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Abstract

India’s cotton farming, reliant on chemical fertilizers, faces soil degradation and yield decline. To combat this, a sustainable Soil Test Crop
Response - Integrated Plant Nutrient System (STCR-IPNS) approach was adopted in vertisols of Karaikal district (Typic Haplusterts), to develop
fertilizer prescription equation for cotton. A fertility gradient experiment was conducted with rice (ADT 45), wherein three strips were
established by applying phosphorus and potassium at 150 and 100 kg ha* respectively, based on their fixing capacities, while nitrogen was
applied as per the recommended dose. A field experiment with cotton hybrid RCH 659 BG Il was conducted using four levels of nitrogen (N at
0,60, 120 and 180 kg ha), phosphorus (P,0s at 0, 30, 60 and 90 kg ha?), potassium (K,0 at 0, 30, 60 and 90 kg ha?) and three levels of farmyard
manure (FYM) (0, 6.25 and 12.5 t ha?) to optimize fertilizer use efficiency and enhance soil health. Maximum yield and growth parameters were
achieved with NPK + 12.5 t ha FYM. Using yield data, nutrient uptake, initial soil N, P, K levels and fertilizer doses, basic parameters were
computed to develop fertilizer prescription equations. Nutrient requirement for cotton followed the order K,0 > N > P,0s. Nutrient
contributions from soil (Cs) were higher for P,0sfollowed by KO and N. Fertilizer contributions (Cf) followed K,0O > P,Os > N, while FYM
contributions (Cfym) were highest for N followed by K,0 and P-Os. Using these parameters, fertilizer prescription equations and nomograms
were developed for target yields (31, 33 and 35 g ha™). Application of NPK with FYM at 12.5 t ha resulted in fertilizer savings of 52, 30 and 48 kg
ha of N, P,0sand K;O respectively. The STCR-IPNS approach enhanced yield, nutrient use efficiency and soil fertility, making it ideal for
sustainable intensification in vertisols of Karaikal district.
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unsustainable practice necessitates an integrated approach to
nutrient management, one that harmonizes the advantages of both
organic and inorganic sources to ensure long-term soil fertility and
productivity. By combining organic manures with chemical
fertilizers, a more sustainable and efficient nutrient supply can be
achieved, ensuring long-term productivity and environmental
health.

Traditional blanket fertilizer recommendations often lead to

Introduction

Cotton, the "king of apparel fibers", is a crucial cash crop that
supports rural livelihoods, powers the textile industry and
contributes substantially to the national economy (1). Cotton, often
referred to as “white gold”, holds immense economic significance,
particularly for farmers, due to its vital role in the agricultural and
textile sectors (2). Beyond its fiber, cotton offers numerous valuable
by-products such as cottonseed oil, meal, hulls and linters that find

applications in the food industry, livestock feed and industrial
sectors including paper and plastics, thereby broadening its
economic relevance.

Despite its importance, conventional cotton cultivation in
India predominantly relies on chemical fertilizers. While these
fertilizers initially boost productivity, their prolonged and
imbalanced use leads to the depletion of soil fertility, loss of
microbial diversity and overall decline in soil health. This

over- or under-application, causing economic losses and reduced
crop performance. Therefore, a site-specific and yield-targeted
nutrient management strategy is needed. The Soil Test Crop
Response-Integrated Plant Nutrient System (STCR-IPNS) approach
addresses this need by prescribing fertilizer doses based on actual
soil nutrient status and desired yield targets. This study aims to
develop such tailored fertilizer recommendations for cotton,
enabling farmers to apply precise nutrient quantities, enhance
productivity, reduce input costs and maintain soil health ultimately
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supporting the sustainable intensification of cotton cultivation
across India.

Materials and Methods

The present investigation consisted of two field experiments in two
phases viz. fertility gradient experiment with rice variety (ADT 45)
(Phase 1), followed by test crop experiment with cotton hybrid (RCH
659 BG Il) (Phase Il). The experiment was conducted at farmer’s
holding of Karaikal district. The experimental area, which makes up
26.14 % of the area, is a coastal alluvial plain (PC1) with Typic
Haplusterts soil, which is categorized as fine, smectitic and
isohyperthermic. The soil properties are furnished in Table 1. To
establish soil fertility variation in the gradient experiments,
Ramamoorthy's inductive methodology was employed.

The gradient crop rice (ADT 45) was transplanted at a
spacing of 20 cm x 15 cm. The objective of the experiment was to
create wide variations in soil fertility within a single field to obtain
reliable data across different fertilizer doses under uniform
conditions. A gradient crop experiment was conducted prior to the
test crop to minimize variability in soil, management and climatic
factors. Initial soil characterization was carried out to fix N based on
blanket recommendations, while P and K were determined based
on the soil’s fixing capacities. It received three different doses of
fertilizer. Strip | was cultivated without any fertilizer application,
serving as the control. Strips Il and Ill treated with fertilizers at
150:343:121 and 300:686:242 kg hat of N, P,Osand KO respectively.
Before planting and after the harvest of rice, 24 soil samples were
collected, processed and analyzed for available N, P and K. Twenty-
four grain and plant samples, eight from each strip were collected at
harvest and processed for the analysis of N, Pand K.

After the gradient rice crop was harvested, three strips were
further split into 72 treatments. These treatments were randomized
across three strips in both directions to assess nutrient response and
support targeted yield modelling. Before the application of fertilizers
pre-planting samples were collected from each sub plot and
analyzed for available NPK. The IPNS which comprised three
treatments-NPK alone, NPK + FYM OM (Organic matter) Il and NPK +
FYM OM lllwas applied to the strips in accordance with the fractional
factorial design. This allowed 21 fertilizer treatments to be randomly
assigned, each of which was present in all three strips in both
directions, along with three controls. The test crop cotton hybrid
(RCH 659 BG Il) provides the treatment structure of four levels of
fertilizer and three levels of FYM. Fig. 1 depicts the treatment
structure. Cotton plants were spaced at 60 cm x 45 cm to maintain
optimum plant population. Routine cultural activities were

Table 1. Characteristics of initial surface soil sample of the experimental
field

2

performed after planting on a periodic basis. After crop maturity, plot
-wise yield data were recorded and samples of post-harvest soil,
plant material and seed cotton were collected and analyzed to
determine the concentrations of N, P and Kin each plot. The amount
of NPK that cotton absorbed was then determined using the dry
matter yield.

The parameters like nutrient requirement (NR) and per cent
contributions from soil (Cs), chemical fertilizers (Cf) and farmyard
manure (Cfym) were determined using data associated with yield,
total nutrient uptake of NPK along with initial soil test values for
available N, P and K. These calculations followed the approach
outlined by Ramamoorthy (2). Utilizing these four key parameters,
fertilizer prescription equations were formulated for cotton
cultivation under both NPK-only and STCR-IPNS strategies. These
equations can be used to predict the required nutrient dosages for
different levels of available soil nutrients corresponding to specific
seed cotton yield targets (T). Targeted yield models were developed
using the Soil Test Crop Response-Tamil Nadu Agricultural
University (STCR-TNAU) equation software. Multiple regression and
correlation analyses were carried out to establish relationships
among soil test values, fertilizer doses, nutrient uptake and yield.

Results and Discussion

A fertility gradient experiment was conducted to establish
differential levels of soil nutrients (3). Pre-sowing mean values of
KMnO,-N, Olsen-P and NH4OAc-K were 265.3, 262.5, 266.7 kg ha?;
475, 45.7, 46.4 kg ha'; and 344, 346, 345 kg ha* for strips |, Il and Ill
respectively. Post-harvest mean values increased to 240.5, 2734,
296.1 kg ha (N); 45.0, 52.6, 55.8 kg ha* (P) and 333, 370, 392 kg ha
(K), confirming fertility gradients (Fig. 2). Grain yields were 2180, 4400
and 5810 kg ha! and nutrient uptake also rose significantly,
increasing from 43 to 104.3 kg ha' N, 9.6 to 28.9 kg ha' P and 31.5,
67.2,82.9 kg ha'Kin strips |, Il and Il respectively, showing significant
response to increasing fertility levels (Table 2). These results confirm
the successful creation of soil fertility gradients and demonstrate the
direct correlation between nutrient supply and crop response (4, 5).

The growth and yield attributing parameters of the test crop,
cotton namely plant height, number of branches per plant, number
of bolls per plant and boll weight revealed that plant height recorded
amean value of 149.7 cm in Strip I, 153.0 cm in Strip Il and 158.3 cm
in Strip Il (Fig. 3). The improved growth and yield may be attributed
to the continuous mineralization of organic manures, which supply
essential macro—- and micronutrients, enhance soil nutrient
availability and improve soil physical and biological properties (6, 7).
The data onyield, uptake of NPK and soil test value were furnished in
Table 3. The data revealed that strip Il produced the highest seed

SL no. Characters Value cotton yield (36.65 q ha), while Strip | produced the lowest (8.12 q
1. Texture Clay e he f ble infl f . di .
2 pH 7.40 ha?) (Fig. 4). The favourable influence of organics and inorganics on
3. EC (dSm™) 0.46 chemical, physical and biological properties of soil would have
‘5‘~ 'g\’l'”o“‘;‘((kkghha;) i688;‘ resulted in such maximum yields of cotton (8). The mean uptake
. n- 3 . .
6. NHASSAC_ K (Eg aa—l) 351.0 value of N, P and K were §7.0, 19.9 and 69.3 kg ha* for Strip |, 87.9,
7. CEC (cmol (p*) kg?) 21.5 25.6 and 83.6 kg ha for Strip Il and 94.3,26.9 and 87.7 kg ha* for Strip
8. P fixing capacity (kg ha) 150 Il respectively. The initial soil test data indicated a progressive
9. K fixing capacity (kg ha) 100
Table 2. Effect of graded levels of N, P,Os, K,0 on rice yield and nutrient uptake
Stri Fertilizer dose (kg ha) Yield (kg ha?) Nutrient uptake (kg ha?)
P N P.0s K:0 Rice N P K
| 0 0 0 2180 43.8 9.6 315
I 150 343 121 4400 79.2 20.2 67.2
Il 300 686 242 5810 104.3 28.9 82.9
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Table 3. Pre-sowing soil available NPK, yield and NPK uptake by cotton in various strips

; Strip | Strip i Strip 11l
1
Parameters (kg ha™) Range Mean Range Mean Range Mean
KMnO4-N 261.6-282.8 275.8 282.6-305.2 297.6 292.3-322.0 313.7
Olsen-P 48.8-61.8 57.8 55.6-77.8 70.1 60.2-83.8 74.6
NH4OAc-K 348-390 376 350-418 408 367-439 428
Seed cotton yield (q ha?) 8.12-33.00 21.04 9.20-34.65 23.20 10.90-36.65 26.10
N uptake 28.2-97.5 67.0 30.1-136.8 87.9 32.2-148.5 94.3
P uptake 6.8-29.1 19.9 7.9-41.2 25.6 8.4-42.2 26.9
K uptake 33.6-94.1 69.3 36.9-107.2 83.6 41.2-112.4 87.7
MNaP:H: NaP:Kas NiP:EL MaPsEa NiPiK: MNaPsH:
NiPiE: NiPiEL MiFoE: NiP:Hs NiP:H: NaP:En
OM ITT
MNaPiK: NaP:K= MaP:R>e MaP:Hs MNaPiKa MNaPsH:
NaP:EL NePuEa KiP:Hs NeFuEa N:P:EY aFoED
MNiPiK:2 NaP:Ke MNaP:E: MaP:Ks NiP:K1 MNaPsHa
NiP:E: NiP:E4 KiFE4 NiPiE4 NaiPoK: NaP:Ks
OAIT
MNaPiKi NaP:sH: il S MNaP:H: MaP:H:2 NaPsKs OUTS
MNaP:Ha MNaFPuKa MaP:EL MNaFuEo NaP:Ks NaPoKa
NiP:H1 NaP:Hi NiF4E: MNaPsH: NaP:H: NaPsHs
MaPoK:z MNaP:Hs NiF:RD: MaP:H4 MNiPiK1 MaPiK1
OMI
NaP:H: NaP:Hs MNaFaEG MNaP:H: NaPiK: NaP:H:
MaP:Hs MaFPoKa MaP:Eq MaFoEo MNaP:H1 MNaPoHa
STEIF III STRIFII STRIF 1
Level N (Eg ha ™) F20: (Ke ha ) K0 (Kg ha ") FYM (thah)
1] [] 1] 1] [1]
1 1] an an 62
F] 120 [{1] [{1] 115
P 180 L] L] -
Fig. 1. Experimental layout and treatment structure.
450
392
400
- 370
% 346 ]
2 150 " 345 333
g
w300 - 296.1
E 2653 2625 2667 <134
- 250 240.5
|
2
= 200
P
=2
E 150
g
< 100
45 7 46 4 45 52
50 8
[} L L L I —
N N K

Pre - sowing soil test values

Post - sowing soil test values

B

0 [ |

0 (o |

Fig. 2. Pre-sowing and post-harvest soil available nutrient status in different strips of gradient experiment.
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Fig. 3. Effect of STCR-IPNS on plant height, number of branches per plant, bolls per plant and boll weight.
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Fig. 4. Effect of STCR-IPNS on seed cotton yield.

increase in nutrient levels across the three strips. The mean values of
available N, P and K were 275.8, 57.8 and 376 kg ha* for Strip |, for
Strip Il, the mean available N, P and K value were 297.6, 70.1 and 408
kg ha'and for Strip Ill, the available values were 313.7, 74.6 and 428
kg ha respectively.

Basic parameters

The targeted yield model for cotton calculates basic parameters
based on crop yield, nutrient uptake (NPK), soil test results and
fertilizer dosages. The key parameters are NR, Cs, Cf and Cfym
(Table 4).

The NPK required to bring out a quintal of cotton was
calculated as 3.49 kg, 2.37 kg and 4.22 kg respectively. A similar trend

was observed, indicating that the major demand for K occurs during
the boll set stage. Consequently, even in soils with high available K,
an in-season K deficiency may develop due to the intense uptake
during rapid boll development and filling (9). The contribution from
soil to N, P and K was calculated as 10.82 %, 14.03 % and 10.88 %
respectively, with the highest contribution observed for P, followed
by Kand N (10). The contributions from fertilizer for N, P and K was
calculated as 47.90 %, 68.35 % and 98.20 % which is highest for K;0
followed by phosphorus and nitrogen. The contributions from FYM
for N, P and K was calculated as 38.45 %, 21.25 % and 26.04 %
respectively, with a greater contribution observed for nitrogen,
followed by potassium and phosphorus. Similar trends in FYM
contribution (Cfym) have been reported previously (11).

Table 4. Nutrient requirement, per cent contribution of nutrients from soil, fertilizer and FYM for cotton

Parameters Basic data
N P,0s K0
NR (kg g?) 3.49 2.37 4.22
Cs 10.82 14.03 10.88
cf 47.90 68.35 98.20
Cfym 38.45 21.25 26.04
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Soil test-based fertilizer prescription equations for targeted yield
of cotton

The prescription equations were developed under inorganic and
inorganic +organic (IPNS) with the use of basic parameters (Table 5).
Aready reckoner was created for various test values to achieve yield
targets of 31, 33 and 35 g ha® with prescription equation. Table 6
presents the ready reckoner developed for the yield target of 33 g ha.
As soil test values and FYM concentration increased, the required
amount of fertilizer N, P and K get decreased (12).

The results indicated that to yield 33 q ha* of cotton, for a soil
test value of 280 kg ha™ of KMnO, - N, under NPK alone the fertilizer N
dose was 177 kg ha*, with regards to P, for a soil test value of 20 kg ha'*
of Olsen - P, the fertilizer POs dose was 105 kg ha* and in case of K, fora
soil test value of 200 kg ha of NH4OACc-K, the fertilizer K;O dose was 115
kg ha respectively. Under NPK with FYM at 6.25 t ha* and 12.5 t ha?,
the results indicated that to achieve a cotton yield of 33 g ha?, the
required nitrogen fertilizer doses were 151 and 125 kg ha' respectively,
based on a soil test value of 280 kg ha* KMnO,-N. For phosphorus,
with a soil test value of 20 kg ha* Olsen-P, the fertilizer P,05 dose
were 90 and 75 kg ha* respectively. For potassium, at soil test values
of 200 kg ha* NH4OAc-K the fertilizer K,O dose was 92 and 68 kg hat
respectively.

It was clearly observed that there was a saving of 26, 15 and
24 kg ha of N, P,05 and K,0 respectively, with the application of FYM
at 6.25t ha' and a saving of 52, 30 and 48 kg ha* respectively, with
FYM at 12.5 t ha'. The findings indicate that IPNS is more effective
than using inorganic fertilizers alone for achieving higher yield and
nutrient uptake in cotton. The fertilizer recommendations based on
STCR provide guidance on achievable yield targets through sound
agronomic practices. This approach not only boosts yield but also
increases profitability by lowering cultivation costs through efficient
fertilizer use. The formulated fertilizer prescription equation can thus
be effectively utilized to recommend fertilizer doses for achieving
targeted cotton yields in the vertisols of Karaikal.

Table 5. Soil test based fertilizer prescription equation for cotton

Particulars NPK alone IPNS (NPK + FYM)

FN 7.29T-0.23SN 7.29T-0.23SN-0.800ON
FP,0s 3.47T-0.47SP 3.47T-0.47SP-0.710P
FK20 430T-0.13SK 430T-0.13SK-0.320K

where, T is the yield target in g ha?; SN, SP and SK respectively are
alkaline KMnOs-N, Olsen-P and NH4OAc-K in kg ha*; ON, OP and OK are
the quantities of N, P and K supplied through FYM in kg ha® and FN,
FP,0s and FK20 are fertilizer N, P.Os and K0 in kg ha respectively.

Conclusion

The STCR-IPNS approach significantly enhanced cotton growth,
yield and nutrient uptake while improving fertilizer use efficiency.
Soil test-based fertilizer prescription equations and nomograms
developed under STCR provided precise, yield-targeted
recommendations. Integration of FYM with chemical fertilizers
resulted in higher productivity, better soil fertility maintenance and
notable fertilizer savings. Prediction equations for post-harvest soil
test values proved reliable for guiding nutrient management of
subsequent crops. Overall, the IPNS-based STCR approach
ensures sustainable soil fertility, reduced input costs and improved
productivity in cotton cultivation.
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