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Abstract 

Soil test crop response (STCR's) soil fertility gradient approach is based on the idea that  complex treatments are superimposed 

in a field to obtain crop responses for correlating with soil test values that are artificially created by differential fertiliser treat-

ments prior to conducting the regular experiment, thereby providing a scientific basis for balanced fertilisation between applied 

and available forms of nutrients. The present study aimed to develop the fertility gradient with sorghum as test crop in the field 

concerning N, P, and K and also to evaluate its impact on sorghum nutrient uptake, and soil fertility. The experimental field was 

split into three equal strips. Strips I, II, and III each received three graded levels of fertiliser N (nitrogen), P2O5 (phosphorus pent-

oxide), and K2O (potassium oxide) as urea, single super phosphate, and muriate of potash, respectively. The green fodder yield 

of sorghum recorded at harvest in strip I, II & III was 16.4, 23.4 and 28.2 t ha-1, respectively. Whereas post-harvest soil available 

nitrogen in strip I, II & III was 155, 190 & 214 kg ha-1 respectively, for available phosphorus 12.5, 23.2 & 31.8 kg ha-1 respective-

ly and for available potassium it is 332, 370 & 396 kg ha-1 respectively. Wide variations in green fodder yield and soil fertility 

were observed among the strips, establishing the influence of graded amounts of fertiliser treatment on these parameters and 

the formation of a soil fertility gradient. 
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INTRODUCTION 

Sorghum [Sorghum bicolor (L.) Moench] is a potential 

multifunctional crop; its grain may be used for food, its 

stalk for ethanol and bagasse, and the stripped leaves 

for fodder. Sorghum has a high potential to boost the 

income of smallholding farmers in the semi-arid tropics 

due to its ample tolerance to dry conditions and numer-

ous uses (Redai et al., 2018). Sorghum is the crop of 

choice for arid regions and locations with inconsistent 

rainfall due to its drought tolerance and a broad range 

of ecological adaptability (Joseph et al., 2019), and it is 

found growing in areas unfavorable for most cereals. It 

is one of the most important staple food crops for the 

world's poorest and most vulnerable populations (Timu 

et al., 2012). This crop covers around 45 million hec-

tares across Africa and India, accounting for more than 

80% of the global farmed area (Mwadalu et al., 2022). 

Like sweet sorghum, grain grows quickly, is salt toler-

ant, and has a high biomass production (Almodares 

and Hadi, 2009). In India, the area of cultivation is 4.89 

m ha, with a production of 4.40 million tonnes (Source: 

E&S Division, DA&FW, 2020-21), whereas in Tamil 

Nadu, it is cultivated in an area of 0.40 million hectares 

and with the production of 0.30 million tonnes (Source: 

Dep. of Economics and Statistics, 2020-21, Chennai). 

Producing adequate food, fibre, and high-quality goods 

will be the nation's key problem in the coming years. 

The only way to achieve this aim is to boost the yield of 

different crops by using an organic and integrated farm-

ing strategy. Because of the imbalance and increased 

use of inorganic fertilisers, which deplete the soil nutri-

ents, productivity has fallen in several regions across 

the country (Maragatham et al., 2018). Fertiliser is one 

of the most expensive crop husbandry inputs. Thus, the 

right quantity is crucial for farm profitability and safe-

guarding the environment (Singh, 2016). 

Fertilisers are necessary for food production around the 

world. Given their high cost, fertilisers ought to be used 

sparingly. The General Recommendation Dose (GRD) 

technique does not account for variations in soil fertility. 

Therefore, the general fertiliser recommendations are 

only suitable for soils with medium fertility (Choudhary 

et al., 2022). Since the fertility of the state's soils varies 

greatly, uniformly implementing GRD does not guaran-

tee economy and efficiency in fertiliser use in high-

fertility soils and underuse in low-fertility soils. The Soil 

Test Recommended Dose (STRD), which is determined 

by classifying soils into low, medium, and high catego-

ries according to the nutrient status in issue, is based 

on soil test data. The fertiliser recommendation (STRD) 

is adjusted for soil testing as low or high by adding or 

subtracting 25% from the general guideline. The STRD 

technique is preferable to GRD since it accounts for 

changes in soil fertility when recommending fertiliser 

dosages. It has the drawback of recommending the 

same amount of fertiliser for severely deficient soils and 

those only slightly deficient. The identical recommenda-

tions for fertiliser are made for soils with extremely high 

and moderately high levels of available nutrients 

(Arvind Kumar Shukla et al., 2022). If site-specific soil 

test results are utilised to formulate fertiliser recommen-

dations, significant savings on fertiliser consumption 

can be realised. Although the target yield strategy for 

recommending fertiliser to crops is also based on soil 

testing, it goes one step further than STRD since it ba-

ses its recommendations on the actual quantity of nutri-

ents that are anticipated to be made accessible to 

crops throughout crop growth. It provides a true bal-

ance between the applied nutrients in relation to one 

another and the nutrients that are already found in the 

soil. This method takes into consideration the crop's 

nutritional needs, the availability of nutrients in the soil 

that are naturally occurring, and the effectiveness of 

recovering nutrients from applied fertiliser. The balance 

between "fertilising the crop" and "fertilising the soil" is 

achieved here (Khosa et al., 2012). Additionally, this 

method gives the farmer the choice to select the pro-

duction goal in accordance with his available resources 

and management circumstances. 

The All India Coordinated Research Project for Investi-

gation on Soil Test Crop Response Correlation studies 

used a novel field experimental approach (Inductive 

methodology) that was developed by creating a macro-

cosm of soil fertility variability within a microcosm of an 

experimental field (Ramamoorthy et al., 1967). By se-

lecting one field over which elaborate treatments are 

superimposed to obtain crop responses for correlating 

with soil test values that are artificially created by differ-

ential fertiliser treatments before conducting the regular 

experiment, the soil fertility gradient approach seeks to 

eliminate the influence of other factors affecting yields 

like crop, climate, and management. As a result of high 

nutrient responsiveness, exhaust crop is planted to let 

the fertilisers change in the soil with plant and microbial 

activity. The total growth and development of the crop 

depends on nutrients like nitrogen, phosphorus, and 

potassium, which are needed in huge quantities. The 

present study set out to assess the effects of soil initial 

fertility status on the crop growth attributes, crop yield, 

uptake of the nutrients by the crop, development of soil 

fertility after harvesting the crop and biological proper-

ties of the soil. 

MATERIALS AND METHODS 

Location and place of the experiment 

In the southern part of India and the foot of the Siruma-

lai Hills of Tamil Nadu, Dindigul, farmers holding, at 10°

36' N latitude and 77°97' E longitude, was an experi-

mental site. To establish a gradient of N, P, and K over 

the field, graded doses of fertiliser were used in the 
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fields at this location. 

 

Rainfall and the climate 

Having a mean annual precipitation of 700-1600 milli-

metres and a mean annual temperature of 27.2°C, the 

region has a Tropical wet and dry or savanna climate 

(Classification: Aw). Dindigul experiences high summer 

heat, with a maximum temperature of 38.6°C, and ex-

tremely cold winters, with a low temperature of 23.8°C. 

The months of July through September see about 80% 

of the annual rainfall, with the remaining months of De-

cember through February seeing the remainder. 

 

Treatment information for the experiment 

At the farmers holding, Dindigul, the graded N, P, and 

K fertiliser doses were applied in three fertility strips 

across the width of the field (Rabi season, 2022) in the 

manner described below. Table 1 provides the experi-

ment's treatment information. 

In the year 2022, Rabi season, fodder sorghum was 

grown as a major crop. In the 23 m x 32 m plots, gradi-

ents were created with a row-to-row spacing of 20 cm 

and a plant-to-plant spacing of 10 cm. The hybrid fod-

der sorghum cultivar (CO 30) was chosen. Immediately 

after sowing the seeds in soil, irrigation was done at 4th, 

9th 15th, 28th, 40th, 52th days after sowing (DAS). A full 

dose of P2O5, K2O and a half dose of N was applied as 

basal before the crop was sown. The remaining amount 

of N was given to the crop in two equal split doses at 

15 and 30 DAS. 

The goal of creating the fertility gradient was to get as 

much variation in the soil fertility levels with respect to 

N, P, and K in the same field to evaluate the legitimate 

connection between the yield and the level of soil fertili-

ty without interference from other factors affecting yield 

(Ramamoorthy et al., 1967). To provide data encom-

passing an appropriate range of values for each con-

trollable variable (fertiliser dose) at various levels of an 

uncontrollable variable (soil fertility), which could not be 

expected at one location ordinarily. The operational 

range of variation in soil fertility was artificially created. 

As a result, a field experiment was conducted during 

Rabi season, 2022 by growing an exhaustive crop of 

fodder sorghum (var. CO 30) at farmers holding, Pal-

aniur, Dindigul (Dist.), Tamil Nadu to create soil fertility 

variation in the same field and to evaluate the impact of 

soil fertility gradient experiment on crop yield, nutrient 

uptake, and soil fertility. Before applying fertilisers, the 

experimental field was divided into three equal strips, 

and an initial soil sample was taken. N, P2O5, and K2O 

fertiliser nutrients were then applied in graded doses in 

strips I (N0P0K0), II (N90P100K80), and III 

(N180P200K160). Urea, SSP (single super phosphate), 

and MOP (Muriate of Potash) were used as nutrients. 

Fodder sorghum was grown to maturity using standard 

agronomic practises and collected at maturity by ob-

taining a crop sample from a 1 X 1 m2 area in three 

randomly chosen positions on each strip. 

After the vegetative stage before the grain formation, 

the crop was harvested and allowed to dry in the sun in 

the field. After the produce was threshed, the average 

biological yield was calculated by the average strip-

wise fodder yield (kg m-2). The total nitrogen, phos-

phate, and potassium contents of the collected straw 

from each strip were examined (Jackson, 1967), and 

the crop's total nutrient uptake was calculated. 

 

Soil sampling and analysis 

Prior to the start of the gradient experiment (Rabi sea-

son, 2022), soil samples (0–15 cm) representing the 

entire field were collected using a zigzag approach 

from at least 20 sampling points to characterise the 

various soil chemical properties, including electrical 

conductivity (EC), pH, organic carbon (OC), available 

N, P, and K. Following the harvest of the entire crop of 

sorghum, three soil samples were randomly collected 

from each strip between 0 and 15 cm deep. These 

samples were air-dried and processed according to 

established protocols (i.e., passed through a 0.5 mm 

sieve for OC and a 2.0 mm sieve for the remaining 

chemical properties). The wet oxidation method of 

Walkley and Black (1934) was used to calculate the 

OC. The availability of N by the alkaline potassium per-

manganate method (Subbaiah, 1956), P Spectrophoto-

metrically (Olsen et al., 1954), and K by the neutral 

normal ammonium acetate method (Hanway and Hei-

dal, 1952) were all other soil chemical properties that 

were determined. 

RESULTS AND DISCUSSION 

The experimental field's soil found to have a sandy clay 

loam in texture, taxonomically referred as “Vertic ustro-

pept” with slightly alkaline (pH 8.35), non-saline (0.13 

dS m-1), mixed black calcareous (free CaCo3 –9.7%), 

low in organic carbon (5.2 mg kg-1), P fixing capacity 

(100 kg ha-1) and K fixing capacity (80 kg ha-1). Initially, 

it was found that the soil where fertility gradients were 

formed, had low available N (170 kg ha-1), medium 

available phosphorus (17 kg P ha-1), and high available 

potassium (350 kg K ha-1) values, respectively. 

 

Growth parameters 

Plant height 

Plant height of fodder sorghum (Table 2) was signifi-

cantly influenced by the application of graded levels of 

fertilizer N, P2O5 and K2O at 30 and 60 DAS. The high-

est plant was recorded in strip III  at both 30 and 60 

DAS where N, P, and K fertilisers were applied twice, 

whereas strip I recorded the lowest which received no 

fertilisers. 104.8 cm at 30 DAS and 189.3 cm at 60 

DAS was the plant height seen in strip-II. The per cent 
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increase of plant height in strip III over strip I was 92.2 

cm and 44.5 cm at 30 and 60 DAS, respectively. The 

improved nutrient absorption by the fodder sorghum 

and the significantly higher fertility condition in strip II 

may be the causes of the 58.2% increase in plant 

height in strip II over strip I. With an increase in nitro-

gen level, plants grew significantly taller. The higher 

plant height seen as a result of higher nitrogen levels 

was mostly ascribed to the crop's increased availability 

and uptake of nitrogen, which led to more vegetative 

growth and an acceleration of cell division, expansion, 

and differentiation, culminating in luxuriant growth. Fod-

der sorghum's height growth has been shown as a re-

sult of N fertilisation according to Moghimi and Emam 

(2015). 

Sujathamma et al. (2018) reported that there was an 

increase in sorghum plant height with increased fertilis-

er application. This could be attributed to soil enrich-

ment with higher levels of nutrients because they pro-

vide the essential nutrients needed for various metabol-

ic processes, ultimately leading to plant growth. As per 

Varshini and Babu (2022) the effect of N in promoting 

cell division and cell enlargement may cause the grow-

ing trend in plant height with increased N application, 

which eventually affects vegetative development, espe-

cially the height of the plant. The application of N could 

have promoted plant growth in maize by increasing the 

number and length of the internodes, resulting in a pro-

gressive increase in plant height (Parbati et al., 2016). 

 

Green leaves per plant 

Since green leaves are the natural photosynthesis fac-

tories and directly impact a plant's growth and develop-

ment, their number per plant is a crucial indication of 

plant growth. From the results depicted in Table 2, 

green leaves count was more in strip III when com-

pared with the remaining two strips. Significant variation 

was seen among the strips in the green leaves count, 

possibly due to the variation in graded doses of fertilis-

ers. Green leaves per plant were 11.3 and 16.2 at 30 

and 60 DAS, respectively, in strip III, which received 

double the dose of strip II. Both at 30 and 60 DAS strip I 

(control) showed the lowest green leaves count per 

plant viz., 6.8 and 8.7. Strip II receiving 90, 100, 80 kg 

ha-1 of N, P2O5 and K2O fertiliser recorded 9.5 and 14.6 

green leaves per plant at 30 and 60 DAS. Strip III rec-

orded an increase of 66.1, 86.2 and 18.9, 10.9 % over 

strip I and II at 30 and 60 DAS, respectively. It could be 

increased due to protein synthesis brought on by in-

creased nitrogen availability might account for the high 

number of leaves with rising nitrogen levels. The addi-

tional protein may have encouraged leaf growth and, 

thus, increased leaf surface area.  

The results are in complete confirmation with Muham-

mad Aamir Iqbal et al. (2015) where the maximum num-

ber of leaves in maize (12.1) was obtained in plots that 

were given N at the rate of 180 kg ha-1, while the mini-

mum number of leaves was recorded by 100 kg ha-1. 

Sunita et al (2018) found that the application of graded 

doses of fertilisers increased the green leaves count in 

sorghum. 

 

Stem girth 

As per recordings mentioned in Table 2 in strips I, II, 

strip 
Levels of nutrients Dosages of nutrients (Kg ha-1) 

N P2O5 K2O N P2O5 K2O 

Strip-I N0 P0 K0 0 0 0 

Strip-II N1* P1** K1** 90 100 80 

Strip-III N2 P2 K2 180 200 160 

* N1: As per blanket recommendation, ** P1 and K1: As per P and K fixing capacities of the experimental field. N2, P2 & K2: Double 

the doses of N1, P2 & K2 respectivelly 

Table 1. Nutrient dosages to create fertility gradients over the entire width of the field 

Strips 
Plant height (cm) Green leaves plant-1 Stem girth (mm) SCMR 

30 DAS 60 DAS 30 DAS 60 DAS 30 DAS 60 DAS 30 DAS 60 DAS 

I 62.4c ± 0.92 146.8c± 2.26 6.8c ± 0.08 8.7c ± 0.15 9.6c ± 0.13 14.1c± 0.22 23.2c± 0.08 32.1c ± 0.27 

II 104.8b± 1.32 189.3b± 2.84 9.5b ± 0.13 14.6b± 0.26 14.3b ± 0.17 22.8b± 0.53 26.5b± 0.23 39.7b ± 0.33 

III 120.2a± 2.12 211.3a± 3.30 11.3a± 0.17 16.2a± 0.35 15.2a ± 0.27 23.6a± 0.68 28.4a± 0.57 43.8a ± 0.58 

C V 3.80 3.88 2.06 2.99 1.86 1.66 2.26 3.24 

CD 

(P<0.05) 
8.26 16.23 0.71 0.66 0.55 0.75 1.33 2.82 

Values are means standard deviation (±SD) of three independent replications (n=3). Different letters within the column indicate statistical-

ly significant differences between treatments, according to Ducans multiple range test (P< 0.05). CV=coefficient of variation. CD is critical 

difference. 

Table 2. Effect of graded nutrient levels on growth attributes of the exhaust crop fodder sorghum in a soil fertility gradient 

experiment 
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and III, the stem girth was 9.6, 14.3, and 15.2 mm, at 

30 DAS whereas 14.1, 22.8 and 23.6 mm at 60 DAS, 

respectively. The stem girth at 30 DAS increased by 

58.33, 4.1 % and at 60 DAS 67.3, 3.5 % above strips I 

and II, respectively, in strip III, when N, P2O5, and K2O 

were treated at double the rate of strip II. In stem girth, 

there was a significant disparity between the strips 

caused by the change in the graded fertiliser dosages. 

The results of present study are in close conformity 

with the findings of Chauhan et al. (2019), where by 

application of 100% RDF stem girth recorded was 

26.11 mm. The outcomes of the present study repre-

sent a clear affirmation by the findings of Muhammad 

Aamir Iqbal et al. (2015) in maize, where highest stem 

diameter was recorded in the plot receiving a high 

amount of nitrogen (180 kg ha-1). 

Sorghum's greatest growth performance with increased 

N rates is attributable to soil enrichment with greater 

levels of N-nutrients, which supplied sufficient N-

nutrient and also made other sorbent and non-available 

nutrients that are crucial for various processes availa-

ble (Adebola and Erick, 2019). In addition to the diame-

ter growth brought on by raising the nitrogen fertiliser 

levels, Abdulsattar Hashim Ghani et al. (2022) showed 

a change in the characteristic of the stem diameter for 

sorghum crops.   

 

SCMR (SPAD chlorophyll meter reading) 

The SCMR values (Table 2) varied significantly from 

23.2 to 43.8 between the two growth phases. When 

comparing with 30 DAS as 60 DAS showed high SCMR 

values i.e., 32.1, 39.7 and 43.8 in strip I, II & III, corre-

spondingly. Among the three strips the strip receiving 

180, 200 and 160 kg ha-1 dose of fertilizer N, P2O5 & 

K2O recorded the highest spade values of 28.4 and 

43.8 at 30 & 60 DAS, respectively. Regarding nitrogen 

application done at basal and two top dressings, this 

evidence demonstrates that SCMR values of hybrid 

sorghum increased with higher doses of nitrogen appli-

cation and extended split applications up to 60 days 

after sowing. The extended split application of this 

maintains SCMR values at higher levels than those 

with a lower dose of nitrogen. Varshini and Babu (2020) 

found out that the same kind of SCMR results in hybrid 

maize by applying nitrogenous fertilisers. 

According to Darwin et al. (2018) , 450 kg ha-1 of urea 

fertiliser can still boost sweet corn's SPAD chlorophyll 

content. Increased levels of chlorophyll suggested that 

the inorganic nitrogen fertiliser (urea) could be ab-

sorbed by plant roots and utilised to generate more 

chlorophyll. The greater the urea fertiliser dose, the 

higher the SPAD value in the leaves. 

 

Green fodder yield 

According to the findings (Table 3), N, P, and K levels 

substantially impacted the yield of green fodder. The 

production of green fodder was greatly increased by 

raising the fertiliser's N, P2O5, and K2O levels com-

pared to the control. Sorghum produced 16.40 t ha-1 of 

green fodder in strip I (N0P0K0) without the use of ferti-

lisers. The fodder production in strip II, which was 42.6 

% greater than in strip I, was achieved by applying ni-

trogen at 90 kg ha-1 (the blanket guideline) and phos-

phorus and potassium fertilisers in amounts corre-

sponding to the soil's P and K fixing capabilities. The 

yield in strip III, which had twice as much N, P2O5, and 

K2O applied as in strip II, was 28.2 t ha-1, an increase of 

71.9 and 20.5% over strips I and II, respectively. It 

could be because applying fertiliser at graduated levels 

improved the uptake of nutrients and growth factors, 

including plant height, eventually leading to higher 

overall green yields.  

Singh et al. (2019) reported more evidence of in-

creased grain and straw yields in sorghum crop treated 

with graded levels of fertilisers. The significant influ-

ence of N on enhancing plant development characteris-

tics may be the cause of the increase in green and dry 

fodder yields of sorghum following N treatment (Singh 

et al., 2015). Additionally, Goyal and Bhardwaj, (2020) 

demonstrated a favourable impact of nitrogen fertilisa-

tion on the fodder output of sorghum. The current 

study's findings in sorghum and the findings by Singh 

(2020), and Singh (2014) in sorghum crops are quite 

similar because of fodder yield. This may be because 

more soil nutrients are available due to higher levels of 

N, P, and K fertilisers and because N, P, and K nutri-

ents promote the growth of fodder crops. Rashid and 

Iqbal (2012) on fodder sorghum and Alias et al. (2003) 

on fodder maize both came to similar conclusions. 

Meena et al. (2012) also stated that hybrid sorghum's 

green fodder output significantly increased when N lev-

els were raised from 40 to 120 kg ha-1.  

 

Nutrient uptake 

The total nitrogen uptake by the crop was reported as 

38.5 kg ha-1 in strip I, 58.7 kg ha-1 in strip II, and 75.6 

kg ha-1 in strip III, according to nutrient concentration in 

plants measured in terms of total uptake by sorghum. 

With the addition of the recommended fertiliser dose 

(strip II) and the twofold recommended dose (strip III), 

the response to the uptake of nutrients was 30.7% and 

17.6% over strip I, respectively. Similarly, total phos-

phorus uptake by sorghum was highest (20.5 kg ha-1) in 

strip III, followed by 16.3 kg ha-1 in strip II, and lowest 

(11.8 kg ha-1) in strip I. Strip III had the highest total K 

uptake 73.4 kg ha-1, followed by Strip II with 55.6 kg ha-

1, and Strip I had the lowest of 36.7 kg ha-1. Compared 

to the control (strip I), strip III and II increased phospho-

rus and potassium uptake of 73.7, 38.1 and 99.8, 32 %, 

respectively (Table 3). Higher levels of phosphorus 
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treatment, which would have resulted in more root pro-

liferation of the crop, were the cause of the increase in 

phosphorus uptake (Udayakumar et al., 2017). 

Additionally, the % increase in potassium uptake was 

lower in all treatments, which may be related to the 

experimental site's high availability of K. As a result, the 

difference between the recommended and double-

recommended fertiliser doses was less when compared 

to the control. According to Vijay Kant Singh et al. 

(2020), increasing the level of N up to 200 kg N ha-1 

considerably boosted plant height, N, P, and K uptake 

by wheat. The findings from the present work in view of 

nutrient uptake are similar to those reported in sorghum 

by Sonune et al. (2010) and Singh (2014) and in rice by 

Maragatham et al. (2018). 

 

Post- harvest soil test values 

Before the main experiment's test crop was sown, the 

average soil test results in table 4 for available N, P, 

and K revealed that the fertility gradients regarding 

those nutrients were well-developed in various field 

strips throughout (Fig 1). The soil's available N, P, and 

K between strips I and III increased. The average soil 

test result for available nitrogen (Alkaline-KMnO4-N) 

was 155 kg N ha-1, 190 kg N ha-1, and 214 kg N ha-1 in 

strips I, II, and III, respectively. The average amount of 

soil phosphorus that was readily available was 12.5 kg 

ha-1 in strip I, 23.2 kg ha-1 in strip II, and 31.8 kg ha-1 in 

strip III. In strips, I, II, and III, the average soil test value 

for available potassium was 332 kg K ha-1, followed by 

370 kg K ha-1, and 396 kg K ha-1. Strip III had the high-

est alkaline KMnO4-N, Olsen's-P, and NH4OAc-K soil 

test values, followed by Strip II, while Strip I had the 

lowest values. A noticeable rise in the fertility gradient 

build-up regarding the available N, P, and K was ob-

served from strip I to strip III. The available N, P, and K 

declined from its beginning value in the control treat-

ment (strip I). This might result from residual N, P, and 

K uptaken by the crop, leading to a drop. There was a 

steady improvement in the soil's nutrient availability 

status about N, P, and K after applying the recom-

mended amount of fertilisers. This could result from 

fertiliser treatment in graded dosages, which increased 

N, P, and K availability in the soils while simultaneously 

boosting uptake.  

The availability of these nutrients increased significantly 

when fertiliser dosages were increased, doubling the 

RDF and as a result, fertility gradients for N, P, and K 

were detected. Udayakumar and Santhi (2017) also 

reported on this type of clearly defined fertility gradient 

build-up by an initial fertility gradient experiment. The 

data of the present studt showed that the soil test val-

ues for the available nutrients showed significant varia-

bility. Alkaline KMnO4-N, Olsen's-P, and NH4OAc-K in 

strip III above strip I were found to have fertility gradient 

differences of 30.9, 45.6, and 26.9 %, respectively. For 

alkaline KMnO4-N, Olsen's-P, and NH4OAc-K in strip II 

above strip I, it was 8.6, 20.4, and 8.4 %, respectively. 

The findings of the present study on sorghum support 

the conclusion made by Kaushik et al. (2015) on rad-

dish about the higher post harvest soil test values after 

the crop harvest due to the application of graded levels 

of fertilizers.  

Soil enzymes activity  

Urease activity 

The amount of microbes is correlated with soil enzyme 

activity. Due to the close connection between soil nutri-

ents and soil enzyme activity, soil enzymes serve as a 

crucial indication of the soil's natural fertility.  

Soil urease catalyzes, the hydrolysis of urea into am-

monical form, which is then oxidised by nitrifiers to ni-

trate form, in large part. This boosts the utilisation rate 

of nitrogen fertiliser. As per data in Table 5, Strip III had 

the highest urease activity 25.6 µg NH4 g
-1 hr-1, which 

differs significantly with other strips. The lowest urease 

activity (16.8 µg NH4 g
-1 hr-1) was seen in strip I, which 

received no fertilisers. Whereas strip II receiving gen-

eral recommended dose of nitrogen, P & K as per the 

fixing capacities of soil, showed 24.1 µg NH4 g
-1 hr-1 of 

urease activity. The increasing order of urease activity 

Strip 
Fertiliser doses  (kg ha-1) Green fodder 

yield (t ha-1) 

Nutrient uptake (kg ha-1) 

N P2O5 K2O N P K 

I 0 0 0 16.40c ± 0.11 38.5c ± 0.87 11.8c ±0.16 36.7c ± 0.38 

II 90 229 97 23.40b ± 0.36 58.7b ± 1.23 16.3b ± 0.24 55.6b ± 0.59 

III 180 458 194 28.20a ± 0.61 75.6a ± 1.37 20.5a ± 0.57 73.4a ± 1.21 

CV 2.92 3.71 3.06 2.25 

CD (P< 0.05) 1.50 4.84 1.12 2.81 

Values are means standard deviation (±SD) of three independent replications (n=3). Different letters within the column indicate statisti-

cally significant differences between treatments, according to Ducans multiple range test (P< 0.05). CV=coefficient of variation. CD is 

critical difference. 

Table 4. Effect of application of graded levels of N, P2O5 and K2O on soil fertility status of gradient experiment 
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is strip I < strip II < strip III. The increasing availability of 

the substrate N (urea) may be the cause of the rise in 

urease activity with N levels as urea is applied in two 

splits. Mageshen et al. (2019) reported that STCR 

based fertilizer application showed significant urease 

activity compared to unfertilized plots. The above-

mentioned results of the present study were in accord-

ance with the findings of Sun et al. (2020) that the use 

of urea boosted the rhizosphere urease activity in the 

middle and late filling stages of wheat, which was ad-

vantageous for increasing grain production and the 

effectiveness of nitrogen uptake. 

 

Phosphatase activity 

Phosphatases are large categories of enzymes that 

may catalyse the hydrolysis of phosphoric acid esters 

and anhydrides. Mineral fertilisers significantly en-

hanced alkaline phosphatase activity (Table 5) com-

pared to controls. Its maximum value, a 32.7% increase 

above control, was seen in the soil from strip III. Low 

activity of phosphatase (22.3 µg P-NP g-1 hr-1) was no-

ticed in the control (strip I). Whereas the phosphate 

activity of strip II is 28.2 µg P-NP g-1 hr-1. 

This could be due to applying nutrients in readily availa-

ble form enhanced root growth and release of root exu-

dates that contain a wide spectrum of carbon-

containing metabolites. These served as a carbon 

source for the microbes. As a result, it stimulated the 

phosphatase activity. 

Similar results were experienced by Ekta Joshi et al. 

(2021) in comparison to no fertiliser treatment, the use 

of all nutrients considerably boosted the alkaline phos-

phatase enzyme activity in soil following crop harvest. 

Supplying major nutrients in adequate quantity im-

proves the root biomass and rhizosphere, leading to 

more root exudate release and higher microbial and 

phosphatase activity in soil of maize crop. In a research 

on maize, soil phosphatase activity was shown to be 

greatly boosted by adding nitrogen fertiliser (Song et 

al., 2020), which was found to be similar to the present 

study on sorghum that soil phosphatase activity was 

found to be high in plots receiving high amount of nitro-

gen @ 180 kg ha-1. 

 

Dehydrogenase activity 

The soil's metabolic state or the microbial community's 

biological activity appeared to have a greater impact on 

dehydrogenase activity than any free enzymes present. 

Dehydrogenase is an indicator of soil microbial activity, 

and its levels are highly impacted by the presence of 

nitrate, which acts as an alternative electron acceptor 

and lowers activities (Raghavendra et al., 2018). An 

important biochemical indicator is dehydrogenase activ-

ity. After harvest of fodder sorghum it ranged from 17.6 

to 31.9 µg TPF g-1 day-1. The dehydrogenase activity 

(Table 5) was 17.6, 27.5 and 31.9 µg TPF g-1 day-1 in 

strip I, II & III, respectively. The increase of dehydro-

genase activity in strip III over strip I is 81.2%. 

The results further clearly revealed that increased de-

hydrogenase activity is due to the increased doses of 

Fig. 1. Experimental field's fertility gradient in relation to available N, P, and K in soil 

Parameters Urease  

(µg NH4 g
-1 hr-1) 

Phosphate  

(µg P-NP g-1 hr-1) 

Dehydrogenase 

(µg TPF g-1 day-1) 

Microbial biomass 

carbon (MBC) (µg g-1) Strips 

I 16.8c ± 0.26 22.3c ± 0.51 17.6b ± 0.37 80.2c ± 1.68 

II 24.1b ± 0.43 28.2b ± 0.71 27.5b ± 0.73 129.7b ± 2.34 

III 25.6a ± 0.78 29.6a ± 1.12 31.9a ± 0.87 146.4a ± 4.62 

CV 1.25 3.32 2.51 2.18 

CD (P< 0.05) 0.62 2.01 1.45 5.87 

Values are means standard deviation (±SD) of three independent replications (n=3). Different letters within the column indicate statisti-

cally significant differences between treatments, according to Ducans multiple range test (P< 0.05). CV=coefficient of variation. CD is 

critical difference. 

Table 5. Effect of application of graded levels of N, P2O5 and K2O on soil enzyme activities and soil microbial biomass 

carbon 
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the fertilizer application. It was also found that dehydro-

genase activity was lower if no soil fertilizer was ap-

plied. The results were in accordance with Sarita et al. 

(2022) in STCR alone treated plots in calcareous soil 

under rice-based cropping system. Application of ferti-

lisers increased DHA. At the flowering and harvest 

stages, higher dehydrogenase activity was detected in 

the soil test-based fertiliser treatment, and this was 

comparable to the DHA detected in 100% RDF. Apply-

ing the macro elements increased dehydrogenase ac-

tivity, which was most likely caused by the activity and 

growth of the rhizosphere (Bednarz and Krzepilko, 

2009). 

 

Microbial biomass carbon (MBC) 

Soil microbial biomass, a living component of soil or-

ganic matter, functions as a labile reservoir for plant-

available N, P, and S and acts as a transformation 

agent for both added and native organic matter. The 

data in Table 5 shows Strip III had the highest MBC 

146.4 µg g-1, which differd significantly from other 

strips. The lowest MBC (80.2 µg g-1) was seen in strip I, 

which received no fertilisers. Whereas strip II receiving 

general recommended dose of nitrogen, P & K, as per 

the fixing capacities of soil showed 129.7 µg g-1 of 

MBC. The increasing order of MBC was strip I < strip II 

< strip III. It is possible that by providing nutrients in 

easily obtainable form, root development will be boost-

ed and root exudates containing various metabolites, 

including carbon, will be released. These provide the 

microorganisms with a carbon supply, increasing MBC 

and this could be the reason for the increasing in the 

MBC in strip III when compared to strip I and this result 

was supported by the conclusion of Zhang et al. (2019) 

who reported from incubation experiment by using arti-

ficial root (Rhizon)  that increased NPK fertilisation in-

creases soil MBC without having a negative impact 

because plant roots can release extracellular enzymes, 

they may also encourage the activity of soil microbes.  

The results on the soil MBC (strip I < strip II < strip III) 

in present investigation on sorghum are also similar to 

the findings of Shuaimin et al. (2019) on wheat crop, 

where he mentioned that secretion of organic acids 

might be a strategy developed by plants to recruit ben-

eficial microbes in the root zone to cope with high N 

input. 

Conclusion 

In conclusion, applying graded levels of N, P, and K 

fertilisers developed an artificial soil fertility gradient in 

the experimental field in semi-arid region of Tamil Na-

du. The average soil test result for available nitrogen 

(Alkaline-KMnO4-N) was 155 kg N ha-1, 190 kg N ha-1, 

and 214 kg N ha-1 in strips I, II, and III, respectively. 

The average amount of soil phosphorus that was readi-

ly available was 12.5 kg ha-1 in strip I, 23.2 kg ha-1 in 

strip II, and 31.8 kg ha-1 in strip III. In strips I, II, and III, 

the average soil test value for available potassium was 

332 kg K ha-1, followed by 370 kg K ha-1, and 396 kg K 

ha-1. The green fodder yield of fodder sorghum in strip 

III increased 71.9% and 20.5% over strips I and II, re-

spectively. This shows a significant influence of the 

application of graded N, P & K fertiliser doses on post-

harvest soil fertility status, nutrient uptake, green fodder 

yield, soil enzymes activity and growth attributes of sor-

ghum (Sorghum bicolor). 
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