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Abstract

Sorghum the primary feed crop farmed intensively in India. By using inductive methods, a field
experiment was carried out to investigate how fodder sorghum (var. CO 30) production and nutrient
uptake responded to an artificial soil fertility gradient field. (Fertility gradient concept). In 2021, a field
trial was carried out in the "Tapioca and Castor Research Station" in Yethapur, Salem district, Tamil
Nadu, India (11°35° N, 78° 29> E). The research area was separated into three parallel strips, with strip |
(NoPoKo), strip 1l (N1P1K1), and strip 111 (N2P2K2), receiving three graded amounts of fertilizer N, P20s,
and K20 in the forms of urea, SSP, and MOP, respectively. The N1 level was calculated based on the
general recommendation of fodder sorghum, and the P1 and K1 values were established based on the
soil's fixing capacity to fix P (100 kg/ha) and K (80 kg/ha) respectively. Sorghum var. CO 30 was
cultivated as a gradient crop, and fodder production were estimated. Samples of plants were collected
during the time of harvest, and the concentrations of nitrogen (N), phosphorus (P), and potassium (K)
were assessed. Additionally, an estimation was made about the uptake of nitrogen, phosphorus, and
potassium. The results indicated that the utilization of varying quantities of major nutrient fertilizers
(NPK) had a significant influence on the fertility of the soil, the intake of NPK, as well as the production
of sorghum fooder.
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Introduction

Fertilizers are essential, essential elements of current agriculture that boost plant growth and
output. Fertilizers are thought to be a crucial to the development of fodder crops because they
play a role to make the soil become more fertile, which encourages growth. (Tariq et al., 2007)
[39, The AICRP-STCR Correlation studies implemented a novel field experimental approach
known as the inductive methodology. This approach involved creating a microcosm of a field
experiment by manipulating soil fertility levels using graded doses of fertilizer, as outlined by
Ramamoorthy et al. (1967) Y. The aforementioned statement establishes the fundamental
basis for the implementation of “Soil Test Crop Response” (STCR) research. These studies
aim to make fertiliser prescription equations and adjustment sheets that facilitate the accurate
recommendation of fertilisers by utilizing soil testing methods. The ultimate goal is to attain
targeted crop yields, as outlined by Singh and Biswas (2010).

As a significant grain and fodder crop, sorghum plays a significant role among the cereals in
India. The plant's robust ability to withstand many stressors has led to its widespread
cultivation as a significant fodder source, often preferred over maize during the kharif season.
According to Sumeriya and Singh (2014) 1, this particular crop is considered an exceptional
choice for fodder production due to its noteworthy characteristics. These include its ability to
tiller rapidly and abundantly, its high dry matter content, its leafiness, its high palatable
qualities, as well as its robustness and versatility. In India, forage sorghum is cultivated on
roughly 2.5 million acres. Following rice, wheat, and maize, this crop holds the fourth position
in terms of significance among cereal crops in India. According to Dwivedi et al. (2001) 2,
sorghum has a comprehensive capacity to extract nutrients from the soil, which can be
attributed to its exhaustive nature. Additionally, the bigger biomass output of sorghum
contributes to an enhanced major nutrients uptake. The objective of this study was to
determine the impact of artificial fertility gradient tactics on fodder sorghum production,
nutrient uptake by sorghum and soil fertility.
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Materials and Methods

The study employed a approach referred to as the "Inductive
cum Targeted yield model” as described by Ramamoorthy et
al. (1967) 4 which delivers an empirical foundation for
achieving optimal fertilization by effectively balancing the
nutrients from both external sources and those naturally
present in the soil. The intentional manipulation of soail
fertility levels was undertaken to generate a comprehensive
dataset that encompasses a diverse range of fertilizer doses for
each controllable element, while accounting for varying levels
of an uncontrolled variable, namely soil fertility. This
approach was implemented to account for the inherent
variability in soil fertility that would not typically be expected
to occur uniformly at a single location. Hence, to mitigate the
diversity in the soil population under investigation, the
selected management practices, and the prevailing climate
circumstances, an experimental study was conducted in the
field. The objective was to produce changes in fertility within
the same field by implementing a gradient crop. Based on the
preceding information, the current study was carried out to
investigate the properties of an simulated soil fertility gradient
technique on sorghum fodder production, sorghum plant
nutrient uptake, and soil fertility. A field investigation was
carried out in the year 2020, utilizing the sorghum crop
(variety CO 30) which act as nutrient exhaustive crop to make
the applied fertilizer in soil to undergo nutrient
transformation. The research was carried out in TCRS
Yethapur and the study location had an elevation of 282
meters above MSL and was situated at coordinates 11°35' N
latitude and 78°29' E longitude. The study area was divided
into three comparable sections, namely strip I- NOPOKO, strip
I1 - N1P1K3, and strip 111 - N2P2K>. Each strip was subjected to
three different amounts of fertilizer application, specifically
major nutrient (NPK), in the form of urea, single
superphosphate (SSP), and muriate of potash (MOP),
respectively. The determination of the standard dosage of
P,Os and KO fertilizer was based on the soil's capacity to
retain and utilize phosphorus and potassium. Similarly, the
standard dosage of nitrogen (N) was determined based on the
recommended guidelines for sorghum cultivation (Table 1).
The generally recommended application rate of nitrogen
fertilizer for fodder sorghum is 90 kg per hectare. In
experimental treatments 11 and Ill, a baseline application of
50% N and 100% P and K was applied. The remaining 50%
nitrogen (N) was applied 30 DAS.

Pre and post soil sample were collected from the each strips
and collected samples were subsequently subjected to air
drying, sieving through a 2 mm sieve, and analysis for the soil
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available nitrogen, available phosphorus (Olsen et al., 1954)
129, and available potassium (Hanway and Heidal, 1952) (%1,
At the time of harvest, plant samples were collected from
each strip and the samples were subsequently processed and
analyzed for their respective levels of total Nitrogen,
Phosphorus (Piper, 1966), and Potassium (Piper, 1966).
Furthermore, the N, P, and K uptake by fodder sorghum were
determined by multiply the nutrient content percentage in
plant viz total dry matter. On the 60" day, the gradient crop
was collected for the purpose of fodder, and a systematic
assessment of the yield of green fodder was conducted on a
strip-by-strip basis.

Table 1: Fertiliser doses applied to the gradient crop of fodder
sorghum

Strip Fertiliser doses (kg ha?)

Levels of Nutrients

NI 1] 1]
N No| N+# [N2| 0 90 180
P20s Po| Pi#|P2| 0 229 458
K20 Ko| Ki#|K2| 0 97 194

# N1 As per blanket recommendation; # P; and Ki: As per P and K
fixing capacities of the experimental field

Results and Discussions

Soil properties

The soil used in the experiment had a texture classified as red
sandy clay loam. It was found to be non-calcareous, with a
CEC of 22.7 cmol (p*) kg™ Additionally, the soil was
determined to be non-saline, with an EC of 0.32 dS m, and
had a pH value of 7.52, indicating neutrality. The initial
experimental soil contained 0.61 g kg* of OC, low status of
available nitrogen (210 kg ha*), medium status of available P
(16.3 kg hat), and 245 kg ha of soil available potassium,
respectively. The levels of cationic micronutrients viz., iron
(Fe), copper (Cu), zinc (Zn), and manganese (Mn) in the
experimental soil were found to be within the sufficient
ranges as determined by the DTPA extraction method.

Pre-sowing soil available nutrients

Before sowing the fodder sorghum (exhaustive crop), soil
sample were taken to analysis the soil available NPK status.
The mean values for corresponding strips were 202, 205, and
202 kg ha! for KMnO4-N, respectively, which exhibiting a
range of 202 to 205 kg ha' (Table 2). The Olsen-P levels
exhibited a range of 14.4 to 15.2 kg ha, corresponding strips
average values of 14.6, 14.4, and 15.2 kg ha, respectively.
The mean values for strips I, II, and Il were 232, 230, and
228 kg ha* for NH4OAc-K.

Table 2: The impact of applying varying levels of nitrogen (N), phosphorus (P20s), and potassium (K20) on the fertility of soil in a gradient

experiment
Fertiliser doses (kg ha™) Pre-sowing soil test values Post-harvest soil test values
Strip N P20 K0 KMnOsN | Olsen-P | NH4OAc-K KMnOsN | Olsen-P | NH4OAc-K

(kg hah (kg hat)

[ 0 0 0 202 14.6 232 176 10.6 214

i 90 229 97 205 144 230 203 17.8 239

11 180 458 194 202 15.2 228 220 24.3 253

SEd 3.7 0.5 4.6

CD (P=0.05) 10.4 1.4 12.8

Green fodder yield between the major nutrient applied and the green fodder yield.

Experimental result revealed that application of higher dose of
major fertilizer NPK significantly increased the sorghum
fodder yield (Table 3). There were a significant relation

In strip 1, where no application of fertilizers (NOPOKO), the
sorghum fodder crop yielded 15.21 t ha. The increase in
fodder production in strip 11, which exhibited a 51.4% higher
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yield compared to strip I, was accomplished by implementing
a 90 kg ha nitrogen application rate, adhering to the standard
recommendation. Additionally, phosphorus and potassium
fertilizers were applied as per the soil fixing capacity of
respective. The crop yield in strip 1ll, where the amount of
major nuitrient applied as twice as much as in strip I,
amounted to 28.60 t ha. This represents an increase of 88.1%
and 24.1% compared to the yields in strips | and II,
respectively. The potential reason for this outcome could be
attributed to the utilization of proportionally adjusted
quantities of fertilizer, which enhanced the absorption of
nutrients and promoted growth indicators such as plant height.
Consequently, these factors collectively contributed to higher
yield of fodder sorghum. Udayakumar et al. (2017) B4 result
revealed that the implementation of varying levels of
fertilizers on a gradient sorghum crop led to enhanced growth
and fodder yield in strip Il in comparison to strip I.

https://www.thepharmajournal.com

According to the findings of Marsalis et al. (2010) [*¢1, it was
demonstrated that positive impact on the production of
sorghum fodder by application of nitrogen fertilizer. The
present study's findings exhibit a high degree of similarity
with the research conducted by Singh (2014) 331, Chotiya
(2005) 1 and Singh (2007) 4 in the context of sorghum. The
observed increase in green fodder output can be attributed to
the enhanced nutrient availability in the soil resulting from the
use of fertilizers, as well as the micro-organism involved in
nutrient transformation. Rashid and Igbal (2012) 22 reported
comparable findings for fodder sorghum, whereas Alias et al.
(2003) @ saw similar outcomes in their study on fodder
maize. According to the findings of Meena et al. (2012) [, it
was also determined that the improvement of sorghum fodder
can be achieved by elevating the nitrogen application rate
from 40 to 120 kg ha'.

Table 3: The impact of the application of varying quantities of NPK on the sorghum fodder production and nutrient uptake

A -1 f -1
Strip - Fertlllse;;j(g:es (kg ha )Kzo Green fodder yield (t ha'l) - Nutrient upth)ake (kg ha't) "

| 0 0 0 15.21 38.1 9.9 37.2

1 90 229 97 23.05 55.3 14.4 54.2

1] 180 458 194 28.60 715 18.8 70.0
SEd 0.6 1.3 0.19 0.7

CD (P=0.05) 1.7 3.5 0.5 2.1

Nutrient uptake

Data presented in the Table 3 exposes that there is gradual
increase in uptake of nitrogen by plant in strip 111 compared to
strip 1 with mean values of 38.1, 55.3, and 71.53 kg ha,
respectively. N uptake increased by 29.3 percent in strips Il
compared to strips I, 87.7 percent increase over Strip I,
respectively, and in strip Il there was 45.1 percent higher
uptake comparing Strip 1. The mean phosphorus uptake was
were 9.9, 14.4, and 18.8 kg/ha respectively in corresponding
strips showing significantly the available phosphorus status
due to graded dose of fertilizer application. The potassium
uptake in each strip were 37.2, 54.2 and 70.0 kg ha. The
percent increase in uptake of P and K in strip 11 over strip 1
and strip | were 30.6 and 89.9, 29.2 and 81.2, respectively.
Similarly the percent increase in the uptake of P and K in strip
Il over strip |1 was 45.5 and 45.7, respectively. This could be
as a result of the yield and uptake having a linear relationship.
The present study demonstrates the utilization of varying
concentrations of major nutrient (NPK) fertilizers, which
resulted in a substantial increase in nutrient uptake by fodder
sorghum, as compared to the control group. In a study
conducted by Reddy and Bhanumurthy (2010), it was
revealed that the nitrogen uptake by fodder maize was higher
in the higher fertilizer treated plot and the similar result were
reported by Siam et al. (2008) 2%1. Similar research result was
reported by Bhoya et al. (2013) in fodder sorghum, Singh et
al. (2015) @ in rice crop. Higher levels of phosphorus
treatment, which would have resulted in more root
multiplication of the crop, were the cause of the considerable
increase in P uptake (Verma et al., 2015) [*°1, These outcomes
closely match those in sorghum reported by Singh (2014) 3
and Sonune et al. (2010) [29],

Post - harvest soil available nutrients

The soil samples were collected from sorghum field after
harvest and the soil nutrient status were estimated to
understand the influence of fertilizer application in graded

dose for development of artificial fertility gradient. Table 2
present the available status of nutrient in soil with range and
mean data. The soil available status of available N in strips I,
Il and 111 were were 176, 203 and 220 kg ha respectively.
Available status of Phosphorus in strips I, I1 and 111 were 10.6,
17.8, 24.3 kg ha! respectively. Available potassium status in
in strip 1 were 214 kg ha?, strip 11 (239 kg ha) and in strip 111
(253 kg hal). Result data reveals that there was soil available
N, P and K status were increased significantly in strip 1l
comparing Strip Il and Strip | indicating the creation of
artificial fertility gradient due to application of graded level of
fertilizer. The post-harvest soil test data were statistically
analyzed, and the results revealed that the soil nutrient status
varied significantly between three strips.

Conclusion

In summary, the experimental outcome of the aforementioned
study reveals that varying levels of application of major
nutrient fertilizers (NPK) to the experimental field resulted in
the establishment of an artificial gradient in soil fertility. The
fodder crop grow in the above mentioned gradient field
significantly influenced the sorghum growth, fodder
production, nutrient uptake and the soil nutrient status.
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