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Abstract: Studies on Soil Test Crop Response based Integrated Plant Nutrition System (STCR - IPNS) were
conducted adopting the Inductive cum Targeted yield model, on Vertic Ustropept of Tamil Nadu, Southern India
during 2011 — 2013 in order to develop fertilizer prescriptions through IPNS for the desired yield targets of
transgenic cotton under drip fertigation. The basis for making the fertilizer prescriptions viz. nutrient requirement
(NR), contribution of nutrients from soil (Cs), fertilizer (Cf) and farmyard manure (Cfym) were computed using
the field experimental data. Making use of these basic parameters, the fertilizer prescription equations (FPES)
were developed under NPK alone and under IPNS for the desired yield targets of cotton for a range of soil test
values. The quantity of fertilizers contributed by the application of farmyard manure was assessed. The
deviation recorded in the achievement of targets aimed was within the range of + 10 per cent (90 — 110%)
proving the validity of the FPEs. Thus the Inductive cum Targeted yield model used to develop fertilizer
prescription equations provides a strong basis for soil fertility maintenance consistent with high productivity
and efficient nutrient management in “Precision Farming” for sustainable and enduring Agriculture.
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I.  Introduction

Cotton (Gossypium sp.) popularly known as ‘White Gold’ is a premier cash crop playing a key role in
economical and social status of the world. Cotton lint, an important textile fiber comprises about 35% of total
world fiber use (USDA, ERS, 2011)[1]. The area under transgenic cotton is increasing geometrically. However,
the rising prices for fertilizers and other inputs are of increasing concern for farmers as fertilizer management
has an important impact on the profitability of cotton production (Bazen et al., 2007)[2]. Also, cotton cultivation
of late is proving to be less remunerative enterprise primarily because of high cost of production due to
indiscriminate use of pesticides and fertilizers (Tayade and Dhoble, 2010)[3]. In the prevailing regime of
widespread negative nutrient balances, it is difficult to expect depleted soils to support bumper crops or yield
high growth rates, even in a superior hybrid or a genetically modified crop. Sustainability of agricultural
systems has become an important issue in developing countries, including India. Over-exploitation of soils over
many decades has resulted in the exhaustion of the agricultural production systems and steadily declining
productivity has been noticed in long term experiments in Asia (Bhandari et al., 2002[4]; Ladha et al., 2003[5];
Manna et al., 2005[6]). The decision on fertilizer use requires knowledge of the expected crop yield response to
nutrient application, which is a function of crop nutrient needs, supply of nutrients from indigenous sources, and
the fate of the fertilizer applied (Dobermann et al., 2003)[7].

In the era of precision agriculture, the concept of ‘Soil test based fertilizer recommendation’
harmonizes the much debated approaches namely, ‘Fertilizing the soil’ versus ‘Fertilizing the crop’ ensuring for
real balance (not apparent balance) between the applied fertilizer nutrients among themselves and with the soil
available nutrients. Truog (1960)[8] illustrated the possibility of ‘Prescription method’ of fertilizer use for
obtaining high yields of corn using empirical values of nutrient availability from soil and fertilizer. However,
Ramamoorthy and his associates established during 1965-67 the theoretical basis and field experimental proof
and validation for the fact that Liebig’s Law of Minimum of Plant nutrition (Liebig, 1855)[9] operates equally
well for N, P and K for the high yielding varieties of wheat, rice and pearl millet, although it is generally
believed that this law is valid for N and not for P and K which were supposed to follow the percentage
sufficiency concept of Mitscherlich and Baule and Mitscherlich and Bray. Among the various methods of
formulating fertilizer recommendations, the one based on yield targeting is unique in the sense that this method
not only indicates soil test based fertilizer dose but also the level of yield the farmer can hope to achieve, if good
cultivation package is followed (Velayutham, 1979)[10].

In the “Inductive Approach” of STCR field experimentation, all the needed variation in soil fertility
level is obtained not by selecting soils at different locations as in earlier agronomic trials, but by deliberately

www.iosrjournals.org 36 | Page



Soil Test Based Fertilizer Prescriptions Through Inductive Cum Targeted Yield Model For

creating it in one and the same field experiment in order to reduce heterogeneity in the soil population (types
and units) studied, management practices adopted and climatic conditions. Ramamoorthy and Velayutham
(1971[11], 1972[12] & 1974[13]) have elaborated this Inductive approach and the STCR field design, which is
also quoted by Black (1993)[14]. The experimental data can be used for developing fertilizer recommendations
for maximum yield and profit and for desired yield targets of crops. Field specific balanced amounts of N, P and
K were prescribed based on crop based estimates of the indigenous supply of N, P and K and by modelling the
expected yield response as a function of nutrient interaction (Dobermann and White 1998[15]; Witt et al.,
1999[16]). In an investigation on soil test crop response on garlic in medium black calcareous soils of
Saurashtra region of Gujarat, Sakarvadia et al. (2012)[17] found yield targeting approach effective in soil
fertility build up. Khosa et al. (2012)[18] also reported the superiority of the target yield concept over other
practices for different crops as it gave higher yields and optimal economic returns. The specific yield equation
based on soil health besides ensuring sustainable crop production also steers the farmers towards economic use
of costly fertilizer inputs depending on their financial status and prevailing market price of the crop under
consideration (Bera et al., 2006)[19].

The fertilizer prescription equations developed using this model can be applied to Inceptisols of all
tropical regions by substituting the soil nutrient status of the particular field. Moreover, the methodology
adopted in the present investigation can very well be used to derive fertilizer prescription equations for any field
or horticultural crop (except perennial crops) on any soil series. On account of the above facts, the present
investigation was contemplated in transgenic cotton on Inceptisol under drip fertigation so as to elucidate the
significant relationship between soil test values and crop response to fertilizers, to develop fertilizer prescription
equations under IPNS for desired yield target of transgenic cotton and to test verify the validity of fertilizer
prescription equations developed for transgenic cotton under drip fertigation.

Il.  Materials And Methods

Studies on Soil Test Crop Response based Integrated Plant Nutrition System (STCR - IPNS) were
conducted adopting the Inductive cum Targeted yield model, on a Vertic Ustropept of Tamil Nadu, India. This study
comprised of three field experiments in three phases viz., fertility gradient experiment with fodder maize var.CO1
(Phase 1), test crop experiment with transgenic cotton RCH-530 BGII (Phase Il) and test verification trial with
transgenic cotton RCH-530 BGII (Phase I11). The details of the field experiments carried out and methods of
analysis of soil and plant samples and the methodology followed in the development of prescription equations
are presented below.

2.1. Basic concept

The methodology adopted in this study is the prescription procedure outlined by Truog (1960) and modified
by Ramamoorthy et al. (1967)[20] as “Inductive cum Targeted yield model” which provides a scientific basis
for balanced fertilization and balance between applied nutrients and soil available nutrients forms. Operational
range of variation in soil fertility was created deliberately to generate data covering appropriate range of values
for each controllable variable (fertilizer dose) at different levels of uncontrollable variable (soil fertility) which
could not be expected to occur at one place normally. Hence, in order to create fertility variations in the same
field, a gradient experiment was conducted prior to the test crop experiment to reduce the heterogeneity in the
soil population studied, management practices adopted and climatic conditions prevailing.

2.2. Study site and soil description

The field experiments were conducted at the Eastern block of TNAU farm, Coimbatore, Tamil Nadu,
Southern India on Inceptisol (Vertic Ustropept). The farm is located in the Western agro climatic zone of Tamil
Nadu at 11°12” North latitude and 77° 03’ East longitude at an altitude of 426.74 m above MSL. The gradient
and test crop experiments were conducted during October 2011 to April 2012 and the test verification trial during
August 2012 to March 2013. The soil of the experimental field belongs to Periyanaickenpalayam series
taxonomically referred to as Vertic Ustropept exhibiting clay loam texture, moderately alkaline reaction (pH
8.4) and non — saline conditions (EC 0.17 dS m™). The initial soil fertility status showed low organic carbon
(4.7 g kg™, low available N (225 kg ha™), medium available P (19.9 kg ha™), high available K (570 kg ha™).
The available Zn, Cu and Mn were in the sufficient range (1.29, 1.94 and 11.39 mg kg™ respectively) while
available Fe was in the deficient range (3.34 mg kg™).The total N, P and K contents of the soil was 0.13, 0.09
and 0.45 per cent respectively. The P and K fixing capacities of the soil were 100 kg ha™.

2.3 Treatment structure and soil and plant analysis

The field experiments viz., fertility gradient experiment with fodder maize (var. CO 1), the test crop
experiment with transgenic cotton (RCH 530 BGII) and the test verification trial with transgenic cotton (RCH
530 BGII) were conducted at TNAU Farm, Coimbatore on Inceptisol. The details of crops and important
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cultural operations carried out in the experiments are furnished in Table 1. The approved treatment structure and
lay out design as followed in the All India Coordinated Research Project for Investigations on Soil Test Crop
Response Correlation (AICRP-STCR) based on “Inductive cum Targeted yield model” (Ramamoorthy et al.,
1967) was adopted in the present investigation.

2.3.1. Gradient experiment

In the gradient experiment, operational range of variation in soil fertility was created deliberately. For
this purpose, the experimental field was divided into three equal strips, the first strip received no fertilizer
(NoPoKy), the second and third strips received one (N;P;K;) and two (N,P,K,) times the standard dose of N,
P,0Os and KO respectively and a gradient crop of fodder maize (var.CO 1) was grown. Eight pre-sowing and
post-harvest soil samples were collected from each fertility strip and analysed for alkaline KMnO,-N (Subbiah
and Asija, 1956)[21], Olsen —P (Olsen et al., 1954)[22] and NH,OAc-K (Stanford and English, 1949)[23]. At
harvest, plant samples were collected, processed and analyzed for N (Humphries, 1956)[24], P and K contents
(Jackson, 1973)[25] and NPK uptake was computed.

2.3.2. Test crop experiment

After confirming the establishment of fertility gradients in the experimental field, in the second phase
of the field experiment, each strip was divided into 24 plots, and initial soil samples were collected from each
plot and analyzed for alkaline KMnO,-N, Olsen-P and NH,OAc-K. The experiment was laid out in a fractional
factorial design comprising twenty four treatments and the test crop experiment with cotton was conducted with
four levels each of N (0, 60, 120 and 180 kg ha™), P,Os (0, 30, 60 and 90 kg ha™) and K,0 (0, 40, 80 and 120 kg ha™)
and three levels of FYM (0, 6.25 and 12.5 t ha™). The experiment was conducted as per the approved guidelines of
AICRP-STCR and fertilizer recommendations were developed.

The IPNS treatments viz., NPK alone, NPK+ FYM @ 6.25 t ha™ and NPK+FYM @ 12.5 t ha* were
superimposed across the strips. There were 21 fertilizer treatments along with three controls which were randomized
in each strip in such a way that all the treatments occurred in both the directions. The treatment structure and layout
are given in Fig.1. The test crop cotton was sown with a spacing of 120 cm x 90 cm. Routine cultural operations
were followed periodically. The sources of nutrients used in fertigation were urea, single super phosphate and
muriate of potash. The crop was grown to maturity, harvested and plot wise seed cotton yield was recorded. The
seed cotton, plant and post-harvest soil samples were collected from each plot. As done in gradient crop, the soil
and plant samples were processed and analyzed and NPK uptake by cotton was computed using the dry matter
yield.

2.4. Basic parameters for fertilizer prescription equations

Making use of data on the yield of cotton, total uptake of N, P and K, initial soil test values for
available N, P and K and doses of fertilizer N, P,Os and K,O applied, the basic parameters viz., nutrient
requirement (NR), contribution of nutrients from soil (Cs), fertilizer (Cf) and farmyard manure (Cfym) were
calculated as outlined by Ramamoorthy et al. (1967).

2.4.1. Nutrient Requirement (NR):
kg of N/ P,0s/ K0 required per quintal (100 kg) of seed cotton production, expressed in (kg q™).
NR = (Total uptake of N or P,Os or K,O (kg ha™)) / Seed cotton yield (g ha®) - (1)

2.4.2. Per cent contribution of nutrients from soil to total nutrient uptake (Cs):
Cs = [(Total uptake of N or P,Os or K,0 in control plot (kg ha™)) / (Soil test value for available Nor P,Os or K,0
incontrol plot (kg ha*))*100 )

2.4.3. Per cent contribution of nutrients from fertilizer to total uptake (Cf):
Cf = {[(Total uptake of N or P,0s or K,O in treated plot (kg ha™)) - (Soil test value for available N or P,Os or
K,0 in control plot (kg ha™) * Average Cs)] / Fertilizer N or P,Os or K,0 applied (kg ha™)} * 100
----- @)
2.4.4. Percent contribution of nutrients from organics to total uptake (Co)
2.4.4.1. Percent contribution from FYM (Cfym):
Cfym = {[(Total uptake of N or P or K in FYM treated plot (kg ha™)) — (Soil test value for available N or P or K
in FYM treated plot (kg ha™) * Average Cs)] / Nutrient N/P/K added through FYM (kg ha™)} * 100

These parameters were used for developing fertilizer prescription equations for deriving fertilizers
doses, and the soil test based fertilizer recommendations were prescribed in the form of a ready table for desired
yield target of cotton under NPK alone as well as under IPNS.
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2.5. Fertilizer prescription equations
Making use of these parameters, the fertilizer prescription equations (FPES) were developed for cotton
as furnished below.

2.5.1. Fertilizer nitrogen (FN):

FN ={[(NR/(Cf/100))*T] - [(Cs/CH)*SN]} == (5)
FN = {[(NR/(Cf/100))*T] - [(Cs/Cf)*SN] - [(Cfym/Cf)*ON]} @ - (6)
2.5.2. Fertilizer phosphorus (FP,0s):
FP,Os = {[(NR/(Cf/100))*T] - [(Cs/Cf)*2.29sP}  —me (7
FP,Os = {[(NR / (Cf/100))*T] — [(Cs/Cf)*2.29SP] - [(Cfym/Cf)*2.290P]}  --—- (8)
2.5.3 Fertilizer potassium (FK,0):
FK,O = {[(NR/(Cf/100))*T] - [(Cs/Cf)*1.2aSK)y e 9)
FP,Os = {[(NR/ (Cf/100))*T] — [(Cs/Cf)*2.29SK] - [(Cfym/Cf)*1.210K]} ---- (10)

where, FN, FP,Os and FK,O are fertilizer N, P,Os and K,0 in kg ha™, respectively; NR is nutrient
requirement (N or P,Os or and K,0) in kg g™, Cs is per cent contribution of nutrients from soil, Cf is per cent
contribution of nutrients from fertilizer, Cfym is percent contribution of nutrients from FYM, T is the yield
target in g ha™; SN,SP and SK respectively are alkaline KMnO4-N, Olsen-P and NH,OAc-K in kg ha™ and
ON, OP and OK are the quantities of N, P and K supplied through FYM in kg ha™.

These equations serve as a basis for predicting fertilizer doses for specific yield targets (T) of cotton for
varied soil available nutrient levels.

I1l.  Results And Discussion
3.1. Seed cotton yield, Uptake and Initial available NPK status

The range and mean values (Table 2) indicated that the seed cotton yield ranged from 1082 kg ha™ in
absolute control to 3405 kg ha™ in NigoPooKgo + FYM @ 12.5 t ha™ of strip Il with mean values of 2146, 2691
and 2803 kg ha‘ly respectively in strips I, 11 and 111. The N uptake by cotton varied from 43.2 to 152.9 kg ha™; P
uptake from 8.69 to 47.7 kg ha™* and K uptake from 52.2 to 140.2 kg ha™ in strips I, 11 and I11, respectively.

The data on initial soil test values of cotton revealed that, the mean KMnO,4-N was 213, 238 and 255 kg
ha™, respectively in strips I, Il and I1l. The mean Olsen-P values were 16.4, 30.4 and 38.0 ,kg ha™ respectively in
strips | to 111 and the mean NH,OAc-K values were 554, 589 and 609 kg ha™ in strips I, Il and Ill, respectively
(Table 2).

The existence of operational range of soil test values for available N, P and K status in the present
investigation was clearly depicted from the initial soil available nutrient status and variations in the seed cotton
yield of cotton and NPK uptake, which is a prerequisite for calculating the basic parameters and developing
fertilizer prescription equations for calibrating the fertilizer doses for specific yield target of cotton.

3.2. Response of transgenic cotton to fertilizer N, P,Os and K,O

Optimisation of nutrients is largely based on the response of the crop to applied fertiliser nutrients.
Application of N, P and K had a significant effect on plant growth and yield. The response of cotton to different
levels of fertilizer N, P,Os and K,O were assessed in terms of response ratio (RR). There was a progressive
increase in response for N, P,Os and K,0 levels from Ngy to Nigy, P3g t0 Pgg and Ky to Kyag, respectively and the
highest RR of N recorded was 5.30 at Nig. Similar trend was observed for phosphorus and potassium with the
highest RR of 4.60 and 2.95 observed at Pgo and K, respectively (Table 3).

3.3. Basic parameters (Table 4)

In the targeted yield model, The basic parameters for developing fertilizer prescription equations for
cotton are (i) nutrient requirement (NR) in kg per quintal of seed cotton, per cent contribution of available NPK
from soil (Cs), fertilizers (Cf) and farmyard manure (Cfym). Making use of data on the yield of cotton, total
uptake of N, P and K, initial soil test values for available N, P and K and doses of fertilizer N, P,0O5 and K,O
applied, the basic parameters were computed.

3.3.1Nutrient requirement of transgenic cotton

Application of adequate amount of nutrients is a pre-requisite for exploiting genetic potential of any
crop. Cotton which is a heavy feeder exhibits vigorous growth and dry matter production (DMP) and is
responsive to application of fertilizers. Nutrient requirement to produce one quintal (100 kg) of seed cotton was
4.43 kg of N, 2.20 kg of P,O5 and 4.83 kg of K,0. In the present investigation, the requirement of K,O was
higher which is followed by N and P,Os. The requirement of K,O was 1.09 times higher than N and 2.20 times
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higher than P,Os. The major demand for K by the plant comes at boll set. Even in soils rated high in available K,
in-season K shortage can develop due to the heavy demand during rapid boll set and fill (Gormus and Yucel,
2002)[26].

3.3.2 Per cent contribution of nutrients from soil (Cs) and fertilizers (Cf) to total uptake of cotton

The per cent contribution of nutrients from soil (Cs) to the total uptake was computed from the absolute
control plots and it expresses the capacity of the crop to extract nutrients from the soil. In the present study, it
was found that the soil has contributed 24.65 per cent of available N, 48.95 per cent of available P and 11.06
percent of available K respectively towards the total N, P and K uptake by cotton. The nutrient contribution of
the soil to transgenic cotton was relatively higher for P,Os as compared to that by N and K,O. With regard to N
and K,O, comparatively lower Cs was recorded which might be due to the preferential nature of cotton towards
the applied N and K,O than the native N and K. This is in accordance with Popat Kadu et al. (2012)[27] on
kharif cotton in Maharastra.

The per cent contribution from fertilizer nutrients (Cf) towards the total uptake by cotton was 52.01,
49.89 and 73.35 per cent, respectively for N, P,Os and K,O and followed the order of K,O > N > P,Os5. The
estimated per cent contribution of nutrients from fertilizers (Cf) to total uptake clearly revealed the fact that the
magnitude of contribution by fertilizer K,O was 1.47 times higher than P,Os and 1.41 times as that of N. The
contribution from fertilizers was higher than from the soil for all the three nutrients. The findings are closely
accorded with those reported by Anon (2012)[28] for transgenic cotton BRAHMA on black calcareous soil. The
contribution of nutrients towards the growth of the crop was higher from fertilizers than that of soil for all the
three nutrients (N, P,Os and K,0).

3.3.3 Contribution of nutrients from FYM

With a view to evaluate the extent to which the fertilizer requirements of cotton can be reduced under
IPNS, the contribution of nutrients from FYM is to be quantified. Accordingly, the fourth basic parameter for
the targeted yield model, the per cent contribution of N, P,Osand K,O from FYM was computed. The estimated
per cent contribution of N, P,Osand K,O from FYM (Cfym) were 38.19, 16.43 and 40.35 respectively for cotton
which indicated that relatively higher contribution was recorded for K,O followed by N and P,Os. The present
findings corroborated with the findings of Santhi et al. (2002)[29] and Saranya et al. (2012)[30] and the response
yardstick recorded was 5.13 kg kg™.

3.4. Fertilizer prescription equations for transgenic cotton under drip fertigation
Soil test based fertilizer prescription equations for desired yield target of cotton were formulated using
the basic parameters and are furnished below:

STCR-NPK alone STCR-IPNS (NPK + FYM)
FN = 8.51T — 0.47 SN FN = 8.51T — 0.47 SN — 0.730N
FP,Os = 4417 - 2.25 SP FPOs = 4.41T - 2.25 SP — 0.750P
FK,O = 6.59T — 0.18 SK FK,O = 6.59T — 0.18 SK — 0.660K

where, FN, FP,0s and FK,0 are fertilizer N, P,Os and K,O in kg ha™, respectively; T is the yield target
in g ha'; SN, SP and SK respectively are alkaline KMnQO,4-N, Olsen-P and NH;OAc-K in kg ha and ON, OP
and OK are the quantities of N, P and K supplied through FYM in kg ha™.

Fertilizer response is denoted by the functional relationship between increase in crop yield and added
fertilizers. It can be expressed graphically or algebraically by an equation. Milap Chand et al., (2006)[31]
reported the superiority of the target yield concept over other practices for different crops as it gave higher
yields, net benefit and optimal economic returns. The yield targets were achieved within reasonable limits when
the fertilizer was applied on soil test basis in majority of the crops thus establishing the utility of the prescription
equations for recommending soil test based fertilizer application to the farmers. With this background, in the
present investigation, soil test based fertilizer prescription equations for desired yield target of cotton was
developed using the basic parameters obtained. The data clearly revealed the fact that the fertilizer N, P,Os and
K,0 requirements decreased with increase in soil test values and increased with increase in yield targets.

Realizing the superiority of the targeted yield approach, Santhi et al. (2012) [32]documented in a
handbook the soil test and yield target based fertilizer prescriptions under IPNS for 25 crops comprising cereals,
millets, pulses, oilseeds, sugarcane, cotton, vegetables, spices and medicinal crops on 14 soil series for Tamil Nadu.

3.5. Fertilizer prescription under IPNS for desired yield target of transgenic cotton

A ready reckoner table was prepared using these equations for a range of soil test values and for a yield
target of 30 q ha™ for cotton (Table 5). For achieving an yield target of 30 q ha™ of seed cotton with a soil test
value of 280, 20 and 500 kg ha™ of ~ KMnO,-N, Olsen-P and NH,OAc-Kthe fertilizer N, P,Osand K,O doses
required were 124, 87 and 108 kg ha™, respectively under NPK alone and 84, 67 and 74 kg ha™ under IPNS
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(NPK + FYM @ 12.5 t ha™* with 32, 0.64, 0.31 and 0.61 per cent of moisture, N, P and K respectively).
Similarly for the target of 35 q ha™, the respective values were 166, 109 and 141 kg ha™* under NPK alone and
126, 89 and 107 under IPNS. Under IPNS, the fertilizer savings were 40, 20 and 34 kg ha™ respectively when
FYM was applied @12.5 t ha™* along with NPK fertilizers.

In the present investigation, there was a marked response to the application of NPK fertilizers, the
magnitude of response was higher under IPNS as compared to NPK alone. The per cent reduction in NPK fertilizers
under IPNS also increased with increasing soil fertility levels with reference to NPK and decreased with increase
in yield targets. These could be achieved by integrated use of FYM with NPK fertilizers. The role of FYM is
multidimensional ranging from building up of organic matter, maintaining favourable soil physical properties and
balanced supply of nutrients. In the present investigation also, these factors might have contributed for the yield
enhancement in cotton when NPK fertilizers are coupled with FYM. Similar trend of results were reported by
Anon (2012) in transgenic cotton.

3.6. Test verification trial

In order to validate the fertilizer prescription equations developed for transgenic cotton on
Periyanaickenpalayam soil series (Inceptisol), test verification trial was conducted at TNAU farm, Coimbatore
on the same soil series. There were nine treatments viz., blanket recommendation, STCR-NPK alone for 3.0, 3.5
and 4.0 t ha™ yield targets, STCR-IPNS for 3.0, 3.5 and 4.0 t ha™ yield targets, farmer’s practice and absolute
control. The treatment details and results are furnished in Table 6.

3.6.1. Seed cotton yield and achievement

The results of the test verification trial revealed that the seed cotton yield ranged from 1.81 t ha™ in
control to 4.14 t ha™* in STCR-IPNS 4.0 t ha™. Irrespective of the yield targets, the yield recorded in the STCR-
IPNS treatments were higher when compared to their corresponding STCR-NPK alone treatments. The seed
cotton yield under general recommendation of fertilizers and farmer’s practice lagged behind the yield obtained
at 3.0, 3.5 and 4.0 t ha™ fixed targets. The results of the test verification trial on transgenic cotton clearly
indicated that the per cent achievement was within = 10 per cent variation (90 to 110 %) at all yield target levels
proving the validity of the fertilizer prescription equations. According to Velayutham et al. (1984)[33], if the
targeted yield was achieved within + 10 per cent variation, then the equations are found to be valid. The highest
achievement of the yield targets was recorded with STCR-IPNS target of 4.00 t ha* (105.0 %) followed by STCR-IPNS
target of 3.5 t ha’ treatments (104.3 %). The yield targeting with IPNS recorded relatively higher percent
achievement than that aimed under their respective NPK alone treatments. It is evident from the data that lower yield
targets were better achieved than the higher one in both the crops. This might be due to the better use efficiency of
applied NPK fertilizers at low yield target levels (Santhi et al., 2002 and Bera et al., 2006) (Table 6).

3.6.2. Response ratio (RR)

The RR recorded for various treatments ranged from 3.07 kg kg™ in farmer’s practice to 4.31 kg kg™ in
STCR-IPNS- 4.0 t ha'. Among the STCR treatments, IPNS recorded relatively higher RR than NPK alone
treatments (Table 6). Relatively higher RR recorded under STCR-IPNS treatments when compared to blanket
and farmer’s practice might be due to balanced supply of nutrients from fertilizer, efficient utilization of applied
fertilizer nutrients in the presence of organic sources and the synergistic effect of the conjoint addition of various
sources of nutrients. Similar trend of superiority of STCR-IPNS over farmer’s practice was reported by
Coumaravel (2012)[34] for maize-tomato sequence.
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Figures And Tables

Fig.1. Layout plan of STCR —IPNS experiment with transgenic cotton under drip fertigation
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Table 1 Details of crops and important cultural operations

Sl. Details of cultural Gradient experiment Fodder Test crop experiment Test verification trial
No. operations maize (CO 1) Cotton (RCH 530 BGlII) Cotton (RCH 530 BGII)
1 Season June-August October- April August - February
2 Strip/Plot size (m?) 705 27 58
3 Date of sowing 24.06.2011 01.10.2011 31.08.2012
4 Spacing (cm) 30x15 120 x 90 120 x 90
5 Date of harvest 18.8.2011 07.03.12 — 28.04.12 8.01.13-26.02.13

Table 2 Pre-sowing soil available NPK, seed cotton yield and NPK uptake by cotton (kg ha™

Parameters (kg Strip | Strip 11 Strip 1l
ha™) Range Mean Range Mean Range Mean
KMnO, -N 207 - 216 213 232 -241 238 252 - 260 255
Olsen-P 15-18 16.4 28-33 30.4 36 —42 38.0
NH;OAc-K 550 — 560 554 584 — 594 589 606 — 613 609
Seed cotton yield 1082 - 2618 2146 1275 - 3405 2691 1406 — 3401 2803
N uptake 43.2-117.1 94.0 57.8-152.9 118.0 63.8-152.6 124.5
P uptake 8.7-24.9 195 13.1-47.7 27.6 13.0 - 46.6 28.4
K uptake 52.2-103.4 84.2 62.2 - 140.2 109.9 69.9 - 139.7 114.8

Table 3 Response of transgenic cotton to different levels of fertilizer nutrients

Nitrogen (N) Phosphorus (P,0s) Potassium (K;0)

S.No Level Response Re;gggse Level Response Rerjgggse Level Response Rer:zggse
o kg ha k ; kg ha* k 8 kg ha k .
1. 60 252 4.20 30 92 3.07 40 97 2.43
2. 120 572 477 60 271 4.52 80 214 2.68
3. 180 956 5.30 90 413 4.60 120 354 2.95

Table 4. Nutrient reguirement, contribution of nutrients from soil, fertilizer and FYM (%) for cotton

Basic data
Parameters
N P20s K20
Nutrient requirement (kg ™) 4.43 2.20 4.83
Per cent contribution from soil (Cs) 24.65 48.95 11.06
Per cent contribution from fertilizers (Cf) 52.01 49.89 73.35
Per cent contribution from FYM (Cfym) 38.19 16.43 40.35
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Table 5. Soil test based fertilizer prescription for yield target of 30, 35 and 40 g ha™ of cotton (kg ha™)

Soil Test Fe(;;t '"ﬁ;rf)N Per cent Fertlllzer-: o) (kg Per cent Fel’tl|lzer;]|;1) kg | per gent
Values (kg g reduction reduction reduction
ha'!) NPK | NPK+ | gyer NPK NPK NPK+ over NPK NPK NPK+ | over NPK
alone FYM alone FYM alone FYM
KMnO.-N 30qhat 35qha’ 40 g ha'
160 180 140 22.2 223 183 18.0 265 225 15.1
180 171 131 23.4 213 173 18.8 256 216 15.6
200 161 121 24.8 204 164 19.6 246 206 16.2
220 152 112 26.3 194 154 20.6 237 197 16.9
240 143 103 28.1 185 145 21.6 228 188 17.6
260 133 93 30.1 176 136 22.8 218 178 18.3
280 124 84 32.3 166 126 24.1 209 169 19.2
Olsen-P 30 gha® 35¢ha 40 g ha
10 110 90 18.2 132 112 15.2 154 134 13.0
12 105 85 19.0 127 107 15.7 149 129 134
14 101 81 19.8 123 103 16.3 145 125 13.8
16 96 76 20.8 118 98 16.9 140 120 14.2
18 92 72 21.8 114 94 17.6 136 116 147
20 87 67 22.9 109 89 18.3 131 111 15.2
22 83 63 24.2 105 85 19.1 127 107 15.8
NH,O0Ac-K 30qha 35qha’ 40 g ha*
300 144 110 23.7 177 143 19.2 210 176 16.2
350 135 101 25.2 168 134 20.3 201 167 16.9
400 126 92 27.0 159 125 21.4 192 158 17.7
450 117 83 29.1 150 116 22.7 183 149 18.6
500 108 74 31.6 141 107 24.2 174 140 19.6
550 99 65 34.4 132 98 25.8 165 131 20.7
600 90 56 37.9 123 89 27.7 156 122 21.9
Table 6. Results of the test verification trial on cotton
Fertilizer doses .
lfllc.) Treatments (kg ha™) (t\fq:ll)d acE?ervz?Tr:;nt (kgng'l) BCR
N P,0s K,0O
T1 Blanket 120 60 60 2.55 - 3.08 17
T2 STCR-NPK alone-3.0 tha™ 166 80 99 3.02 100.7 3.51 2.0
T3 STCR-NPK alone-3.5 t ha' 209 102 132 3.51 100.3 3.84 2.2
T4 STCR-NPK alone-4.0 t ha' 251 124 165 3.99 99.8 4.04 2.4
T5 | STCR-IPNS-3.0tha® 121 58 59 3.15 105.0 3.88 2.0
T6 STCR -IPNS- 3.5 tha' 164 80 92 3.65 104.3 4.15 2.3
T7 STCR -IPNS- 4.0 t ha 206 102 125 4.14 103.5 431 25
T8 Farmer’s Practice 110 55 60 2.50 - 3.07 1.7
T9 Control - - - 1.81 - 1.4
SEd (%) 0.09
C.D (0.05) 0.18

V.  Conclusion
To conclude, soil test based IPNS for desired yield targets of transgenic cotton was developed and
validated on Vertic Ustropept of Tamil Nadu under drip fertigation in the present investigation taking into account the
nutrient requirement and contribution of N, P and K from various nutrient sources (soil, fertilizer and FYM). This
envisages a balanced nutrient supply to transgenic cotton which is site specific and can play a major component of
precision agriculture. The specific yield equation based on soil health will not only ensure sustainable crop
production but will also steer the farmers towards economic use of costly fertilizer inputs. The fertilizer
prescription equations developed using this model can be applied to Inceptisols of all tropical regions by
substituting the soil nutrient status of the particular field. Moreover, the methodology adopted in the present
investigation viz., the prescription procedure outlined by Truog (1960) and modified by Ramamoorthy et al. (1967)
as “Inductive cum Targeted yield model” can very well be used to derive fertilizer prescription equations for any

field or horticultural crop (except perennial crops) on any soil series.
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