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Abstract 
A field investigation was carried out at the Research Farm of the All India Coordinated Research Project on 

Long-Term Fertilizer Experiment (AICRP on LTFE), Dr. Panjabrao Deshmukh Krishi Vidyapeeth (Dr. 

PDKV), Akola, Maharashtra, India, under an ongoing long-term experiment initiated during 1988-89 in a 

sorghum-wheat cropping sequence on Vertisol. The study evaluated the effects of different fertilizer and 

nutrient management practices on nutrient content and uptake. The treatments included varying levels of 

the recommended dose of fertilizers (RDF) at 50, 100, and 150%, RDF combined with farmyard manure 

(FYM), FYM alone at 10 t ha⁻¹, RDF without sulphur, RDF supplemented with sulphur at 37.5 kg ha⁻¹ and 

zinc at 2.5 kg ha⁻¹, NP, nitrogen alone, and an unfertilized control. The results revealed that the combined 

application of the optimal dose of 100% NPK along with FYM at 5 t ha⁻¹ resulted in the highest nutrient 

concentration in both grain and straw. This treatment recorded maximum nitrogen content (1.80% in grain 

and 1.02% in straw), phosphorus content (0.39% in grain and 0.29% in straw), and potassium content 

(1.48% in grain and 0.67% in straw). Correspondingly, the highest nutrient uptake was observed under this 

integrated treatment, with nitrogen uptake of 65.67 and 61.98 kg ha⁻¹ in grain and straw, phosphorus uptake 

of 16.67 and 20.64 kg ha⁻¹, and potassium uptake of 23.68 and 85.29 kg ha⁻¹, respectively, the unfertilized 

control treatment recorded the lowest nutrient content and uptake, with nitrogen content of 1.58% in grain 

and 0.69% in straw, phosphorus content of 0.31% in grain and 0.22% in straw, and potassium content of 

1.30% in grain and 0.45% in straw. Nutrient uptake under the control was minimal, with nitrogen uptake of 

7.72 and 7.59 kg ha⁻¹, phosphorus uptake of 2.43 and 2.43 kg ha⁻¹, and potassium uptake of 2.81 and 12.08 

kg ha⁻¹ in grain and straw, respectively. 

 

Keywords: Nutrient content, nutrient uptake, FYM, Wheat, long-term fertilization 

 

Introduction 

The sorghum-wheat cropping sequence is a major production system supplying foodgrains in 

Peninsular Central India, particularly in Maharashtra (Katkar et al., 2011) [9]. Wheat (Triticum 

aestivum L.) is the second most important food grain crop in India after rice. In Maharashtra, 

wheat is cultivated over an area of about 1,057 thousand hectares with an annual production of 

approximately 2,474 thousand tonnes (Anon., 2022) [1]. 

Crop nutrient uptake is a key determinant of optimal fertilization practices; therefore, efficient 

fertilizer application is essential for improving nutrient use efficiency. Nutrient uptake and 

translocation within the plant system are influenced by crop growth stages, soil fertility status, 

and the quantity and balance of fertilizers applied. Chemical fertilizers are commonly used to 

supplement soil nutrient supply and enhance crop yields; however, inadequate and imbalanced 

fertilizer application can adversely affect soil health and lead to declining crop productivity 

(Kalhapure et al., 2014) [8]. 

The sustainability of any cropping system largely depends on efficient resource utilization, 

particularly the balanced use of organic manures and inorganic fertilizers. The conjoint 

application of organic manures and chemical fertilizers has emerged as a viable strategy for 

sustaining productivity in cereal-based cropping systems, especially under intensive cultivation 

and the heavy nutrient demand of the sorghum-wheat sequence, which often leads to depletion 
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of both macro- and micronutrients (Mali et al., 2015) [17]. As 

cereal-cereal cropping systems are known to exhaust soil 

nutrients rapidly, appropriate interventions are necessary to 

maintain nutrient balance and soil fertility. 

Although direct application of organic manures to wheat is less 

common due to constraints related to decomposition and nutrient 

release, integration of organic and inorganic nutrient sources can 

ensure a balanced and timely supply of nutrients in optimum 

proportions. Farmyard manure (FYM) is a valuable, renewable 

organic nutrient source, and substantial quantities of organic 

residues available with farmers can be effectively utilized to 

complement chemical fertilizers (Kumari et al., 2017) [13]. Soil 

organic matter serves as a major reservoir of carbon and 

essential plant nutrients, playing a crucial role in nutrient 

availability and uptake by crops (Wang et al., 2015) [28]. 

Therefore, studying the long-term influence of organic manure 

and inorganic fertilizer application is essential for understanding 

nutrient uptake dynamics and sustaining productivity under the 

sorghum-wheat cropping sequence. 

 

Material and Methods 

Site description 

A long-term field experiment under a sorghum-wheat cropping 

sequence was initiated during 1988-89 at the research farm of 

the All India Coordinated Research Project on Long-Term 

Fertilizer Experiment (AICRP on LTFE), Dr. Panjabrao 

Deshmukh Krishi Vidyapeeth (Dr. PDKV), Akola, Maharashtra. 

The experimental site is located at 22°42′ N latitude and 77°02′ 

E longitude, at an elevation of 307.42 m above mean sea level, 

and falls under a hot semi-arid agro-ecological region. The area 

receives the majority of its annual rainfall from the southwest 

monsoon. 

The soil at the experimental site belongs to the Typic Haplustert 

group of Vertisols, characterized by montmorillonitic clay 

mineralogy and classified as hyperthermic (Ravankar et al., 

1998) [19]. The soil exhibits typical swell-shrink properties 

associated with smectitic clays. The initial soil properties 

recorded at the commencement of the experiment during the 

kharif season of 1988 indicated that the soil was slightly alkaline 

in reaction (pH 8.1), medium in organic carbon content (4.60 g 

kg⁻¹), and moderately calcareous (5.7%). The soil was low in 

available nitrogen (120 kg ha⁻¹), medium in available 

phosphorus (8.40 kg ha⁻¹), and very high in available potassium 

(358 kg ha⁻¹). Available sulphur content was just above the 

critical limit (11.80 mg kg⁻¹), while DTPA-extractable zinc was 

marginal (0.62 mg kg⁻¹). 

 

Experimental design, treatment details and crop 

management 

The present study forms part of a long-term fertilizer experiment 

being conducted continuously at the same site since 1988-89 

without altering the original treatment randomization. The 

experiment was carried out under rainfed conditions at the farm 

of the All India Coordinated Research Project on Long-Term 

Fertilizer Experiment (AICRP on LTFE), Dr. Panjabrao 

Deshmukh Krishi Vidyapeeth (Dr. PDKV), Akola, Maharashtra, 

India. The experiment was laid out in a Randomized Block 

Design (RBD) comprising twelve treatments with three 

replications (Table 1). 

Wheat cultivar AKW 4627 was sown during the second 

fortnight of November each year. Farmyard manure (FYM), 

wherever included as a treatment component, was applied 

annually one month prior to sowing of the preceding sorghum 

crop. The recommended fertilizer dose for wheat was 120:60:60 

kg N:P₂O₅:K₂O ha⁻¹. Half of the nitrogen dose (60 kg ha⁻¹) along 

with the full doses of phosphorus and potassium was applied at 

sowing, while the remaining half of nitrogen was top-dressed at 

21 days after sowing (DAS). 

Gypsum was applied as a source of sulphur in treatment T₉ for 

both crops, whereas zinc sulphate (ZnSO₄) was applied as a 

source of zinc in treatment T₅. All other agronomic practices 

were followed as per the standard package of practices 

recommended by the university. 

 
Table 1: Treatment details under long-term fertilizer experiment 

 

Treatment 
Treatment details 

Kharif (Sorghum) Rabi (Wheat) 

T1 50% NPK 50% NPK 

T2 100% NPK 100% NPK 

T3 150% NPK 150% NPK 

T4 100% NPK (S free) 100% NPK (S free) 

T5 100% NPK 100% NPK + Zn @2.5 kg ha-1 

T6 100% NP 100% NP 

T7 100% N 100% N 

T8 100% NPK + FYM @ 5 t ha-1 100% NPK 

T9 100% NPK + S @ 37.5 kg ha-1 100% NPK + S @ 37.5 kg ha-1 

T10 FYM @ 10 t ha-1 FYM @ 10 t ha-1 

T11 75% NPK + 25% N through FYM 75% NPK + 25% N through FYM 

T12 Control (no manures and fertilizer) Control (no manures and fertilizer) 

Note: *T5: treatment the Zn application on the basis of soil test value *T8: treatment the dose of FYM from 10 t ha-1 was reduced to 5 t ha-1, *T10: 

treatment the dose of FYM @ 10 t ha-1 was applied to sorghum and wheat crop *T11: the application of 75% NPK + 25% N through FYM was 

started to apply from 2011-12. 

 

Plant analysis and calculations of nutrient uptake 

The plant samples were air-dried in shade and digested by using 

a di-acid and tri-acid mixture. Total N was analyzed by Micro-

Kjeldahl method (Jackson, 1973) [6], Total P by 

Vanadomolybdate yellow colour method (Jackson, 1973) [6] and 

Total K by Flame photometry (Jackson, 1973) [6]. The uptake of 

major nutrients was worked out by multiplying total dry matter 

and nutrient concentration. 

Statistical Analysis 

The data were statistically analysed by the technique of analysis 

of variance (ANOVA) as suggested by Gomez and Gomez, 

(1984) [3].  

 

Results and Discussion 

Nutrient content 

The data illustrating the effects of long-term fertilization in 
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conjunction with farmyard manure (FYM) on nitrogen, 

phosphorus, and potassium content in grain and straw are 

presented in Table 2. The nitrogen content in grain ranged from 

1.58 to 1.80%, while in straw it varied from 0.69 to 1.02%. 

Phosphorus content in grain ranged from 0.31 to 0.41%, whereas 

in straw it ranged from 0.22 to 0.29%. Similarly, potassium 

content in grain varied from 1.30 to 1.48%, and in straw from 

0.45 to 0.67%. 
Perusal of the data revealed that application of 100% NPK in 
combination with FYM at 5 t ha⁻¹ resulted in the highest N, P, 
and K contents in both grain (1.80% N, 0.41% P, and 1.48% K) 
and straw (1.02% N, 0.29% P, and 0.67% K). The enhanced 
nutrient content under integrated nutrient management may be 
attributed to improved root development and increased 
availability of nutrients in the root zone, facilitating greater 
nutrient absorption by the crop (Jat et al., 2007) [7]. 
Furthermore, the combined application of inorganic fertilizers 
and FYM was more effective than sole application of either 
source, likely because inorganic fertilizers supply readily 
available nutrients during early vegetative growth, while FYM 
contributes to sustained nutrient release through gradual 
mineralization over the crop growth period (Goutami and Rani, 
2016) [4]. Farmyard manure also plays a crucial role in supplying 
essential nutrients and improving nutrient use efficiency (Tolba 
et al., 2003; Khater et al., 2004) [23, 11]. These findings are 
consistent with earlier reports by Malav et al. (2019) [14] and Puli 
et al. (2012) [18], who observed higher nutrient content in crops 
following the application of optimal doses of NPK in 
conjunction with FYM. 
 

Nutrient uptake 
The data pertaining to nitrogen, phosphorus, and potassium 
uptake by wheat grain and straw as influenced by continuous 
application of fertilizers and manures are presented in Table 3. 
Nitrogen uptake by grain ranged from 7.72 to 65.67 kg ha⁻¹, 
while uptake by straw varied from 7.59 to 61.98 kg ha⁻¹. 
Significantly higher nitrogen uptake by both grain (65.67 kg 
ha⁻¹) and straw (61.98 kg ha⁻¹) was recorded in the treatment 
receiving 100% NPK in combination with FYM at 5 t ha⁻¹ (T₈), 
whereas the lowest uptake was observed in the unfertilized 
control. These results are in agreement with the findings of 
Chesti et al. (2013) [2], who attributed higher nitrogen uptake in 
wheat to enhanced nutrient availability and improved metabolic 
activity under integrated nutrient management. 
Phosphorus uptake by grain ranged from 2.43 to 16.67 kg ha⁻¹, 
while uptake by straw varied from 2.43 to 20.67 kg ha⁻¹. The 
highest phosphorus uptake by grain (16.67 kg ha⁻¹) and straw 
(20.67 kg ha⁻¹) was also recorded under the integrated treatment 

T₈, whereas the control treatment exhibited the lowest uptake. 
The increased phosphorus uptake with FYM application may be 
attributed to the solubilization of native soil phosphorus and 
mineralization of organically bound phosphorus, thereby 
enhancing its availability to plants (Sharma et al., 2016) [21]. 
Potassium uptake by grain ranged from 2.81 to 23.68 kg ha⁻¹, 
and uptake by straw from 12.08 to 85.29 kg ha⁻¹. The combined 
application of optimal NPK fertilization with FYM (T₈) resulted 
in significantly higher potassium uptake by both grain (23.68 kg 
ha⁻¹) and straw (85.29 kg ha⁻¹). This increased uptake may be 
ascribed to greater potassium availability from both fertilizers 
and organic sources, along with improved root proliferation that 
enhanced nutrient absorption (Kumari et al., 2017) [13]. 
Overall, the results indicate that balanced application of 
chemical fertilizers in conjunction with FYM significantly 
enhanced the uptake of nitrogen, phosphorus, and potassium by 
wheat. This improvement may be largely attributed to increased 
biomass production and improved nutrient availability 
throughout the crop growth period. Inorganic nitrogen not only 
supplies readily available nitrogen for plant growth but also 
stimulates mineralization of native and applied organic matter 
by meeting the nitrogen requirements of soil microorganisms 
(Goutami and Rani, 2016) [4]. Similar observations have been 
reported by Malav et al. (2019) [14], Venugopal et al. (2017) [27], 
Sharma et al. (2010) [20], and Thakur and Sawarkar (2009) [22], 
who consistently reported higher nutrient uptake under 
integrated nutrient management practices in long-term 
experiments on Vertisols. 
 

Table 2: Effect of long-term manuring and fertilization on nutrient 
content of wheat 

 

Treatments details 

Nutrient content (%) 

Grain Straw 

N P K N P K 

T1 50% NPK 1.62 0.32 1.33 0.75 0.26 0.49 

T2 100% NPK 1.70 0.36 1.40 0.87 0.27 0.57 

T3 150% NPK 1.78 0.39 1.47 0.99 0.29 0.65 

T4 100% NPK (S free) 1.68 0.35 1.38 0.84 0.27 0.55 

T5 100% NPK + Zn @ 2.5 kg ha-1 1.72 0.37 1.42 0.90 0.28 0.59 

T6 100% NP 1.66 0.34 1.36 0.81 0.27 0.53 

T7 100% N 1.60 0.31 1.31 0.72 0.25 0.47 

T8 100% NPK + FYM @ 5 t ha-1 1.80 0.39 1.48 1.02 0.29 0.67 

T9 100% NPK + S @ 37.5 kg ha-1 1.74 0.41 1.43 0.93 0.28 0.61 

T10 FYM @ 10 t ha-1 1.64 0.33 1.35 0.78 0.26 0.51 

T11 75% NPK + 25% N through FYM 1.76 0.38 1.45 0.96 0.28 0.63 

T12 Control (no manures and fertilizer) 1.58 0.31 1.30 0.69 0.22 0.45 

SE (m) ± 0.05 0.03 0.05 0.07 0.01 0.01 

CD at 5% 0.14 0.08 0.14 0.22 0.026 0.02 

 

Table 3: Effect of long-term manuring and fertilization on nutrient uptake by wheat 
 

Treatments details 

Nutrient uptake (kg ha-1) 

Grain Straw 

N P K N P K 

T1 50% NPK 23.94 4.37 7.56 20.89 5.73 33.19 

T2 100% NPK 46.29 9.62 15.44 40.32 11.38 60.49 

T3 150% NPK 57.99 14.02 20.62 52.56 17.01 73.39 

T4 100% NPK (S free) 41.56 8.32 13.64 37.16 10.12 56.79 

T5 100% NPK + Zn @ 2.5 kg ha-1 48.22 10.41 16.39 43.92 13.01 64.75 

T6 100% NP 34.37 6.56 11.05 29.63 7.64 46.49 

T7 100% N 11.84 2.78 3.58 9.07 3.57 15.11 

T8 100% NPK + FYM @ 5 t ha-1 65.67 16.67 23.68 61.98 20.64 85.29 

T9 100% NPK + S @ 37.5 kg ha-1 51.64 11.53 17.81 47.53 14.56 68.93 

T10 FYM @ 10 t ha-1 27.97 4.67 8.65 24.43 5.52 39.64 

T11 75% NPK + 25% N through FYM 53.14 12.26 18.62 51.68 16.21 73.25 

T12 Control 7.72 2.43 2.81 7.59 2.43 12.08 

SE (m) ± 1.79 0.39 0.67 1.68 0.71 2.62 

CD at 5% 5.25 1.16 2.02 4.93 2.07 7.69 
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Fig 1: Effect of long-term manuring and fertilization on total uptake of nutrients by wheat in sorghum-wheat sequence 

 

Conclusion 

The results of the long-term fertilizer experiment clearly indicate 

that balanced application of the optimal dose of NPK in 

conjunction with organic manure is a suitable and sustainable 

nutrient management practice for wheat cultivation under the 

sorghum-wheat cropping sequence. Integrated use of chemical 

fertilizers with farmyard manure significantly enhanced 

nitrogen, phosphorus, and potassium content in both grain and 

straw, which subsequently resulted in higher uptake of these 

nutrients by the crop. The improved nutrient uptake may be 

attributed to enhanced nutrient availability, better root 

development, and sustained nutrient release throughout the crop 

growth period. Furthermore, the combined application of 

inorganic fertilizers and organic manure contributed to improved 

soil fertility, thereby supporting higher biomass production and 

nutrient use efficiency. In contrast, imbalanced fertilization or 

sole application of chemical fertilizers resulted in comparatively 

lower nutrient content and uptake. Therefore, the integration of 

organic manures with recommended doses of NPK fertilizers 

emerges as an effective strategy for improving nutrient uptake, 

maintaining soil health, and sustaining wheat productivity in 

Vertisol soils under long-term intensive cropping systems. 
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