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Abstract 
Large number of fodder species and cultivars are introduced at different 
times in Nepal, but limited region-specific information is available on 
their productivity and fodder quality. An experiment was conducted at 
the research site of Goat Research Station, Bandipur, Tanahun, Nepal for 
two years in order to compare the fodder biomass productivity and 
nutrient constituents of those introduced perennial grasses. The 
experiment was executed in Randomized Complete Block Design with 
three replications. The fodder genotypes; Paspalum (Paspalum 
atratum Swallen cv. Hi-Gane), Sumba setaria (Setaria 
sphacelata (Schumach.) Stapf & C.E. Hubb.) var splendida (Stapf.), 
Guatemala grass (Tripsacum andersonii J.R. Gray), Mulato II 
(Brachiaria hybrid CIAT 36087) were compared with the Signal grass 
(Brachiaria documbens Stapf.) and Guinea grass (Megathyrsus 
maximus (Jacq.) B. K. Simon & S. W. L. Jacobs). Signal grass and Guinea 
grass were included in the experiment as the conventional fodders of the 
region. The results of the study revealed that the Guatemala grass had 
shown higher annual fodder dry matter (DM) yield (17.19 t ha-1). Mulato 
II, Paspalum, Sumba setaria and Signal grass had shown statistically 
similar (p>0.05) fodder DM yield whereas Guinea had performed as poor 
(6.94 t ha-1 year-1 DM). Mulato II had shown superior fodder quality with 
a better proportion of crude protein and total ash whereas Guatemala 
grass had lowest crude protein and higher neutral detergent fiber and 
acid detergent fiber. The acid detergent lignin was also higher for 
Guatemala grass, Sumba setaria, Guinea grass and Paspalum. The 
temporal effect was obtained significant (p<0.05) between two years. 
Those imported fodders in recent years had shown either better fodder 
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productivity or superior fodder quality than the conventional ones. 
Rigorous promotion of those fodders in the middle hills can make 
substantial augmentation in the year-round fodder production in the 
region. 
Key words: Defoliation, dry matter, plant height, quality, yield. 

INTRODUCTION 
Mitigating one-fifth of the feed deficit in terms of the total digestible nutrients (TDN) is 

one of the major challenges of livestock production systems in Nepal [1, 2]. Accordingly, 

TDN and crude protein (CP) deficits are the major shortcomings of ruminant 

production, especially during the winter and spring seasons [3]. These under-feeding 

and under-nutritional conditions of the ruminants up shooting the lower productivity of 

the Nepali ruminant livestock in the middle hills [1, 3] where the farming systems were 

dominated by rain-fed agriculture. 

Good quality fodders are the best alternatives to cope with the feed and nutrient deficit 

situations of Nepali ruminants. Realizing this, continuous efforts have been made by 

governmental and non-governmental sectors to promote a number of fodders species 

and cultivars in the Nepalese farming systems. Introduction of more than 185 species 

and 600 cultivars since 1940 in Nepal is an example of these endeavors [2].  

As the attempts, Signal grass and Guinea grass were introduced in Nepal a few decades 

ago and well established in the Nepali farming systems. Other species and cultivars, 

such as Paspalum, Sumba setaria, Guatemala grass, and Mulato II were introduced in 

recent years. Signal grass (Brachiaria decumbens (Stapf) R.D. Webster) is a widely 

cultivated tropical and subtropical poaceae fodder. It is a vigorous, rhizomatous, 

stoloniferous, medium-lived (5-years) perennial fodder [4]. Guinea grass (Megathyrsus 

maximus (Jacq.) B. K. Simon & S. W. L. Jacobs), a fast-growing and leafy perennial grass, 

is native to tropical Africa and is now widely naturalized in the tropics. It is palatable to 

livestock with a good nutritional value [5]. Paspalum (Paspalum atratum Swallen cv. Hi-

Gane) is a leafy upright, rhizomatous tussock grass that is used as a sown fodder for the 

cut-and-carry system from the equator to sub-tropics. It is characterized as moderate 

nutritive and palatable fodder species [6]. Sumba Setaria (Setaria 

sphacelata (Schumach.) Stapf & C.E. Hubb.) var splendida (Stapf.)), also called Giant 

setaria, a tall tropical grass widespread in the tropical and sub-tropical regions of the 

world. It is a palatable bunch grass with moderate drought tolerance and is used for 
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pasture and cut-and-carry [7]. It has little or no viable seeds and is normally planted 

from rooted tillers [8]. Guatemala grass (Tripsacum andersonii J.R. Gray) is a fast-

growing, robust, strongly rhizomatous, tufted and leafy perennial grass that yields high 

biomass. It is suitable for cut-and-carry systems and is promoted in dairy pockets of 

different countries for few decades [9]. Mulato II (Brachiaria hybrid CIAT 36087) is a 

semi-erect perennial apomictic grass which is a three-way hybrid (Brachiaria 

ruziziensis × B. decumbens × B. brizantha). It is a vigorous growing warm-season pasture 

or fodder grass adapted to the tropical and sub-tropical regions around the world [10]. 

Species or cultivars selection generally represents simple but highly effective tools for 

adaption of fodder production to the environment conditions [11]. But the information 

on their adaptability and comparative performances under the rain-fed condition of the 

western middle hills of Nepal is scanty [1]. Therefore, the study was carried out for 

evaluating the biomass yield and fodder quality of these perennial fodders imported in 

recent years. 

MATERIALS AND METHODS 

The experiment was conducted at the experimental site of the Goat Research Station 

(GRS), Bandipur for two years from July 2014 to June 2016. The experimental site was 

at an altitude of 860 masl and 27° 94’ North and 84° 38’ East, on the north facing 

landscape of the middle hill of Nepal. The soil pH of the experimental site was 5.8 with 

3.98% organic carbon, 0.5% total nitrogen and about 200 ppm available phosphorus. 

The average annual rainfall was measured as ~2000 mm occurred mainly from June to 

August. Average maximum and minimum temperature of the experimental site were 

32℃ and 8℃, respectively. 

The perennial fodders; Paspalum (Paspalum atratum Swallen cv. Hi-Gane), Sumba 

setaria (Setaria sphacelata (Schumach.) Stapf & C.E. Hubb.) var splendida (Stapf.)), 

Guatemala grass (Tripsacum andersonii J.R. Gray), Signal grass (Brachiaria decumbens 

(Stapf) R.D. Webster), Guinea grass (Megathyrsus maximus (Jacq.) B. K. Simon & S. W. L. 

Jacobs) and Mulato II (Brachiaria hybrid CIAT 36087) were compared as the six 

treatments. Local cultivars of Signal grass and Guinea grass were used as check cultivars 

in the study. The experiment was laid-out in Randomized Complete Block Design 

(RCBD) with four replications in the field. It was conducted at the rain-fed condition and 
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no irrigation was provided to the experimental plants. The crop geometry was 

maintained as 0.5 m × 0.5 m for Signal grass and Guinea grass, 0.5 m × 0.25 m for 

Paspalum, Sumba setaria and Mulato II and 1 m × 0.5 m for Guatemala grass. All the 

plants used in the experiment were propagated by setts. The weeding was done when 

required. Defoliation intervals were maintained for 60 days during wet seasons and for 

90 days during dry seasons for all the species i.e. first defoliation- June 15, second 

defoliation- August 15, third defoliation- October 15, fourth defoliation- January 15, fifth 

defoliation- April 15. 

Dry matter content of the samples were determined by using hot air oven (at 72C for 

24 hours) in the laboratory. The fodder samples were analyzed by using the methods 

described by AOAC [12], Goering and Van Soest [13] in the laboratory of Animal 

Nutrition Division, Khumaltar, Lalitpur, Nepal. The data was statistically analyzed by 

using Statistical Tool for Agricultural Research 2.0.1 [14] for ANOVA and descriptive 

statistics. The model included year, treatment and the block as the independent 

variables. Combine analysis of data from both years were undertaken with the 

partitioning of the temporal effect. 

RESULTS  

Plant height  

The year effect was obtained significant (p<0.01) for the height of the plants under 

different treatments. Among the experimented genotypes, the tallest (p<0.001) plants 

were obtained for Guatemala grass in all defoliations. Its plant height was immensely 

higher at defoliations during the high rainfall seasons (June 15, August 15 and October 

15) and drastically reduced during the dry season defoliations (January 15 and April 

15). Other genotypes had fewer variations in the plant height compared to Guatemala 

grass during the wet season and dry season defoliations (Figure 1). 
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Figure 1. Plant height of the perennial fodders at different defoliations in middle hill of 

Nepal  

Fodder dry matter yield 

The temporal effect was obtained significantly different (p<0.01) on fodder DM yield 

between first and second years. The total annual fodder DM yield was significantly 

higher (p<0.001) for Guatemala grass than other fodders. Mulato II, Sumba setaria, 

Paspalum and Signal grass had produced statistically similar (p>0.05) total annual 

fodder DM which were significantly higher (p<0.001) than Guinea grass. Guinea grass 

had produced consistently lower dry matter yields than other fodder grasses at every 

defoliation.   

Table 1. Fodder DM yield of perennial grasses in the middle hill ecology of Nepal 

Fodder 
species 

Fodder DM yield, t ha-1 Total 
fodder DM 
yield, t ha-

1 year-1 

First 
defoliatio
n 
(June 15) 

Second 
defoliation 
(August 
15) 

Third 
defoliatio
n 
(October 
15) 

Fourth 
defoliatio
n 
(January 
15) 

Fifth 
defoliatio
n 
(April 15)  

Paspalum 3.21a 3.80b 1.98b 1.88ab 1.52a 12.38b 

Sumba 
setaria   

3.45a 4.02b 2.16b 1.12bc 1.88a 12.63b 

Guatemala  4.26a 5.37a 3.76a 1.88ab 2.12a 17.39a 

Signal  3.24a 3.78b 2.1b 1.08bc 1.46a 11.66b 

Guinea  1.59b 2.25c 1.65b 0.89c 0.56b 6.94c 

Mulato II 3.78a 4.15ab 2.61b 2.15a 1.69a 14.38b 

SEM 0.57 0.61 0.50 0.47 0.41 1.38 

F-probability <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
The means in a column with different superscript are significantly different, DM= Dry Matter, SEM= Standard Error of 

Mean 
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At the first defoliation on June 15, all the fodder grasses had produced similar (p>0.05) 

fodder DM yield, except Guinea grass that produced significantly lower (p<0.001) yield 

than the remaining five fodder grasses. Mulato II had produced similar (p>0.05) fodder 

DM yield with Guatemala grass at the second defoliation which was significantly higher 

(p<0.001) than other four genotypes. But, all the fodder grasses had yielded statistically 

similar (p>0.05) fodder DM yield, except the significantly higher yield for Guatemala 

grass at the third defoliation. At the fourth defoliation also, Mulato II had produced 

statistically higher (p<0.001) fodder DM than other genotypes which was et par with 

Guatemala grass. But, Guatemala grass had produced statistically similar (p>0.05) 

fodder DM yield with Paspalum, Sumba setaria and Signal grass. Again, Guinea grass had 

yielded significantly lower (p<0.001) fodder DM at the fourth defoliation. Likely to the 

first defoliation (June 15), all the genotypes except Guinea grass had produced 

statistically similar (p>0.05) fodder DM at fifth defoliation (April 15). Guinea grass had 

produced significantly lower (p<0.001) fodder DM yield at fifth defoliation too. 

Fodder quality 

The Guatemala fodder had contented poorest CP content (7.60%) whereas it was in 

double proportion (14.88%) in the Mulato II fodder. The CP contents were fair for other 

fodders which were in the range of 10.14 to 12.86 percentages. In overall, good 

proportions of Total ash were obtained for all the fodders ranged from 11.21 to 13.45 

percentages. The NDF and ADF percentages were higher for Guatemala grass and 

Guinea grass whereas they were lower for Paspalum and Mulato II. The ADL content 

was also higher for Guatemala grass, Sumba setaria and Guinea grass, but was lower for 

Mulato II and Signal grass. 

 

 

Figure 2. Nutrient constituents of different perennial fodder grasses in middle hill of 

Nepal 
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DISCUSSION 

Variation in the height is the genotypic character of plant species and therefore 

expressed in the form of better adaptableness to the particular environmental 

conditions [15]. It was visible for the different fodder species in this experiment. The 

plant height was varied for different genotypes and seasons (wet and dry seasons). 

Guatemala grass had shown significantly taller plants than other genotypes. Anwar et al. 

[16] had also obtained the significantly different plant heights of the perennial grasses 

while comparing their performances in the rain-fed condition of Pakistan. The author 

reported that the genotypes of grasses differently responded to the environment and 

soil that variably shown on growth, biomass production and canopy structure. The 

present results were in line with the report of Anwar et al. [16]. Differences in cell 

multiplication and elongation, and size of meristematic zone could have contributed to 

the plant height variation in different genotypes [17].   

The results of the study had revealed that the fodder DM yield was varied according to 

the genotypes, highest for Guatemala grass and lowest for Guinea grass. The fodder 

yield of the perennial grasses is majorly affected by the genotypes and seasons in 

another study too [18]. The results of the study revealed that the fodder DM yields were 

higher for wet seasons defoliations (June 15 and August 15 defoliations) compared to 

dry season defoliations (October 15, January 15 and April 15), although, the defoliation 

interval was a month longer for the dry season defoliations. The reduced fodder DM 

yield could be due to the lower temperature and lesser precipitations during the dry 

seasons [18].  

At the April and June defoliations (spring and post-spring seasons), the fodder DM 

yields were similar for all the grasses evaluated, except Guinea grass. The Guatemala 

grass had gradually better-performed during the monsoon and post-monsoon seasons 

which are the period of heavier coppicing of the plants in the middle hills ecology of 

Nepal. But, its fodder DM yield was reduced during dry seasons to the greater extent. 

The smaller fodder yield difference between wet and dry seasons is considered as 

positive attributes of the perennial fodders in Nepal. Mulato II and Paspalum had 

performed better during dry seasons with lower variations between wet and dry season 

fodder yield, although, the results were inconsistent. 

The intra-seasonal variations in the fodder DM yield among the genotypes were higher 

during the wet seasons compared to dry seasons. The reason associated might be the 

interactions between the genotypes and the climate of the particular location as 

reported by Hakl et al. [11]. 

Better combination of yield and quality is important for any fodder species rather than a 

single attribute of yield or quality [19]. The protein content in fodder depends majorly 

on the plant species and the harvest maturity factors [11]. The result of this study was 

in line with this report. Considerably lower CP percentage was obtained for Guatemala 

fodder in comparison to other grasses (7.6% versus more than 10%). The Mulato II had 
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shown better performance than other fodders for the combination of desired yield and 

quality.  

The higher NDF contents were obtained in Guatemala grass and Guinea grass which 

indicates the decrease in dry matter intake (DMI) to the animals [20]. Similarly, 

Guatemala grass and Guinea grass had higher proportions of ADF in their fodders. The 

proportion of ADF is correlated to the digestible nutrient and the net energy of the 

fodders [20]. Likely, the higher ADL content was found in the fodder of Guatemala grass 

that indicates the higher possibility of reduction on the nutrient digestibility of the 

fodder. The lignin is the complex organic compound that binds cellulose fibers and 

hardens and strengthen the cell walls of the plants. The process accelerates as plants 

mature and give structural support to the plants as they become taller [11]. From the 

perspective of fodder quality to animal nutrition, lignin is well known as a highly 

important anti-nutritive substance which negatively affect the digestion [11]. 

The Guatemala grass had yielded high fodder DM in comparison to other fodder 

genotypes. Mulato II had et par fodder DM with Paspalum, Sumba setaria and Signal, but 

better fodder quality than others including Guatemala grass. The Guinea grass had 

shown poor fodder DM yield performance compared to other tested fodder genotypes. 

Based on the data in this study, it can be inferred that the compromise between quantity 

and quality for different genotypes tested is necessary. Guatemala grass had the highest 

annual fodder DM yield than other genotypes, but CP percentage was significantly 

lowest than other grasses. The grass Mulato II had a 7.22 percent point higher CP than 

Guatemala grass, and 107.21 percent and 23.33 percent more fodder DM yield than 

Guinea grass and Signal grass, respectively.   

CONCLUSION  

All the tested grass genotypes imported in recent years were adaptive and more 

productive with better fodder quality compared to the conventional ones under the 

rain-fed condition of western middle hills of Nepal. Among the tested genotypes, 

Guatemala had produced highest fodder DM yield, but with inferior fodder quality than 

other genotypes. Mulato II had produced good DM yield with the better fodder quality 

than other fodder genotypes. Mulato II seems to be better species from the biomass 

yield and fodder quality perspectives for the western middle hills of Nepal, although, the 

choice of fodder species or cultivars is depend on the utilization seasons and objectives 

of production (for example biomass, fodder quality etc.). Further location-specific 

rigorous research on cultivation practices under rain-fed condition and promotion of 

Mulato II can contribute substantially to the current ruminant productivity in middle 

hills of Nepal. 
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