
•

Treatment levels ranged from 0 to 125 kg/ha for N; 0 to 125 kg/ha P20 5; and 0 to 62

kg/ha KCl. Some of the more commonly used designs for both DOA and KU, includ

ing the frequency of their use, are shown in Table 2 and Table 3.

Management practices used in the trials tended to be reasonably representa

tive of farmers' practices. Farmers grow maize in a maize-sorghum, maize-soybean or

maize-mungbean pattern, without intercropping or mixed cropping. Tillage is

mechanized and line planting (often mechanized) is prevalent. Farmers' densities

tend to be good. Weed control is by hand or animal traction (few herbicides are

used), though some tractor cultivation can be found. Almost all farmers use im

proved varieties (typically Suwan 1) and hybrid use is on the increase. Maize stover,

tops, or lower leaves are rarely used for livestock feed. Farmers' practices are typical

of maize grain cash cropping and these practices were retlected in trial management.

Soil tests were conducted for some trials, especially those implemented by

DOA. These revealed that fields with "red" soils used for trials tended to have a lower

pH, lower levels of organic matter, and lower levels of soil phosphate than "black"

soils. In addition, yield levels for trials on "red" soils tended to be somewhat lower

_ (Table 4). Treatment levels for N, P20S and K20 in the trials were similar for both

KU and DOA, with the range of nitrogen levels exceeding those of phosphate or

potash.

As a first approximation to synthesizing data on maize yield response to ferti

lizer application, a model was constructed to explain the variability in maize grain

yield in terms of the following variables: NHA (applied nitrogen in kg/1m); PHA

(applied phosphate in kg/ha); KHA (applied potash in kg/ha); NBYP (an interaction

term between nitrogen and phosphate); and a set of dummy or binary variables repre-
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Tab1e 2
SURD!Iary of Tria1 Designs, DOA Data 1/

Design N P K
Reps/

Farm
Farms/
Trial

DESIGN 1- 0 0 0 2 1
31 0 0

n = 28 31 31 0
62 0 0
62 31 0
62 62 0

DESIGN 2 0 0 0 1 3-5
0 62 31

n = 18 62 0 31
62 62 0
62 62 31
62 62 62
62 125 62

125 62 31
125 125 62

OTHER DESIGNS

n = 21

------------------------------------------------------
1/ N, P, and K refer to applications of N, P20 5 and KCl
in kg/ha.
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Table 4
Characteristics of Trials
by Institution and Soil Type

DOA KU
:------------------------------------

Variable Black Red Black Red
-----------------------------------------------------------
OM (%) 3.4 2.3 NA 1/ NA
pH 6.8 6.1 NA NA
Soil P (ppm) 19 7.S NA NA
Soil K (ppm) 112 167 NA NA

Applied N (kg/ha) 2/ 41 50 42 38
Applied P20S (kgjha) 26 42 36 24
Applied K20 (kgjha) 9 18 4 7

Yield (tjha) 3.5 3.3 4.1 3.9

1/ Not available.
2j Average of nutrients applied in treatments, including
"zero" treatment levels.
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senting the years for which data is available.l Different models were estimated for

"red" and "black" soils, and for data generated by KU and DOA.2

Model results were strikingly similar for both data sets (Table 5). On "black"

soils, maize grain yield increased by around 8 or 9 kg for each kg of nitrogen applied.

There was little or no response to phosphate or potash. In contrast, on "red" soils,

yield responses were found for both nitrogen (around 10 kg per kg of nitrogen ap

plied) and phosphate (around 8 kg per kg of phosphate applied). The next section

examines the profitability of readily available fertilizers, for both "red" and "black"

soils.

3 The ProfilabiJilygfFertilizerApplied on Maize

Some of the experiments used in the above statistical analysis were also ana

lyzed with respect to economics. In one study using KU data, for example, it was

found that the application of nitrogen in the form of inexpensive, single-nutrient

forms was often lucrative for maize grown on "black" soils, but that the use of com-

pound fertilizers, e.g., 16-20-0 or 15-15-15 was usually not profitable (Harrington,

Thiraporn and Wattanutchariya, 1987). In a similar study using DOA data from the

Nakhon Sawan Field Crops Research Center, the application of nitrogen in the form

1. In early versions of this model, other variables were tested, e.g., percent organic matter, soil pH, etc.
None of these were found to significantly affect maize grain yield in any soil type. Note that these data
were not available for many of the trials in the data set. Similarly, a trend variable was included in an
early version of the model. Maize yields were observed to increase Slightly over time, but this can be
attributed to a change in the geographical distribution of trials over time. Alternative functional
forms, e.g., with quadratic terms, have been estimated, but are not reported here.

2. Individual plot data were used in estimating these models. An alternative approaCh would be to
reconstruct the statistical and economic analysis trial by trial, then ascertain the frequency with which
the application of different nutrients is found to lead to a profitable and significant yield response.
This alternative approaCh was not used, due to a lack of information-{)n trial management needed for
analysis on a trial-by-trial basis.
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Tab1e 5
~nmaary of Regression Results
by Institution and by Soil Color 1/

KU DOA

variable Black Red Black Red

(kg maize per kg nutrient applied)

Nitrogen
phosphate
Potash

9 *
2 ns

- 4 ns

10 *
7 ns 2/

- 8 ns

8 *
2 ns
5 ns

10 **
9 **
5 *

1/ Four models were constructed, one for each combination of
institution and soil color. Variability in maize grain yield
was explained in terms of applied nitrogen, applied phos
phate, applied potash, and the year in which the trial was
conducted. For details on model specification and detailed
statistical results, see the statistical Appendix.

2/ Significantly different from zero at .12 level

** significantly different from zero at .01 level
* significantly different from zero at .05 level
+ significantly different from zero at .10 level
ns not significantly different from zero at .10 level
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of urea was found to be economically rewarding on "black" soils. On-farm ferti-

lizer trials conducted by the Soil Science Division of the Department of Agriculture in

cooperation with FAO were also analyzed with respect to economics, but this analysis

was inconclusive due to problems in integrating statistical and economic analysis.J

The economics of applying fertilizer to maize in Thailand can be observed by

applying information on prices to the data in Table 5. For "black" soils (regardless of

data set), it was found that the application of 1 kg of nitrogen leads to a yield response

of 8 or 9 kg of maize. No significant responses to phosphate or potash were found in

either data set, so alternative fertilizers can be assessed in terms of their cost-effec

tiveness as sources of nitrogen2.

The ratio of the price of nitrogen (in the form of one or another fertilizer

formula) to the price of maize provides an easy way of assessing the economics of

nitrogen application. The application of one kg of nitrogen increases yields by 9 kg.

Consequently, if it costs more than 9 kg of maize to purchase 1 kg of nitrogen, the

1. In these trials, analysis of the profitability of applying different nutrients to maize grown on differ
ent soil types was found to be contain a systematic bias. Recommendations at the level of soil series or
soil color were constructed from economic analysis of data from individual trials. However, data on
the response to a nutrient was discarded when no significant yield response was found. Consequently,
the profitability of using nutrients without a significant yield response was greatly exaggerated.

2. Continual use of nitrogen only over time will likely lead to excessive extraction of other nutrients, so
occasional use of organic manures and! or inorganic sources of phosphate or other nutrients may be
needed. This question of long-term sustainability of soil quality should be distinguished from the
question being currently addressed: near-term profitability. Sustainability questions are important but
were not addressed in the single-season trials that form the database for this paper. Long-term trials
are needed as a basis for forging a dynamic strategy for the maintenance of soil fertility (see Suwanarit,
SuwaQnarat and Chotechaungmairat, 1984).
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application of nitrogen is unprofitable].

Nitrogen/ grain price ratios, using farm-level prices for fertilizer and for maize,

are shown for 1984-88 in Figure 1. Nitrogen in the form of 16-20-0 or 15-15-15 is very

expensive (i.e., high nitrogen/ grain price ratios) for all years. In contrast, nitrogen in

the form of urea is relatively inexpensive and lies well within the realm of profitability.

The case for "red" soils is somewhat more complex. Yield response to the

application of 1 kg of nitrogen is about 10 kg of maize grain. In addition, the applica

tion of 1 kg of phosphate increases yields by 6 to 7 kg of maize. Interactions between

nitrogen and phosphate do not appear to be strong2, so the two nutrients can (tenta

tively) be analyzed separately.

Recommended levels of nitrogen (62 kg/ha) and phosphate (62 kg/ha) were

used in combination with the nutrient responses shown in Table 5 to construct partial

budgets for the years 1984-1988.3 Farm-level prices corresponding to each year were,

used (Table 6). Marginal rates of return were then calculated in two steps:

First, the profitability of applying recommended nitrogen levels vs. zero nitro

- gen was assessed. Nitrogen prices were estimated based on urea prices. Second, the

1. This approach ignores several factors, including return to investment capital, labor costs for fertiliz
er application, and the possibility that yield responses to fertilizer application in on-farm trials may be
larger than responses experienced under conditions of farmer management. In practice, then, the
breakeven nitrogenl grain price ratio would be somewhat below 9. All of these factors, however, were
taken into account in analyses conducted at the trial level that showed urea application to be profita
ble on black soils (Harrington, Thiraporn and Wattnutchariya, 1987).

2. However, it should be noted that many of the trials included in this data set were not designed to
test for interactions. A more thorough statistical anlaysis of the data set is needed to test for interac
tions among treatments as well as treatment by environment interactions.

3. Actually, yield levels used to construct the partial budgets were estimated from the equations in the
Slatistical Appendix that form lhe underpinning afTable 5.
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Table 6
Fara Level Prices for llaize and Fertilizer
1984-1988

Maize Maize Urea Urea 16-20-0 16-20-
0
Year Baht/kg $/ton Baht/kg $/ton Baht/kg $/ton
--------------------------~------------------------------------
1984 2.49 100 5.89 235 4.61 184
1985 2.33 93 6.20 248 5.27 211
1986 1.82 73 4.27 171 4.91 196
1987 1.60 64 3.86 154 4.53 181
1988 2.48 99 4.66 186 5.06 202

Source: Office of AgricUltural Economics, MOA
Prices are current prices. US 1$ = Baht 25.
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profitability of applying recommended levels of phosphate plus nitrogen vs. nitrogen

only was assessed. Given that single-nutrient sources of phosphate are not readily

available in Thailand, nitrogen and phosphate prices were estimated based on a

combination of 16-20-0 and urea. Results were consistent for both data sets and for

all years: nitrogen in the form of urea was always reasonably profitable (and quite

often very profitable indeed), but the nitrogen-phosphate mix, based largely on 16-20

0, always earned negative returns (Figure 2).

In summary, the application of nitrogen in the form of urea to maize in Thai

land was found to be consistently profitable, regardless of source of agronomic data,

soil color, or year (within the data set shown). In contrast, the use of compound ferti

lizers (e.g., 16-20-0) was found to be consistently unprofitable, even on red soils where

phosphate is deficient and where maize yields respond to its application.

In the next section, we examine farmer adoption behavior, focusing on adop

tion of compound fertilizers vs. adoption of inexpensive sources of nitrogen.

4 FarmerAdoption Q/.Fertilizer ill Maize Cultivation

There are several sources of information on the extent of farmer adoption of

fertilizer for maize cultivation in Thailand. These sources agree that Thai maize

farmers use little or no fertilizer. The rates of fertilizer application reported below

are astonishingly low: this is usually because "zero" doses are averaged in (i.e., aver

ages are reported for all farmers in an area, not just for those who use fertilizer), and

because some users only apply fertilizer to a small proportion of plants in field -

usually those plants that are lagging behind in growth.
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For example, in annual cost of production surveys conducted by the Office of

Agricultural Economics, Ministry of Agriculture and Cooperatives, average nitrogen

applications in maize have rarely been found to exceed 1 kg/ha (including "zero"

application levels). Fertilizer was found to account for less than 5% of the cost of

maize cultivation (Figure 3).

More recent data from a DOAE monitoring program indicate that fertilizer

use on maize is beginning to pick up a bit, but that around half of maize farmers still

use no fertilizer and that most of the other half use exceedingly low doses (lower than

30 kg/ha combined NPK -- and usually well below these levels). (Figure 4) Some of

this recent increase may be associated with promotion of hybrid maize seed, but data

on this are scarce.

If fertilizer use on maize is low, use of urea (and other inexpensive sources of

nitrogen, e.g., ammonium sulfate) is even lower. For example, diagnostic surveys

conducted in 1985 and 1987 in Nakhon Sawan and Petchabun Provinces by on-farm

research staff found that many farmers use fertilizer, but that most of this takes the

form of recommended compound fertilizers (16-20-0 and 15-15-15), applied at the

rate of roughly 2 - 2 - 0 kg/ha NPK. Virtually no farmers were found to use urea.

A study conducted by Chittaladakorn (1989) is especially interesting. In this

study, two provinces are compared. In one province (Srisaket), maize farmers have

developed the custom of applying ammonium sulfate, an inexpensive source of nitro

gen. In the other (Petchabun), this custom has never taken hold. Farmers in Srisaket

are far more likely to use fertilizer, and are more likely to apply nitrogen at non-trivial

levels than farmers in Petchabun (Table 7 and Figure 5). The use of an inexpensive

of source of-nitrogen is clearly associated with higher levels of fertilizer use. It is

instructive to note, however, that Srisaket is virtually unique among maize-producing
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Table 7
Fertilizer Use Practices in Srisaket and Petchabun

Srisaket Petchabun
(flat)

Petchabun
(hillsides)

Most popular fertilizer 21-0-0 16-20-0 16-20-0
% farmers use fertilizer 100% 41% 33%

% farmers use:
21-0-0 41% 3% 8%
46-0-0 36% 15% 20%
16-20-0 8% 73% 48%
15-15-15 13% 9% 20%
other 2% 0% 4%

% farmers use:
< 20 kg/ha combined NPK 14% 37% 29%
> 38 kg/ha combined NPK 61% 0% 0%

Averge N dose, kg/ha (users) 75 11 9

Source: Chittaladakorn, 1989
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provinces in its use of inexpensive sources of nitrogen.

Low levels of use of inexpensive sources of nitrogen on maize is especially ,

curious when one takes account of the rapid increase in the use of these fertilizers on

other crops. Urea imports] have increased from low levels in the early 1980's to

levels comparable to those of 16-20-0 at the present time (Figure 6). Urea is increas

ingly used on rice and sugarcane. Why, then, is it not used on maize if it is apparently

so profitable?

5 I1ze Role g[Policy ill Explaining NOIl-Adoptioll

Data presented in above sections indicate that the use of recommended ferti

lizer rates for maize (62-62-0 kg/lla NPK) is exceptionally unprofitable, but that the

use of inexpensive sources of nitrogen (urea, ammonium sulfate) is, in contrast,

economically attractive. Farmer non-adoption of recommended compound fertiliz

ers, then, is readily accounted for simply on the grounds of low or negative profits.

Farmer non-adoption of inexpensive sources of nitrogen is harder to explain.

Figure 6 may hint at part of the answer. While there has been very rapid

recent growth in urea imports, this increase only began in the early to mid-1980's, with

much of it occurring between 1985 and 1987. Prior to this, urea was not readily avail

able at the farm level, especially outside of major rice-growing areas. However, this

merely raises another question: why were urea imports so limited until the mid

1. Thailand imports most of its fertilizer. The strong recent growth in urea utilization has depended
entirely on an increase in urea imports. Plans exist for the construction of a urea manufacturing facili
ty in the Eastern Seaboard industrial complex, but this is apparenny stallcd,-at least temporarily, due
to its questionable financial feasibility.
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1980's?

Here are several possible answers (all of which feature policies of one kind or

another) to the above questions:

1. Fertilizer import and distribution policy in Thailand is dominated by the needs

ofrice cultivation. Maize is a minor crop in comparison to rice and the needs of maize

farmers have rarely been considered when fertilizer policies are debated. For along

time, "rice fertilizer" and "16-20-0" (and similar compounds) were virtually synony

mous. Only recently has urea topdressing on rice become important.

2. Self-defeatingpolicies for urea promotion may have played a role. In the late

1960's and early 1970's, urea imports were first prohibited, then highly taxed, to foster

an increase in the local production of urea. The hoped-for production increase never

materialized and these policies were eventually modified.

3. Direct govemment intervention in fertilizer imports may have been a factor.

Although the fertilizer market is at present relatively free (private companies can

import and distribute fertilizers of any formula as long as quality standards are main

tained), there is a history of government to government barter of agricultural

products for fertilizer, usually compound fertilizers. For example, Thailand and

South Korea exchanged cassava for 16-20-0 in 1984 (88,000 tons of cassava for 50,000

tons of fertilizer), 1985 (100,000 tons of cassava for 60,000 tons of fertilizer), and 1986

(100,000 tons of cassava for 30,000 of 16-20-0 and 30,000 tons of 15-15-15).

4. Maize fertilizer recommendations that emphasize the use ofcompound fertiliz

ers have been widely publicized. Village level extension workers and countless farmers

have becom..e acquainted with the performance of compound fertilizers on maize
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through an extensive program of on-farm demonstrations. By exhibiting unprofitable

technology, these demonstrations may have discouraged farmers from taking the time

to learn about alternative fertilizer formulations. Recommendations calling for the

use of urea or other inexpensive sources of nitrogen for maize cultivated on black

soils were only released in 1990 and have not been so extensively promoted. Curious

ly, the older recommendations calling for compounds continue to be employed in

some hybrid maize promotion schemes.

Other policies affecting fertilizers do not seem to have played a major role in

discouraging urea or ammonium sulfate use on maize. For example the Bank of

Agriculture and Agricultural Cooperatives (BAAC) provides inputs, including ferti

lizer, on credit to qualified farmers, but does not appear to dictate the formula a

farmer should purchase.1

Similarly, urea imports have been taxed at one or another rate over the last

several decades. This has not eliminated the profitability of urea application on

maize (at least, for the years analyzed in previous sections) -- when farmers can find

it. In any event, the import of other fertilizers has also been taxed. These import

taxes are partly balanced by the role of the Marketing Organization for Farmers

(MOF) in subsidizing transport cost of fertilizer to upcountry locations.

In summary, there appears to have been a consistent and mutually-reinforcing

set of policies that have served to discourage, until recent years, urea imports.

1. Nonetheless, it doesn't seem unreasonable to assume that farmers unfamiliar with fertilizer use on
maize might ask the advice of BAAC staff when selecting a fertilizer, at which pOint it seems highly
likely that compound fertilizers would be suggested.

25



Without urea supplies readily a~ailable at the village level] , farmer experimentation

on chemical fertilizer management has been constrained, and this has reduced the

aggregate demand for inexpensive nitrogen sources. Low levels of demand in a

market economy like Thailand's translate into low levels of supply in subsequent

periods, especially when official policy is "tilted" in favor of compounds.

Some policy changes needed to foster increased use of fertilizer (i.e., inexpen

sive sources of nitrogen) on maize have already taken place. Fertilizer recommenda

tions for maize have been adjusted; high taxes on urea imports have been eliminated;

and nitrogen topdressing for rice has become more important -- with the conse

quence that urea availability is vastly improved. As maize farmers become more

familiar with urea and ammonium sulfate, the use of these fertilizers is likely to grow

rapidly.

ImpliClltions for On-Farm Research

What, then, is an appropriate future role for on-farm trials and on-farm re

search on fertilizer for maize in Thailand? One fact should be clear: simple repeti

tion, season after season, of earlier designs should no longer be a high priority. In

preparations for this paper, a cursory review of available information uncovered

nearly 300 on-farm trials conducted over a 15 year time frame (and DOAE data was

not even tapped!). More resources should be devoted to synthesizing and assessing

available trial data. The present paper provides only an incomplete first step in this

direction.

1. It should be noted that major field crop areas in Thailand are often not contiguous with major rice
producing areas. Urea available in rice producing villages in the Central Plains may be of little use to
farmers in (other) provinces where maize production is concentrated.
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Maize fertilizer research and recommendations appear to have been strongly

colored], for some time, by a concern for maintaining soil fertility levels. Researchers

are right to be concerned: with a foreseen increase in the use of urea and ammonium

sulfate on maize, levels of phosphate and other nutrients in the soil may come increas

ingly under threat.

Research on the effective maintenance of soil fertility -- like other research on

the broad topic of "sustainability" -- must necessarily take on a long-term perspective,

with a particular focus on dynamics. Single-season, researcher-managed trials are not

adequate for this purpose. Future research may take on at least two forms:

1. Long-term trials and dynamical models to assess ways to maintain soil fertili

ty through nutrient cycling and intermittent applications of secondary (i.e., non-ni

trogenous) nutrients. The conceptual framework for this kind of research is already

well established. (Kennedy, 1986)

2. Monitoring of farmers to track the velocity and incidence of soil nutrient

loss, and to uncover successf~l farmers' dynamical strategies for maintaining soil fertil

ity. Increased farmer participation is the hallmark of this option.

Successful implementation of either of the above research thrusts, however, is

likely to require the active participation of social scientists acquainted with dynamical

modeling and/ or farmer monitoring and farmer participatory research. The structure

of Thai research institutions (especially DOA but also, to a certain extent, DOAE and

KU) may make this difficult.

1. No pun intended.
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StatisticalAppendix

All models explained the variability in maize grain yield in terms of the following varia
bles: NHA (applied nitrogen in kg/ha), PHA (applied phosphate in kg/ha), KHA (applied
phosphate in kglha), and NBYP (nitrogen by phosphate interaction term). Binary variables,
e.g., D79 or D85 were included to account for differences in growing conditions in different
years. When n years of data were available, n-l binary variables were used. Other functional
forms, e.g., with quadratic terms, were used in some models (not shown here).

MODEL 1: DATA FROM KU, BLACK SOILS

Regression Coefficients

Var. Coeff. Beta F-ratio Probe std. Error

NHA 0.0092 0.1571 4.4857 0.0353 0.0043
PHA 0.0015 0.0277 . 0.1110 0.7393 0.0045
KHA -0.0042 -0.0294 0.3542 0.5523 0.0070
NBYP 0.0001 0.1185 1. 2059 0.2733 0.0001
D79 0.4506 0.0588 0.7852 0.3765 0.5085
082 -0.6699 -0.0874 1. 7950 0.1817 0.5000
084 1. 2133 0.1913 7.5561 0.0065 0.4414
D85 4.3066 0.6789 95.4480 0.0000 0.4408
086 2.3630 0.6442 42.4837 0.0000 0.3625
Const. 1. 4501 55.7799 0.0000 0.1942

Regression statistics

Coefficient of mUltiple determination =
Coefficient of multiple correlation =
standard error of mUltiple estimate =

0.5409
0.7355
1.1754

F-Ratio
Degrees of freedom
Probability of chance

= 29.0637
= 9 & 222
= 0.0000

Number of valid cases =
Number of missing cases =
Response percent =

232
o
100.00 %
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MODEL 2: DATA FROM KU, RED SOILS

Regression Coefficients

Var. Coeff. Beta F-ratio Probe std. Error

NHA 0.0095 0.1755 5.9198 0.0157 0.0039
PHA 0.0073 0.1467 2.5999 0.1082 0.0045
KHA -0.0081 -0.0837 2.1402 0.1449 0.0056
NBYP -0.0000 -0.0434 0.1533 0.6958 0.0001
076 -1. 3447 -0.1146 4.3132 0.0389 0.6475
D77 -1.8864 -0.4154 . 53.7056 0.0000 0.2574
D79 -0.6003 -0.1599 6.0327 0.0148 0.2444
D84 0.6575 0.0684 1. 7447 0.1879 0.4978
088 0.7480 0.2333 13.7907 0.0003 0.2014
Const. 3.6619 583.2891 0.0000 0.1516

Regression statistics

Coefficient of mUltiple determination =
Coefficient of multiple correlation =
standard error of mUltiple estimate =

0.4227
0.6502
1.1656

F-Ratio
Degrees of freedom
Probability of chance

= 18.7129
= 9 & 230
= 0.0000

Number of valid cases =
Number of missing cases =
Response percent =

240
o
100.00 %
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•

MODEL 3: DATA FROM DOA, BLACK SOILS

Regression Coefficients

Var. Coeff. Beta F-ratio Probe Std. Error

NHA 0.0075 0.2266 4.1250 0.0445 0.0037
PHA 0.0018 0.0510 0.1706 0.6803 0.0043
KHA 0.0051 0.1024 1.0204 0.3145 0.0050
NBYP 0.0001 0.1743 1.1106 0.2941 0.0001
089 0.2918 0.0766 0.7246 0.3964 0.3427
088 0.9164 0.2405 7.1490 0.0086 0.3427
Const. 2.8853 294.1248 0.0000 0.1682

Regression statistics

Coefficient of mUltiple determination =
Coefficient of multiple correlation =
Standard error of mUltiple estimate =

0.2050
0.4528
1.1404

F-Ratio
Degrees of freedom
Probability of chance

= 5.0294
= 6 & 117
= 0.0001

Number of valid cases =
Number of missing cases =
Response percent =

124
o
100.00 %
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MODEL 4: DATA FROM DOA, RED SOILS

Regression Coefficients

Var. Coeff. Beta F-ratio Probe Std. Error

NHA 0.0103 0.3157 31.1417
PHA 0.0089 0.2842 19.4255
KHA 0.0055 0.1096 4.7820
NBYP -0.0000 -0.1636 3.7449
075 -0.7234 -0-.0324 0.7881
077 -0.7745 -0.2197 18.5531
078 -0.6104 -0.1746 11.6738
079 -1. 0549 -0.0815 4.7764
081 1.1027 0.2775 35.3313
082 -0.1493 -0.0295 0.4558
083 0.5583 0.1238 7.6256
084 0.7368 0.1634 13.2821
085 -1.4495 -0.2669 39.8352
V086 -0.8725 -0.1564 13.7297
Const. 2.5534 669.0062

Regression statistics

0.0000
0.0000
0.0296
0.0540
0.3755
0.0000
0.0007
0.0297
0.0000
0.5002
0.0061
0.0003
0.0000
0.0003
0.0000

0.0019
0.0020
0.0025
0.0000
0.8149
0.1798
0.1787
0.4827
0.1855
0.2212
0.2022
0.2022
0.2297
0.2355
0.0987

Coefficient of multiple determination =
Coefficient of mUltiple correlation =
Standard error of mUltiple estimate =

F-Ratio = 35.8453
Degrees of freedom = 14 & 275
probability of chance = 0.0000

Number of valid cases = 290
Number of missing cases = 10
Response percent = 96.67 %
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0.6460
0.8037
0.8006




