yield

BEn 1 6.6 9.0 2.7 T3 579 17T 59 48 T
Bn 2 1.2 6.0 0.9 5.0 39.8 7.2 40 73 52
Db 1.0 6.9 5 o i} 4.6 B0 .6 13,6 65 76 B1
Sb 1 6.1 12,8 6.9 9.9 T4.9 14 176 - 27 98
Cn 243 8.8 3.6 13.1 5949 240 143 - 15 a7
Ok 1 2,8 7.8 2.2 3.3 8.5 39.0 4 40 18
Sa 0.6 9.0 3.3 5.8 74.0 8.1 88 43 90
Np 1 3.8 16.0 5 il 12,2 62,0 - 1.8 119 - 4 1013
Hd 2.3 T2 Sl 545 5249 14.6 56 59 78
Re 1 442 8.5 | 2.2 642 44.2 28,1 33 84 J 61
Rs 7.1 26,0 | 5.8 2.9 5749 2145 52 51 Jl- T3
&2 |[10.7 | 29.5 | 9.1 6.6 58.4 9.6 68 L B -
Sb 2 343 84 | 2.9 3.2 43.2 36.8 | 49 61 || 54
b 8.2 8.8 1.0 1.6 48.4 15.8 47 57 ‘ 75
Lp 53 Tl 2.9 243 56 o) 21.3 63 = & 13
P 15.7 | 53.2 | 1143 9.6 58.0 9.0 93 25 | 87
Sum 83.2 |225.2 | 70.7 |102.1 857.0 273.9 |1,155 681 ||1,203
Average|| 5.20 | 14.08 | 4.42 | 6.38 || 53.56 17.2 | 12.2 42 46 ‘ 7542

1/ Uptake of P, = Puptake by "check" plants

Addit. uptake = P-uptake by "fertllized™ planta minus P-uptake by "check" plants.

Sources

These results, obtained by Ir. Puh Yen-3un, FAO expert in Thailand, are used

here as an example with the kind agreement of the Ninistry of Agriculture,
Bangkok, Thailand.




Table 2 Correlation coefficients for comparing soil extractants

Extractante Check yield Yield Uptake Addit.
response Pn uptake Tield
| Bray 1(HC1 + maldr) + 0,162 - 0,252 + 0,099 - 04156 + 0,238
! Bray 2(HC1 + madr] + 0.207 - 0,301 + 018 - 0.265 + 0.284
. Truog (HZSD.d} + 04437 - G.frdﬁ' + 0,438 - D.422 + I!ZI'.E{ZI_?.'r
L ] #* % -*
Olsen {Haﬂcﬂl} + 0,188 - 0,606 + 0,733 - 0.736 + 0.512

¥ Significance level of 5%
= same of 1%

Theee results show that the acid ertractanta of Bray and Truog did not result in data
correlating well with yield data. This was partly due to the rather divergent nature of the
rice soile as found in Thailand. The slightly alkaline extractant of Na-bicarbonate of
pH 8.5 was superior indicating ite insensitivity for the type of soil and its suitability
for paddy seoils.

The data obtained with the Olsen extractant show a weak correlation (15% significance
level) with check yields, significant (5%) correlations with yield response and percent
¥ield and highly significant correlations with P-uptake of checks and additional P-uptake
dues to P application.

This example illustrates the process of comparing extractants or soil test methods,
regarding their suitability for predicting yield responses.

Finally it should be menticned here that a etudy of all the correlation graphs should
never be neglected. It will show details important for a correct interpretation, for
instance which ecils are deviating from the main trend for a epecific extractant, or which
irregularities are repeated for all or only some extractants and which are arbitrary,
suggesting analytical errors, etc. These details will allow the researcher to make the
right judgements. Without them the finally calculated correlation coefficients are of
limited interpretative value. See Figure B for above example.

4.3 Repeated Cropping of the Potted Soils

After the harvest of the first crop as desoribed above, a second, and even a third orop
may be grown in the same scils. This will give additional information with regard to the
nutrient supplying power of the various soils and will also increase data materisl and
knowledge regarding the mechanism of the soil test/yield correlations,



Before planting the second crop the soil of each set of three pots being used as
replicates of one treatment should be thoroughly mixed and the old roote sieved out. Analyses
of the tested nutrient can be made agein with each of the testing methods to be compared
and the same pots (in order to save cleaning) can be refilled so that the three replicates
etart with a uniform scil. During mixing and sieving the soil should not be completely air-
dried but left in a "field-moiat" condition. The second crop can now be planted and it may
be the same plant as used for the first cropping or another main crop.

In contrast to the firet crop, the nutriente applied for this second one should not
contain the tested elemant neither for "checks™ nor for previously "fertilized™ pota. The
plants growing in the soil of the previous check pots will have to draw further on the
natural supply of the soil. And the plante growing in the formerly fertilized soils will
largely profit from the residual effact of the previously applied nutrient,

The yield determinatione and plant analyses are carried out also for the Becond crop
as already described, allowing the calculation of total uptake of the investigated nutrient.

The correlation calculations are carried out again for this second set of dats as has
besen described. The following important information is obtained from the second cropping.

a) In the check soilst how much the soil test figures have dropped due to
the nutrient uptake by the first crop. This figure ies to be related with
the actual amount of the tested nutrient removed by the plant. (The
nutrient content of the roote =may be detarninad.} The ability to supply
available nutrients may vary from socil to soil.

b) In the previously fertilized soils: the Boil test after the first crop
will show an increase in available nutrient which should be releated with
the residual effect. The originally available nutrient of the soil, the
application for and the uptake by the Tirst crop and the new scil teet
figure will give an ineight into the nutrient balance which may differ
for different asoile.

This additional information from & eecond, and similarly from a third, cropping ia of
special wvalue for research on potassium because of the potassium equilibris mentioned in
saction L.4.0% balow.

In apite of these advantages from repeated cropping, the ressarcher may find it more

desirable to epend time and effort on a new set of tests in order to incresse his basio
data material, rather than going into more detall by repeated cropping.

4.4 Soil Test Methode Correlating Well with Yield Data

During recent years a very large amount of reeearch has beon done and published,
comparing extrsctants and analytical procedures regarding their usefulness for testing
available soil nutrients., It ie not the intention to sum up in thie section all these
methods nor to review the concerned literature. However, work during the last years has
shown that certain axtractants have been found by many scientiets to be superior to others.
These soil test procedures are now more and more adopted by laboratories and would be in use
on an even wider ecale were it not for the well-known problems whioh soil teeting laboratories
bave to face in changing from an old procedure to a new ona.

The following diecussion is restricted to these analymses for determining the available
main nutriente N, F, K in esoile and will show esmential difficulties involved.



4ede1 Nitrogen

Soil teets for available nitrogen have never attained the popularity of phosphorus
and potassium tests although for many crop plants and especially for the newly develcped high
yielding varieties nitrogen is the first requirement among the main nutrients. Nitrogen
requirements were and are usually recommended by the moil testing laboratories based on field
triale and on nutrient relations, btut seldom by direct determinations.

The reason for this rather surprising situation is the well known fact that the
microbial processes in the ®95il can mineralize unavailable organic nitrogen compounds to
available NO3 and by this and similar processes the nitrate level in the soil can change
rather quickly, even in the time between taking the poil sample and the analysis.

Soms laboratories determine available r.irogen and the more common analyses are:
(i) the determination of inorganic N after incubation;
(ii) the same determination after weak oxidation;

(1i1) the estimation of nitrogen release based on organic matter content
ani texture;

(iv) the direct determination of free RO, .
In addition to these poseitilities all soil test laboratories make use of in-—
formation on previous cropa eepecially regarding nitrogen since leguminous crope leave
considerable amounte of available nitrogen in the soil.

It should be mentioned that in more recent research the last method has gained
importance by the development of an electrode with which the NO. concentration can be
measured directly, similarly to a pH measurement (9, 12, 39}. %hn two important findings of
this research werae:

{(a}) that for teste of available NOy the soil must be sampled deeper
than the plough layer. For the Middle Weet of the U.5.i. and for
Canada (31, 32) the most suitable depth was found to be two faet
or 60 cm =8 mentioned before;

(b) that with this increased sample depth and the normal air-drying of
80il samples the NOj content of the aoil correlated well with crop
¥ields and reaponsea.

It ie cobvious that NO3 as the most mobile form of the major nutrients does not
stay within the plough layer but moves with the water, It is also taken up with the water
by the plant roots. This indicates that the opiimum sampling depth may not be the same for
all climates a8 has been explained in section :.1.” above.

It is hoped that research with this method will be carried o0t acon o zavy
countries and under various conditione since nitrogen ie at present the wost regu.red :utrient
and is the only one which cannot be stored in the soil, but leaches out of the root zone if
surpluses are applied. Very correct application rates are therefors most important.

4.4.2 Phosphorus

Many extractants have been developed for determining plant available phoephorus
in soils. In more recent years numerous comparisons of extractants have shown rather con-
sietantly that the best correlations with yield responses and phosphorus uptake by planis
were found under most varied soil and cropping conditions with three artractante.



The first place is taken by the sodium-bicarbonate extraction by Olsen et al.(24),
und the two other extractante were developed by Bray and Kurz (3) and are weak solutions of
ammonium fluoride Eﬂ.ﬂ} N for complexing Fe and Al ions) and iwo weak concentrations of
aydrochloric acid (0.025 K and 0,10 B HCl). The weaker solution ueually goes under the
name of "Bray I" and the extractant with 0,10 N HCl under the name "Bray II™. These methods
are described in PAO Soils Bullewin No. 10 (11).

When these extractante were newly developed it was thought that the sodium—
bicarbonate extraction of Olsen was mainly suited for alkaline soile and the Bray extractions
for acid soils. While the latter was confirmed by recent research, it was proved that the
bicarbonate extraction gave not only outetanding resulte for alkaline soils but aleo usually
for ecid soils, and this waes found in both tropical and temperate climates. This method
performed very satisfactorily cn paddy soile too, an example of which was shown above.

This extraction developed by Olsen et al. (24) may be the best choice availabls
at present, although it should be mentioned that several other extiractanis have been and
6till are in constant use by many modern laboratories and the resulis obtained are sufficient-
ly satiefactory tc base fertilizer recommendations on them.

Une other extraction method should be mentioned here, which was recently developed
by Dutch workers (27, 30). It is a simple water extraction but with the wide soils to water
ratio of 1160 on a volume basie. It is reported that the method was tested with a large
variety of temperate and tropical soils and that it was largely insensitive to soil types,
which is an important advantage. It hae given good resulte in the Netherlands where the
F=levels in the soil have become rather high. If resulte are aleo reliable for soils low
in available phosphorus, thie extraction may find extended ume in developing countries.

de4s3 Fotassium

The fraction of soil potassium which is directly available to plants is diseolved
in the soil solution and adsorbed on the so0il colloide. The part of potassium not available
to plante ie locked in the lattices of soil minerals.

The available K ie therefore determined by leaching the soil with a neutral salt
solution or weak acid. The extractant used most frequently is N ammonium acetate of pH 7 (11),
but other ealt extractants can be used equally well.

The resulting data of available K correlate well enough with crop data to be used

by the majority of soil test laboratories which actually base fertilizer advioce on these
teate,

The most severe limitation of the K soil test concerns lees weathered soile which
may release originally unavailable ¥ in an available form on air=drying of the soil samples.
Thie leads to too high K-=test waluesm, Since this behaviour ie related to the type of soil,
it ie easy for the scil test laboratory to define the areas in which such deviating soil
behaviour can be expected, by means of a soil map, and to treat these soils separately.

Another point to be mentioned ie the fixation of applied potassium by certain
clsy minerals, mainly thoae of ths illitic type. When the lattices of these clay minerals
are undersaturated with potaseium, the applied K=ions, adsorbed on the clay surface, pass
inte the lattic» and are no looger freely available to plant roota, The process is only
elowls revermibls.



Considerable amounts of potassium can > fixed in this way until the clay
minerals are saturated to the extent that K~fixation is reduced to an insignificant level,
In areas where potassium has been applied regularly for several years, the originally K-
fixing soils have been saturated sufficiently and the problem has vanished. In developing
countries where no regular potaseium treatments have been applied, these soils will still
fix potassium which may disturb soil tnntfarup response correlations. However, this problem
ie also directly linked to the soil type and therefore can be localized by means of a soil
MAD.

A simple determination of the soil's capacity to fixr potassium is described in
Appendix 1.

The disturbances of correlations between K-tests and response as described
above are exceptions rather than the rule and hence the determination of dissolved plus
adsorbed potaseium is generally adopted as the moet suitable K-test,



5. GROWTH FACTOHS AND MULTIVARIATE ANALYSIS

51 Multivariate Analysis

A crop plant grows under the influence of many environmental factors which together
determine the development and the final yield of the crop. Three of these factors are the
amounts of plant nutrients N, P and K available in the ®soil which are determined by soil
tests. Others are water supply, sunshine, temperature, density of the plant population,
competition by weeds, salinity of the soil, plough depth, planting time, etc.

All these factors have a certain influence on the yield and with suitable experiments
sach of these influences can be measured and expressed in a yield gradient or regression
line, the slope of which shows how much the yield changes with a certain change of the
factor. For some factors a regression curve might be found instead of a straight line.

Ideally, therefore, it should be poseible to express the whole plant production system
in a mathematical equation of the typs y = bjxq + boxp + b3X3.ee in which y is the yield,
the Xy I3y Xyess are the measured growth factors and the byy bBoy bByess are the slopes of
the regressions for each factor. i

Thie is actually the principle and basis of multivariate analysis which is being
applied more and more to biologic problems such as crop production, (15).

The execution of such research is basically also simple. It coneiste of a large set
of field experiments in which all the known growth factors are measured. These would in=
clude various soil characteristice including available nutrients, data for water supply,
climate and management factors such as planting time, plant population, etc.

All these data together, the yields on one side as the dependent variable and the
growth factore on the other eide, can now be processed mathematically to obtain an equation
of the type shown above, If more than two or three factors are involved the calculations
are alaborate and a computer ie needed.

Thie very brief description of the principle of the multivariate analysis, in which
the actual execution is more complicated and usually beyond the possibilities of the FAO
field expert, shows the dependence of the soil test/yield correlation on the other factors,
but it shows aleoc that if the influence of these other factors on the yield are known (as
expressed in the above yield function by the regreseion coefficients by, bs, b, etc,) the
prediction of yields by soil tests will be possible.

The complicated part of the computerized process of the multifactor analysis is the
simultaneous treatment of all factors in all experiments in order to obtain results (re-
gression coefficients) which fit the data best,

As will be seen in Chapter 7 there are very simple graphical methods by which the
influences of each growth factor on the soil test/yield correlation can be measured one by
one, and for each factor the correlation can be corrected, alsc step by step, even for
those factors which have clearly curvilinear influences on the yield.



The principle of these eimple graphical correction methods ie basically the same as
that of the comprehensive multivariate analysis. The obtained results are not the best
regreseion coefficients of the other growth factors tut estimates of them, effectively
improving the soil teet/yield correlations. Their great advantage is that with a sheet
of graph paper and a desk calculator the influence of any growth factor on the soil tnnt/
yield correlation can be checked in a matter of minutes or houre depending on the number
of data and the practice of the man.

5e< Growth Pactors Influencing Yield

For multivariate analysie or its simpler graphical wvarian: the factore included miust
be quantified numerically. Only then is it possible to determine s gradient or regression
slope which indicates how much the yield or response changes wiih each unit of the con-
cerned factor. If, for instance, the crop response im lowered by decreasing soil pH, the
analyeie will ehow how much the reeponse decreasee for each pH unit,

There are other factore which influence yielde and responses but which cannot be
quantified numerically, for instance crop variety, soil type, or rainfall pattern. In sets
of calibration field experimentie these factors must be kept constant for all experiments or
alternatively the experiments must be separated into groups. In each group the soil tautf

yield correlations must be established separately, which may be impossilble if the groups
are too small.

In order to avoid such grouping of data attempts must be made to exprese the non-
numerical factors by related factors which can be expressed numerically. For instance if
orop responseg are found to vary with soil types in the districts under consideration then
the soil properties which are likely to cause these differences should be used for the factor
analysis, Such properties may be texture, organic matter content, pH, soil depth, salinity,
and several others which can all be expressed numerically. Instead of the rainfall pattern
the precipitation in certain critical growth periode can be used for correcting the corre—

lation graphe and eimilar numerical replacements may bes found for other non-numerical
variablea.

In the case of crop variety thie possibility does not normally exiet and therefore
calibration field trials should all be done with the same crop variety favoured in the area
and likely to be used in the future,

The following list of growth factors cannot poesibly be complete., Under each one of
the innumerable growth conditions certein factors are dominant, others unimportant. But
the list may help the researcher to remember variables which are not obvious but poeeibly
influential in his particular conditions.

5.3 Check List of Growth Pactors

These factors can be grouped into three categories which are:
(a) Soil factors;

(b) Climatic factors;

(¢) Management factors.

Hs3el Soil factors

Apart from the soil's contents of available major plant nutrients N, F and K
which are to be correlated with crop responses, the following soil properties mey influence
CTOp TeBpONnses .



2

Very high pH values in soils are related to ealinity and sodicity expressed
usually as ESP = Exchangeable Sodium Percentage and SAR = Sodium Adsorption Ratio, (11).

In the medium pH ranges plants have certain preferences which for crop plante
such as small grain are little pronounced, while others like clover or tea are strongly
affected by unsuitable soil pH.

Low pH valuee are associated with active aluminium and iron in the scil, both
of them fixing phoephates, and with low available 5i which affects growth of lowland rice

negatively.

Liming .

Lime applications for correcting soil acidity heve great influence on crope and
fertilizer effects., For fertilizer recommendations based on soil teets, previous limings
are an important factor to be taken into consideration.

Salinity

Saline conditions, usually expressed as alectrical conductivity, depress crop
growth and have a negative effect especially on the uptake of nitrogen, and less on the
uptake of P and K. This may be due to the fact that N—utilization depends much on avail-
able water and that salinity causes a physiological water stress in the plant. Hers it
should be mentioned that eslectrical conductivity ie & better measure of the effect of
salt on plants than the percent values of salt determined gravimetrically. This is because
the types of salt harmful to plante have a higher conductivity than the harmless salts.

Cation exchange capacity (CEC)

Thie value is an important characteristic for soil clessification and as such
varies with the soil type. CEC usually has no great influence on soil test/crop response
correlations, However, if this walue shows marked variations between test fields, its
influence on the correlations should .he_rbacked._sa deacribed.iz.Mbaster.7,,

Free carbonates

The percentage of free carbonate in soils ie usually of limited direct influence
on plant development. However, in the higher carbonate ranges, as found in arid zone soils,
a pronounced indirect effect ie their influence on the availability of micro nutrients.

Lime induced iron deficiency and to a lesser degree manganese dasficiency are major limit=
ations to plant growth.

Texture, structure, content of organic matter

These physical soil characteristics may influence plant development as much as
the chemical properties discussed above. Flants have decided prefersnces for specific
texture classes related to their root systems. As a quick sstimate of texture the "water
saturation percentage” may be determined. (11) In addition to such praferences the soil
etructure and aeration of the root zone influence healthy plant development. A higher
content of organic matter in scils usually improves soil structure and since moil structure
cannot readily be quantified, the figures of texture or saturation percentage and of
organic matter content are frequently used for the characterization of the physical eoil
conditions. There are of course other physical soil properties which can be measured such
as water permeability, pore volume, etc. but they are rarely determined in routine soil
teating.



The factors texture, structure and organic matter are closely raslated to the
water holding capacity of the soil. Such water storage lowers or prevents water losses
and helps the plant to overcome dry epells.

Clay minerals

Especially for the calibration of potassium soil tests the type of clay minerals
in the soils may have to be taken into account (see 4.4.3). Clay minerals cannot be
investigated as a soil teeting routine in each eoil sample, but if a soil Burvey is avail-
able it will provide the required estimates on clay minerals.

Subsoil

The phyeical and chemical characteristics of the subsoil can and usually have
coneiderable influence on yielde and crop responses. These characteristics are sometimes
shown on soil survey maps. In other cases they may have to be measured by the farmer in
the field. An example of the latter is found in North Carolina where lighter soils are
underlain by clay and the depth down to the clay layer is a criterion for the soil test
interpretation. In Minnesota the nutrient content of subsoils i laid down in specific
subscil maps made for that purpose and the subsoil is taken into account for the interpre—
tation of soil teets, BSubsoil data available from soil surveys as related to soil types
may be checked in new areas for their influence on soil test/yield correlations.

For nitrogen tests it is likely that soil samples will always include part of
the subsoil, see section 4.4.1.

Bele2 Climatic factors

Water

The water supply for the plant takes a predominant place in most conditions.
In dry zones the amount of rainfall and the number of irrigations can be a useful measure
of this influence. The distribution of water supply throughout the season may be of great
importance and for practical purposee this influence can be quantified by recording the
amount of rain or the number of irrigations until a certain key day or for a certain
critical growth period in addition to the total water supply for the crop.

In humid areas and lowland conditions the drainage may be more influential than
the water supply. Thie ie a factor closely linked with the soil and for practical soil
test interpretation the distinction between "drained" and "not drained” must be made in
areas where this factor is of influence. Under certain conditione more than two drainage
groupe may be required.

Temperature and light

These two factors often mentioned in connection with lowland rice in Amia are
not likely to play a role in moil test calibration, except if the area included in one such
calibration stretches over more than one climatic zone. Such a condition mAY ocour in
South Korea for instance where distinct climatic zonee come close together, mainly with
regard to temperature. In that and similar cases a temperature gradient may be found and
may have to be used for the proper calibration of =oil tests,

5.3.3 Farm management factors

The great extent to which the skill and practical knowledge of a farmer can
augment yields is well known. A main factor is the exact timing of his field work - includ-—
ing ploughing and seedbed preparation at the right soil moisture condition, fertilizer



applications, seeding, weeding, irrigation and spraying for plant protection. His correct
Judgement is mainly based on his observation of nature, including weather forecasts. These
factors are partly difficult to quantify. Recording the dates of each or some of these
actions would be the obvious way but that would leave some influences still hidden. For
instance, if one farmer applies his fertilizer just before a heavy shower of rain and the
other farmer after this shower which is then followed by & longer dry spell, the first
farmer will get more benefit from hie fertilizer application than the second.

In field experiments used for soil test calibration the management should be
optimal and uniform; optimal in order to prevent yield or response depressions due to poor
management, and uniform because of the difficulty to quantify these factors.

To this rule there are, however, certain exceptions permissible and even
desirable. If for instance in a certain area the planting time has a consistant influence
on the crop yield and response, it is an advantage to include this variable in the calibra-
tion and to quantify thie influence by determining the regression and subsequently correct—
ing the correlation accordingly, (see Chapter 7). Thie will allow the factor of planting
time to be taken into account for farm recommendations.

In general it is, neverthelese, not advisable to include too many variables in
the basic set of calibration experiments, but rather to keep these variables to a minimum
which can be done most easily by keeping management variables conetant, Their influences
may then be worked out with special field experiments later.

The management factors which may have to be taken into consideration for the
final farm advice are:

(a) field history: previous crops and their yields, previous
applications of fertilizer, manure and amendments;

(b) crop or crops intended to be grown;

(e) intended plant population;

(d) available water supply (if irrigated);

(e) expected or aimed-at yield;

(f) diffioulties experienced in establishment and maintenance of crop.

Any one of these, and poselibly other management factors, requires at least
some atudy to adjust the recommendations based on soil tests,



6. FIELD EXPERIMENTS FOR SOIL TEST CALIBRATIONS

The subjects discussed in the previous chapter already will have indicated in some
detail the role that the many wariables play or should play in the working out of the basic
soil taatfyiuld correlations. In this chapter an cutline is given showing how the field

experimental work can be planned and carried out in order to obtain the required accurate
data,

It may be mentioned here that unreplicated trials laid out as dispersed experimentse on
farmers' fields, as described in FACO Soil Bulletin No. 11, are excellently suited for
determining fertilizer recommendations quickly and for large areas, but they are not so
well suited for scil test calibration. Unreplicated trials do not give an exact yield
information for each site as ie required for correlating these yields with the exact
80il teste of each eite. For that purpose replicated experiments are much better suited.
When calibrating eoil tests with yield data of unreplicated trials the scatter dus to
chance deviations in yields is much wider than with replicated triale. A larger number of
trial data can partly make up for that shortcoming, increasing the reliability of the
broad average. The replicated trials described below are Bpecially designed for soil test
calibration.

The reader will appreciate that the outline now given ie one of several possible
suggestions. The experimental plan described aime at a suitable combination of simplicity
and accuracy, the latier because of the many error possiblities involved.

The suggested experimental plan can be varied either to suit local conditions better
or to enlarge the scope of experimentation. The basis on which decisions should be made
for any such changes is explained fully in the previous sections, It should be kept in
mind, however, that the working out of clear soil test/crop response correlations is not
in iteelf easily accomplished. Any additional complication should therefore be avoided.
Such complications may arise from unsuitable treatment combinations chosen for the
experiments, or from too many sites with relatively low accuracy per site, stc. Any such
mistakes degrade the value of the whole work and usually require its repetition in a
simpler and more precise way.

6.1 Lay-out, Design and Management of Field Experiments
6.1.1 Lay—out

A number of fields on uniform moil typee are teated for the available nutrient
under research and from them 30 to 40 fields are selected so that the soil tests range from
very low to high with a rather uniform distribution over the whole range. In this selection
the uniformity, the crop history and the fertilizer history must be taken into account. If
the uniformity of an otherwise suitable field is in doubt, it is advisable to take 15 to
20 soil samples evenly distributed over the field on a grid and analyse them. This will
show unwanted heterogeneities if present. Regarding crop and fertilizer hisiory it may not
be advisable to select fields an which the last cropwasalegume, or which was fertilized
above the general level of the area. Both will increase the fertility status of the field
to a level atypical for the area.




At planting time the fields must alread- be selected. Then three good composite
8oil samples, one of each replicate, should be taken again from each field before fertilizer
treatments are applied, each composed of 40 subsamples., The analysis of available nutrients
ies made thrice for each sample. With these nine analytical data per field irregularities
in the field and in analysis can be detected. If agreement is satisfactory according to the
explanations in Chapter 3, the best estimate of available nutrient contents is the average
of the nine figures. Beeide available nutrients other soil properties should also be
determined such as pH, organic matter, texture, salinity, etc. as explained in Section 5.3.

6.1.2 Design

On each field a simple fertilizer trial is laid out consisting of 15 plote

. arranged in three rows. The plot size need not be mors than about 30 m? for small grain
and 4 x 6 to 4 x 8 m per plot would be convenient. With three rows of five plots each the
whole trial would cover an area of 20 x 18 to 20 x 24 m.

Each row should contain one replicate of five treatments, The treatments are
eimply five rates of the tested element equally spaced. In the case of phosphorus the rates
would be denoted Fy,Py, P, y P4« It is important that the lowest rate should always be
gero and the highest rate be high enough to obtain a maximum yield or even slightly higher.,
A complete return curve is very important for the purpose. In addition to these increasing
rates of the tested nutrient all plote should be given a basal dressing of the iwo other
main nutriente which must be high enough to be in approximate balance with the penultimate
ireatment of the tested element.

If trace element deficiencies have been observed in the area these nutrients
should be applied too in suitable quantities.

As stated, each row of the experiment contains one complete replicate of the
five treatments., The treatments are applied in the order shown below.

g 1 2 3 A
X X alpon@ D

In this way the three replicates of each treatment are distributed over the
experiment s¢ that gradual changes in fertility within the field do not influence or only
minimally the treatment means. This ie true not only for fertility changes in the two
main directions of the rectangle, but also for fertility gradiente in the direction of the
two diagonals. This arrangement of treatments is therefore highly preferable to random—
ization which only by accident results in an arrangement insensitive to fertility shifts
in the field., These 15 plots should be surrounded by the same crop in order to prevent
border effects or border damage. This is an important precaution and must be observed
in addition to the prescription for the harvest described later.

Another suitable arrangement is the laying out of long narrow plots, all
fifteen beside each other, The first five plots would be the firei replicate and the
treatments are assigned to these five plots at random. The same treatment sequence is then
used also for the two other replicates consisting of plote 6 to 10 and plots 11 to 15,

Also these test fislds must be surrounded by a stand of the same crop to guard against
border effecis.

It is advisable to choose a main crop of the area, if possible a small grain
a8 harvest data are more regular, and a variety which is likely to be used much in the
future. The seeding should be very regular and a small experimental drill is recommended
in order to obtain ihe greatest possible uniformity of plant stand.



6.1.3 Management

All fields throughout the area should be planted with the same wvariety and the
complete management from seeding to harvesting should be the same for all experiments, see
section 5.3, Deviations from the general management lines should be carefully recorded for
each field as this might later explain deviations in data.

The plants should be fully protected against damage by diseases and pests. If
possible the same spraying plan should be applied for all fields. In this regard especial
attention should be paid to the compoeition of the chemicals used. Phosphates and other
plant nutriente contained in these chemical eprays are usually taken up more quickly and
effectively than fertilizer nutriente, If nutrieni-free chemicals are not awvailable, all
fields should be sprayed simultanecusly each time and with equal quantities.

6.1.4 Observations during crop growth

It i highly advisable to visit field experiments regularly and to record any
changes, crop damage or other observations. In addition to that a visual rating of the
crop development (stand) of each plot should be carried out one to three timee during the
growing season. This is a valuable safeguard against complete losa of resulte in case of
serious damage to experiments in later stages, If such damage should occur the plot
ratings would allow the classification of the damaged plots into groups of undamaged ones
with similar ratings.

Full comparability of rating of all fielde and plote ie an obvious necessity
and in order to achieve this it should be arranged that alwaye the came two or three people
rate all the plots at the same time but independently of each other. The rating criteria
must be agreed upon first. These may be number of leaves or tillers, plant colour, plant
height, ear development etc. Each person gives a rating figure for each of these criteria
for each field plot. These ratinge should then be averaged for the records.

6.1.5 Harvest

The plots should be harvested in such a way that firat a border of half to one
metre of each plot is cut and thie is not included in the yield measurement. The clear
rectangular centre part of the plot ie thus left for the measurement of the yield. The
plants should be cut just over the soil surface and the weight of straw and grain determined
separately per plot. It ie neceesary, especially in humid climates, to determine the moiet-
ure content from samples of the harvested material and to calculate "dry yields"™ for the
records and further use. Representative samples of straw and grain must be taken for plant
analysis in order to determine how much of the tested element was taken up by the crop.

6.2 Simultaneous Calibration for Two Nutrients

It might be intended to save time by calibrating soil teste for the two nutrient
elements P and K simultaneocusly. In thie case it should be remembered that the melected
sites must cover a wide range of soil test values of the investigated element. It is likely
to be difficult to find a set of fields which uniformly covers wide ranges of both P and K
values. If the fields for the P-test calibration are found, it may be necessary to look for
additional fields which fill in gaps in the K-range.

On sites used for both the F and K series, it ie necessary to lay out three blocks each
for P and K. It is not advieable to save on the pumber of plots by a combined design, al-
though three plots of the two sets of 15 receive the same treatment. It is more important
to maintain the clarity of the lay-out and sampling than to save three plots out of thirty.

The rest of the work is carried out as described by sampling the soil of every re— -
plicate separately, etc.



7. GRAPHICAL METHODS FOR IMPROVING SOIL TEST/YIELD RESPQNSE CORRELATIONS

T.1 Corrections for Influential Growth Factors

T«1e1 The principle

In the previous sections it hae been shown that from eoil tests and field
experiments the following four typea of bamic data are obtained.

(1) Soil test data from all experimental sites (3 replicates, one of each
block).

(2) Yield data of five treatments per site (3 replicates).
(3) Nutrient uptake data of all treatments per site (3 replicates).
(4) Data on other growth factors for each site.,

The aim of the soil test calibration is to obtain correlations between the soil
test values (available nutrients in the soil) and the crop reaponses to nutrient applications
as found in the area where the field experiments are carried out, The treatments of the
experimente include one contreol and four application rates of the investigated nutrient,
ses 6.1,2. Hence there are four sete of response figures, one for each application rate,
to be correlated with soil teet values of the experimental sites. This leads to the four
basic correlatian graphs often referred to in the following text.

In Chapter & it will be seen that the raw response data as calculated from the
original yields should not be used for the four basic correlation graphs but responses
derived from these raw data. This, however, has no bearing on the correction methods as
described in the following sectione of this Chapter.,

7+1.2 The graphical method

If yield responses to a certain nutrient application are plotted against soil
test values for a series of field experiments, a diagram may result similar to that shown
in Pigure 2. In that figure selected data from cotton responses to 45 kg/ha P05 in a large

irrigated area are plotted against soil test data of available P extracted with Na—
bicarbonate according to Olsen (24).

The diagram shows a certain tendency to declining response with increasing
F-test. Thie is verified by the calculated regression line, the equation of which is shown
in the figure. Due to the wide scatter of points the correlation coefficient r has the low
value of =0.61. The calculation of this line, the correlation coefficient and the
statistical checks ie shown in Appendix 2,

The most influential growth factor was the water supply expressed in the number
of irrigation which varied from 4 to 11 in the growing season.



In order to check 1f the factor irrigation 18 partly respongible for the wide
acatter of peints in Figure 2 and if so, to measure the magnitude of this influence, the vertical
deviations of each point in the diagram from the regression line {d'u} are plotted against
the number of i1rrigations each test field received. Thie process results in Figure 1, which
may be called a "correction graph".

Making the correction graph is confusing if the data are not arranged in an
orderly way. How to do thie is shown in Table 3. The first column shows the F-testa of
each of the 20 sites, the second shows the obssrved crop responses in kg/ha. From these
two columnes the regression line of Figure 2 ie calculated,.

The third column shows the vertical dimtances {deviations 4) expresscs alno
in kg/ha of each point from the regression line in Pigure ¥, and the !outh column showa the
number of irrigations per site, w ?:hich stande for water),

The correction graph, is plotted from the columns 3 and 4 and the regression
line for thie graph is calculated and shown in Pigure 3.

The measuremenis of the deviations d and their transfer from the original Pig. 2
to the correction graph Fig. 1 can conveniently be made with the aid of a pair of COMPAHHEEE 5
However, for those who prefer to calculate the d-=values, which can be done easily with the
aid of any table calculator, the formulas to be used is d = ¥i - (a + bx) in which ¥i is the
measured crop response of each site and between parentheses is the right side of the
regression equation as shown for the example in Pig, 2. Hence for that example the d-wvalues
are: d =y — (156,46 = 6.16x) in which the y is the response and the x the soil test value
of each of the sites. The values are rounded off to whole numbers.

This correction graph shows that there exists a relation between the deviations
in Figure 2 and the number of irrigations with a correlation coafficient of r = + 0,83,
The elope of the regression line indicates that on the average over all pointe (eites) one
additional irrigation increases the response to 45 kgfha Pbﬂﬁ by 13.7 kg cotton per hectare.

With thie moet important information two things can be done, Pirstly, the
original correlation graph, Figure 2, can be corrected and secondly advice given to farme

can be varied according to available irrigation water, Both processes are briefly explained
below,

(1) correction of the original graph

By calculating for each point (site) what the response would have been
if say 8 irrigatione had been applied, and by plotting these new, corrected
responae values againet the soil test, a graph is obtained with all responses
reduced to B irrigations. This number of 8 irrigations is chosen because it
is close to the area average which is 7.55, see Tabls 3.

The values which must be added to, or subtracted from the original re—
sponses in order to reduce them to the level of & irrigations are:

correction value = (8 — w).13.7 kg/ha

Thie value has to be added to the original response. These correction
valuee are shown in column 5 of Table 3}, rounded off to whole numbere and the
corrected responees are given in columm &,

If these corrected responges are plotted against the soil test values
Pig. 4 is obtained. Obviously this corrected graph shows a much improved
correlation expressed in the high correlation coefficient of r = 0,8
against r = 0,61 of the original graph Fig. 2.
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Table 3. Oraphical Correction of a Seil Tuﬂtfcrvnrp Response Correlation

[ 1 2 3 4 5 6
| P=tent Crop Deviations No. of Correction Corrected
| Tesp. from re irrig. for w response
| kg/ha kg/ha (B=w) 1347 kg/ha
E x ¥4 d w Y2 |
|
4.0 115 =17 7 +14 129 |
2.0 140 -4 8 0 140 |
16.5 100 +15 10 =27 13
8.0 80 =27 8 0 8o
1.0 110 =40 4 +55 165
3.0 180 +42 1 =41 139
12,5 130 +51 10 =27 103 ,
10,0 80 -15 4 +55 135 .
4.5 150 +21 5 +41 191 :
045 180 +27 8 0 180 }
1740 30 22 6 +27 57 |
7.0 170 +7 1 =41 129 .
545 100 =23 8 0 100 I
2.5 215 +14 12 55 160 |
14,5 60 -1 9 -14 46 i
640 60 =59 5 +41 10 |
12.0 0 =53 5 +41 7 |
8.0 135 +28 9 =14 121 :
4.0 60 =72 4 +55 115 i
1145 &0 -6 7 +14 94
Sum 150.0 2,205 0 151 2,329 I
Aver. 7.5 110425 7455 116445 |




Thie example may illustrate how an original correlation can be
corrected for the influence of any important growth factor. From the
described field experiments there result four correlation graphs, one
for each nutrient application rate. It goes without saying that each
of these correlation graphe is corrected for the same growth factor in
the way described above,

(2) Correction graph and fertilizer recommendation

In the corrected graph, Figure 4, & broken horizontal line is
drawn which shows the crop response needed for just repaying the
fertilizer costs. Any response lower than this level will cause the
farmer a financial lose. The regression line showing the decline in
response with increasing soil test values at 8 irrigations cut the
broken line of marginal economy between soil test 14 and 15. With soil
tests lower than that value the applied rate of 45 kg/ha PEG pays,

: ; : 5
provided 8 irrigations are applied.

If the farmer knowe that he will only have water for say 7 or &
irrigations the responses will diminish by 13.7 kgfha cotton per irri-
gation (see regression coefficient in equation of Pigure 1) and the
regression line of Figure 4 will have to be lowered at the same rate.
Thie is shown in Pigure 5, where for each number of irrigations a
separate regreesion line ie drawn. According to that graph a field
with a 80il test value 10 and irrigated 6 times will just return the
fertilizer coste but will not give extra benefit, while the same field
with 10 irrigatione will return nearly twice the invested fertilizer
coats,

Thie type of evaluation may be done for the four corrected
correlation graphs, one for each fertilizer application rate. This
will give a rather detailed picture of the influence of the invest=
igated yield factor, in this example water, at various fertilizer
application levels.

T.1.3 Disturbing interactions and correlations between growth factors

Before discussing further the possibilities and variants of the graphical
correction, the effects of interactions and correlations between growth factors on the
interpretation of moil testfcrop responee correlations must be explained.

Interaction

If one factor increases the effect of another, the two interact positively.
An often observed example is the increase in the effect of nitrogen by a phosphorus
application. The yield increases caused by N alone and by P alone are together smaller
than the increase of a combined NP application.

If there eshould be & positive interaction in the example, Table 3, between
water supply w and soil phosphorus x, the lines in Figure 5 would not be parallel, but
the upper ones would have less slope and the lower (lower w values) would have a steeper
slope forming together a design of a fan with the handle on the left side. A negative
interaction would influence the slope in a reversed way forming a fan with the handle on
the right side.

Mathematically the interaction is expressed by one member of the function.
In the example of Table 3 the yield response function would read y = a + bx + cw + dxw,
the last member being the interaction member.
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For practical purposes the interaction between any growth factor like w in the
example for the soil tests can be checked by calculating one soil test/crop response
correlation for the low range, say 4 to 6 irrigations, and another for the high range 9=12
irrigation, If that is done for the cotton example, Table 3, the slope of the regression
line for few irrigations is b = -5.5 and for many irrigations it is =6.4. The difference
between these two is not significant for so few points and hence it can be concluded that
there is no interaction of consequence. If a larger difference between the slopes is found
the range of the interacting factor has to be divided into two or three classes, low, medium
and high and the proper regression lines for each class calculated and used.

Correlation between factors

If another growth factor is correlated with the factor soil nutrient (soil test),
the graphical correction as well as the multifactorial analysis will result in regreasion
lines which are not correct. Using again the cotion example of Table 3, & correlation
between soil teste (x) and number of irrigations (w) would render the position and alopa of
the regression line of Figure 4 incorrect,

The check on the existence of such a correlation can easily be done by calculat—
ing the correlation in the usual way. In the above example the w/x correlation has the
coefficient r = 0.04. This low value indicates that there is no correlation and hence the
interpretation shown in Pigure 5 is correct.

However, if there was a correlation then the only practical way of dealing with
this situation would be to divide again the w-range into say three classes and calculate
the soil tuntfcrup response correlation for each class separately using the original crop
response data., One would find three quite different regression lines for the three sectiocns.

With regard to the practical importance of such interfering interactions and
correlations their effects should not be overestimated., Especially in the beginning of
calibration work, when the search is for general and little refined correlations between
80il tesis and response, weak interactions and correlations with coefficients of 0.3, 0.4
or even 0.5 may still have very limited influence on the first results. In areas am yot
unknown in that regard these first results will mainly give a general picture of the
position and slope of the moil test/yield regressions as related to fertilizer economy (eece
cost lines in Pigures 4 and 5) and as such will give directives for further work. The

latter will then be able to pay due consideration to interaction effects and further refine-—
mants .

Te1s4 Successive corrections for various growth factors

The process as described above for determining the influence of a growth factor
and the correction of a cerrelation graph can be repeated for the next growth factor. In
this case one starte with the graph already corrected for the first factor and proceeds
with the second correction exactly as for the first, extending Table 3 by more columns.
This can be repeated for a third and more factors.

In the actual practice of the work not more than two or thres factors may be
found which clearly influence the correlation and for which a correction is worthwhile.
This can be checked easily be plotting the deviations d of Table 3 against the variocus
factors or even more simply by calculating the regressions b, If the regreasion shows a
distinct slope & correction is worthwhile. If, however, the factor has no clear influence,

the slope of the regression i.e. the b-vmlue will be near zero, The more influential factors
are always corrected first,



The improvement of the soil teutfcrop response correlation by every successive
irrection will reeult in an increase in the correlation coefficient r, since a part of the
ifluences, which are responsible for the scatter of the points in the graph, has been
smoved .

Por each growth factor the slope of the regression line of the concerned
srrection graph shows ite influence on the crop response and can be taken into account for
wrtilizer advice a8 explained before.

Ts1+5 Curvilinear arrangements of points

It may happen that in plotting yield responees against soil test walues the
*inte in the scattered diagram show an arrangement which indicates not a straight regression
ine but a regression curve with a shape as shown in Figure 6. In this case obviously the
*aphical correction with etraight regression lines, as shown in the previous sections, will
tad to poor results,

In principle the described graphical correction can always be applied as long
} & regression curve or line is drawn which fites the pointe in the graph as closely as
»seible, Whether this line is arrived at via & mathematical function or by estimate is of
» consequence for the application of the graphical correction.

In the following sections three methods of obtaining curved regression lines
*e described. The first two methods are mathematically based and as such are rigid and
ither complicated compared with the third.

The first is the partition of the original scattered diagram into two sections
+ shown in Figure 6 and Table 4. The assumption is made that within each section, i.s,
inge of soil test data, the regression is a straight line,

The second method is a simple replacement of the original soil test figures by
wir logarithms, resulting in a logarithmic ecale along the x—axis. This usually changes
18 curved into a nearly straight line regression which allows the graphical correction to
y applied as described before without any change or partition of the graph. The logarithmic
tthod ie therefore usually more efficient. For a worker who is acquainted with the
'aphicael correction the time involved in both mithods is about the same.

The third method does not make use of mathematical functions, but the position
" the regreseion curve is estimated and drawn by hand. If there are many points with
:mited ecatter the curve or line can be drawn with reasonably good precision. In case of
«de scatter, use can be made of section means, or gravity pointe, as explained later.

The ueefulness of thie simple graphical method may be underestimated because
+ lacke sophisticated mathematical basis. Nothing is more wrong than this opinion. If
lere are enough pointe the position of the regression line is closely determined and very
\ttle freedom is left for a personal estimate. Even more important is the fact that
ithematical models are often a poor solution and do not correctly describe the desired
:gression a8 will be seen later.

The methode are briefly described below.
Te1s5+1 The partition of graphs

In correlation diagrams covering a wide range of soil test values the left
side of the diagram will indicate a steeper regression, while on the right side in
the range of high and very high scil tests Whe crop responses are squally low. Cal-
culating separats regreesien lines for the two parts leads, ef course, to a better
fit of the data than ene cemmon regression line.



The most practical way to determine at whi 1 eoil test value the graph should
be divided into the two sections, is to estimate the position of the two regression
lines, the eteeper line for the left section and the flat line for the right section.
At or near the intersection of the two estimated regression lines the vertical
division line is drawn, For Pigure 6 this was the point of soil test value 10. (The
later calculated regreseion linee intersected at soil test 12. The difference is of
no CONBAgUence ).

A data table may now be made arranging the figures according to increasing
soil tests as shown in Table 4. The regression equations are calculated for the two
parts of the graph. For this example these equatione are shown in the lower part of
Table 4 under "Regreseions with straight xz values",

When this parted graph has been obtained the correction of each part for
influential variables can be carried out according to the method described in
ssction T.1.2. For that purpose one common correction graph for both sections of
the correlation can be used.

T+1.5.2 Intersection of regression lines and "critical level"

The two regression lines intersect near the soil test value 12. Some re—
searchers (5) call this point or the equivalent point in graphs showing percent yield,
the "critical eoil test level", because at lower Boil teste the crop responses are
high, whereas on soils testing higher than the critical level the crop responses can
be expected to be low or nil. This intersection point will always be found at or near
the moil test level which divides the soil test rangee 'high' and 'medium'. For
actual fertilizer recommendation® the knowledge of this point is not sufficient.
Information on the lower soil teet rangee ie required especially for developing
countries where the economic limite of fertilizer rates are often rather low. Actually
the decieion to apply fertilizer and in what quantity ie not related to the inter—
saction of the two regression lines but to the intersection of the cost line and the
soil test/response regression as shown in Pigures 4 and 5.

T+1+5.3 The logarithmic regressicn

The second method of dealing with ~orrelation diagrame indicating a curvilinear
regression ie somewhat simpler and may be more effective than the partition of graphs.
According to this method the numerical wvalues of soil tests are replaced by their
logarithms, resulting in a logarithmic scale along the horizontal axis. The expected
curved regression is straightened cut by this process.

If semi-logarithmic graph paper is available, the plotting of points is easier
but not the calculation of the regression line., It is therefore recommended to add
to the data table next to the x—column (soil teste) another column for log x as shown
in Table 4. Then log x ie used instead of x throughout the whole process of calculat-—

ing regressions, applying the correction method etc. as described in section 7.2 and
onward .

After the last step is done and one has arrived at the corrected graphs of
the type of Pigure 4 and 5, the final regression lines are re-converted to the
numerical x-scale, using again the x and log x columns of Table 4 and the etraight
lines will now appear as logarithmic curves,

An example of the process of converting is shown in Pigure 7. There the
pointe of Figure 6 are plotted againast log x, the logarithms of the soil test values.
The curved arrangement of the points as seen in Figure 6 has changed to a straight
line characteristic. The regression line was calculated in the usual way, using the
log x inatead of the x values, and was drawn. The equation of the regression line is
shown in Pigure 7. This graph may now be corrected as described in sectien T7.2.
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Table 4

Part 1 Part I
Scil tast Crop Log soil So0il test Crop Log moil
responsa test responne tent
x ¥ log x X ¥ log x
1 180 0,000 12 50 1.079
e 100 «301 14 30 1.146
3 130 «A4T7 14 8o 1.146
4 60 602 18 60 1.255
4 200 602 19 10 1.279
5 160 695 20 10 1.301
7 80 .845 25 70 1.398
8 40 503 26 20 1.415
9 110 954 28 50 1.447
0 10 1.477
Sum 43 1 060 5.383 206 430 12.943
Average 4.78 117.8 0.598 20.6 43 1.294

Regressions with straight x values:
¥y = 165 = 9.6 y = 60 - 0.8

Regression of all data with the log x values:

¥ =174 - 98.9 log x



7.2

The regression line of Figure | was converted tc the numerical x-ecale and
the resulting logarithmic regression curve ies shown in Figure 6.

With experimental sete including many fields and soils the soil taatfraapomuu
correlations show regressions which make a decision between the curved and the straight
line concept difficult, As shown in Pigure & the two types of regresesiona are eo near
together and compared with that nearness the scatter of pointe is Bo wide, that the
difference between them is not significant.

T«1:5.4 Hand=drawn regression curves

A8 has been mentioned before the drawing of regression curves by hand withe
out using mathematical functions, has a definite place in soil test calibration. If
there are many points with not too wide a scatier, it is hardly a matter of personal
estimate to draw a smooth line through the points. The possible wvariations are very
small.

A similar opportunity to draw o curve or line without any aid may occur with
a small number of points, when emall scctionz of graphs are interpreted. In such
cases, relatively few poinis may describe the position and shape of the regression
very clearly. In this situation the line can be drawn easily and correctly by hand,
but it would be moet difficult to find a mathematical function fitting the points as
satisfactorily.

If the scatter of the points is wide, it ie more difficult to estimate the
right position of the regression line, In that case and especially if there are
sufficient points, a practical method ie to divide the correlation graph into several
rather small sectiona by wvertical lines. Then the average x and y values from the
points in each section are determined and these "gravity points" are plotted. It will
now be much easier to draw a smooth regreesion curve through these gravity pointe.

Hand=drawn regression lines can be used for graphical correction similar to
mathematically based regressions. The disadvantage of mathematical functione is
their lack of flexibility. Usually such functiona fit the points in one section of
the graph better than those in other sections. This can be sean clearly in Figure 6
where both the logarithmic and the straight line fit the points well on the right
8ide, but on the left side both are not quite satisfactory. The fact that a re—
greseion is mathematically calculated is not a puarantee for a good fit under all
conditiona, Different sete of data may require different methods to obtain well-
fitting regresesions and wvisual judgement should play an important part in this work.

Improving Soil Tbntzcrap Hesponse Correlations, Using

Hutrient Uptake Figures.

In section 4.1 above it was mentioned that the amounts of nutriente taken up by the

plant often correlate better with soil test data than the yield. The reason ie that plants
will take up nutrients when they are readily available even if outeide influences prevent
the plant from using the nutrients fully for yield productiocn.

If the correlation between soil tests and crop reeponse ie found to be coneiderably

weaker than the correlation between scil teste and nutrient uptake by the plant, then the
latter data can be used to improve the former. This ims the case with the Thailand experi-
ments shown in Section 4.2, Tables 1 and 2. There the nutrient uptake by the control plants
and the additional nutrient upteke due to fertilizer application both correlated better with
soil teets (0Olsen extraction) than the two corresponding yield values: check yield and
yield response,



The following method improves the soil test/crop response correlation in so far as it
tranafers on an average basis the higher precision (lower scatter) of nutrient uptake data

to the crop response data, the latter being the values on which fertilizer recommendations
can be based.

In Pigure 8 three graphs are shown derived from the Thailand data, Table 1, The upper
graph marked A shows the uncorrected correlation between yield responses and the soil test

valuea, The equation of the regression line is shown. The correlation coefficient
r = 0,606 is significant.

The second graph B in Figure 8 shows the correlation between crop responses (y-axis)
and the additional nutrient uptake (x-exis) with the equation of the regression line. The
regression coefficient I:Blnpag of +0,268 in this equation indicates that on the average of
all the concerned data the yield increases with 0,268 grammes dry plant material per pot
for each milligramme phosphorus taken up by the plante. The equation of that graph allows
the average response y to be calculated for each value of additional uptake x. For instance
Table 1 shows for the first soil Bnl an additional uptake of 48 mg P per pot. This
correspondes according to the equation in Figure 8B with a corrected respmse y = 5.70 +
0.268,48 = 18.6 gr/pot instead of the original response of 17.7 gr/pot. PFor the second point
of Table 1 the corrected response is 'y = 5,70 + 0,218,773 = 25.3 gr/pot instead of the original

7.2 .gr/'put, etc. Thie calculation is done for each point resuliing in a new set of response
data, based on the response/uptake relation.

The correlation of these 'adjusted' response values with the soil tests is shown in the
lower Graph C of Figure 8, which is directly comparable with the unimproved correlation
Graph A. The adjusted responses correlate much better with the soil test values, the
correlation coefficient r having increased to the value —=0,737 which was found to be highly
Bignificant,.

It will be understood that thie process also aims at emoothing out the wide scatter of
pointa while maintaining the correct relations inherent in the given data population.

T«3 Parcent Tield versus Absclute Reaponae

In many publications and scientific ee=ays on scil test calibrations, soil tests are
correlated with relative values such as '"percent yisld'. If phosphorua is the nutrient

under research the percent yield iam the yield of the NK plots expressed in percent of the
NFX yield, or NK.100/NFK.

The main reason for using percent yield (2) or similar relative crop values instead of
the abesclute crop responses is their better correlation with ecil teste. This is because

some of the eite influences are eliminated by using yield relatione from plotes on the same
gite,

For soil test calibrations intended for practical fertilizer advice relative yield data
ocannot be used effectively even if they correlate better with soil tests than the absolute
crop responses., The reascn ie obvious. Fertilizer advice is based on economic consider—
ations. A certain percent yield increase may be a high or a low absolute amount and it is
tharefors no basis for the required benefit calculation. Thie shortcoming cannot be
compensated for by a somewhat better correlation.

In this connection it should be stressed agein that a wide scatter of points in a
correlation graph does not mean that there is no or only a weak correlation between avail-
able nutrients and yield. Thie correlation is not in doubt. The scatter ie caused Ly
other growth factors as explained. The primary aim must be to identify and measure these
influences and use the knowledge for improving the fertilizer recommendation.
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The relative values of percent yield may be useful for comparing responses to certain
treatmente of different cropes., Or they may be used for comparing extractants as described
in Chapter 4, because there the comparison of the correlations obiained with various extract-—
ants is the end of this research, and no economic evaluations in terms of absolute crop
responses are required.

Finally, eince in the literature the opinion ie expressed here and there that soil
tests may be calibrated with relative yields "using also" absolute data for developing
fertilizer recommendations, an axample shown below may illustrate how complicated the
relations between yield levels and responses are,

Three hundred fertilizer trials with irrigated wheat in the arid zone of Iran were

grouped according to check yields as shown in Table 5, The fertilizer application referred
to was 10 kg of N and 1395 sach per hectare. K was not required in these soils.

Table 5. Responses of wheat to fertilizers in Iran

Check yield Mean check Mean fertilized Mean yield Increase Percent

groups yields yield due to fert.applic. yield
kg egrain/ha kg/ha ke/ha kg/ha %

700 or less 506 988 48 35 ]

700 - 1,200 968 1,620 652 67 60
1,200 - 1,700 1,453 2 165 712 49 67
1,700 = 2,200 1,973 2,618 645 a3 75
2,200 = 2,700 2,437 3,006 569 23 81
2,700 and more 3,234 3,649 415 13 %

If one looks first at the absolute yield increases, column 4, it is seen that the
response is low at low check yields, it increases up to the third check yield group and
declines again.

The reason for this rise and decline of responses is that the growing conditions
causing a very low check yield alsc prevented fertilizers from being fully effective. As
growth conditione improve lack of nutrients becomes more prominent relative to other growth
factors with a resulting peak of the response in the third group. There the high reaponse
lifts the yield up over the 2000 kg mark which is a fairly high yield for the local wheat
of the area, FProm there on the increasing nutrient levels in the soil and the effect of
diminishing return whem nearing the yield ceiling, decrease lertilizer effects.

The aconomic benefits from fertilizer applications follow the same course as the
absolute responses,

The relative values of percent increase or percent yield, shown in the two last
columns, do not reflect the changes in the absolute responses. They decrease or increase
over the whole range and actually bear no relation to the absolute yield increases at the
wvarious check yield levels, the latter reflecting to a certain degree the sum of growth



factore including nutrient levels. 'The differences are marked mainly at lower levels of
productivity as they occur for instance in traditional farm systems of developing countries,

This may show that percent yield is not easily related with absolute response, a step

invelving much uncertainty, and the reader will appreciate the saving in time and effort
and the gain in precision by correlating soil tests directly with absolute crop responses.

T4 Inconaiatant Data

In sets of data and graphs as discussed above usually some figures deviate considerably
from the general line, If there is no reason to assume that the deviation is due to an
error in laboratory or field work, the first thing ie to locate the field from which the
exceptional figure originates. If other data from this field also deviate from the rest,
the experiment should not be included in the general correlation work. If, however, the
other data from that field do fit the general line well, the erratic figure should be taken
out and should not be carried through all the graphe. Such chance deviations may occur and
these figures may be replaced statistically in the same way as a miesing figure.

If a certain number of fields deviate consistantly from the rest with regard to response
and uptake figures and their correlations, these fields form a separate group which should
not be combined with the rest. UStrong soil influences are usually responsible for such a
circumstance.

It can be suggested as a general rule that in no case should one or two etrongly de—
viating points be allowed to disturb a set of graphe or correlations. The soil test
interpretation must necessarily be based on & broad average relation of data and should
not be concerned with occasional chance deviations.



8. THE INTERPRETATION AND USE OF SOIL TEST/CROP RESFONSE
C [TIONS POR I DATIONS

8.1 The Interpretation Graph

A calibration of soil tests to be used for fertilizer advice and based on the four
previously mentioned basic correlation graphe, is illuetrated in the model shown in
Fipure 11,

The three curves show the crop responses on scile with low, medium and high soil test.
(n soils rich in the tested nutrient low responses can be expected while eoile with low
levels of available nutriente will produce high responses to fertilizer applications.

The straight line in thie model shows for each fertilizer application rate the responae
needed to just repay fertilizer coets. The eection of the graph above thie coet line is
the area of profit, and below the line the area of monetary loss,

The arrows show the points of the two upper curves where the vertical distance from
curve to cost line is greatest indicating the fertilizer rate of highest economic benefit
often called optimum rate, Thie optimum rate is of course higher for soile testing low
than for soils teating medium. In this example the soils testing high will show an in=—
crease of yield by nutrient application tut these increases would not be economical.

If the fertilizer price decreases relative to the price of the crop, or if the crop
price increases, the cost line will be flatter as indicated by the broken line in the model.
In this case all the optimum rates increase and even on soils testing high it is economical
to use limited fertilizer rates,

8.2 Development of Interpretation Graph from Experimental Data

The procedure described below aims mainly at smoothing out sufficiently the scatter of
the measured data to reach a clear interpretation and furthermore to determine, if poesible,
the influence of other growth factore, which knowledge can then be used to refine fertilizer
advice,

For the type of basic data which would be obtained following the outlines as given in
previous sections of this guide, the described procedure is among the best that can be
recommended. Other types of basic data may require some changes or adjustments to parts
of the procedure,

The first step is to obtain a return curve for each experimental site or, to be more
exact, the best estimate of such a curve, For that purpose the 15 yield figures of each
Bite ij raplicates of 5 treatments nlnh} are plotted againet the 5 treatmente as shown
in Figure 9. Small graphe are more convenient than large scale ones for that purpoee,

The average yield for each treatment is also plotted as marked by x's in the graph.
Now the yield curve is drawn through theee points, smoothing out deviations, using the
average points as the main lead, but giving little or no weight to obviously exceptional
deviaticna, such as peint P in Pigure 9.



It is hardly worth calculating these curves mathematically; first of all because
possible deviations from the unattainable ideal curve hardly influence the final results,
secondly because the parabolic shape, the only function which can be calculated fairly
sasily, may not fit the points suitably and may introduce an error, and thirdly because
of the undue input of time and effort. Drawing the curve by hand and smoothing it with
French Curves will serve the purpese perfectly.

Having arrived at this curve the line Ch (Checkyield) is drawn horizontally from the
point at which the curve starts. The vertical distances from that line to the curve R, ,
R.» R,. R, are the average crop responses to the four nutrient rates applied. The reaéer
will appreciate that by this procees a considerable amount of variation in the original
data has been cancelled out which greatly facilitaetes the following phases of work.

Having obtained in this way a return curve for each experimental site there are two
poesibilities to continue depending on how small or large is the variability among the
curves.

For estimating this variability the scil test range covered by the experiments is
tentatively divided into three classes similar to the division shown in Figure 10, and
the curves are grouped accordingly. The soil test range can also be divided into more
than three classes, but for clarity three classes are alwayes adhéred to in this and the
following text.

If by this grouping of the curves it is found that in the group of low moil tests
the curves are conaistently and markedly steeper at their origin and reach higher than
the curves in the medium socil test group, and if those in thes high socil test group are
distinctly flatter than the rest, the variation among curves is emall. In this case
it may be possible to combine the curves within each group to average curves for low,
medium and high soil tests respectively and to draw directly the interpretation graph

. a8 shown in Figure 11.

The chances are that the variations among the ocurves within groups would be fairly
high so that almost certainly it would be necessary to improve on this quick, direct
approach by fellowing the second more elaborate but mere exact methed in additien.

This second approach would have to be followed in all those cases where the curves
within soil test classes vary widely between steep and flat aslopes. Such a variation
indicates that other growth factors have influenced yields and therefore an effort should
be made to eliminate thesee influences.

For this approach the next step is the plotting of the basic soil taﬂthrOp reaponse
correlations, an example of which i shown in Figure 2, Section T.1.2.

For that purpose the average soil test of each experimental eite is set out on the
x—axie, while in the vertical direction the average crop responses of each site, denoted
by Ry, By, Ry, Ry in Figure 9, are plotted. Hence there are four correlation graphs, one
for each nutrient application rate. The first graph correlates the Ry values (responses
to the P, application) of all sites with the soil test values, the second graph all Ro
values efc, All sites are included in this process disregarding soil test ranges.

The following etep is the correction of these four graphe for the influence of growth
factors {liutld in Section 5.3) as far as they are known and recorded for each experimental
field. This procesa was illustrated with the facter of irrigation in Chapter 7. Needless
to say that all four basic graphs should be treated and corrected in the same way.

In the four corrected soil toltfurup responee correlations are obtained, the average
crop responses muet be determined for various soil test classes. For this purpose the
whole range of moil test values is divided into three classes as shown in Figure 10, This
graph ie the corrected soil tantfornp response correlation of the cotton example in
Chapter T, Figure 4.
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The s8cil test values at which the wertical division lines of classes are drawn may be
chosen freely, although the position and shape of the regressions of ths four correlation
graphe should facilitate thie decision.

In theses Boil test claseee the middle points on the regression line, marked by small
circlea in Pigure 10, indicate the average crop responses for low, medium and high soil
test values.

The higheet sopil test class has in fact no upper limit. For the estimate of the
average response of that clase a secil teet value is taken am the right side limit of the
clase which in all four correlation graphs shows very emall responses, In Figure U the
Boil test value of 27 was taken as ihe right side limit for the higheat clase.

These average respones values obtained from the four correlation graphe mentioned
sarlier are now ueed to draw the interpretation graph as shown in Figure 11. From the
firet correlation graph the threes Tesponse values to the loweet nutrient application rate
are derived and are the three circled peointe over rate 1 in Fipure 11,

The second correlation graph which correlates the soil testa with the responses to the
application rate P, will rrovide the three circled points over rate 7 in the interpretation
graph Figure 11, and so on.

If these i? response valuese have been plotted in what is to become the interpretation
graph, it will most probably be found that the four pointe of each curve do not really
describe smoothly curved lines. It is therefore necessary to draw the required smcoth
curves nearesat to the four points. Again thie may conveniently be done by hand with the
aid of Prench Curves, resulting in a secure approximation of the experimental facts.

The calculation of the best fitting parabolas as described in Appendix 3 is recommend=
ad only if the position of the points fits the parabolic shape well.

With thim last step the interpretation graph is ready to be used as a basis for advice,

B.3 Basjc Pertjiljzer Recommendatjons

Any fertilizer recommendation, in order to be reliable, should be based on resulis of
at least two or three measona. The correlation work as described above ie the same in each
geason and the seasonal interpretation graphe provide a valuable means 1o compars years
and to underatand the measonal fluctumtions in the effects of influential growth factors
as well am of the interpretation curves, These yearly resulte are combined to give
averagee which are the best estimates for response forecastis and advice.

Once the combined interpretation graph is available, the basic fertiligzer recommend-
ationa for the area or country are easily determined., Thie process is demonstrated in
Pigure 11,

Por fertilizer recommendatione for soils testing very low the highest raturn curve
applies. On that curve the point marked by the arrow is the optimum fertilizer dose as
sxrplained before. HNo recommendation should be higher than this dose, Lower doses ars
allowed and they result in lower benefits per hectare but in higher benefit/cost ratios.

On these grounds the two areas A and B are chosen in the graph, A being the area of

highest benefit par hectare and B the area of lower fertilizer coste and increased benefit,
coet ratio, The centre points of these two areas (not shown in the graph) mark those basic
fertilizer rates for low testing eoile which ars recommended to farmers aiming at highest
profite, and farmere aiming at high monetary returns respectively.
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Thie concept of two distinctly different fertilizer recommendations is not usually
applied in the industrialized countries with price relations favouring high application
rates, but it ie important for developing countries where fertilizer prices may be higher.

The corresponding recommendatione for medium soil tests are those marked by the
centres of the areas C and D in the graph. The reader will understand that there is some
flaxibility in the choice of these areas.

For soile testing high no application can be recommended according to this graph. If

the cost line wae lower then small fertilizer applications might be economical and
recommendatione would be determined as shown for the other return curves,

e Site—apecific Adjustments of Basic Recommendations

It will be understood that the interpretation graph is attained by repsated averaging
and fitting regressions, which smoothed out the original wide fluctuations in figures, and
gives responee curvee which reflect average growing conditions of the area. However, each
growth factor varies in thearsa asfor instance the number of irrigations cited in the first
example with cotton. Eight irrigations wae the average and each irrigation less than eighi
lowerad the crop response by 13.7 k@fh&. Thie influence was quantified by the graphical
method described in T.7.2. It ie obvious that the basic fertilizer recommendation, as
indicated by the interpretation graph which is valid for an average of 8 irrigations, cannct
be applied for a field receiving only 4 or 5 irrigations,

But since it is known how much lower the response will be, the fertilizer rate to which
the recommendation must be reduced for optimum return,can be determined.

Thie procese of adjusting basic recommendations for certain growth factors may seem
complicated, In fact, however, it is rather eaay because for each growth factor four
correction graphs are made, one for each nutrisnt application rate, For each of these
rates it will be known therefore how much the crop response decreases for say two irrig-
ations less than the average 8. These decreases can be plotted in the interpretation
graph and the lower response curve will be obtained,

A similar adjustment can be made for any other growih factor of influence in the area.
In praciice there will only be a few major factors in each area to be taken inte account
for fertilizer recommendations and since it is not practical to make graphs for each farm,
recommendation tables can be prepared covering the main factor combinations in the area.
Examples of such tables will be shown later.

8.5 Pollow—up Pield Trials

If the soil teet calibration has reached the stage where basic fertiliser recommend=—
ations can be made, the most difficult etep has been achieved. In the previous section
was described the way in which these basic recommendstions can be adjusted to the individe
ual needs of specific areas or flelds by taking into account the influences of special
growth factors.

After these first stepe it is always necessary to continue ressarch for the refinement
of the smystem. In each area or on special mseils there are certain important wuriables which
may require specially designed experimenies to evaluate their influences, No fizved method
of approach can be given for thie follow-up research as requirements differ greatly from
region to region.



Beeidee these refinements of recommendations, +hich serve the individual farmer in
particular and make it absolutely necessary that the scientist in charge ie intimately
acquainted with the methods and implicatione of commercial farming in his region, there
are some more general research subjects which require continuous attention. These
subjects concern innovations made available to farming by science and industry such as
new plant varieties, new fertilizer materials, new machinery, new farm management methods,
stc, Once such innovations are being adopted by farmers, the soil testing service must
find out the influence of these innovations on the recommendations based on soil tests.

If a soil testing service should cease to keep up~to-date in the described way, the
farmers will lose interest quickly. This is equally true for developed and developing
countries. The linkage between the follow—up work and the agricultural extension service
will be discussed in the next chapter.

8,6 The Philosophy of Fertilizer Recommendations

The term "philosophy of fertilizer recommendation" and eimilar expressions are frequent-—
ly heard, particularly in high industrialized countries where farming iteelf has assumed
the character of an industry. A few worde may be said here regarding the meaning and back-—
ground of such expressions.

The eoil test values are only a measure of the plant available nutrients in the moil.
They do not indicate directly how much fertilizer should be applied, Thim depende on the
kind of crop to be planted, the desired yield level and on the economic benefits of the
various poseible application rates.

Eapecially when the fertilizer is cheap compared with the crop price and when the
fertilizer coste are only a small part of the total production coste, thers are several
different fertilizer recommendations that can be made, all based on the same so1l test
result. Theee possibilities are:

(a) to apply a relatively low amount of fertilizer in order to get the
highest poseible monetary return from the money epent on fertiliszer,
Thie would be suitable for poorer farmers; (areas B and D in Pigure 11)

(b) to apply those higher rates which are expected to result in the highest
possible benefits per hectars. This is the "optimum™ rate; (areas A and
C in Pigure 11)

c to apply still higher rates in order to increase the general nutrient
PPLY
level of the soil for the benefit of future crops;

(d) to apply fertilizer to specific crops in a rotation rather than to the
othears,

The farmer has a free choice among these and other possibilities and indeed his choice
depends on hie preferred philosophy just as a banker chooses among various money investmenta,

The soil testing service should try to meet the intereste of the farmer as much as
possible by including certain questione in the request form, for instance: what yield
level does the farmer wish to obiain, or what is the second crop in his rotation estc.

These and similar questions will narrow down the possible choice, btut it still remains wide
encugh for the soil testing service to decide on a certain "philosophy". The latter is of



course & decision in the sense explained above, which by experience leads to average hest
regults in the area.

When sets of the same soil samples are sent simultanecusly to several soil testing
servioces, asking them for the analytical results and their recommendations, it is usually
found that the soil test wvalues differ little among laboratories. The recommendations

differ much more and this is due tc the various philosophies which are based mainly on
local experience,

This shows that it would be basically wrong to expect similar fertilizer recommendations
from laboratories in different areas if they find the same soil test valuea for the same
so01l type.

In developing countries fertilizer use 1s intended to gain either the highest return
per inveeted money or the highest benefit per unit area. Recommendations for both these
purposes can be derived directly from the interpretation graphe as described in Section H.3.



9, INITIATION OF A SOIL TESTING SERVICE

9«1 General Requirement

The eatabliohment of a soil teating service, including the preparatory field work anc
ressarch inveolved in 1t, is not a matter of one or two years but lenger and should be con-
gidered as the firet period of a continuous and gradually improving service for the similarly
improving farm operations in an area or country. After two or three seasons when the basic
correlations allow the issue of the {irst soil test based fertilizer recommendations for
ona or two main crops, a great advance has been achieved but unlese work is continued these
:I';C_.g‘?t sguccessas will not have much consegquence.

The major requirements therefore are continuity in all main aspects of the work and
the right placement of the Service among the govarmment inetitutes.

9.1.17 Government attitude and placement of the s01l testing service

From the very beginning of the project all concerned government institutes
should be fully aware of the permanent nature of the soil testing eervice, and of the
importance and need for permanency of personnel, budget and technical approach as described
below.

A6 regards the place of a Soil Testing Service in the government infrastructure,
thera are two poesibilities which have been found suitable, One is to attach this Service
as an independent unit %o a government agricultural research institute, or seoils inetitute
if one exists, the other is to attach it — alec as an independent unit - to a university
inatitute, mont conveniently the soils depe . iment.

The reason for thie placement is the essentiality of cloee lialison between the
So1l Testing Service and an active ressarch unit.

Another necessary liaison is with the agricultural exieneion service as this
link provides the important fesd=back of knowledge from the field to the Service. Thie
liaison is of great importance to the Soil Testing Service solely if the Extension Service
i®s not only active but aleo effective, in the sense that it ia giving real guidance and
ussful advice to farmers and is fully accepted by them, In most countries the liaison with
ressarch may be more important espscially in the firet phases, and the 3oil Testing
Service im housed in a university or attached to experimental unitse.

9e1.2 Technical personnel

The leading staff from the chief of the Service, who should be a capable
technical expert, to laboratory and field supervisors should be permanent employees selected
for their dedication to the work and their interest. Those who are concerned with field
work should have a good knowledge of local farming and should become valuable team members
dealing with the sclentific staff, farmers and extension agents equally. Such relations
do not develop in a short time and are interrupted bty changes of personnel.



9.1+3 Technical approach to calibration problems

Actual plans for the work and experimentation ought to be made for several
seasons in advance, and many details such as designs, measurements, field techniques,
recordinge etc, should be standardized in order to reduce the chances of errors to a
minimum, and to increase the compatability of results obtained during longer periode.
Changes in plans and practices should not be made unless absolutely necessary. Discontin-
uity, often caused by changes in the leading personnel, eshould be avoided. Many of the
routinen established in the firast period should be maintained and will greatly add to the
smooth efficient operation of the Scil Teeting Service later on.

Ge1.4 PFacilities for field experimentation

Calibration field *rials should be conducted on fielde which have the average
properties of those of the commercial farmers, so that the resulting soil test calibration
will be valid under these conditions. For special reeearch, mainly for working out the
influence of certain variables, more closely controlled fields belonging to experimental
stations or farme are required. PFinally checke on new scil extraction methode require
greenhouse facilities., For these various types of experimente facilities must be avail-
able on a permanent basis. With regard to experiments on farmers' land the extension
gervice nhould play an important role as will be seen later.

9.2 Preparation in the Labeoratery

In countries or areas where a new soil testing service ie to be developed, the only
needed unit is a normal soile laboratory where all the usual types of soil analyses can be
carried out, and where a number of trained analyots and laborants are available.

Whon the field and laboratory work for soil test calibration starte the firet analyses
may 8till be made by certain semi routine procedures, as used for a limited number of tests.
As long ae effective precautions are taken to avoid analytical errors by (a) running
regular and frequently (usually with each series) known standard samples and (b) checking
regularly the test solutions, apparatus and instruments, the semi routine procedures may
be adequate for a long time, even after the first seasons of calibration field triale.
Howaver, it is advisable for the laboratory to prepare rather early for an increased
capacity.

The right arrangements of roomé for a continuous smocoth flow of samplea is important.
A small room for crushing and sieving soil asamples should be adjacent to a larger apace
for drying samples on trays fitting into shelves and laboratory space, office room, sample
store, etc. should all be in a compact unit.

The change from old to new equipment is always a source of error. These errors are
usually systematic ones in which the general level of resulting figures is shifted up or
down but the relation among figuree stays unchanged, For the soil teet calibration such
changes in levels are greatly disturbing. It needs a prolonged check by parallel peries
with both equipments in order to be sure of the required continuity. The laboratory leader
may design various cross tests using experimental field samples in ordar to increase re—
liability and ekill regarding new procadures,

Special attention must alec be given to the recording and evaluation of data. The
right equipment using colour marked serial frames avoide marking glasses altogether and
cute down marking of framee to a miniowum,



Preferably the instruments should be equipped with scales for reading the answers
directly in terme of the required units. Each analytical series should hava one record
sheet throughout the whole channel. Hand copying should be avoided completely.

For all these routine procedures several aystems are suitable and in use., Experience
has shown that any recording system will undergo certain changes until it is suitable and
practical. There is no 'best' system but every system has both advantages and dieadvantages.
In highly developed services the recent changes to computerized print—outs have altered
systems considerably, but for moet new scil testins laboratories any practical, arranged,
error—proof registration system will meet the requirements,.

9.3 Start of Field Experimentation

From the very beginning of field operatione the cooperation of the extension agents
of the involved areas should be secured, naturally with the full bleseing of the Head of
the Extension Service., This can best be done hy a training course or seminar in which the
purpose of the Soil Testing Service is explained and detailed information is given to the
agents about the field work required for the basic calibration, the duration of this
preparatory phase, the nature of the first fertilizer recommendations to be expected and
their further refinement. The agenis should be very clear about the contributions they
can make in any of these phases and the information they can give to the farmers in order
to secure their cooperation.

It is of advantage to hold this training course before the firet field cperations for
g0il test calibration etart in order to give the agents time to inform the farmeras about
what will happen and to make the start of field activities more pmnerally known.

The firet work conaiste in the collection of a large number of composite soil samples
for the sslection of axperimental sites. At planting time experiments will then be laid
out on the selected sites as described in Chapter 6.

From that time on intensive cooperation with the concerned extension agents should
never 8lacken, They must be given pericdical information material about the progress of
work and other interesting aspects of so0il testing in order to keep their and the farmers'
interest awake. In seasons of low agricultural activity vieits by farmers tc the laboratory
may be organized and during harvest time the harvesting of the calibration field experiments
can be used for organizing an instructive "field day™ for the farmers.

It is very important that in all these and following field activities the extension
agents are involved and take part as far as possible, They musi be fully aware of each
atep done in the field and its purpose, because it will normally be the extension service
which keeps the Soil Testing Service in business later on to the advantage of the farmer.

9.4 Operational Material and Other Requirements

9.4.1 Request forms, sample boxes and soil test reports

It will be clear to the reader by now that for walid fertilizer advice the
poil test figures of a sample alone are not sufficient. The farmer who sends the eoil
sample for analysis must answer a number of questions before the Soil Teasting Serivee
can give suitable advice. This advice will depend on the previous crop, the previous
fertilizer applications, the crop to be planted, the water available, the drainage of the
field and on meveral other items concerning important environmental factors which determine
the crop yields, and finally the yield which the farmer wishes itc attain.



The moil testing service needs all that information in a standard form and in
addition it must ascertain that the farmer takes the soil sample in such a way that it
really represents the soil of the field. Therefore, the ecil testing service issues to
the farmers, directly or via the extension agents, printed soil test request forme which
contain all the important questions to be answered by the farmer.

With this form goes a very clearly printed desoription of how to take a soil
sample, and finally one or more cardboard boxee (folded) for sending soil samples of the
right size. Usually a brief version of the instruction of how to take the samples ie
printed aleo on these boxes,

The request forms and the questione contained in them are not the same for all
countries or regions, In one area arainage may be all important, in another area subscil
conditions or typical soils differences may have an essential influence on the final
fertilizer recommendation. It ie therefore not poseible to give a standard form of request
sheet which is suitable for all conditions. Just to give examples, two such request forme
and one unfolded sample box are reproduced in Appendix 4.

By the time a new soil testing service has worked ocut the baeic correlations
and is able to issue fertilizer recommendations, the influences of important variables and
the respective questions to be asked of the farmer are well known and hence the designing
of a suitable request form is no problem,

When & certain soil eample is analysed the service sends the results, the

interpretation of them and the final fertilizer recommendation to the farmer on a printed
standardized soil test report. A specimen of such a report is reproduced also in Appendix 4.

9.4.2 Crop information sheeis

Another type of printed paper usually issued by an active soil teeting service
are information sheets on how to fertilize specific crope. They serve as a very valuable
guide for both the farmers and the exteneion agents. In order to prevent dullness and to
give these pamphlete more individuality they are not printed in a etandardized shape and

colour but vary in mape-up, colour, and slightly in size in addition to the front picture
which shows the crop itself.

The crop information sheets provide an excellent opportunity to teach extension
agent and farmer more about soil test-based advice., In these pamphleta the peculiar needs
of the crop are explained and how they relate to other crops. The moet suitable time for
fertilizer application and the best kind of fertilizera are given, aleo how the crop is te
be planted and treated, what difficulties may be met and how to overcome them. This greatly
helpe the farmer to create for each crop he grows the optimum conditions which in turn
will optimize the fertilizer effects and hence the economic benefits.

Such pamphlets are always issued if some new findings or new varieties are
available making a revision of the old pamphlet deeirable. A pamphlet may also be issued
if the farmers in an area persistently make a mistake regarding certain crops.

3ince such pamphlets have no value for the farmer if they do not take full}
into account the peculiarities and implications of commercial farming in the area,
experienced extension agents, if available, should take part in their designing.



9.4.1 Soil testing information sheets

Sometimes it is necessary to inform by printed sheets the extension agente and
farmers about certain matters or changes in the laboratory. Thie is always necessary if
an analytical procedure is changed and the resulting figures are different from those to
which the agente and farmere have become accustomed. Furthermore regarding new findinge,
new waya of evaluation, etc. resulting in different designe of the soil test reporte or
gimilar changes, special information sheete for agents and farmere will probably alsoc be
highly appreciated by all.

S.4.4 Assistance by extension service

Farmers, especially those who have not been able to have higher echooling,
usually find it difficult to work mccording to instruction sheets, to fill out forme and
to understand some of the technical terme which cannot be avoided. PFor instance one can
hardly expect them to understand why & soil sample must be taken in such a complicated way
a8 prescribed inetead of just going to the field and taking & spade of ®oil, putting it
into a bag and sending it to the laboratory.

This difficulty is experienced equally by farmers in highly developed and
developing countries and therefore it has happened that in actual practice most of the
8oil samples are taken for the farmer by extension agente who also help the farmers with
the correct completion of forms and, finally, with a correct understanding of the soil
test reports. In the U.5.A. and possibly elesewhere, the soil sampling and fertilizer
application are sometimes done by small firme working, under contract, with the farmers,
and keeping close and efficient contact with the soil testing service, using it to the
utmost benefit of all concerned with great technical efficiency.

In developing countries it will be necessary in most cases that selected
extension agents speclalize in this type of aseistance to farmers and keeping in very
close contact with the soil testing service. An important job for these agents will be
to obtain reliable information on the actual effecte of the issued fertilizer recommend-
ations with regard to yield increases and economic returns, and to re—channel it to the
80il testing service.
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APPERDIX 1

Determination of Potassium Fixation by Soils

As explained in the text some clay minerals have the ability to take up in their
crystal lattices potassium from the soil solution and from the exchange complex. Thie
fixed potassium is no longer exchangeable by salt solutione in the laboratory but the
plant roots can take it up by lowering the potassiun comcentration in the soil solution
and the exchanged complex causing a slow reversing of the fixation process.

The extent to which a eoil fixes applied potassium depends on the potassium deficit
in the lattices of its clay minerals and thie can be determined by the method quoted and
it also depends on the amount of potassium added or, more precisely, on the potassium
concentration around the fixing soil particles, which can be varied in the analysis.

Barlier workers dﬂsminad potassium fixation by adding a potassium solution to the
soil and drying it at T0'C, then rewetting it with water, drying it again and repeating
that several times. The high K—concentrations during the drying procees force much more
potassium into the clay mineral lattices than could ever be fixed in the field, Therefors
such repeated dryings are not recommended but the method described below gives two
alternatives, one without drying and one with a single drying only.

The method
"=  weight 10 gr. of air-dry scil intoc a small beaker or dish
= add 7.5 ml KC1 solution containing exactly 10 mg k*

— shake slightly to mix the soil well with the seclution, and cover with a watch glass.

Alternative (a) = leave the suspension at room temperature for 16 hours (overnight);

Alternative (b) = lua'm the suspension for & hours at room temperature, then dry at
70" Ca;

- leach the soil with N ammonium acetate of pH 7 as done for the determination
of axchangeabls patassiumg

- measurs by flame photometer the ameunt of potassium in the leachate.

This method, which resulted from a study of a number of typical Boile covering the
range of very high to zero fixation (38) shows the following firation valuest

Alternative (a) = 16 hours wet 1 0 = 4,5 mg K fived out of the 10 mg K added

Alternative (b) = with drying 0 = 7.5 mg K fixed out of the 10 mg K added.




It should be noted that this method gives relative fixation valuee by which the K-
fixing capacity of soils is characterized and which can be used for correcting soil test/

crop response correlations as described in Chapter 7 if K-fixation influences thie
correlation, :

Tha K-fixation values as found wiih this method do not show how much potaseium the
agi?a would fix in the field. 10 mg K per 10 gr soil corresponds to more than ? tone of
K" or 4 tone of KC1 per hectare. The much lower potassium applicatione to crope result
in much lower K—concentrations and therefore in relatively lower fixation percentages
ae compared with the laboratory procedure. In spite of that, the amounts of potassium
fixed in fields with etrongly fixing soils can be very high.



APPENDIX 2

Calculation of a Regression Line

Dafinitions: The regression line for a number of pointe is that line for which the
sum of the squares of the vertical distance from each point to the
line is in the minimum.
Ites general equation is: y = a + bx  in which
a = the y-=value in the graph for x = 0
b = the slope = the tangent of the angle the line makes with the x-axis,.

The factors a and b are to be calculated for a set of points of which the x and ¥
valuea are known (soil teets and crop responses respectively).

Calculations: n = the number of points of x-y=-pairs

Sx = sum of all x values Sy = pum of all y values
X = average x value = Sx/n ¥ = average y value = Sy/n
S(xEJ- sum of all equared x-values S(xy)= sum of the product x.,y of all
figure pairs.
SSrE = 35 12 = (5x e n which is the corrected sum of squaresof x

SP(xy)= S(x.y) = (Sx.Sy)/n which is the corrected sum of producte of xy

a and © of the regression equation are:

e SSx°

'!--1 "b-;

The regression line always passes through point P(X, ¥)



Notea: 1. 1If the regression line moves from the lower left to the upper right in the
graph the SPxy i1s positive and the b-value (tangent) is therefore positive.
If the line declines from the upper left to the lower right, b and S5Pxy are
both negative, which is the case with soil test/crop responee correlations.

2 .
2. The corrected sume of equares SSXE and 5SSy are always positive.

Calculation of the Correlation Coefficient r

(Por symbole refer to regression calculatien above)

3532 = corrected aum of equares of y. SSyE - 5{32} - [Sy}zfn
EPxy
\J‘ sSx° . SSy

r =

g

Notes: 1. With full correlation when none of the points deviates from the regression
line the correlation coefficient r reaches its highest value r = 1,

2. The correlation coefficient is positive when the tangent of the regression
line b, (and also SPxy) ie positive and vice versa. See also Note 1 of the
regression calculation above.

3« The square of the correlation coefficient times 100 shows how many percent of
the total influences are due to the correlation between x and ¥« For instance
in Pigure 4 the value for r was -0,739, = 0.546, 100r2 = 54 <6,

Hence 54.6% of the influences in that correlation are accounted for by the
true correlation between scil tests and crop responses, the rest is due to
other variablea,

Statistical checks of b and r

The unimproved correlations betiween soil tests and crop responses usually show
diagrams with a wide scatter of points and neither the regressions b nor the correlation
coefficients r are found statistically significant on the 5% level. If such significance
is demanded before continuing with the calibration work, it would probably never be started.

The statistical checks as shown below can be used for the final improved correlations
a8 a measure of quality. If these correlations also do not reach 5% significance, tha
inference is that more correlation data must be determined and added to those already
obtained. The inference is not that the obtained data are useless; one is perfectly right



to go on with the interpretation of the obtained weak correlations, keeping in mind that
verification by additional cerrelation data is desirable.

The usual statistical checks for b and r consist in caleculating the t—valuea for b and
r and comparing them with the table-values of t.

Calculation of the t-—value for the regreassion coefficient b.

T SSIE . 1’:»:"::.|r2 - SPxy '
. (ssx2)2 . (n - 2)

1
b . q{spzq,r';-2 « (n=2)
b s5x” . 5532 - SPxy

. "n-E
t value for r: tr - r.M—-—E—

t value for b: ¢ =-r .

l=1r



APPENDIX 3

t of a abolic Return Curve

Fertilizer response curves start from the axie origin and therefore the calculation
shown below is only for these curves, which have the general equation

Yy = bx + cxe
Similar to Appendix 2, the symbols used are:

Sx = the sum of all squared x-=values

Sx3 = the sum of all cubed x-—valuesa

514 = the sum of the fourth powerse of all x values

Sxy = the sum of the products x.y of all figure pairs
P

Sx y= the sum of the products ngy of all figure pairs

By means of a table of seven columns, the first two for the measured values of x and
y (s0il tests and crop responses respectively) and the other five columns for the above
values, the calculation can be done in an easy and orderly manner.

The values of b and ¢ of the equation are
S;y.qu - Exgy.le S:E . 5123 - Sxa.Sxy

b = (=
sx° . Sx¥ - {le}2 sx° . sx’ - (313)2

The highest point of the curve dencoting marimum crop response has the coordinatess

x .-l' -L"bx
max 2o J 2

max max

Calculation of the Optimum Fertilizer Rate

These rates resulting in the highest benefits per hectare are indicated in Figure 11
by arrows. At these points the tangent on the curve is parallel to the cost line. It is

obvious that the position of these points on the curves depends on the slope of the cost
line,



In the example of Figure 11 it needs a crop response of 150 kg to just repay the
fertilizer rate 3. Therefore the slope (tangent) of the cost line is 150/3 = 50,

The equation which was caloulated for the upper curve in Figure 11 in the way described
above was found to be

¥ = 169x = 24:2
The optimum fertilizer rate is calculated by

b =1
x - - ———

opt Se f = slope of comt line

which is fer the Graph Figure 11:

169 = 50
:Opt - -—;LEBL -?.ﬂ&



APPENDIX 4

Soil Testing Request Forms

The first two forms reproduced below are in use by the soil testing laboratories in
Texas and Indiana reepectively. These forme have to be filled out by the farmere and
contain queetione which must be answered for a correct interpretation of the soil test
valuea, It will be noted that in Texas a question early in the form concerns the soil
phase (upland, bottom) and the irrigation, which under arid climate are most influential
variables, That is followed by the question on the soil type. In Indiana with a colder
and wetter climate the important queastions in this category concern drainage, soil phases,
slope and erceion together with soil type.

The cropping and fertilizer history make up a common set of questions which includes
previous liming in Indiana but not in Texas where scile are usually high in lime and pH
due to the arid climate.

Hegarding the crops to be planted one question concerne the desired yield level. This
question ie seldom asked in that form in developing countries yet, where at present the
main distinction is made between fertilizer rates for highest benefit per hectare and rates
for highest return per invested money. However, with the development of correct working
soil testing services and refined production economy the targetted yield levels will soon
gain importance.

Cardboard Bor for Sending Soil Samples to the Laboratory

The third reproduction shows the print on the unfolded cardboard box which is imsusd
to the farmers of North Carolina for sendin; soil eamples to the labeoratory. The print
prescribes briefly how soil samples are to be taken, and it eays that 15 to 20 subsamples
or coreas are neaded per compomite eample.

The laboratory's mailing address is printed on the box.

8t rte

The fourth reproduction shows as an example the soil teeting report with fertilizer
recommendations used by the Indiana soil testing laboratory. Copies of each of these re-—
ports are usually sent also to the extension agent of the area who helpes with the use of
the recommendations as he has previously helped with collenting the soil samplee. In the
low right hand corner of thie form the meaning of soil test resulte ie shown.

This laboratory also issues other information sheets, one of which gives information
on the interpretation of moil test values for specific crops.



Interpretation of scil test wvalues for specific crops

Thie sheet is shown in the fifth reproduction. On thie are indicated the socil test
values under Indiana conditions which are called "very low", "low", etc. for specific groups
of crops, and valid for the methods of analyses employed., Such information sheets help the
extension agente greatly in understanding the interpretation of soil testing.

Finally the sixth reproduction shows the relations between fertilizer rates, yield
targets and previous crops as worked out by the Indiana laboratory.



Davd cDist. 4, 8, 8, 8, 19 & 11} TEXAS A&M UNIVERSITY
TEXAS AGRICULTURAL EXTENSION SERYVICE
SOIL TESTING LABORATORY ASCS Farm No....._ ..

S0IL SAMPLE INFORMATION SHEET FOR FIELD CROPS
To aid in interpreting the soil test and making recommendations, {ill in the following information
sheet as completely as possible and submit with your soil samples. Each soil sample should be
marked with your name and sample number which should correspond with the information furnished

E“ this sheet. Cost of testing is 32 per sample. See mailing instructions on opposite side under
tep 4.

NAME . COUNTY SAMFPLES TAKEN BY:
ADDRESS ; LOCATION I¥ COUNTY Farmer
INE, B, 5%, W, NW, mr ) Co., Agt
POST OFFICE DATE Dealer
EXTRA COPY TO: MNAME . ; ARC
5Cs
ADDRESS Vekid
ZIP CODE. ... .. b +H
A. S0IL CONDITIONS: (Use ditto and check marks wherever possible)
Lacstion | Irriguled I
— 7 i
Labsrutary Mumbsr .l I Badl
| Tres
iDie nel writs ! i .: 'l | ! i Taa MNs il kmawni i Hemarks
in this spars g1 | B JIE §l3
M T B O B L . I —
— = I S P -
B. CROPS TO BE GROWN C. CROPFPING HISTORY
s ’ Neal 1 Crops SR o = __.I..n:t._!_ig.r:ﬁ B
Momer] . WOtCw N o Lo FOEMIBIN. R DA SR e
Fertilinsr i .
Dol Dhaad Rl ks —
Cres Yiaid Cres Yoo Thake Grade [ Lhsa]  cree Tiskd

D. GENERAL: (Please answer following question if applicable to these samples).

1. Will Small Grain be grazed? No .~ Yes Which fielda?
2. Has Lime been applied during past two years? Which fielda?
3. Will grass be used for hay? No Yes Which fields?
4. Will grass be used for grazing? No Yes Which fielda? .
6. If grazed, how many animal units per 8eTe? ..
6. Will a legume be grown in pasture? No Yes Which fields
I B0, WA e e
7. What is the primary pasture grass?
Common Bermuda. ... Bahia Grass . .
Coastal Bermuda......... Love Grasa..........

Dallia Grass............ Native Grass...........
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PROCEDURE FOR TAKING SOIL SAMPLES

1, To <btain o soil somple that wil be representative of the oreo
you wont tested, toke o smaoll unilorm core .o ice) of soil
lrom the surfoce %o o depth ys: nvend 1o plow 2 inches
for established seds) in 15 or 20 spors. A1 of the zores should
be collected in o cleon poil ord mined thoroughly before placding

a pertion in the corten. Kl the box %4 to 3 full,

2. Sods thot ore durincdy diffecent in oppeoronce, crop growth,

or .poy! (Ueming, Ing, fertilizing, ar cropping)
dw\«ld‘b- po-nphd seporotely. Smoll areos that differ from

surreunding oreos sheuld be omined or sompled separotely.

3. Awoid fenifigas bunds, Wroce chonnels, dead fwrews, teads
ond ofher enysosl arees

4 Mark the simple Awrbs,  your name ond molling eddrent oa
S, B OUl IHE SPORRATION $HPET.,
b N more deboled idgmation, see Bditin. “Sel Yomplioy—

The Key 1o Raliobhe Soil Tewt Mnferpalian aynilolile idm your

PROCEDURE -FOR MAILING SAMPLES

Wrop ‘vary securely, address, ond prepay; by percel
pos all’ samples o e -

SOIL TESTING DIVISION
N:.C. DEPARTMENT -OF AGRICULTURE
RALEIGH, N. C. 27602

Yo ovoid penalty, do not write on the sample box
nor enclose writing in the pockoge except your
name, address and the somple number.

e e ———

PLEASE PRINT PLAINLY
(no more-thon 3 digits or lethers)

DO NOT Fill ABOVE THIS LNE
Sample or Fieldd No.

Nome _ .
Address




PURDUE UNIVERSITY

SOIL TEST REPORT
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«NUTRIENT RECOMMENDATIONS HAVE BEEN PREPARED
FOR THE CROP YIELDS REQUESTED ON YOUR CROPPING _ MEANING _OF SOIL TEST RESULTS
HISTORY FORM. IF NO CROP YIELD LEVELS WERE LISTED. | FeHORE 1850 FOTASSICM TEYH
THEN STANDARD RECOMMENDATIONS WERE WRITTEN, i FOR CORN, | 1O WHEAT OATS, ALl
THAT 15, FOR 125 BUSHEL CORM, 40 BUSHEL smnnu,| TEST SOTHEANY FASTURE LEGUMES FIELD CROFS
50 BUSHEL WHEAT, 70 BUSHEL OATS, 6-TON ALFALFA, OR LivL W pa | IN us P 1S ki
4.TON RED CLOVER. VERY LOW 010 010 04
INFORMATION ON METHODS OF FERTILIZATION FOR EACH | 10w nm nw "
CROP ARE DISCUSSED IN YOUR SOIL TEST REPORT EX-
PLAMATION SHEET. BRI 1n-m nw 151-210
NOTE: SOIL.BUFFER pH, THE BASIS FOR LIME RECOMMEN. | HigH 145 N0 211300
DATIONS, IS OMLY USED WHEN THE SOIL-WATER pH IS
BELOW 4.6, LIMING RATES INCREASE AS THE SOIL-BUFFER | ViFT HiGH AOVE 45 ABOVE 10 A0V 300

pH DROPS BELOW &.8.
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Interpreting Soil Test Values for Specific Crops®
FHOSPHORUS TEST LEVELS (lbs. B/A)*+

For small For trees,

Soi1l For corn, grains, pasture For For gardens,
Test soybeans, legumes, and lawn, tomatoes, flowers,
Level sorghum Jrasses, etc. turf potatoes shrubs
VERY LOW 0=10 0=10 0-20 0=-15% -

140w l1-24 11-20 21-45 16-30 -
MEDIUM 21=30 21-30 46-70 31=-70 0=70
HIGH 31-45 3l=70 71-100 71-100 71+
VERY HIGH 46+ 71+ 101+ 101+ -

*These values are calculated on the basis of 7" plow layer, or 2,000,000 pounds of soil.
*HEray Pl prscedure for measuring soil phosphorus was adopted on February 15, 1968,

POTASSIUM TEST LEVEL (lbs. K/A)

For corn, soybeans, For For For trees,

Soil small grains, lawn, other gardens,
Test pasture and hay turf, vegetable flowers,
Level Crops, potatoes tomatoes crops shrubs
VERY LOW 0=80 0=-100 - -——

LW Bl-150 101-200 0=-200 0-250
MEDIUM 151-210 201-300 201-330 251+
HIGH 211=-300 Iol-400 331+ —_—

VERY HIGH 101+ 401+ -—— -

MAGHNESIUM TEST LEVELS (lbs. Mg/A) ¥«

Smil Soil Color and Texture

Test Light-coleored, Light-colored, medium All other
Level coarse textured to fine textured (S. Ind.) Indiana Soils
Inadequate 0-75 O=100 0=-200
hdequate 7o+ 101+ 201+

The exchangeable magnesium in some Indiana soils has tested below the minimum level
thought to be adeguate by some agronomists. Magnesium plant deficiencies may be due

to several factors including soil test level, weather conditions, crop demands,

levels of exchangeable calcium and potassium, also ratio of soil potassium to magnesium.
There is no conclusive research evidence in Indiana that either yield or crop

guality is always reduced when s0il levels are less than the appropriate "adequate"
levels in the above table. For scils testing in the inadequate range, an application
of dolomitic limestone based on limestone requirements, or 25-50 lbs. of Mg/hA

should be sufficient to bring future tests into the "adequate"” range.

CALCIUM TEST LEVEL**

Calcium levels will usually be adeguate for most Indiana soils. Periediec liming
is effective in supplying adeguate calcium. Use soil pH and lime requirement
tests to determine lime needs on acidic soils.

*#*Exchangeable potassium, magresium and calcium are extracted from seoil by 1N
Ammonium Acetate nrocedure.,
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Corn or Grain Sorqhum:l

Yield Levels (bu/A) el

. 100-110 111-125 126-150° 151-175 176-200

s}
Test PE e Kzﬂ P205 KZO PZQE Kzﬂ P205 Kzﬂ 9205 KED
Very Low 100 100 110 120 120 150 130 180 150 200
Low 70 70 BO 90 90 120 100 140 120 160
Medium 40 40 50 &0 50 70 &0 90 70 120
High 30 30 30 30 40 40 50 &0 50 80
Very High 10 o 10 0 20 7] 20 o 20 o
Hitrogen Rates for Corn
Previous Yield Levels (bu/A)
Crop loo-110 111-125 126-150< 151-175 176-200

Pounds Nitrogen Per Acre

Good legume 40 70 100 120 150+
(Alfalfa, red

clover, sweet

clover)

Average le- &0 100 140 170 200+
gume (Legume-
grass mixture,
or poor stand)

Continuous 100 120 160 200 240+
corn (desired

yield level

has been obtained)

Corn, Soy- 120 140 170 220 260+
beans, small

grain, grass

sod

1. vield levels in excess of 150 bushels/acre are the results of combining numerocus
management practices, which favor high vields. Early planting, for example, could
be more profitable than an additional increment of fertilizer. MNitrogen will be
more efficiently used by corn, if the crop is planted on or near the recommended date,

These recommendations are prepared to reach the desired yield lewvel during the current
growing season. Where the land has not been managed intensively in previous years, it
is guestionable as to whether the higher levels can be attained in one season,

2. This yield level (126-150 bu/A) is usually selected where a specific yield level is
omitted, and the yield potential is apparent from the cropping infomation sheet.



