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Abstract 
An experiment entitled “Performance of ryegrass (Lolium multiflorum) under integrated nutrient 

management” was carried out at Instructional-cum-Research (ICR) Farm of Assam Agricultural University, 

Jorhat during the rabi season of 2019-20. The experiment was laid out in Randomized Block Design 

(RBD), replicated thrice with eight treatments viz., T1: Control (No fertilizer), T2: 100% RDF (inorganic), 

T3: 75% RDF (inorganic), T4: 50% RDF (inorganic), T5: 75% RDN (inorganic) + 25% vermicompost 

(organic), T6: 75% RDN (inorganic) + 25% FYM (organic), T7: 50% RDN (inorganic) + 50% 

vermicompost (organic) and T8: 50% RDN (inorganic) + 50% FYM (organic). The results revealed that the 

highest growth parameters like plant height, number of tillers/m2, dry matter accumulation as well as total 

green forage yield (307.69 q/ha) and dry matter yield (62.94 q/ha) were recorded under treatment T2 (100% 

RDF), which was closely followed by treatment T5 (75% RDN + 25% vermicompost) and T6 (75% RDN + 

25% FYM). Significantly higher quality parameters like crude protein and crude fat content in all the three 

cuts were recorded under treatment T2, which was at par with treatment T5, T6 and T7. The crude fibre 

content was the highest under treatment T1 (control) where no fertilizer was applied. Similarly, 

significantly higher total crude protein yield (6.03 q/ha) was recorded under treatment T2 which was at par 

with treatment T5 while crude fibre yield was the highest (8.25 q/ha) under T2 but was at par with treatment 

T5 and T6. From economic point of view, the highest B-C ratio (1.71) was recorded under T2 (100% RDF) 

followed by treatment T6 (1.62). Thus, considering the yield and quality parameters as well as soil heath 

and economic feasibility, treatment T6 with 75% RDN (inorganic) + 25% FYM (organic) could be 

considered as the best nutrient management practice in ryegrass under the prevailing climatic condition of 

Assam. 
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Introduction  

India occupies 2.4% of the world’s total geographical area supporting a livestock population of 

536 million heads contributing approximately 15% of the world's total livestock population (20 th 

Livestock Census, 2019). Although, livestock is an essential component of the mixed-farming 

system, but feeding of livestock mostly on grazing of crop residues in common grazing land, 

which includes rice-fallows and other cultivable fallows. Henceforth, most of the times, 

availability of quality feed and fodder is a major bottle-neck for farmers in India due to chronic 

scarcity of feed and fodder resources, particularly during the rabi season in order to maintain 

optimal milk production and animal draught power (Kumar et al., 2012) [27]. During this period, 

most livestock remain underfed due to lack of available green fodder, resulting in poor animal 

health and productivity (Ashraf et al., 2013) [3]. Under such circumstances, Ryegrass (Lolium 

multiflorum), a southern European winter annual bunchgrass related to perennial ryegrass 

(Lolium perenne L.) known for its highest forage production potentials annual rabi fodder crop 

(Acikgoz, 2001) [2] could be one of the is a very feasible option. It is becoming more popular as 

a forage crop due to its high productivity and nutritive value (Gerdes et al., 2005) [18] as well as 

its resistance capacity to diseases and cold weather and high animal acceptance (Cassol et al., 

2011) [13]. It is mainly grown by farmers involved in intensive dairy farming because of its good 

herbage production and pasture quality [Garcia et al. (2014) [17], van der Colf et al. (2015)] [48]. It 

thrives in areas with high rainfall and fertile soils with pH levels ranging from 6 to 7.  
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However, the growth and development as well as quality of 

fodder is determined by nutrient management practices.  

The inorganic nutrient management greatly affect the soil 

properties, crop yield (Kumar et al., 2016) [25] as well 

environment (Foley et al., 2005; Godara et al., 2012) [16, 20]. On 

the other hand, combined application of inorganic and organic 

sources of nutrients significantly improvement yield and quality 

parameters of fodder crops (Biswas et al., 2020) [10]. As a 

integral part of integrated nutrient management the use of 

organic sources like vermicompost increased the nutrient 

bioavailability, promoted plant germination and dry matter 

production (Sabrina et al., 2013; Chavda and Rajawat, 2015) [38, 

13]. Sigaye et al. (2021) [42] also reported improvement in forage 

yield and nutrient status of the soil in maize under INM 

practices. Considering all the above point, the present 

experiment has been carried out to evaluate the performance of 

ryegrass under different nutrient management practices. 

 

Materials and Methods 

The experiment was carried out at the Instructional-cum-

Research Farm, Assam Agricultural University, Jorhat, Assam 

during the rabi season of 2019 -2020. During the crop growth 

period the maximum and minimum temperature ranged from 

20.7 to 29.5 °C and 8.4 to 16.2 °C, respectively. The weekly 

average relative humidity during the morning hours ranged from 

91-100% while mean evening relative humidity ranged from 56-

74%. The climate of Jorhat is subtropical humid with warm 

summers and cold winters. The pre-monsoon showers start from 

mid-March to April and the seasons are characterized by a 

gradual increase in temperature. The monsoon starts from June 

and extends up to the month of September-October. The rainfall 

intensity progressively decreases from mid-October to a 

minimum during December- January. During this period, rainfall 

is considerably low, and dry spells might occur extending till the 

end of March. The total rainfall recorded throughout the whole 

period of experimentation was 48.33 mm. The bright sunshine 

hours during the crop growing period ranged 1.1-8.2 h/day. The 

total evaporation during the crop growth period was 29.9 mm. 

The crop received adequate rainfall during the mid and late 

vegetative stages, least rainfall during the early vegetative stage. 

Furthermore, available soil moisture content measured during 

the experimental period was found to be lower in the early crop 

growth stage, resulting in moisture stress The experiment 

consisted of eight treatments viz., T1: Control (No fertilizer), T2: 

100% RDF (inorganic), T3: 75% RDF (inorganic), T4: 50% RDF 

(inorganic), T5: 75% RDN (inorganic) + 25% vermicompost 

(organic), T6: 75% RDN (inorganic) + 25% FYM (organic), T7: 

50% RDN (inorganic) + 50% vermicompost (organic) and T8: 

50% RDN (inorganic) + 50% FYM (organic), which was was 

laid out in Randomized Block Design (RBD) and replicated 

thrice. The experimental site was sandy loam in texture, acidic 

in reaction (pH 5.42), medium in organic carbon (0.52%) and 

available K2O (155.45kg/ha) and low in available N (235.62 

kg/ha) and available P2O5 (20.12 kg/ha) with 40.44% water 

holding capacity and bulk density of 1.48 Mg/m3 .The ryegrass 

variety Makkhan grass was sown as per treatment. Before 

application of manures in field their nutrient content was pre-

evaluated (Table1) and were applied as per treatment. 

 
 

Table 1: Nutrient content of organic manures used in the experiment 
 

Sl. No. Particulars FYM Vermicompost 

1. Total nitrogen (%) 0.60 1.9 

2. Total phosphorus (%) 0.28 0.89 

3. Total potassium (%) 0.58 1.07 

 

Results and Discussion  

Effect of INM practices on growth parameters of ryegrass 

Influence of INM practices on growth parameters of ryegrass 

was observed to be equivalent in comparison to inorganic 

fertilizers alone (Table1). Result revealed that at 1st, 2nd, and 3rd 

cut, the plant height (39.73cm, 56.43 and 51.2 cm in 

respectively) significantly increased with the application 100% 

RDF (T2) which was at par with treatment 75% RDN + 25%VC 

(T5) and 75% RDN (inorganic) + 25% FYM (T6). Application of 

treatment T2 resulted significant improvement in plant height to 

the tune of 56.60, 76.73 and 72.79% at 1st, 2nd and 3rd cut, 

respectively, over the treatment T1 (control). Similarly, the 

number of tillers/m2 increased significantly in the same trend at 

the 1st, 2nd, and 3rd cut with a recorded value of 175.33, 194.33 

and 192.67 which was 54.24, 57.56, and 58.37%, respectively 

higher, over T1 (control). The treatment T2 also recorded 

maximum DMA of 4.93g at 1st cut which gradually increased to 

6.03g during 2nd cut and again declined to 5.87 g during 3rd cut 

which was found to be at par with 75% RDN + 25%VC (T5). 

The 1st cut had the lowest plant height and the lowest number of 

tillers among the three cuts, which might be due to the low 

temperature and insufficient rainfall during that time period. 

Growth parameters such as tiller numbers and plant height also 

showed an increasing trend towards the 2nd cut, which could be 

attributed to adequate rainfall received during the crop's mid-

vegetative stage, which preceded the 2nd cut. Furthermore, the 

number of tillers/m2 increased in subsequent cuts, which could 

be attributed to the fact that cutting encourages the development 

of new shoots (Bora et al., 2019) [11]. 

 However, significant response to growth parameters such as 

plant height and number of tillers/plant to 100% RDF 

(inorganic) could be attributed to the use of chemical fertilizers 

because they become more readily available to the plants 

immediately after application, especially in terms of major 

nutrients like N, P, and K, which aided in increasing vegetative 

growth through increase in protoplasmic constituent that 

accelerate the process of cell division, expansion, and 

differentiation, resulting in luxuriant growth. These findings are 

in conformity with Patidar and Mali (2004) [36], Kumar et al. 

(2004) [29], and Sheoran and Rana (2005) [41]. Significant 

improvement DMA could be attributed to the availability of 

applied nutrients, particularly nitrogen, which plays an important 

role in photosynthetic activity of leaves, allowing the plants to 

accumulate more biomass and increase their dry matter content. 

These findings are in agreement with those of Ayub et al. (2009) 

[5] and Bhilare et al. (2010) [9]. However, any significant 

difference was observed in case of leaf stem ratio during all the 

growth stages. However, no significant variation in leaf: stem 

ratio was observed under different nutrient treatments in all the 

cuts. This could be due to proportionate growth of both leaf and 

stem, irrespective of the treatments. Similar results were 

reported by Tollenaar et al. (2006) [46] and Biswas et al. (2020) 

[10]. 

https://www.agronomyjournals.com/
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Table 2: Effect of INM practices on growth parameters of rye grass 
 

Treatment 
Plant Height (cm) Tillers (per m2) DMA (g/plant) Leaf stem ratio 

1st cut 2nd cut 3rd cut 1st cut 2nd cut 3rd cut 1st cut 2nd cut 3rd cut 1st cut 2nd cut 3rd cut 

T1 25.37e 31.93e 29.63e 113.67f 123.33e 121.67f 2.13e 3.15f 2.88f 2.27a 2.34a 2.3a 

T2 39.73a 56.43a 51.2a 175.33a 194.33a 192.67a 4.93a 6.03a 5.87a 2.45a 2.72a 2.65a 

T3 35.33c 51.43c 45.07c 164d 185.67c 183.67d 4.34bc 5.28d 5.12d 2.24a 2.59a 2.52a 

T4 30.8d 48.73d 40d 161.67e 181.67d 178.33e 4.17d 5.06e 4.88e 2.2a 2.37a 2.34a 

T5 39.13a 56.3a 50.87a 172.33b 193a 191.67ab 4.88a 5.94ab 5.8ab 2.35a 2.65a 2.62a 

T6 38.67a 55.4a 50.53a 172b 192.33a 190b 4.8a 5.8b 5.7b 2.32a 2.62a 2.58a 

T7 37.37b 53.63b 47.1b 168c 189.33b 186.33c 4.5b 5.54c 5.42c 2.28a 2.53a 2.49a 

T8 36.8b 51.9b 45.6c 166.67c 186.67c 183.33d 4.32cd 5.32d 5.24d 2.26a 2.51a 2.44a 

 

Effect of INM practices on yield of ryegrass 

Among the yield parameters, the highest green forage yield of 

78.21 q/ha, 115.77q/ha and 113.71 q/ha at 1st, 2nd, and 3rd cut, 

respectively was recorded under treatment T2, which was at par 

with treatment T5 and T6 respectively (Table2). The treatment T2 

recorded an increase of green forage yield by 111.83, 102.67, 

and 106.22% over treatment T1 (control). Similarly, significantly 

higher dry matter yield of 15.51q/ha at 1st cut, 24.14 q/ha at 2nd 

cut and 11.63 q/ha at 3rd cut was recorded under T2, which was 

at par with treatment T5. The dry matter yield recorded under T2 

was increased by 117.22, 107.5, and 109.81% over T1 (control) 

at the 1st, 2nd, and 3rd cuts, respectively. 

In case of total dry matter yield, significantly higher total dry 

matter yield (62.94 q/ha) was obtained under T2 followed by 

treatment T5, which was at par with treatment T6.The significant 

increase in forage yield with increase in fertility levels could be 

attributed to a favorable effect of nutrients on plant root and 

shoot growth, which has resulted in increased growth parameters 

such as plant height and tillers/m2. The results of present 

investigation are in close agreement with findings of Kumar et 

al. (2004) [29] and Sheoran and Rana (2005) [41]. The various 

organic and inorganic fertilizer combinations produced 

significantly higher forage yield than the control. The treatment 

T5 produced the highest green forage and dry matter yield 

among these combinations with an increases of 109.58, 110.43, 

and 104.08% for green forage yield and 116.24, 106.27 and 

107.56% for dry matter yield at 1st, 2nd, and 3rd cut, respectively, 

over the treatment T1 (control). This increase in yield can be 

attributed to the increased values in growth parameters due to 

the integration of vermicompost and FYM with chemical 

fertilizers. Godara et al. (2012) [20] obtained similar results in oat, 

reporting that instead of using organic or inorganic nutrient 

sources alone, combining both improved the green forage yield.  

 
Table 3: Effect of INM practices on yield of ryegrass 

 

Treatments 
Green forage yield (q/ha) Dry matter yield (q/ha) 

1st cut 2nd cut 3rd cut Total 1st cut 2nd cut 3rd cut 1st cut 

T1 36.92e 57.12e 55.14e 149.18f 7.14e 11.63f 11.10f 29.87g 

T2 78.21a 115.77a 113.71a 307.69a 15.51a 24.14a 23.29a 62.94a 

T3 70.75c 106.65c 104.67c 282.07d 13.87c 22d 21.22d 57.09e 

T4 65.37d 101.15d 99.1d 265.62e 12.76d 20.74e 20.02e 53.52f 

T5 77.38a 115.29a 112.83a 305.5ab 15.44a 23.99ab 23.04ab 62.35b 

T6 77.17a 114.2a 112.53a 303.9b 15.32a 23.73b 22.94b 62.12b 

T7 73.15b 110.77b 108.26b 292.04c 14.42b 22.95c 21.95c 59.32c 

T8 71.69c 107.36c 105.63c 284.68d 14.12bc 22.22d 21.45d 57.79d 

 

Quality parameters 

The different quality parameters as influenced by INM practices 

in presented in Table3 &4. From the result it was revealed that 

the crude protein content progressively reduced with 

advancement in cutting days and comparatively higher values 

was observed at 1st cut (60 DAS) than the 2nd (90 DAS) or 3rd 

cut (120 DAS) (Table 3). Similar trend in crude protein content 

has also been reported by Tesema et al., 2002; Bayble et al., 

2007 [44, 8] and, However, among the treatments, T2 recorded 

significantly higher crude protein content of 9.69%, 9.56% and 

9.44% at 1st, 2nd, and 3rd cut respectively which was also at par 

with treatment T5, T6 and T7 respectively. The use of 100% RDF 

(inorganic) (T2) resulted in an increase in crude protein content 

of 24.07, 23.35, and 23.72% as compared to the control (T1) at 

1st, 2nd, and 3rd cuts, respectively. Increase in crude protein 

content in case of integrated treatment i.e T5, T6 and T7 might be 

due to increased nitrogen concentration that directly resulted in 

higher crude protein content in the plants. Similar results were 

obtained by Singh and Singh (2005) [43] and Kumawat and Jat 

(2005) [30]. Similarly, maximum crude protein yield at 1st, 2nd and 

3rd cut viz., 1.50 q/ha, 2.31 q/ha and 2.20 q/ha respectively, was 

recorded under treatment T2, which was statistically at par with 

treatment T5 and T6. The higher crude protein content and dry 

matter yield could have resulted in higher crude protein yield in 

treatment T2. These findings corroborate the finding of 

Rajkhowa et al. (2000) [37].  

The total crude protein yield also increased significantly with 

nitrogen application. The maximum total crude protein yield was 

recorded under treatment T2 where 100% RDF which might be 

due to combined factor of increased protein content and 

increased dry matter yield that led to overall increase in total 

crude protein yield. Unlike protein, the crude fibre content of 

ryegrass decreased significantly with the application of 

nitrogenous fertilizers (Table 4). Treatment T1 (control) recorded 

the highest crude fibre content (13.63%,14.08% and 14.32%) at 

1st, 2nd, and 3rd cuts, which was at par with treatments T3 and T4. 

However, significantly higher crude fibre yield of 1.98, 3.18 and 

3.09 q/ha at 1st, 2nd and 3rd cut, respectively was recorded under 

treatment T2, which was statistically at par with treatment T5 and 

T6. The total crude fibre yield was also highest under treatment 

T2, accounting 96.42% higher than the control. This could be 

due to a higher proportion of dry matter yield than a decrease in 

crude fibre content with nitrogen application. Similar findings 

were reported by Oduntan et al. (2012) [34] and Vajinder and 

https://www.agronomyjournals.com/
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Sharma (2015) [47]. 

The data presented in Table 4 also revealed that with the 

addition of nitrogenous fertilizers, the crude fat content of 

ryegrass increased significantly. Treatment T2 significantly 

exhibited the highest crude fat content at first, second, and third 

cut, which was at par with all of the combined organic and 

inorganic treatments, namely T5, T6, T7, and T8. The application 

of treatment T2 resulted in an increase in crude fat content by 

11.78, 10.9, and 11.76% over control at the 1st, 2nd, and 3rd cuts, 

respectively.  

The higher crude fat content in plants may be due to increased 

nitrogen application, which increases the chlorophyll content of 

leaves, resulting in production of more food material through 

photosynthesis (Dhaliwal et al., 1989) [15]. Similar results were 

also obtained by Vajinder and Sharma (2015) [47]. 

 
Table 4: Effect of INM practices on crude protein content and yield 

 

Treatments 
Crude protein) content (%) Crude protein yield (q/ha) 

1st cut 2nd cut 3rd cut 1st cut 2nd cut 3rd cut Total 

T1 7.81d 7.75d 7.63d 0.56e 0.9e 0.85e 2.31f 

T2 9.69a 9.56a 9.44a 1.46a 2.34a 2.23a 6.01a 

T3 8.81bc 8.75c 8.63c 1.2c 1.94c 1.86c 4.98d 

T4 8.31cd 8.25d 8.06d 1.03d 1.7d 1.65d 4.38e 

T5 9.56a 9.44a 9.31a 1.44a 2.3a 2.17a 5.9ab 

T6 9.38ab 9.31ab 9.19ab 1.4a 2.23ab 2.16a 5.76b 

T7 9.31ab 9.25abc 9.06abc 1.3b 2.12b 2.04b 5.45c 

T8 8.94b 8.81bc 8.76bc 1.24bc 1.99c 1.91c 5.10d 

 
Table 5: Effect of INM practices on crude fibre content, crude fibre yield and crude fat content of ryegrass 

 

Treatments 
Crude fibre content (%) Crude fibre yield (q/ha) Crude fat content (%) 

1st cut 2nd cut 3rd cut 1st cut 2nd cut 3rd cut Total 1st cut 2nd cut 3rd cut 

T1 13.63a 14.08a 14.32a 0.97d 1.64e 1.59d 4.2e 3.31c 3.55c 3.4c 

T2 12.79b 13.15b 13.25b 1.98a 3.18a 3.09a 8.25a 3.7a 3.94a 3.8a 

T3 13.3a 13.8a 13.86a 1.85b 3.04b 2.94b 7.82b 3.47b 3.75b 3.57b 

T4 13.36a 13.83a 13.88a 1.71c 2.87d 2.78c 7.36d 3.43b 3.72b 3.52b 

T5 12.81b 13.19b 13.28b 1.97a 3.17a 3.08a 8.21a 3.66a 3.93a 3.78a 

T6 12.83b 13.21b 13.32b 1.95a 3.14a 3.06a 8.16a 3.65a 3.93a 3.76a 

T7 12.85b 13.22b 13.36b 1.85b 3.03b 2.93b 7.82b 3.64a 3.92a 3.75a 

T8 12.87b 13.28b 13.38b 1.81b 2.95c 2.87b 7.64c 3.67a 3.91a 3.73a 

 

Economics 

Economics of cultivation is the most important factor which 

decides the adoption of any improved practices by the grower. 

The economics of ryegrass as influenced by INM practices are 

presented in Table 5. Results revealed that, application of 

treatment T2 [100% RDF (inorganic)] yielded the highest gross 

return (Rs. 61,538.00 /ha) and net return (Rs. 38,801.90/ha). 

This increase in gross return could be attributed to higher 

productivity, while the increase in net return could be attributed 

to lower cultivation costs and higher productivity.  

Another important criterion that determines a treatment's 

usefulness and acceptance by a grower is its efficiency. Similar 

to gross and net returns, T2 also recorded the highest benefit cost 

ratio (2.71) followed by treatment T6 [75% RDN (inorganic) + 

25% RDN through FYM (organic)] (2.62), which is due to the 

higher yield and low cost of cultivation. Hooda et al. (2004) [21] 

and Kumar (2007) [23] also obtained the higher net returns with 

the use of recommended dose of fertilizers. 

 
Table 6: Effect of INM practices on economics of rye grass 

 

Treatment Cultivation cost (Rs./ha) Gross Return (Rs./ha) Net Return (Rs./ha) B:C Ratio 

T1 18,500.00 29,836.00 11,336.00 1.61 

T2 22,736.10 61,538.00 38,801.90 2.71 

T3 21,677.08 56,414.00 34,736.92 2.60 

T4 20,618.05 53,124.00 32,505.95 2.58 

T5 27,989.08 61,100.00 33,110.92 2.18 

T6 23,177.08 60,780.00 37,602.92 2.62 

T7 33,250.05 58,408.00 25,157.95 1.76 

T8 23,618.05 56,936.00 33,317.95 1.41 

 

Conclusion 

From the present study, it was evident that application of 100% 

recommended dose of fertilizers (RDF) i.e. treatment T2 resulted 

in the highest plant height, tillers/m2, green fodder yield and 

economic return in case of ryegrass, which was at par with 

treatment T5 [75% RDN (inorganic) + 25% RDN through 

vermicompost (organic)] and T6 [75% RDN (inorganic) + 25% 

RDN through FYM) (organic)]. However, treatment T2 [100% 

RDF (inorganic)] failed to maintain the soil health, and T5 [75% 

RDN (inorganic) + 25% RDN through vermicompost (organic)] 

treatment also provided comparatively low benefit: cost (B: C) 

ratio, making them less profitable to farmers. Nevertheless, T5 

may be recommended to those farmers who are capable of 

producing vermicompost on their own. Otherwise, application of 

75% RDN (inorganic) + 25% RDN through FYM (organic) i.e. 

T6 may be considered to be the most suitable treatment for 

ryegrass cultivation in the acid soils of Assam, for achieving a 

higher B: C ratio while still maintaining the soil health. Because 

these findings are the result of only one year of analysis, at least 

two more years of research in these areas may be required to 

reach a valid conclusion before making recommendations to the 

farming community. 

 

References 

1. 20th Livestock census. Department of Animal Husbandry 

and Dairying (DAHD); c2019. 

2. Acikgoz E. Forage Crops. Bursa: Uludag University 

Empowerment Foundation Publication No: 182, VIPAS 

Publication No: 58; 2001. p. 180-187. 

3. Ashraf S, Iftikhar M, Khan GA, Shahbaz B, Ashraf I. 

Performance evaluation of the dairy farmers regarding 

adoption of precise dairy farming practices in the Punjab, 

Pakistan. African Journal of Agricultural Research. 

2013;8(29):4074-4080. 

https://www.agronomyjournals.com/


International Journal of Research in Agronomy  https://www.agronomyjournals.com  

~ 460 ~ 

4. Atiyeh RM, Dominguez J, Subler S, Edwards CA. Changes 

in biochemical properties of cow manure during processing 

by earthworms (Eisenia andrei, Bouche) and the effects on 

seedling growth. Pedobiologia. 2000;44(6):709-724. 

5. Ayub M, Nadeem AM, Tahie M, Ibrahim M, Aslam MN. 

Effect of nitrogen application and harvesting intervals on 

forage yield and quality of pearl millet. Pakistan Journal of 

Life and Social Sciences. 2009;7(2):185-187. 

6. Bajracharya SK, Shercahn DP, Bhattarai S. Effect of 

vermicompost in combination with bacterial and mineral 

fertilizers on the yield of vegetable soybean. Korean Journal 

of Crop Science. 2007;52(1):100-103. 

7. Batabyal K. Nutrient management for improving crop, soil, 

and environmental quality. In: Essential Plant Nutrients. 

Cham: Springer; 2017. p. 445-464. 

8. Bayble T, Melaku S, Prasad NK. Effects of cutting dates on 

nutritive value of Napier (Pennisetum purpureum) grass 

planted sole and in association with Desmodium 

(Desmodium intortum) or Lablab (Lablab purpureus). 

Livestock Research for Rural Development. 

2007;19(1):120-136. 

9. Bhilare RL, Pathan SH, Damame SV. Response of forage 

pearl millet varieties to different nitrogen levels under 

rainfed condition. Journal of Maharashtra Agricultural 

Universities. 2010;35(2):304-306. 

10. Biswas S, Jana K, Agrawal RK, Puste AM. Effect of 

integrated nutrient management on green forage, dry matter 

and crude protein yield of oat in oat-Lathyrus intercropping 

system. Journal of Crop and Weed. 2020;16(2):233-238. 

11. Bora SS, Sharma KK, Borah K, Konwar MJ. Effect of 

nitrogen levels and seed rate on growth and yield of rye 

grass (Lolium multiflorum) in Assam, India. International 

Journal of Current Microbiology and Applied Sciences. 

2019;8(9):2110-2114. 

12. Cassol LC, Piva JT, Soares AB, Assmann AL. Yield and 

structural composition of oat and ryegrass submitted to 

cutting times and nitrogen fertilization. Ceres Magazine. 

2011;58:438-443. 

13. Chavda VN, Rajawat BS. Performance evaluation of 

vermicompost on yield of Kharif groundnut and cotton 

crops. International Journal of Forestry and Crop 

Improvement. 2015;6(2):127-131. 

14. Cinar S, Ozkurt M, Cetin R. Effects of nitrogen fertilization 

rates on forage yield and quality of annual ryegrass (Lolium 

multiflorum L.) in central black sea climatic zone in Turkey. 

Applied Ecology and Environmental Research. 

2020;18(1):417-432. 

15. Dhaliwal JS, Kler DS, Tiwana US. Influence of geometrical 

patterns of sowing and nitrogen levels on the quality of 

fodder oats (Avena sativa). Environment and Ecology. 

1989;7(1):62-65. 

16. Foley JA, DeFries R, Asner GP, Barford C, Bonan G, 

Carpenter SR, et al. Global consequences of land use. 

Science. 2005;309:570-574. 

17. Garcia SC, Islam MR, Clark CEF, Martin PM. Kikuyu-

based pasture for dairy production: A review. Crop and 

Pasture Science. 2014;65:787-797. 

18. Gerdes L, Mattos HBD, Werner JC, Colozza MT, Cunha 

EAD, Bueno MS, Schammass EA. Chemical composition 

and digestibility of forage mass in irrigated pasture of 

exclusive aruana grass or over-sown with a mixture of black 

oat and ryegrass. Brazilian Journal of Animal Science. 

2005;34:1098-1108. 

19. Ghosh PK, Ramesh P, Bandyopadhyay KK, Tripathi AK, 

Hati KM, Misra AK, Acharya CL. Comparative 

effectiveness of cattle manure, poultry manure, 

phosphocompost and fertilizer-NPK on three cropping 

systems in vertisols of semi-arid tropics. I. Crop yields and 

system performance. Bioresource Technology. 

2004;95(1):77-83. 

20. Godara AS, Gupta US, Singh R. Effect of integrated 

nutrient management on herbage, dry fodder yield and 

quality of oat (Avena sativa L.). Forage Research. 

2012;38(1):59-61. 

21. Hooda RS, Khippal A, Narwal RP. Effect of fertilizer 

application in conjunction with biofertilizers in sole and 

intercropping systems of pearl millet under rainfed 

condition. Haryana Journal of Agronomy. 2004;20(1):29-

30. 

22. Jayanthi C, Malarvizhi P, Chinnusamy C, Mythili S. 

Integrated nutrient management for bajra-hybrid napier 

system. Journal of Farming System Research and 

Development. 2002;8(1-2):10-14. 

23. Kumar A. Effect of integrated nutrient management on 

growth, yield and quality of forage sorghum (Sorghum 

bicolor L. Moench) [dissertation]. CCSHAU; 2007. 

24. Kumar A, Rana DS, Sheoran RS. Effect of integrated 

nutrient management on herbage yield and nutrient uptake 

of forage sorghum (Sorghum bicolor L.). Haryana Journal 

of Agronomy. 2008;24(1&2):82-83. 

25. Kumar R, Rathore DK, Singh M, Kumar P, Khippal A. 

Effect of phosphorus and zinc nutrition on growth and yield 

of fodder cowpea. Legume Research - An International 

Journal. 2016;39(2):262-267. 

26. Kumar S, Sharma BL. Effect of FYM, nitrogen and 

Azospirillum inoculation on yield and quality of fodder 

sorghum. Forage Research. 2002;28:165-168. 

27. Kumar S, Agrawal RK, Dixit AK, Rai AK, Singh JB, Rai 

SK. Forage production technology for arable lands. 

Technology Bulletin. 2012;39(9):255-260. 

28. Kumar S, Rawat CR, Dhar S, Rai SK. Dry matter 

accumulation, nutrient uptake and changes in soil fertility 

status as influenced by different organic and inorganic 

sources of nutrient to forage sorghum (Sorghum bicolor). 

Indian Journal of Agricultural Sciences. 2005;75:340-342. 

29. Kumar S, Rawat CR, Singh K, Melkana NP. Effect of 

integrated nutrient management on growth, herbage 

productivity and economics of forage sorghum (Sorghum 

bicolor L. Moench). Forage Research. 2004;30(3):140-144. 

30. Kumawat PD, Jat NL. Effect of organic manure and 

nitrogen fertilization on productivity of barley (Hordeum 

vulgare). Indian Journal of Agronomy. 2005;50(3):200-202. 

31. Lacefield G, Collins M, Henning J, Phillips T, Rasnake M, 

Spitaleri R, Girgson D, Turner K. Annual ryegrass. 

Lexington, KY: Kentucky Cooperative Extension Service 

AGR-179; 2003. 

32. Meena H, Narolia RS, Singh P, Meena PKP, Kumhar BL. 

Performance of Makhangrass (Lolium multiflorum) under 

various seed rate in South East Rajasthan, India. 

International Journal of Current Microbiology and Applied 

Sciences. 2017;6(5):1945-1950. 

33. Nehra AS, Hooda IS, Godara SS. Effect of manures and 

inorganic fertilizers on NPK content and uptake by grain 

and stover of wheat. Haryana Journal of Agronomy. 

2005;21(2):148-151. 

34. Oduntan AO, Olaleye O, Akinwande BA. Effect of plant 

maturity on the proximate composition of Sesamum 

radiatum Schum leaves. Journal of Food Studies. 

https://www.agronomyjournals.com/


International Journal of Research in Agronomy  https://www.agronomyjournals.com  

~ 461 ~ 

2012;1(1):69-76. 

35. Pathan SH, Gethe RM, Tupatkar PN, Gaikwad BT. Effect 

of nitrogen levels on green forage yield of forage pearl 

millet varieties. Journal of Maharashtra Agriculture 

Universities. 2006;31(3):355-356. 

36. Patidar S, Mali AL. Effect of organic manure and inorganic 

fertilizer on yield and availability of nutrients under 

sorghum. Indian Journal of Agriculture Research. 

2004;35(2):142-145. 

37. Rajkhowa DS, Gogoi AK, Kandali R, Rajkhawa KM. Effect 

of vermicompost on mungbean nutrition. Journal of the 

Indian Society of Soil Science. 2000;48:207-208. 

38. Sabrina DT, Hanafi MM, Gandahi AW, Muda Mohamed 

MT, Abdul Aziz NA. Effect of mixed organic-inorganic 

fertilizer on growth and phosphorus uptake of Setaria grass 

(Setaria splendida). Australian Journal of Crop Science. 

2013;7(1):75-79. 

39. Seyoum B, Zinash S, Tadesse TT, Liyusew A. Evaluation 

of Napier (Pennisetum purpureum) and hybrids 

(Pennisetum purpureum × Pennisetum typhoides) in the 

central highlands of Ethiopia. Proceedings of the Fifth 

Conference of Ethiopian Society of Animal Production 

(ESAP); 1998; Addis Ababa, Ethiopia. p. 194-202. 

40. Sheoran RS, Kumar S. Effect of potassium and boron 

fertilization on growth, forage yield and quality of berseem 

(Trifolium alexandrinum L.). Legume Research - An 

International Journal. 2020;43(3):421-426. 

41. Sheoran RS, Rana DS. Relative efficacy of vermicompost 

and farmyard manure integrated with inorganic fertilizers 

for sustainable productivity of forage sorghum (Sorghum 

bicolor L. Moench). Acta Agronomica Hungarica. 

2005;53(3):303-308. 

42. Sigaye MH, Mekuria R, Kebede K, Nigussei A. Integrated 

use of organic and inorganic fertilizers on maize (Zea mays 

L.) yield and soil fertility in Andisols soil of Sidama, 

Ethiopia. Asian Journal of Plant Science and Research. 

2021;11(1):10-18. 

43. Singh J, Singh KP. Effect of organic manures and 

herbicides on yield and yield attributing characters of 

wheat. Indian Journal of Agronomy. 2005;50(4):289-291. 

44. Tesema Z, Baars MRT, Alemu Y. Effect of plant height at 

cutting, source and level of fertilizer on yield and nutritional 

quality of Napier grass (Pennisetum purpureum (L.) 

Schumach.). African Journal of Range and Forage Science. 

2002;19:123-128. 

45. Brown I, Tari E, Isaac WC. Rebuilding communal 

resilience in a post operational social and economic impact 

assessment of the Eastern Bulk Cement Company (Eagle 

Cement) in Rumuolumeni. Environmental Reports - An 

International Journal. 2025;7(1).  

DOI:10.51470/ER.2025.7.1.43 

46. Tollenaar M, Deen W, Echarte L, Liu W. Effect of 

crowding stress on dry matter accumulation and harvest 

index in maize. American Society of Agronomy. 

2006;98:930-937. 

47. Vajinder PK, Sharma PK. Quality of fodder maize in 

relation to farmyard manure and nitrogen levels. Forage 

Research. 2015;41(1):63-67. 

48. van der Colf J, Botha PR, Meeske R, Truter WF. Seasonal 

dry matter production, botanical composition and forage 

quality of kikuyu over-sown with annual or perennial 

ryegrass. African Journal of Range and Forage Science. 

2015;32:133-142. 

49. van Soest PJ. Nutritional ecology of the ruminant. 2nd ed. 

Ithaca: Cornell University Press; 1994. p. 476. 

50. Vasanthi DS, Kumaraswamy K. Efficacy of vermicompost 

to improve soil fertility and rice yield. Journal of the Indian 

Society of Soil Science. 1999;47:268-272. 

51. Watschke TL, Schmidt RE. Ecological aspects of turf 

communities. Turfgrass. 1992;32:129-174. 

52. Solanki GS. Biodiversity and protected areas: a need for 

paradigm shift in biodiversity conservation strategy in India. 

Environmental Reports - An International Journal. 

2025;7(1). DOI:10.51470/ER.2025.7.1.51 

https://www.agronomyjournals.com/

