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Abstract: There had been very less systemic study of forage crops in this part of the world. The information is 
scanty and not well documented. With these backgrounds, a field experiment was conducted during winter and sum-
mer season of 2012-13 and 2013-14 with three forage crops [Brachiaria brizantha, Panicum maximum and Setaria 
anceps] and three mulching managements [no mulching, soil dust mulching and live mulching]. Experiment was laid 
out in split plot design with three replications. Forage crop was assigned to the main plots and mulching to the sub-
plots. The results revealed that superior growth attributes as well as highest green fodder yield (91.14 q ha-1 in win-
ter and 307.20 q ha-1 in summer) and dry matter yield (26.27 q ha-1 in winter and 66.99 q ha-1 in summer) were ob-
tained with forage crop Setaria anceps. Mulching influenced all growth parameters (plant height, leaf area index and 
crop growth rate) significantly and recorded highest with live mulching followed by soil dust and no mulching. Adop-
tion of live mulching resulted in highest green fodder yield (94.17 q ha-1 in winter and 309.58 q ha-1 in summer) as 
well as highest dry matter yield (26.28 q ha-1 in winter and 71.93 q ha-1 in summer). The present experimental find-
ings signify the importance of live mulching in improving growth attributes and yield of forage crops.  
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INTRODUCTION 

Livestock industry demonstrate a beneficial impact on 

rural people in India by improving their income, em-

ployment and consumption thereby acting as a poten-

tial tool in lightening the rural poverty. The Livestock 

sector plays a key role in providing livelihoods to sev-

enty million rural households (DADF, Annual Report, 

2016-17, Govt. of India). The major challenge facing 

the livestock sector is to fulfil the needs of feed for the 

increasing population. The total area under cultivated 

fodder in India is only 8.6 m ha (Kaur and Goyal, 

2017). The scarcity of feed is a serious problem in In-

dia for proper growth and production of livestock sec-

tor. Hence, livestock improvement through the nutri-

tional development is of paramount importance. Forag-

es are the main diet of animal and their production is 

the backbone of livestock industry. Adequate availabil-

ity of feed and fodder to livestock is vital for increas-

ing the productivity. At present, the country faces a net 

deficit of 36% greens, 40% dry fodder and 57% con-

centrates (DADF, Annual Report, 2014-15, Govt. of 

India). This gap between demand and supply may fur-

ther rise due to consistent growth of livestock popula-

tion at the rate of 1.23% in the coming years (Kumar et 

al., 2012). While improving the forage production, it is 

necessary to address the opportunities related to pro-

duction and efficient use of resources. Among the dif-

ferent resource conservation measures, mulching has 

gained popularity. It is used for various reasons but 

water conservation due to reduction in evaporation loss 

of soil water (Teame et al., 2017; Kumar and Lal, 

2012) and erosion control (Patil et al., 2013) are the 

most important objective for its use in agriculture. Oth-

er reason for mulching use includes soil temperature 

modification (Kumar et al., 2014), increasing the soil 

organic carbon (Bajoriene et al., 2013; Kumar et al., 

2014), nutrient addition (Patil et al., 2016), improve-

ment of soil properties (Kumar, 2014) and control 

weeds (Kumar et al., 2014). Thus, it facilitates more 

retention of soil moisture and helps in control of tem-

perature fluctuations, improves physical, chemical and 

biological properties of soil, as it adds nutrients to the 
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soil and ultimately enhances the growth and yield of 

crops. Hence it was felt necessary to study the effect of 

mulching on growth and yield of perennial forage crops.  

MATERIALS AND METHODS 

The present investigation was carried out at central 

research farm of Bidhan Chandra Krishi Viswavidya-

laya, Nadia, West Bengal during the winter and sum-

mer season of 2012-13 and 2013-14 on perennial for-

age crops. The mean minimum and maximum temper-

atures were 18.31 to 31.25°C and 18.55 to 31.19°C 

during 1st and 2nd year of study, respectively. A total of 

9.20 mm rainfall received during winter season of 1st 

year, but there was no rainfall in winter season of 2nd 

year. In summer season, total of 327.60 and 209.90 

mm rainfall received during 1st year and 2nd year, re-

spectively (data collected from AICRP on Agromete-

orology, BCKV). The experimental soil was sandy 

loam in texture having pH 7.2 (Jackson, 1967), organic 

carbon 0.51% (Walkey and Black, 1934) and available 

nitrogen (Subbaiah and Asija, 1956), phosphorus 

(Jackson, 1973) and potassium (Schollenberger and 

Simon, 1945) as 190.4, 12.5 and 145.6 kg ha-1, respec-

tively. The experiment was laid out in split plot design 

with three replications. Three different perennial for-

age crops (Brachiaria brizantha, Panicum maximum 

and Setaria anceps) kept in the main plots. The sub-

plots consisted of three mulches (no mulching, soil 

dust mulching and live mulching). This experiment 

was started in an experimental field of two years aged 

perennial grass. During establishment of this experi-

ment a spacing of 50 cm x 50 cm (plant x row) was 

maintained for each treatment. Crop for live mulching 

was sown by opening of furrow with tyne in between 

two lines of perennial grass at the same time soil dust 

mulch was made by loosening of surface layer. In win-

ter seasons berseem @ 20 kg ha-1 and in summer sea-

son cowpea @ 30 kg ha-1 were sown as live mulch. 

Live mulching was cut after 45 days of sowing and 

spread over the soil surface in between two lines of 

perennial grasses. A top dressing of 50 kg N ha-1 was 

applied at the time of initiation of winter season. In 

case of summer season 50 kg N ha-1 was applied dur-

ing initiation of season and another 50 kg ha-1 after 1st 

cutting. Once in a year each of potassium (K) and 

phosphorus (P) were also added to the field during 

rainy season at the rate of 50 kg ha-1. The crops were 

cultivated in rainfed condition.  

Observations on growth attributes were counted at 15 

days interval. The plant height was measured from the 

base of the plant to the tip of the upper leaf and ex-

pressed in centimeters (cm). Leaf area index (LAI) was 

obtained by using area-weight relationship where leaf 

areas of dried leaf samples were worked out (Kemp, 

1960). Crop growth rate (CGR) was calculated by us-

ing the following formula (Watson, 1947):  

CGR (g m-2 day-1) = W2 – W1 / t2 – t1      ------- (I) 

Where, W1 and W2 were the plant dry weights (g m-2) 

at time t1 and t2, respectively. 

The plants from the net plot area were cut at 15 cm 

above the ground level at the time of each cut and 

fresh weight (kg plot-1) was recorded. Based on this 

green forage yield (q ha-1) was calculated. From the 

fresh forage, 500 g harvested material was placed in 

the hot air oven at 65 - 700 C to a constant weight and 

dry weight was recorded. In winter season cutting was 

made after 90 days of initiation of season (only single 

cut was possible due slow growth rate) and in summer 

season it was done at two times one after 45 days after 

initiation and second one after 45 days of first cutting. 

Based on the percent dry matter, treatment wise dry 

matter yield was converted into q ha-1. Data was statis-

tically analyzed using analysis of variance (ANOVA) 

as split-plot design (Gomez and Gomez, 1984). Further 

Significant differences between the treatments were 

compared with the critical difference at ±5% probabil-

ity by least significant difference. 

RESULTS AND DISCUSSION 

Growth attributes: Plant height was significantly 

influenced by different forage crops in all the date of 

observations in both winter and summer seasons 

Himangshu Das et al. / J. Appl. & Nat. Sci. 10(1): 266 - 271 (2018) 

Table 1. Effect of mulching on plant height (cm) of forage crops during two seasons (pooled data of two years) 

Treatments 
Winter season Summer season 

15 

DAI 
30 

DAI 
45 

DAI 
60 

DAI 
75 

DAI 
90 

DAI 
15 

DAI 
30 

DAI 
45 

DAI 
60 

DAI 
75 

DAI 
90 

DAI 
Forage crops 
Brachiaria brizantha 28.00 30.47 35.27 37.91 40.36 42.31 39.29 48.72 64.97 38.65 53.46 70.03 
Panicum maximum 32.78 37.58 45.22 49.97 57.20 64.67 49.62 58.77 74.28 54.55 61.89 80.69 
Setaria anceps 33.39 40.63 45.83 50.82 58.07 66.40 54.24 59.94 82.33 56.93 68.57 88.20 
SEm± 0.79 0.75 0.78 0.69 1.09 0.89 0.31 1.31 1.25 0.73 1.02 1.82 
CD at 5% 2.57 2.44 2.56 2.26 3.56 2.91 1.03 4.27 4.07 2.39 3.33 5.93 
Mulching practices 
No mulching 30.84 33.90 39.67 43.87 49.28 54.61 44.02 52.82 69.78 47.52 57.86 76.97 
Soil dust mulching 31.40 36.79 42.07 46.52 51.78 58.22 46.80 54.97 72.82 49.69 60.33 78.74 
Live mulching 31.93 37.99 44.58 48.31 54.57 60.55 52.33 59.65 78.98 52.93 65.73 83.22 
SEm± 0.43 0.54 0.62 0.66 0.90 0.88 0.51 1.03 1.37 0.83 1.17 0.81 
CD at 5% NS 1.57 1.82 1.93 2.64 2.58 1.48 3.02 4.00 2.43 3.41 2.37 

DAI- Days after initiation of season 
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(Table 1). The maximum plant height (66.40 and 88.20 

cm at final observation during winter and summer sea-

son, respectively) was recorded with Setaria anceps 

followed by Panicum maximum and Brachiaria bri-

zantha. With the changes in forage types variation in 

plant height are well known because size of meriste-

matic zone and rate of cell production are mainly con-

tributed in increasing height and those are become 

differed within different types of plant, it is the conse-

quent of variations in height of the different grasses 

(Guevara et al., 2002). Mulching had significant effect 

on plant height in all dates of observations except at 15 

DAI during winter (Table 1). The highest plant height 

(60.55 and 83.22 cm at final observation during winter 

and summer season, respectively) was obtained where 

live mulch practiced at all the stages in both the sea-

sons, whereas the lowest values (54.61 and 76.97 cm at 

final observation during winter and summer season, 

respectively) were obtained from no mulching treat-

ment. Increase in plant height with mulch management 

also observed in other research work (Meena et al., 

2014). 

In general, a gradual increase in leaf area index (LAI) 

against time was recorded (Fig. 1 and 2), but in sum-

Himangshu Das et al. / J. Appl. & Nat. Sci. 10(1): 266 - 271 (2018) 

Table 2. Effect of mulching on crop growth rate (g m-2 day-1) of forage crops during two seasons (pooled data of two years) 

Treatments 

Winter season Summer season 

0-15 

DAI 

16-30 

DAI 

31-45 

DAI 

46-60 

DAI 

61-75 

DAI 

76-90 

DAI 

0-15 

DAI 

16-30 

DAI 

31-45 

DAI 

46-60 

DAI 

61-75 

DAI 

76-90 

DAI 

Forage crops 

Brachiaria brizantha 5.57 2.16 2.15 1.57 1.18 1.08 9.88 5.47 6.33 10.06 5.36 6.74 

Panicum maximum 7.36 2.58 2.38 1.77 1.52 1.26 9.28 4.77 5.93 9.64 5.16 6.37 

Setaria anceps 7.29 2.63 2.76 2.12 1.67 1.21 9.97 4.9 6.18 10.23 5.16 6.48 

SEm± 0.124 0.021 0.040 0.066 0.034 0.024 0.110 0.145 0.073 0.076 0.176 0.148 

CD at 5% 0.406 0.068 0.130 0.217 0.110 0.077 0.357 0.472 0.237 0.248 NS NS 

Mulching practices 

No mulching 6.48 2.37 2.14 1.59 1.37 1.03 8.52 4.58 5.38 9.28 4.84 6.08 

Soil dust mulching 6.86 2.41 2.36 1.83 1.49 1.16 9.57 5.09 6.09 9.88 5.18 6.57 

Live mulching 6.89 2.59 2.79 2.03 1.51 1.37 11.04 5.47 6.97 10.77 5.68 6.94 

SEm± 0.093 0.032 0.053 0.054 0.029 0.022 0.071 0.104 0.100 0.123 0.098 0.102 

CD at 5% 0.272 0.093 0.155 0.158 0.083 0.063 0.208 0.302 0.291 0.358 0.286 0.298 

DAI- Days after initiation of season 

Table 3. Effect mulching practices on green forage and dry matter yield of forage crops in winter season 

Treatments 
Green forage yield (q ha-1) Dry matter yield (q ha-1) 
2012-13 2013-14 Pooled 2012-13 2013-14 Pooled 

Forage crops 
Brachiaria brizantha 80.67 77.00 78.83 22.69 21.98 22.33 
Panicum maximum 87.11 80.00 83.56 26.49 23.95 25.22 
Setaria anceps 91.22 91.06 91.14 27.69 24.86 26.27 
SEm± 1.81 1.25 1.10 0.27 0.18 0.16 
CD at 5% 7.12 4.92 3.59 1.05 0.71 0.53 
Mulching practices 
No mulching 78.00 73.11 75.56 24.30 21.55 22.92 
Soil dust mulching 85.56 82.06 83.81 25.49 23.76 24.62 
Live mulching 95.44 92.89 94.17 27.09 25.48 26.28 
SEm± 1.04 1.74 1.01 0.35 0.17 0.19 
CD at 5% 3.21 5.35 2.95 1.07 0.53 0.57 

Table 4. Effect mulching practices on green forage and dry matter yield of forage crops in summer season 

Treatments 
Green forage yield (q ha-1) Dry matter yield (q ha-1) 
2013 2014 Pooled 2013 2014 Pooled 

Forage crops 
Brachiaria brizantha 302.22 274.22 288.22 71.59 65.88 68.73 
Panicum maximum 258.33 237.56 247.94 68.63 63.13 65.88 
Setaria anceps 319.11 295.29 307.20 70.04 63.95 66.99 
SEm± 4.59 6.74 4.08 0.99 1.44 0.87 
CD at 5% 18.01 26.47 13.30 NS NS NS 
Mulching practices 
No mulching 263.11 248.63 255.87 63.40 60.64 62.02 
Soil dust mulching 293.00 262.83 277.92 70.90 64.42 67.66 
Live mulching 323.56 295.61 309.58 75.96 67.90 71.93 
SEm± 4.25 4.90 3.24 0.93 1.25 0.78 
CD at 5% 13.11 15.09 9.47 2.87 3.86 2.28 
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mer season there was a cut at 45 DAI that’s why LAI 

at 60 DAI was reduced again (Fig. 1 and 2). Through-

out the growing period, highest value of LAI (0.96 – 

2.66 in winter and 1.49 – 3.40 in summer) was record-

ed with forage grass Setaria anceps (Fig. 1). Different 

leaf size and its attachment with stem varied among 

forage types and hence showed variation in LAI 

(Anwar et al., 2012). In the present study, LAI was 

increased with live mulching (Fig. 2). Among the 

mulching managements, throughout the growing cycle 

live mulching recorded the highest LAI (0.89 – 2.46 

during winter and 1.30 – 3.14 during summer) fol-

lowed by soil dust mulching and no mulching. Enor-

mous increase in LAI under live mulching was due to 

increase rate of cell division and cell size enlargement 

under high availability of soil water (Xie et al., 2006; 

Kumar and Lal, 2012) to crop and better soil health 

condition due to legume mulching (Sharma et al., 

2010). 

Crop growth rate (CGR) was significantly influenced 

by different grasses during all observations, except at 

61-75 and 76-90 DAI during summer season where no 

significant difference for CGR between forage crops 

were obtained (Table 2). On an average (0-90 DAI) 

pooled data showed higher CGR by Setaria anceps 

(2.95 and 7.15 g m-2 day-1 in winter and summer sea-

son, respectively). In terms of CGR forage crop Pani-

cum maximum positioned 2nd in winter season and 

Brachiaria brizantha in summer season. Cutting was 

made about 15 cm from ground surface and when col-

lected sample for dry matter it was made at ground 

surface resulting in higher CGR at 0-15 DAI in both 

seasons as well as at 46-60 DAI in summer season. 

The variation in CGR with the treatment was mainly 

due to the variation in dry matter production.  Further, 

in winter season CGR reduced with advancement of 

time (Table 2) may due to be shortage of moisture 

because crop was cultivated without irrigation, but this 

trend was different owing to summer rainfall in the 

summer season. Mulching had significant effect on 

CGR (Table 2). The maximum CGR recorded with 

live mulching during both seasons. On the other hand, 

no mulched plot recorded minimum CGR values at all 

dates of observation. As per average of pooled data (0-

90 DAI), higher CGR (2.86 and 7.81 g m-2 day-1 in 

winter and summer season, respectively) was recorded 

with live mulching followed soil dust mulching. Adop-

tion of mulching increases CGR might due to be re-

duced weed population and increases availability of 

soil moisture for crop use water (Xie et al., 2006; Ku-

mar and Lal, 2012). Use of live mulching with legume 

improved the soil health (Sharma et al., 2010) resulted 

in better CGR value with live mulched treatment. 

Yield: Yield was higher in 1st year as compared to 2nd 

year (Table 3 and 4). Among the seasons too much 

higher production was obtained in summer season. 

Seasonal variation in forage yield of perennial grasses 

was also reported by Ullah et al. (2006). Changes in 

forage type had a significant effect in changing the 

green forage yield during both years and seasons. 

Setaria anceps recorded significantly higher green for-

age yield during both seasons. (91.14 q ha-1 in winter 

and 307.20 q ha-1 in summer). Growth parameters 

found superior with Setaria anceps may be the reasons 

for higher forage yield with this grass. In terms of 

green forage yield (GFY) forage crop Panicum maxi-

mum positioned 2nd in winter season (Table 3) and Bra-

chiaria brizantha in summer season (Table 4). This 

was due to the perennial grasses have different growth 

habit and their response to environments is different 

(Langer, 1979).  Dry matter yield (DMY) was also 

highest with Setaria anceps (26.27 q ha-1) followed by 

Panicum maximum (25.22 q ha-1) and Brachiaria bri-

zantha (22.33 q ha-1) in winter season. But, in summer 

season among the forages DMY was not significantly 

varied and recorded highest with Brachiaria brizantha 

(68.73 q ha-1) followed by Setaria anceps (66.99 q ha-

1) and Panicum maximum (65.88 q ha-1). Differences in 

fresh and dry biomass of grasses are due to differences 

in the growth habit and morphology (Ullah et al., 

2006) and variations in assimilates allocation in differ-

ent organs and its partitioning in above ground parts 

(Bandara et al., 1999) which differentiate grasses in 

biomass production from one another. Variation in 

Himangshu Das et al. / J. Appl. & Nat. Sci. 10(1): 266 - 271 (2018) 

Fig. 1. Temporal changes in leaf area index (LAI) of differ-

ent forage crops (data presented are averaged over mulching 

managements and two experimental years).  

Fig. 2. Temporal changes in leaf area index (LAI) under 

different mulching crops (data presented are averaged over 

forage crops and two experimental years).  
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sequence of fresh and dry biomass of grasses is due to 

different in water content in biomass (Anwar et al., 

2012). Significantly highest green forage yield ob-

tained with live mulching (94.17 and 309.58 q ha-1 in 

winter and summer season, respectively) followed by 

soil dust mulching and no mulching recorded the low-

est GFY (Table 3 and 4). GFY increased by 12.36 to 

24.63% in winter season and 11.39 and 20.99% in 

summer season with live mulching treatment as com-

pared to soil dust mulching and no mulching. Dry mat-

ter yield was also increased by 6.74 to 14.66% in win-

ter season and 6.31 to 15.98% in summer season with 

live mulching treatment as compared to soil dust 

mulching and no mulching (Table 3 and 4). Nodulation 

under live mulch improve soil nutrient status (Sharma 

et al., 2010) and on an average add 20.90 to 21.54 and 

27.89 to 28.11 kg N ha-1 during both seasons through 

biomass of mulching plant.  Cutting the intercropped 

legume plants and using it as mulch after 45 days 

helped in suppressing weed growth, and led checking 

evaporation losses (Narain and Singh, 1997) resulted 

in better growth attributing characters and ultimately 

maximum green forage and dry matter yield obtained 

under live mulching. In zero mulched plots there might 

be more evaporation loss of moisture. Hence, the re-

sulting water stress in the crop lead to lower values in 

growth attributing characters as well as green forage 

and dry matter yield. Soil dust mulching also conserve 

moisture but yield level was less than that of live 

mulching due to better soil health was observed with 

live mulching. 

Conclusion 

From present study it can be concluded that overall 

performance of forage crop Setaria anceps was 

preeminent as compared to others. Live mulching sig-

nificantly affected the growth and yield of the perenni-

al forage crops and has an important role on increasing 

green forage and dry matter yield. 
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