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The present research endeavour was executed in a long-term fertilizer experiment 
on soil test crop response during 14th and 15th cropping cycle at the experimental farm of 
Department of Soil Science, CSK HPKV Palampur. The aim was to compare different 
fertilizer application approaches with respect to maize productivity and economic 
performance. Results revealed that target yield-based nutrients application significantly 
increased the maize grain and stover yield over farmers’ practice, general recommended dose 
and soil test-based fertilizer application. The farmyard manure (FYM) application with 
fertilizers for 30 and 40 q ha-1 yield target led to 10.2 and 8.6 per cent increase in maize grain 
yield over respective yield target treatments without FYM. The highest uptake of N, P, K, S, 
Ca, Mg, Fe, Mn, Zn and Cu by maize was recorded in 40 q ha-1 target yield + FYM treatment 
(T8), followed by 40 q ha-1 target yield treatment (T7). The target yield treatments (T5, T6, T7, 
T8) recorded significantly higher productivity and nutrients uptake than conventional fertilizer 
application approaches. The highest B:C (3.03), net returns (₹ 65,524 ha-1) and economic 
efficiency (₹ 579 ha-1 day-1) were recorded in the treatment for 40 q ha-1 target (T7), whereas, 
gross returns (₹ 1,06,639 ha-1) were maximum under 40 q ha-1 target yield + FYM treatment 
(T8). This study suggests that target yield-based integrated nutrient application is a sustainable 
and economically viable approach for enhancing the production and income from the cereal-
based cropping system of North-western Himalayas. 

 
1. Introduction 

Maize (Zea mays L.) is one of the most important 
cereal crops of North-western Himalayan region, commonly 
cultivated in rotation with wheat (Triticum aestivum L.). 
While making a 10 per cent contribution to the national food-
basket, it covers nearly 9.9 million hectares of the total 
cultivated area (Agricultural Statistics at a Glance 2021). The 
national average production of maize is merely 3.1 t ha-1 
which is far below the world's average of 5.8 t ha-1 
(FAOSTAT 2022). In North-western Himalayan region, 
productivity of maize is even lower. Imbalanced and 
inadequate use of fertilizers without considering the crop 
requirements and soil nutrient status has been attributed to its 
low productivity (Shabnam and Sharma, 2016). After 
sugarcane, maize is the most exhaustive crop that needs 
markedly higher amount of macro and micro nutrients to 
realize its high genetic yield potential (Kumar and Shivay, 

 2019; Meena et al., 2019). Raising the productivity of the 
crop in an economic and sustainable manner is the need of the 
hour to meet the ever-increasing food demand (Parmar et al., 
2022).  

Higher crop yields can be obtained using chemical 
fertilizers (Gao et al., 2015), provided they are used 
judiciously. The soil health has been reported to deteriorate 
under the continuous imbalanced (N or NP alone), over or 
under application of fertilizers (Kumari et al., 2013; Jadhao et 
al., 2019; Thakur et al., 2023). Even with the balanced NPK 
application, a decline in the crop productivity over time has 
been observed in the absence of organic manuring (Moharana 
et al., 2017). However, it is not possible to completely 
abandon the chemical fertilizers and entirely rely upon 
organic manures since their limited availability and poor 
nutrient content cannot meet the high nutrient demands for 
crop production (Bayu et al., 2006; Yang et al., 2015). 
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Integration of organic manures with balanced chemical 
fertilizers, on the other hand, can aid in attaining and 
sustaining higher yields by improving the soil health (Qin et 
al., 2015; Chen et al., 2018). The increased availability and 
uptake of essential macro and micro nutrients through various 
mechanisms due to the combined application of organic 
manures and balanced chemical fertilizers has been well 
documented (Das et al., 2010; Gao et al., 2015). Although, 
without determining the exact nutritional requirement of the 
crop and the nutrient status of the soil, a balanced and 
judicious nutrients’ application is not possible. 

In order to attain sustainability in agricultural 
systems with healthy soils, a nutrient management module is 
needed which supplies the precise amount of essential 
nutrients to the crop according to its needs and soil fertility. 
Fertilizer prescription based on soil test crop response 
correlation (STCR), also known as the target yield based 
fertilization, takes fertility status of the soil and crop’s 
nutrient requirement for obtaining desired yield levels soil 
into account to determine the fertilizer doses (Venkatesh et 
al., 2022). Numerous validation trials and demonstrations in 
farmers’ fields have been carried out under the All India 
Coordinated Research Project on STCR (AICRP-STCR) to 
establish the targeted yield-based fertilizer recommendations 
(Moharana et al., 2017).  The conjoint use of chemical 
fertilizers and organic manures to provide target yield based 
nutrients to the crop forms the basis for soil test crop response 
based integrated plant nutrient system (STCR-IPNS). Many 
researchers have demonstrated considerable improvement in 
nutrients responses and crop yields with the adoption of 
STCR-IPNS (Kurbah and Dixit, 2019; Meena et al., 2019; 
Singh et al., 2021). Yet, limited information is available on 
the comparative effect of continuous use of STCR-IPNS 
modules and conventional fertilization approaches in a maize-
wheat cropping system of North-western Himalayas. Crop-
nutrient dynamics under target yield based fertilization 
modules with or without FYM can be assessed better in the 
long-term fertilizer experiments. Bearing these facts in mind, 
present study was conducted with the prime aim to compare 
maize productivity and carry out an economic audit of 
continuous target yield-based fertilizers and farmyard manure 
(FYM) application in comparison to conventional fertilizer 
application approaches under a rainfed cereal-based cropping 
system in North-western Himalayas. 

 
2. Material and Methods 

Experimental location 
Present investigation was conducted during kharif, 

2020 and 2021 in a long-term fertilizer experiment on STCR 
in maize-wheat cropping sequence. The experiment was 
initiated in kharif, 2007 at the experimental farm of the 
Department of Soil Science, CSK Himachal Pradesh Krishi  

Vishvavidyalaya, Palampur, Himachal Pradesh. The 
experimental area is located 1290 m above mean sea level at 
32º7' N latitude and 76º3' E longitude. A total rainfall of 1449 
and 1989 mm was received during kharif 2020 and 2021, and 

the air temperature varied from 13.2 to 30.5 ℃ and 14.9 to 

31.1 ℃, respectively. The Typic Hapludalf soil of the region 
was silty clay loam in texture. At the start of the experiment 
(kharif, 2007), the soil was acidic in reaction (pH 5.2), 
medium in organic carbon (7.2 g kg-1), low in available N 
(236 kg ha-1), high in available P (41 kg ha-1) and medium in 
available K (272 kg ha-1) and had sufficient DTPA-
extractable Fe (23.2 mg kg-1), Mn (21.4 mg kg-1), Zn (1.25 mg 
kg-1) and Cu (0.75 mg kg-1). 
 
Experimental layout and treatment 

The experiment was laid out in a randomized block 
design. It comprised of eight treatments replicated thrice, T1: 
control, T2: farmers' practice; 25 per cent of general 
recommended N dose (30 kg ha-1) + 5 t FYM ha-1 (dry weight 
basis), T3: general recommended dose of N, P2O5 and K2O 
(i.e., 120, 60 and 40 kg ha-1 respectively), T4: soil test-based 
fertilizer application, T5: fertilizers application for 30 q ha-1 

target yield, T6: 30 q ha-1 target yield + 5 t FYM ha-1, T7: 40 q 
ha-1 target yield and T8: 40 q ha-1 target yield + 5 t FYM ha-1. 
Fertilizer doses for target yield treatments were determined 
using the following equations:  

i. FN = 5.88T - 0.23SN - 0.93ON  
ii. FP2O5 = 4.87T- 1.22SP - 0.81OP 

iii. FK2O = 3.66T- 0.49SK - 0.51OK 
Here FN, FP2O5, and FK2O were respective fertilizer doses of 
N, P2O5 and K2O in kg ha-1; T was the yield target (q ha-1); 
SN, SP and SK were the respective soil available N, P and K 
contents (kg ha-1) before sowing of the crop; ON, OP and OK 
denoted N, P and K supplied by FYM (kg ha-1). 
 
Field operations 
 During both the years, maize was sown in the 
month of June and harvested on attaining physiological 
maturity in the month of October. One pre-sowing irrigation 
was given to the crop; thereafter, water requirement of the 
crop was met through rainfall. One-third dose of N and full 
doses of P and K were applied at the time of sowing through 
urea, single super phosphate (SSP) and muriate of phosphate 
(MOP), respectively. The remaining N was top dressed at 
knee-high and pre-tasselling stages of maize. All other 
recommended cultural practices were followed during the 
crop growth period. The grain and stover yields were 
recorded at the time of harvesting and expressed at 15 per 
cent moisture content and on dry weight basis, respectively.  
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Plant sampling and analysis 
 Representative grain and stover samples of maize 
were collected from each plot after harvesting during both 
years. The collected plant samples were dried in a hot air 

oven at 60 ℃ for 48 hours. The dried grain samples were 
ground to a fine powder using a stainless-steel grinder and 
stored in air-tight bags for further analysis. The dried stover 
samples were ground in a Wiley mill fitted with stainless-
steel parts and stored in paper bags. The grain and stover 
samples were subjected to analysis as per the standard 
methods for N (micro-Kjeldahl distillation), P 
(spectrophotometric determination of phospho-
vanadomolybdate complex), K and Ca (flame photometry), S 
(turbidimetry) and Mg, Fe, Mn, Zn and Cu (atomic 
absorption spectrophotometry). The uptake of nutrients by 
maize grain and stover was calculated using the following 
formula: 

 utrient  ptake   
 utrient concentration   ry matter yield

   
 

 
Economic analysis 
 The gross returns, net returns and benefit to cost 
ratio (B:C) of different fertilizer application approaches were 
computed to assess their economic performance. The total 
cost of cultivation in Indian Rupee (₹ ha-1) was worked out 
by adding the cost of seeds, fertilizers, manure, plant 
protection measures, field preparation and labour. The net 
returns (₹ ha-1) were calculated by subtracting total cost of 
cultivation from gross returns (₹ ha-1). The B:C was 
calculated by dividing gross returns with total cost of 
cultivation. The economic efficiency (₹ ha-1 day-1) was 
determined by dividing net returns (₹ ha-1) by crop duration 
(days), where the duration was average of two years (116 
days) and same for all the treatments. 
 

  

Statistical analysis 
 The data were subjected to analysis of variance and 
Duncan's multiple range post-hoc test (DMRT) to compare 
the means at 5 per cent level of significance using an online 
statistical software by Sheoran et al., (1998). 
 

3. Results and Discussion 
Maize yield 

The pooled analysis of two-years data (2020 and 2021) 
indicated a significant effect of different fertilizer application 
approaches on the maize yield (Fig. 1). General 
recommended dose (T3) and soil test-based application (T4) 
registered a significant rise in the maize grain yield (22.1 and 
32.7 %, respectively) as compared to the farmers’ practice 
(T2). The balanced NPK fertilization in T3 and T4 led to the 
significant improvement in maize yield (Meena et al., 2021). 
The maize grain and stover yield were substantially superior 
in target yield based treatments compared to general 
recommended dose (T3) and soil test-based application (T4), 
maximum (41.6 q ha-1) being under 40 q ha-1 target yield + 
FYM (T8). In addition to achieving the yield targets of 30 
and 40 q ha-1 the adoption of target yield based integrated 
nutrient management approach resulted in respective 10.2 
and 8.6 per cent increase in maize grain yield over targeted 
yield based application of chemical fertilizers, Marked 
improvement in maize yield was noted with integrated 
application of target yield based chemical fertilizers and 
FYM over sole application of target yield based fertilizers 
and general recommended dose due to the continuous release 
and lesser losses of essential secondary and micronutrients 
from FYM and improved soil properties (Banik et al., 2006; 
Moharana et al., 2017). These results confirmed the 
superiority of STCR based integrated nutrient management 
approach on the conventional fertilizer application modules. 
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Figure 1. Effect of long-term application of target yield based chemical fertilizers and FYM on productivity of maize 

(pooled data of year 2020 and 2021). Bars with different lowercase letter are significantly different based on the DMRT (p = 

0.05). 
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Uptake of Macronutrients 
Pooled mean of the N, P and K uptake by maize 

during 2020 and 2021 has been illustrated in Fig. 2. A perusal 
of the data indicated that the N, P and K uptake by maize 
grain varied significantly within the treatments. The highest 
N, P and K uptake by maize grain was recorded in targeted 
yield of 40 q ha-1 + FYM (T8) and it was significantly higher 
than rest of the treatments. The amount of nutrients taken up 
by the plants primarily depends upon the concentration of 
these nutrients in the close proximity to the root surface and 
the quantity of fertilizers applied (Singh and Sarkar, 1985). 
An increase in the concentration of N, P, K are 
understandable as the use of organics, when applied along 
with chemical fertilizers, might have augmented the nutrient 
supply in the rhizosphere after their 
mineralization/decomposition. Similarly, FYM application in 
30 q ha-1 target yield treatment (T6) significantly improved N, 
P and K uptake over its non-IPNS counterpart (T5). Whereas, 
control (T1) recorded lowest N, P and K uptake by maize over 
all other treatments. The continuous cropping over the years 
exhausted the native nutrient reserves of the soil in absence of 
addition of nutrients from any external source which declined 
the crop productivity. Application of general recommended 
dose (T3) and soil test-based fertilizer application (T4) 
significantly improved the N, P and K uptake by maize over 
farmers’ practice (T2) and control (T1), but were statistically 
inferior to all the STCR treatments. Results documented by 
Sharma et al., (2016) and Puli et al., (2017) agree with the 
present findings. 

Uptake of Secondary Nutrients 
The pooled mean of S, Ca and Mg uptake by 

maize grain and stover during 2020 and 2021, as affected by 
the continuous application of target yield based chemical 
fertilizers and organic manure have been presented in Fig. 2. 
The effect of different fertilizer application modules on S, Ca 
and Mg uptake was found to be significant. The highest 
pooled S, Ca and Mg uptake by maize grain (16.4, 12.8 and 
4.9 kg ha-1, respectively) was recorded in 40 q ha-1 target 
yield + FYM (T8), which was significantly superior than other 
treatments. This is probably due to the fact that application of 
FYM not only solubilizes the unavailable nutrients but also 
adds significant amount of S, Ca and Mg into the soil nutrient 
pool. Thus, its application resulted in an overall significant 
increase in the uptake of nutrients. Kumar et al., (2009) and 
Thakur et al., (2022) have also reported marked improvement 
in the S, Ca and Mg uptake due to the combined application 
of organic manure with chemical fertilizers. Application of 
FYM in farmers’ practice (T2) significantly increased the 
uptake of secondary nutrients over control, however, 
imbalanced and insufficient fertilizer application resulted in 
significant reduction in the nutrients uptake as compared to 
the general recommended dose (T3) and soil test-based 
fertilizer application (T4). Control (T1) was found to be 
statistically inferior to all other treatments. In the absence of 
addition of S, Ca and Mg from any external source, 
continuous cropping over the years depleted the nutrient 
reserves in the soil, which might have attributed towards low 
crop growth and nutrients uptake (Kundu et al., 2016). 

 
  

Figure 2. Effect of long-term application of target yield based chemical fertilizers and FYM on N, P, K, S, Ca and Mg 

uptake by maize (pooled data of year 2020 and 2021). Bars with different lowercase letter are significantly different based 

on the DMRT (p = 0.05). 
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Uptake of Micronutrient cations 
Figure 3 depicts the impact of continuous 

application of target yield based chemical fertilizers and 
organic manure on Fe, Mn, Zn and Cu uptake by maize grain 
and stover. Application of FYM with chemical fertilizers for 
30 and 40 q ha-1 target yields (T6 and T8) significantly 
improved the uptake of micronutrient cations by maize grain 
and stover over their respective non-FYM receiving 
treatments (T5 and T7). This could be ascribed to the release 
of micronutrients into the soil through organic matter 
mineralization (Meena et al., 2019). Furthermore, organic 
matter is believed to form chelates with micronutrients, 
reduce their losses, thus resulting in their higher uptake in 
chelated forms by the plants (Saraswat et al., 2013). 
Favourable effects of the conjoint application of target yield 
based chemical fertilizers and FYM on micronutrients uptake 
have also been reported by Jadhav et al., (2009), Shabnam et 
al., (2017) and Moharana et al., (2  7). Farmers’ practice 
(T2), general recommended dose (T3) and soil test-based 
fertilizer application (T4) recorded significantly higher 
micronutrients uptake than control (T1). This could be 
possibly due to higher availability of nutrients and biomass 
production in these treatments. 
 
Economic returns 
The pooled mean gross and net returns from maize varied 
significantly under different fertilizer application approaches 
(Table 1). Variable cost of inputs, effect of treatments on the 
crop yield and sale price of the produce could be ascribed as 
the reason for this (Meena et al., 2021). The cost of inputs 

incurred under different fertilizer application approaches 

varied from ₹ 21,450 ha-1 in control (T1) to ₹ 44,836 ha-1 in 
40 q ha-1 target yield + FYM treatment (T8). The highest gross 

returns from maize (₹ 1,06,639 ha-1) were registered under 40 
q ha-1 target yield + FYM treatment (T8), but the net returns 
were highest under 40 q ha-1 target yield treatment (T7), 

amounting to ₹ 65,524 ha-1. The net economic returns 

obtained from the soil test-based fertilizer application (₹ 

40,456 ha-1) and 30 q ha-1 target yield + FYM treatment (₹ 
39,761 ha-1) did not differ significantly. Within different 
fertilizer application modules, the highest B:C was recorded 
in T7 (3.03), followed by T5 (2.56). Despite the higher gross 
returns under T6 and T8, the B:C of these treatments was 
lower than T5 and T7 because of high input cost of FYM. 
However, the cost of FYM may not be considered a limitation 
since the continuous addition of FYM improves the soil 
health and sustains crop yields over the years (Umesh et al., 
2014; Vikram et al., 2015), which far surpasses the 
momentary economic returns. Moreover, FYM is available to 
most of the farmers at their own farms do they do not buy it 
at the high commercial rates (Shabnam et al., 2017). The 

economic efficiency of T7 was highest (₹ 579 ha-1 day-1), 

closely followed by T8 (₹ 554 ha-1 day-1). High net returns 
obtained in these treatments could be attributed to this (Singh 
et al., 2021). The economic efficiency of maize was 
improved by almost 14.3 to 77.7 percent due to STCR-IPNS 
based nutrient management over the general recommended 
dose application. 

 
  

Figure 4. Effect of long-term target yield based application of chemical fertilizers and FYM on Fe, Mn, Cu and Zn 

uptake by maize (pooled data of 2020 and 2021). Bars with different lowercase letter are significantly different based on 

the DMRT (p = 0.05). 
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Table 1. Economics of maize (pooled mean of 2020 and 2021) under different nutrient management modules. Means followed 
by different lowercase letters within a column are significantly different according to DMRT (p = 0.05). 

Treatment 
Total variable cost 

(₹ ha-1) 
Gross returns 

(₹ ha-1) 
Net returns 

(₹ ha-1) 
Benefit-cost 

ratio 

Economic 
Efficiency 

(₹ ha-1 day-1) 

T1 21450h 27019h 5569g 1.26 48f 

T2 38114c 51726g 13612f 1.36 
117e 

T3 28632f 63408f 34776e 2.22 
300d 

T4 27825g 68281e 40456d 2.45 
349bc 

T5 29086e 74397d 45311c 2.56 
391b 

T6 41418b 81178c 39761d 1.96 
343cd 

T7 32317d 97841b 65524a 3.03 
565a 

T8 44836a 106639a 61803b 2.38 
533a 

 

The continuous application of target yield based chemical 
fertilizers with FYM led to markedly higher maize grain and 
stover yield, nutrients uptake and total economic returns as 
compared to conventional fertilizer application approaches. 
Even though the cost of production was also higher because 
of high cost of FYM, however, it could be overlooked 
because of the additional benefits of FYM on soil health and 
sustainability of cropping system. It is evident from the fact 
that FYM addition increased the maize grain yield by 10.2 
and 8.6 per cent from corresponding 30 and 40 q ha-1 target 
yield based chemical fertilizers-only treatments. Soil-test 
based fertilizers and general recommended dose treatment 
were significantly superior to the control and farmers’ 
practice, but were inferior to targeted yield treatments. 
Therefore, target yield based integrated nutrient management 
approaches should be encouraged for sustaining cereal-based 
cropping systems of north-western Himalayas. 
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