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Abstract 
A field experiment was conducted during rabi season of 2016 at Jorapura Farm of Livestock Research 
Station, Sardarkrushinagar Dantiwada Agricultural University, Sardarkrushinagar to study the “Effect of 
integrated nutrient management on growth and yield of rabi forage maize (Zea mays L.)." Ten treatment 
combinations comprising of two factors viz., farm yard manure levels (M1: 10 t/ha, M2: 15 t/ha) and 
fertilizers (F1): RDF, (F2): Azotobacter + PSB, (F3): 50 % RDF + Azotobacter + PSB, (F4): 75 % RDF + 
Azotobacter + PSB and (F5): 100 % RDF + Azotobacter + PSB was laid out in randomised block design 
(factorial concept) with four replications. The results revealed that 15 t FYM/ha performed better by 
recording 5.67 and 5 per cent higher green forage (503 q/ha) and dry fodder (105 q/ha) yield, respectively 
over 10 t FYM/ha. Combined application of 100 % RDF + Azotobacter + PSB performed better by 
recording 58.23 and 52.63 per cent higher green forage (557 q/ha) and dry fodder (116 q/ha) yield over 
other treatments. The results revealed that application of 15 t FYM/ha performed better by recording 
higher plant height (165.9 cm), number of leaves per plant (12.6), stem girth of 3rd internode (7.96 cm), 
leaf area per plant (3624 cm2), leaf: stem ratio (0.34) and length of internodes (12.1 cm) respectively over 
application of 10 t FYM/ha. Combined application of 100 % RDF + Azotobacter + PSB recorded higher 
values of plant height (175.8 cm), number of leaves per plant (13.5), stem girth of 3rd internode (9.28 
cm), leaf area per plant (4000 cm2), leaf: stem ratio (0.37) and length of internodes (12.7 cm) over other 
combinations. It is concluded that the application of 15 tonnes farm yard manure per hectare along with 
100 % RDF + Azotobacter + PSB found superior followed by the application of 15 tonnes farm yard 
manure per hectare along with 75 % RDF + Azotobacter + PSB. 
 
Keywords: INM, farm yard manure, RDF, biofertilizer, growth, yield, Rabi forage maize 
 
Introduction 
Maize (Zea mays) is one of the most important cereal crops in the world’s agriculture economy 
both as food for human being and feed and fodder for cattle. There is no any other cereal on 
the earth, which has so immense potential as to maize and hence occupied a place as queen of 
cereals. In terms of world acreage, India stands next to U.S.A., Brazil, China and Mexico, 
while, it ranks eleventh in the respect of production. Maize cultivation in the India mostly 
confined to the states of Punjab, Haryana, Uttar Pradesh, Madhya Pradesh, Bihar, 
Maharashtra, Rajasthan, Karnataka, Gujarat, Andhra Pradesh, Tamil Nadu and, Jammu and 
Kashmir. In India, area and production of maize is about 9.19 million ha and 24.17 million 
tonnes, respectively with productivity of about 2632 kg/ha during the year 2014-15 
(Anonymous, 2016) [1]. Indian livestock needs 1650 million tonnes fodder annually, but in 
contradictory to these requirements, 48 million tonnes of concentrates, 395 million tonnes of 
green fodder and 451 million tonnes of dry fodder are available which contributes about 62.8 
and 23.5 per cent deficit of green and dry forage production, respectively. Thus, green forage 
supply has to grow at 3.2 per cent to meet the deficit of forage (Kumar and Faruqui, 2010) [17]. 
The high cost of chemical nitrogen fertilizer and low purchasing power of Indian farmers 
restricts its use on proper amounts, hampering crop production. Reliance on the increased use 
of chemical fertilizers and associated hazards put back attention on organic sources which are 
effective in promoting health and productivity of the soil. The basic concept of integrated 
nutrient management is the supply of required plant nutrients for sustaining the desired crop 
productivity with minimum deleterious effect on soil health environment Balasubramanian, 
1999) [2]. With a view to reduce the losses and indiscriminate use of chemical fertilizers, 
substitution of part of the chemical fertilizer by locally available organic sources of nutrients 
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(Farmyard manure) and bio fertilizers (Rhizobium and PSB) is 
inevitable. Therefore, in the present context, a judicious 
combination of organic, inorganic fertilizers and biofertilizers 
helps to maintain soil and crop productivity. The present 
investigation was undertaken to study the effect of integrated 
nutrient management on growth and yield of rabi forage 
maize (Zea mays L.). 
 
Objective of the study 
To study the effect of different treatments on growth and 
forage yield of rabi forage maize. 
 
Materials and Method 
The field experiment was conducted during rabi season of 
2016 at the Jorapura Farm of the Livestock Research Station, 
Sardarkrushinagar Dantiwada Agricultural University, 
Sardarkrushinagar, District: Banaskantha (North Gujarat), 
India to study the “Effect of integrated nutrient management 
on growth and yield of rabi forage maize (Zea mays L.)." The 
soil of experimental field was loamy sand in texture with low 
in organic carbon (0.15 %) and available nitrogen (172.48 
kg/ha), medium in available phosphorus (33.42 kg/ha) and 
high in available potash (325.72 kg/ha) having pH value of 
7.6. Ten treatments combination comprising of two factors 
viz., farm yard manure levels (M1: 10 t/ha, M2: 15 t/ha) and 
fertilizers (F1): RDF, (F2): Azotobacter + PSB, (F3): 50 % 
RDF + Azotobacter + PSB, (F4): 75 % RDF + Azotobacter + 
PSB and (F5): 100 % RDF + Azotobacter + PSB was laid out 
in randomized block design and replicates four times. 

Recommended dose of phosphorus @ 40 kg P2O5/ha was 
supplemented through single supper phosphate and applied at 
the time of sowing. All other cultural practices were 
performed uniformly for all treatments. Forage maize cv. 
African tall was sown in 10th October, 2016 using 
recommended seed rate of 80 kg/ha and keeping 45 cm 
distance between two rows at the depth of about 4-5 cm. 
Weeding and plant protection measures were undertaken as 
per the need and the required plant population was 
maintained. The irrigation was applied by sprinkler irrigation 
system.  
The observations were recorded during course of study 
including plant height, number of leaves per plant, stem girth 
of 3rd internode, leaf area per plant, leaf: stem ratio, length of 
internodes, green forage yield and dry fodder yield. The 
collected data for various parameters were statistically 
analysed using Fishers’ analysis of variance (ANOVA) 
technique and the treatments were compared at 5 per cent 
level of significance. 
 
Result and Discussion 
Effect of FYM 
Growth and yield of rabi forage maize were significantly 
influenced due to increasing levels of farm yard manure. 15 t 
FYM/ha recorded significantly higher plant height (165.9 
cm), number of leaves per plant (12.6), leaf area per plant 
(3624 cm2) and length of internode (12.1 cm) of forage maize 
as compared to application of 10 t FYM/ha (Table 1). 

 
Table 1: Growth parameters of rabi forage maize as influenced by different treatments 

 

Treatments 
Plant height 

(cm) at harvest 
No. of leaves 

per plant 
stem girth of 3rd

inter-node (cm)
Leaf area per 

plant (cm2) 
Leaf: stem 

ratio 
Length of inter-

node (cm) 
[A] Farm yard manure (M): 

 
M1: 10 t FYM/ha 146.6 11.9 7.73 3312 0.33 11.5 
M2: 15 t FYM/ha 165.9 12.6 7.96 3624 0.34 12.1 

S.Em. ± 2.81 0.20 0.10 54.76 0.005 0.20 
C.D. (P = 0.05) 8.16 0.60 NS 159 NS 0.6 

[B] Fertilizer (F):  

 

F1: RDF 158.8 11.5 7.73 3369 0.32 11.2 
F2: Azotobacter + PSB 117.5 11.2 5.84 2952 0.31 10.8 

F3: 50 % RDF + Azotobacter + PSB 156.6 12.1 7.73 3328 0.33 12.2 
F4: 75 % RDF + Azotobacter + PSB 172.6 13.0 8.64 3691 0.34 12.2 
F5: 100 % RDF + Azotobacter + PSB 175.8 13.5 9.28 4000 0.37 12.7

S.Em. ± 4.44 0.31 0.17 86.59 0.008 0.32 
C.D. (P = 0.05) 12.9 0.90 0.49 251 0.02 0.9 

Interaction (M x F):  
S.Em. ± 6.29 0.44 0.24 122.45 0.012 0.45 

C.D. (P = 0.05) NS NS NS NS NS NS 
S.Em. ± 8.04 7.21 6.08 7.06 7.03 7.67 

  
 

This might be due to additional amount of nutrient supplied as 
well as beneficial effects of decomposed organic matter that 
derived in connection with physicochemical properties of the 
soil. These findings are conformity with the findings of 
Nanjappa et al. (2001) [23], Vadivel et al. (2001) [29], Mahesh 

et al. (2010) [18], Mukherjee (2014) [21] and Kumar et al. 
(2015) [16]. 
Green forage and dry fodder yield were affected due to 
increasing levels of farm yard manure 15 t FYM/ha recorded 
significantly higher green forage (503 q/ha) and dry fodder 
(105 q/ha) yield mention in Table 2. 

 
Table 2: Green forage yield and dry fodder yield of rabi forage maize as influenced by different treatments 

 

Treatments Green forage yield (q/ha) Dry fodder yield (q/ha) 
[A] Farm yard manure (M): 

 
M1: 10 t FYM/ha 476 100 
M2: 15 t FYM/ha 503 105 
S.Em. ± 9.05 1.83 

C.D. (P = 0.05) 26 5 
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[B] Fertilizer (F):  

 

F1: RDF 499 104 
F2: Azotobacter + PSB 352 76 

F3: 50 % RDF + Azotobacter + PSB 510 108 
F4: 75 % RDF + Azotobacter + PSB 528 109 
F5: 100 % RDF + Azotobacter + PSB 557 116 

S.Em. ± 14.30 2.89 
C.D. (P = 0.05) 42 8 

Interaction (M x F):  
S.Em. ± 20.23 4.09 

C.D. (P = 0.05) NS NS 
C.V. % 8.27 7.98 

 
This might be due to improve in all growth parameter viz., 
plant height, number of leaves, stem girth of 3rd internode, 
leaf area per plant, leaf: stem ratio, length of internode and 
availability of nutrients at every crop growth stage in 
adequate amount and slow release of primary and secondary 
nutrients which increase green forage yield and increase in 
green forage yield with application of farm yard manure 
similarly increase in dry forage yield. These findings are 
conformity with the findings of Nanjappa et al. (2001) [23], 
Vadivel et al. (2001) [29], Pathak et al. (2005) [24], Golada et 
al. (2012) [7], Kumar et al. (2015) [16] and Verma et al. (2016) 
[30].  
 
Effect of fertilizer 
Maximum plant height (175.8 cm), number of leaves per plant 
(13.5), and length of internodes (12.7 cm) were recorded from 
plot fertilized with treatment combination of 100 % RDF + 
Azotobacter + PSB followed by 75 % RDF + Azotobacter + 
PSB (Table 1). Application of 100 % RDF + Azotobacter + 
PSB registered maximum stem girth of 3rd internode (9.28 
cm), leaf area per plant (4000 cm2), leaf: stem ratio (0.37) 
over other treatment (Table 1). Both the treatments were 
found significantly superior over the rest of all treatment for 
growth attributing parameters. This might be due to 
superiority of combined treatment of inorganic, organic 
sources and use of Azotobacter as seed inoculation resulted in 
better growth and PSB containing phosphate solubilising 
ability due to secretion of phosphate enzyme to dissolve P 
present in the organic matter applied in the form of farm yard 
manure for increasing growth of maize by simultaneous 
exudation of organic acids (by decreasing pH) and releasing 
phosphatases which increase plants vegetative growth. The 
results obtained during the investigation are in close 
accordance with the finding of Gawai et al. (2006) [6], Munda 
et al. (2007) [22]. Mahesh et al. (2010) [18], Tetarval et al. 
(2011) [28], Haque et al. (2012) [29], Karforma et al. (2012) [15], 
Pathan et al. (2012) [25], Channabasamma et al. (2013) [23], 
Hussain et al. (2013) [10], Joshi et al. (2013) [12], Kalhapure et 
al. (2013) [13], Masih et al. (2016) [19], Pathan et al. (2014) [26], 
Kumar et al. (2015) [16] and Yadav et al. (2013) [31]. 
Green forage and dry fodder yield were affected significantly 
due to different fertilizer treatment. Maximum green forage 
(557 q/ha) and dry fodder (116 q/ha) yield of crop were 
registered when crop fertilized with 100 % RDF + 
Azotobacter + PSB followed by 75 % RDF + Azotobacter + 
PSB (Table 2). Both the treatments were found significantly 
superior over the rest of all other treatment combination for 
green forage and dry fodder yield. This might be due to the 
application of the integrated sources of nutrients including 
100 % RDF along with biofertilizers (Azotobacter + PSB) 
provided balanced nutrients to the crop which resulted into 
significantly increase in green forage yield. The results are 
supported by the findings of Singh et al. (2005) [27], Karforma 

et al. (2012) [15], Husain et al. (2013) [10], Meena et al. (2013) 
[20], Jat et al. (2014) [11], Kalhapure et al. (2014) [14], Deva 
(2015) [4, 5], Deva (2015) [4, 5] Gundlur et al. (2015) [8] and 
Verma (2016) [30]. 
 
Conclusion 
Based on the results from one year experimentation, it is 
concluded that higher production of rabi forage maize in 
loamy sand soil can be secured by fertilizing the rabi forage 
maize variety African tall with 15 tonnes farm yard manure 
per hectare along with 75 % RDF + Azotobacter + PSB 
treatment combinations. 
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