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Abstract 
A field experiment was conducted at Agricultural Research Station, Kota, Rajasthan, during rabi season 

of 2021-2022 to assess the effect of nutrient management on growth and productivity of wheat (Triticum 

aestivum L.) under rice-based cropping system. The treatment consisted of eight nutrient levels and 

combinations viz., 100% RDF, RDF + FYM, 125% RDF, 150% RDF, RDF + Zn, RDF + S, RDF + Zn + 

S and RDF + Foliar sprays of NPK. Application of 150% RDF registered the maximum growth 

parameters viz., number of tillers/mrl, DMA, CGR & plant height at different growth stages and grain, 

straw & biological yields, however, 125% RDF, RDF+FYM and RDF + Zn + S treatments found at par 

with it. Further, applications of RDF + Zn + S, RDF + Zn and RDF+S as well as RDF + foliar sprays of 

NPK 19:19:19 also enhanced the growth and productivity of wheat as compared to 100% RDF. 

Maximum net return was obtained under 150% RDF (₹ 106464/ha), however, 125% RDF (₹ 103460/ha) 

and RDF+FYM (₹ 99907/ha) as well as RDF + Zn + S (₹ 99155/ha) were found at par with 150% RDF. 

Application of 125% RDF provided maximum B: C ratio (3.27), which was found significantly superior 

over the application 100% RDF, RDF+FYM, RDF+S, RDF + Zn + S and RDF + foliar sprays of NPK. 

 

Keywords: Crop growth rate, dry matter accumulation, grain yield, nutrient management, wheat, yield 

attributes 

 

Introduction 

Wheat is the most important staple food in the world and is the second important cereal crop 

after rice in India. It is cultivated in 31.61 million ha area with an annual production of about 

109.52 million tonnes and an average productivity of 3464 kg/ha (GOI, 2021) [5]. In Rajasthan, 

it occupies an area of 30.93 lakh ha with an annual production of 120.21 lakh tonnes and 

average productivity of 3885 kg/ha (GOR, 2021) [6]. The agriculture sector in India is facing a 

serious challenge to produce more food from shrinking amounts of cultivated land. The target 

for wheat production in India is projected around 140 million tonnes by 2050 considering its 

growing demand for consumption and trade due to burgeoning population (Anonymous, 2015) 
[1]. Rice-wheat cropping system is one of the most dominant cropping systems in India as well 

as South-eastern Rajasthan. This particular cropping system covers about one-third of the total 

rice cultivation and two-fifths of the total wheat cultivation in the Indian sub-continent 

(Sharma et al. 2019) [18]. The nutrient management of plants is one of the most important 

factors determining ultimate crop productivity. Long-term studies reveal that crop productivity 

is declining even after applying recommended dose of NPK fertilizers (Yadav and Kumar, 

2009) [26]. The field crops exhibit substantial economic response on high fertility levels. The 

productivity may be further enhanced by increase in nutrient doses of NPK fertilizers (Singh, 

2016) [23]. Integrated use of organic and inorganic sources of nutrient may support enhanced 

yield of wheat (Kumar et al. 2013) [7]. FYM is a good source of nutrients and contributed 

towards build-up of organic matter in soil (Das et al. 2008) [3] and it is not only supply macro 

and micronutrients but also improve the soil physical, chemical and biological properties of 

the soil. The importance of micronutrients applications in increasing crop productivity has 

been recognized in India. Zinc deficiency is a common phenomenon in cereals (Singh, 2017) 
[22]. Zn is considered to play important role in synthesis of various enzymes, N metabolism and 

several oxidation-reduction reactions. Sulphur is now recognized as the fourth major plant 

nutrient after NPK. Currently, the addition of S and Zn is regarded a vital component of  
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balanced fertilization in order to increase the effectiveness of 

applied nutrients and increase wheat yield. Foliar spray of one 

or more nutrients to supplement soil application of fertilizers 

has gaining more attention in recent years to overcome the 

problem of low fertilizer nutrient supply from soil to plant 

(Reena et al. 2018) [14]. Foliar fertilizers (NPK) can provide 

the plant nutrient at critical stages of plant growth where the 

nutrient requirement of plant exceeds the normal uptake for 

certain nutrients (Fageria et al. 2009) [4]. Keeping in view the 

above facts, present experiment was carried out to study the 

effect of nutrient management on growth and productivity of 

wheat (Triticum aestivum L.) grown under rice based 

cropping system in South-eastern Rajasthan” at Agricultural 

Research Station, Ummedganj Farm, Kota during Rabi 2021-

22 

 

Material and Methods 

The experiment was undertaken on Research farm of 

Agricultural Research Station, Ummedganj, Kota during rabi 

season of 2021-2022 on wheat (var. Raj 4079) grown after 

rice. The soil of experimental field was clay in texture. The 

soil was low in available nitrogen, medium in phosphorus and 

high in potassium, while sulphur and zinc content found to be 

slightly lower than critical level. The experiment was carried 

out in randomized block design with four replications and 

eight nutrient management treatments viz., 100% RDF (NPK 

@ 120-40-30 kg/ha), RDF+FYM @ 10 t/ha, 125% RDF, 

150% RDF, RDF + Zn @ 5.5 kg/ha, RDF+S @ 40 kg/ha, 

RDF + Zn + S and foliar sprays of NPK 19:19:19 @ 0.5% at 

tillering and ear initiation stages. Half doses of nitrogen and 

total quantity of phosphorus & potassium were applied at 

sowing time as per randomly allotted treatment by drilling in 

furrows. Remaining half doses of nitrogen was top dressed at 

the time of first irrigation (CRI stage). Full doses of zinc and 

sulphur were applied before sowing as basal doses. Foliar 

spray of NPK 19:19:19 were applied at maximum tillering (45 

DAS) and ear initiation (65 DAS) stages, using spray volume 

of 500 lit/ha. The annual rainfall received during growing 

seasons was 99.0 mm in 2021–22. Four irrigations were 

applied in experimental wheat crop.  

The data on periodical dry matter accumulation (DMA) in 

wheat plants were recorded by collecting whole plant samples 

from randomly selected two rows of 0.5 m length at 45 DAS, 

90 DAS and harvest stages. Observations on number of tillers 

per m row length at 45 DAS and plant stands in one-meter 

row length at 30 DAS and at harvest stage were counted from 

randomly selected rows in each plot. The efficiency parameter 

namely crop growth rate (CGR) between 45 DAS to 90 DAS 

and 90 DAS to harvest stage were computed on the basis of 

dry matter accumulation, by using formula given by Redford 

(1967) [13]. For plant height, three plants selected at randomly 

and height was measured in centimetres from ground level to 

the base of the top or ear head. The above ground portion of 

plants after harvest were sun dried for one week and then 

weighed to work out biomass yield. After threshing and 

winnowing, grain yields from each plot were weighed 

separately. The harvest index was computed as suggested by 

Donald and Hamblin (1976) [27]. Net return was calculated by 

deducting total cost of cultivation from gross return each 

treatment and the benefit: cost (B: C) ratio was estimated by 

dividing the net return with total cost of cultivation. All the 

data were subjected to statistical analysis by adopting 

appropriate method of analysis of variance for testing the 

significance of variation in experimental results (Panse and 

Sukhatme 1985) [12]. 

  

Result and Discussion 

Growth parameters 

It is evident from results (Table 1) that different nutrient 

management treatments exhibited significant effect on growth 

parameters viz., plant height, number of tillers, DMA at 45, 90 

DAS and harvest stages and CGR between 45 to 90 DAS and 

90 DAS to harvest stages. While, number of plants per meter 

row length at 30 DAS and harvest stages did not vary 

significantly due to different nutrient management treatments, 

indicating that plant stand was almost uniform in all the 

treatment plots.  

Results of the experiment revealed that plant growth 

parameters viz., number of tillers, plant height, DMA at 45, 90 

DAS and harvest stage and CGR between 45 to 90 DAS and 

90 DAS to harvest stages of wheat crop increased 

significantly with increasing NPK fertilizer doses from 100% 

to 150% RDF and maximum values for growth parameters 

were recorded with 150% RDF, however, 125% RDF and 

RDF+FYM treatments were found at par with 150% RDF.  

Data (Table 4.1) shows that maximum plant height at 45 & 90 

DAS and at harvest stage were recorded under the application 

of 150% RDF, however, it was statistically at par with 

RDF+FYM, 125% RDF and RDF + Zn + S treatments. Data 

indicates that the maximum number of tillers (146.0/mrl) at 

45 DAS was recorded under the application of 150% RDF 

which was significantly higher over RDF + foliar sprays of 

NPK, 100% RDF and RDF + Zn, however, it was found 

statistically at par with the application of RDF + FYM, 125% 

RDF, RDF + Zn + S and RDF + S.  

Maximum dry matter accumulation at 45 DAS was recorded 

under the application of 150% RDF, which proved 

significantly superior over RDF + foliar sprays of NPK, 100% 

RDF and RDF + Zn, however, 125% RDF, RDF + Zn + S, 

RDF+S and RDF+FYM were found statistically at par with 

150% RDF. At 90 DAS, maximum DMA was observed with 

the application of 150% RDF followed by 125% RDF and 

RDF+FYM. However, these nutrient management treatments 

remained at par with each other. Application of 150% RDF 

also recorded maximum DMA at harvest stage, which was 

significantly superior over all the other treatments except 

125% RDF and RDF+FYM which remained at par among 

thems. Further, application of RDF + Zn + S, RDF + S, RDF 

+ foliar sprays of NPK and RDF + Zn also accumulated 

significantly higher DM over 100% RDF, however, all these 

treatments found at par among them. 

Results clearly indicates that all the nutrient management 

treatments significantly improved the CGR between 45 to 90 

DAS and 90 DAS to harvest stages over 100% RDF. 

Maximum CGR between 45 to 90 DAS was observed with the 

application of 150% RDF, which was significantly superior 

over RDF + Zn + S, RDF + S, RDF + Zn and 100% RDF, 

however, 125% RDF, RDF+FYM and RDF + foliar sprays of 

NPK treatments were found at par with it. The maximum 

CGR between 90 DAS to harvest stages was also recorded 

under the application of 150% RDF followed by RDF+ FYM, 

125% RDF, RDF + Zn + S, RDF + foliar sprays of NPK and 

RDF+S which were found at par among them and 

significantly superior over 100% RDF. Positive influence of 

increasing level of NPK nutrients on growth parameters 

seems to be on account of increasing availability of NPK 
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maintaining congenial nutritional environment in soil and 

plant system. Similar findings were also reported by Kumar et 

al. (2019) [9]; Mohanta et al. (2020) [10] and Kumar and Pareek 

(2022) [8]. 

Application of RDF+FYM @ 10 t/ha also improved growth 

parameters viz. number of tillers, plant height, DMA at 45, 90 

DAS and harvest stage and CGR between 45 to 90 DAS and 

90 DAS to harvest stage of wheat crop as compared to sole 

100% RDF and it was found at par with 125% RDF, 150% 

RDF, RDF + Zn + S, RDF + Zn and RDF + S treatments. The 

optimum availability of nutrients under integrated use of 

FYM and NPK might led to improve photosynthetic area of 

plants, meristematic activity, nutrient uptake and its further 

reflectance into the increased growth parameters. The results 

of study are in close agreement with the results of Borse et al. 

(2019) [2] & Kumar and Pareek (2022) [8]. 

Further evaluations of data reflect that the number of 

tillers/mrl, plant height, DMA and CGR also improved 

significantly with the application of Zn + S along with RDF 

as compared to 100% RDF alone. Tiwari et al. (2021) [24] 

opined that application of Zn and S with RDF increased in 

plant height and number of tillers may be attributed to 

increased availability of macro nutrients (N, P, K and S) as 

well as micro nutrients (Zn) to plants and also enhanced 

meristematic activity, thereby increased division, enlargement 

and elongation of cells resulting in higher plant height and 

number of tillers. Sharma and Jain (2014) [19] also reported the 

same findings. 

Foliar sprays of NPK (19:19:19) showed significant 

improvement in plant height and DMA at 90 DAS and harvest 

stage as well as CGR between 45-60 DAS and 90 DAS to 

harvest stage as compared to RDF only. This may be due to 

the quick absorption of nitrogen, phosphorus and potash and 

helped in expansion of leaf area owing to increased 

meristematic activity and provided greater photosynthetic 

surface to intercept more radiant energy and improved the 

capacity of the plants to utilize more available nutrients and 

net photosynthesis (Nitharwal et al. 2022) [11]. 

 

Yield and Yield attributes  

The results indicated that nutrient management treatments had 

significant positive influence on yield attributes viz., effective 

tillers, grains/ear and test weight, however, significant impact 

on ear length were not observed (Table 2). 

In present investigation, maximum number of effective 

tillers/m row was recorded with 150% RDF, while maximum 

grain number per ear and test weight were observed with RDF 

+ FYM. However, application of 150% RDF, 125% RDF, 

RDF + FYM, RDF + S + Zn, and RDF + NPK 19:19:19 

treatments were found at par among them with regards to 

these yield attributing characters. All these treatments as well 

as RDF+ Zn and RDF+S significantly improved these yield 

attributes as compared to RDF which ultimately bring 

significant increments in grain productivity. 

The increase in yield attributes with higher fertility levels 

could be ascribed to overall improvement in crop growth as 

indicated from higher CGR and manifested in terms of dry 

matter accumulation. Significant improvement in yield 

attributes viz., grains/ear and test weight of wheat due to 

higher level of NPK were also reported by Mohanta et al. 

(2020) [10] and Vishwakarma et al. (2020) [25].  

Maximum grain yield was recorded with the application of 

150% RDF (54.32 q/ha), however, it did not differ 

significantly over RDF+FYM, 125% RDF, RDF + Zn + S. 

RDF + Zn and RDF + foliar spray of NPK 19:19:19 

treatments. All these treatments as well as RDF + S recorded 

significantly higher grain yield over 100% RDF and were 

found at par among them. Application of 150% RDF, 

RDF+FYM, 125% RDF and RDF + Zn + S produced 

additional grain yield of 8.52, 7.35, 7.12 and 6.49 q/ha, 

representing 18.60, 16.05, 15.55, and 14.17 per cent 

increment; respectively over 100% RDF (45.80 q/ha). Further, 

applications of RDF + foliar sprays of NPK and RDF + Zn 

also significantly enhanced the grain yield to the extent of 

10.94 and 10.57 per cent; respectively as compared to 100% 

RDF alone. This increment might be due to improvement in 

yield attributes and cumulative interaction between vegetative 

and reproductive growth of the crop plants. 

The highest biological yield (128.84 q/ha) was recorded under 

150% RDF, however, 125% RDF, RDF+ FYM and RDF + Zn 

+ S treatments were found to be statistically at par with it. 

Application of RDF + Zn, RDF+S and RDF + foliar sprays of 

NPK also significantly increased the biological yield as 

compared to 100% RDF. Straw and biological yields of wheat 

were enhanced due to application of 150% RDF, 125% RDF 

and RDF+FYM and RDF + foliar sprays of NPK by 17.82, 

12.68 and 12.21 per cent and 18.15, 13.88 and 13.81 per cent; 

respectively over 100% RDF (63.25 and 109.05 q/ha). While 

RDF + Zn + S treatments increased straw & biological yield 

by11.40 and 12.56 per cent; respectively over 100% RDF. 

The nutrient management treatments did not bring significant 

variation in harvest index during present experimentation.  

Significant improvement in yield attributes viz., grains/ear and 

test weight of wheat due to higher level of NPK were also 

reported by Mohanta et al. (2020) [10] and Vishwakarma et al. 

(2020) [25]. Application of RDF + FYM produced significantly 

higher grain and straw as well as biological yield over 100% 

RDF. This could be due to higher availability of nutrients and 

modifying soil environment for better retention of nutrients 

and water during critical growth stages of crop due to addition 

of organic manures and ultimately increases the yield 

attributes and directly effect on grain yield of wheat. Borse et 

al. (2019) [2], Sharma et al. (2021) [16] and Verma et al. (2021) 
[28] also reported enhancement in grain, straw and biological 

yield of wheat due to application of FYM along with RDF. 

The higher yield in RDF + Zn + S treatment might be ascribed 

to better yield attributes due to greater availability of nutrients 

and metabolites for growth and development of reproductive 

structures (sink) under balanced fertilization which ultimately 

led to realization of higher productivity of individual plant. 

Sharma et al. (2011) [15] and Pandey (2018) [21] also reported 

similar results. Foliar application of NPK along with RDF 

increased the yield and yield attributes. This might be due to 

increased growth rate and photosynthesis process, high dry 

matter production and its partition in fruiting parts which in 

turns give significantly high yield (Nitharwal et al. 2022) [11]. 

Enhancement in yield attributes and yield due to foliar NPK 

were also reported by Sharma (2016) [23]. 

 

Economics 

Economic evaluation reveals (Table 2) that maximum net 

return was obtained with the application of 150% RDF 

treatment (₹ 106464/ha) due to greater yield advantage, 

however, it was not significantly superior over 125% RDF, 

RDF+FYM and RDF + Zn + S (₹103460, 99907 and 

99155/ha) treatments during present experimentation. 
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Conversely, maximum B: C ratio was fetched with 

application of 125% RDF (3.27) which was significantly 

higher over RDF+FYM, 100% RDF, RDF + Zn + S, RDF + S 

and foliar sprays of NPK 19:19:19 treatment. Further, 

application of RDF+FYM @ 10t/ha RDF + S, RDF + Zn + S 

and foliar sprays of NPK 19:19:19 also fetched significantly 

higher net returns as compared to RDF, however, these 

treatments did not improved B:C ratio. Moreover, RDF+FYM 

slightly reduced B: C ratio as compared to RDF on account of 

higher cost of FYM.  

 

Table 1: Effect of nutrient management on different growth parameters at successive stages of wheat 
 

Treatments 

Plant population 

per m row length 
Plant height (cm) 

No. of tillers per 

m row length 

DMA/m row length 

(g) 
CGR (g/m/day) 

30 DAS 
At 

harvest 

45 

DAS 

45 

DAS 

90 

DAS 
At harvest 

45 

DAS 

90 

DAS 

At 

harvest 

45-90 

DAS 

90 DAS to 

Harvest 

100% RDF 38.3 32.6 43.2 37.32 226.84 269.37 37.32 226.84 269.37 4.21 1.25 

RDF + FYM 37.0 34.1 45.9 41.23 247.95 296.48 41.23 247.95 296.48 4.59 1.43 

125% RDF 38.3 33.8 47.2 43.38 251.12 298.83 43.38 251.12 298.83 4.62 1.40 

150% RDF 36.8 33.3 47.6 44.32 256.50 305.23 44.32 256.50 305.23 4.72 1.43 

RDF + Zn 39.3 32.5 44.8 39.67 239.55 285.37 39.67 239.55 285.37 4.44 1.35 

RDF + S 39.4 33.0 45.2 41.44 242.05 288.27 41.44 242.05 288.27 4.46 1.36 

RDF + Zn + S 38.8 33.5 45.4 41.56 245.38 292.55 41.56 245.38 292.55 4.53 1.39 

RDF + foliar sprays of NPK (19:19:19) 38.1 32.7 43.4 36.88 241.28 287.80 36.88 241.28 287.80 4.54 1.37 

SEm± 0.96 0.87 0.8 1.35 3.73 3.84 1.35 3.73 3.84 0.06 0.03 

CD (p = 0.05) NS NS 2.2 2.8 2.7 10.19 3.98 10.98 11.29 0.19 0.10 

C.V. 5.01 5.26 3.31 2.20 2.06 5.06 6.65 3.06 2.64 2.85 4.78 

 
Table 2: Effect of nutrient management on yield attributes, yield and economics of wheat 

 

Treatments 

No. of effective 

tillers/m row 

length 

Number of 

grains/ear 

Ear 

length 

(cm) 

Test 

weight 

(g) 

Grain 

yield 

(q/ha) 

Straw 

yield 

(q/ha) 

Biological 

yield 

(q/ha) 

Harvest 

index 

(%) 

Net return 

(₹/ha) 

B: C 

ratio 

100% RDF 84.83 41.23 9.09 42.84 45.80 63.25 109.05 42.02 87015 2.85 

RDF + FYM 90.00 45.43 9.50 44.21 53.15 70.97 124.12 42.84 99907 2.81 

125% RDF 92.33 45.05 9.43 44.00 52.92 71.27 124.19 42.68 103460 3.27 

150% RDF 94.08 44.48 9.50 43.85 54.32 74.52 128.84 42.21 106464 3.25 

RDF + Zn 89.75 44.10 9.34 43.62 50.64 67.58 118.22 42.86 96898 3.01 

RDF + S 90.17 43.58 9.25 43.07 49.89 68.88 118.77 42.03 95277 2.91 

RDF + Zn + S 92.50 44.51 9.42 43.88 52.29 70.46 122.75 42.53 99155 2.88 

RDF + foliar sprays of NPK (19:19: 19) 90.25 44.78 9.42 44.10 50.81 68.02 118.83 42.77 96113 2.87 

SEm± 1.58 0.81 0.20 0.30 1.32 1.96 2.69 0.74 3004.6 0.09 

CD (p = 0.05) 4.63 2.37 NS 0.87 3.88 5.77 7.91 NS 8837 0.27 

C.V. 3.48 3.65 4.37 1.35 5.16 5.65 4.46 3.49 6.13 6.08 

 

Conclusion  

Based on the results of one year experimentation, it may be 

concluded that recommended doses of NPK need to increase 

in wheat crop grown after rice, as the application of 125% 

RDF (NPK @ 150-50-37.5 kg/ha) significantly enhanced the 

grain yield and fetched higher net return (₹ 103460/ha) with 

maximum B: C ratio (3.27), however, wheat crop responded 

up to 150% RDF which was at par with 125% RDF and 100% 

RDF+FYM 10t/ha. Further, soil application of Zn @ 5.25 

kg/ha and sulphur @ 40 kg/ha along with 100% RDF also 

found yield remunerative and cost-effective treatments as 

compared to 100% RDF only (NPK @ 120-40-30 kg/ha), 

which indicates that addition of S and Zn is required in order 

to increase the effectiveness of applied nutrients and increase 

wheat yield. Foliar sprays of NPK 19:19:19 @ 0.5% at 45 

DAS and 65 DAS along with recommended doses of NPK 

also significantly improved the grain yield and net returns. 
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