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ABSTRACT 
 
A study was conducted at National Agricultural Research Centre, Islamabad, 
Pakistan during 2012 to see the effect of incorporating less platable grasses on 
palatability of lucerne (Medicago sativa L).  For this purpose three experiments 
were conducted as A, B and C. In first experiment (A) three less palatable 
grasses (Sorghum halepense, Chrosopogon aucheri and Heteropogon 
contortus) harvested at pre-flowering, full flowering and maturity stages were 
mixed with lucerne in different ratios. Different treatments in experiment A 
were; Sorghum halepense (100%) (T1A), Sorghum halepense + Medicago sativa 
(75:25%) (T2A), Sorghum halepense + Medicago sativa (50:50%) (T3A), Sorghum 
halepense + Medicago sativa (25:75%) (T4A), Medicago sativa (100%) T5A. The 
second experiment (B) comprised following treatments: Chrosopogon aucheri 
(100%) (T1B), Chrosopogon aucheri + Medicago sativa (75:25%) T2B, 
Chrosopogon aucheri + Medicago sativa (50:50%) (T3B), Chrosopogon aucheri  
+ Medicago sativa (25:75%) (T4B), Medicago sativa (100%) (T5B). In third 
experiment (C) treatments were; Heteropogon contortus (100%) (T1C),  
Heteropogon contortus + Medicago sativa (75:25%) (T2C), Heteropogon 
contortus + Medicago sativa (50:50%) (T3C), Heteropogon contortus + Medicago 
sativa (25:75%) (T4C), Medicago sativa (100%) (T5C). The results indicated that 
the maximum crude protein (30.88%) was recorded at pre-flowering stage of 
lucerne followed by full-flowering stage (24.75%) and maturity stage (22.70%) in  
T5A. The highest total ash contents (16.45%) and ether extracts (4.19%) were 
recorded at pre-flowering stage of lucerne in treatment T5A. It was concluded 
that mixing grasses with lucerne increased its palatability. Hence, the feed 
adequacy in terms of both quantity and quality was secured that would 
minimize the feed shortage for livestock. 
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INTRODUCTION 
 
In Pakistan rangelands have adequate cover of many native grasses. 
Overexploitation and overgrazing by livestock have resulted in the low cover 
of most palatable grasses. Hence undesirable species have become 
dominant (19). Unpalatable species are normally less succulent and 
generally have low nutritive value especially in crude protein contents       
(10, 15). Rangelands of the country have also reasonable amount of cover of 
grasses during both growing seasons of those areas but also have some 
undesirable species (25). Reasons for low palatability vary from deposition of 
lignin, tannin, aromatic compounds, alkaloids and centomines. The amounts 
of lignin, tannin and poisonous chemicals also vary with the plant age (21). 
 
Some of the regions of country are acute feed-deficit especially during 
October - November and then May-June (1). Value addition of low palatable 
grasses may results in increasing palatability and nutritive value of the feed. 
Some species are palatable at certain stages, while unpalatable at other 
stages of phenological development (16). Others may have thorns or higher 
silica contents. However, not all the grasses species are equally palatable. 
Some species may have certain toxins at certain stages of their life cycle to 
the extent which may be fatal for the grazing livestock (22, 26).  Palatability is 
the ease with which an animal feeds the plants through the stimulation of 
sensory impulses (5). Palatability is influenced by several plants factors 
including plants availability (6), degree of maturity (7), growth stages (20), 
morphology (9), phenology (11) and chemical nature (12). Mixing tree leaves 
of mulberry with low palatable grasses can improve feed quality and 
digestibility (4). Similarly, mixed feed prepared by treating low palatable 
grasses with urea, molasses and effective microorganisms enhanced feed 
quality and digestibility that can enhance livestock production (27). 
Mechanical disturbance of highly invaded land may help palatable species to 
have better competitive ability (17). However, it involves huge expenses and 
are also not environment friendly. The less palatable species include 
Desmostac hyabipinnata, Sorghum halepense, Sachharum munja, 
Chrysopogon aucheri, Cymbopogon jawarancusa and Heteropogon 
contortus etc. Many techniques of preservation such as making hay and 
silage of many fodder cereals and legumes are being practiced. Value 
addition of forage grasses such as grains, green fodder and legumes. 
Chemical treatment of less palatable grasses is also done to reduce toxin 
level and increase palatability. 
 

Palatability is the ease with which an animal feeds on the plants through the 
stimulation of sensory impulses (5). Palatability is influenced by several plant 
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factors including plants availability (6), degree of maturity (7), growth stages 
(20), morphology (9), phenology (11) and chemical nature (12). 
 
This study was designed to utilize less palatable grasses as forages, adding 
value to relatively poor valued forages and conserving them for feed deficit 
periods. The aim was to provide good quality feed during acute deficit period, 
to decrease burden on cultivated land for fodder production and increase the 
livestock production. 
 

MATERIALS AND METHODS 
 

Present study was carried out at Range Land Research Institute, National 
Agricultural Research Centre (NARC), Islamabad, Pakistan during 2012. The 
experimental material consisted of four grasses including three low palatable 
grasses namely Johnson grass (Sorghum halepense), Archer’s grass 
(Chrosopogon aucheri), Black spear grass (Heteropogon contortus) and one 
palatable grass i.e. lucerne (Medicago sativa). Three different experiments 
(A, B, C) each comprised of five treatments were conducted. The treatments 
were as under:- 
 

Experiment A 
Treatment  Description 
T1A (Sorghum halepense (100%) 
T2A (Sorghum halepense + Medicago sativa 75:25%), 
T3A Sorghum halepense + Medicago sativa 50:50%) 
T4A (Sorghum halepense + Medicago sativa 25: 75%) 
T5A Medicago sativa 100%) 
Experiment B 
Treatment  Description 
T1B Chrosopogon aucheri (100%) 
T2B Chrosopogon aucheri + Medicago sativa (75:25%) 
T3B Chrosopogon aucheri + Medicago sativa (50:50%) 
T4B Chrosopogon aucheri + Medicago sativa (25:75%) 
T5B Medicago sativa (100%) 
Experiment C 
Treatment  Description 
T1C Heteropogon contortus (100%) 
T2C Heteropogon contortus + Medicago sativa (75:25%) 
T3C Heteropogon contortus + Medicago sativa (50:50%) 
T4C Heteropogon contortus + Medicago sativa (25:75%) 
T5C Medicago sativa (100%) 

 
The effects of these treatments were assessed on crude protein, crude fiber 
contents  and ether extract at pre-flowering, full flowering and maturity stages 
of lucerne (M. sativa). 
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Dry weight 
Three samples of each treatment were collected with the help of ADC 
quadrate, weighed and then oven dried at 80°C to find out the dry weight.  
 
Total nitrogen 
Total nitrogen in the samples was determined by Kjeldahl’s method (26). 
 
Ether extract 
Ether extract was determined with petroleum ether in Soxhlet’s apparatus (3). 
 
Ash content 
Ash content was determined by burning in a muffle furnace at about 550°C. 
 
Crude fibre 
Crude fibre was calculated by boiling processes to simulate the pH conditions 
of the digestive tract, acidic in the stomach and alkaline in small intestine (3). 
 
Statistical analysis 
 

Experiments were laid out in RCBD and replicated thrice. Data recorded with 
standard procedures were analyzed statistically using Fisher's analysis of 
variance technique (25). Differences among the treatment means were 
compared using LSD test at 5 percent probability level. 
 

RESULTS AND DISCUSSION 
 

Experiment A: Effect of mixing S. halepense with lucerne on chemical 
composition at different growth stages. 

 
Data on proximate composition of Sorghum halepense with lucerne 
(Medicago  sativa) at different proportions is given in Table 1. Lucerne sole 
crop (T5A) had crude protein level of more than 30 percent at pre-flowering 
stage, 24.75 percent at full flowering stage and 22.70 percent at maturity. 
Crude protein level in sole S. halepense (T1A) was less than 5 percent at pre 
flowering stage, 3.18 percent at full flowering stage and 2.86 percent at 
maturity. Mixtures had the crude protein level in between the sole treatments 
corresponding to relative proportion of grass and legume content in the 
mixtures. In contrast to the crude protein level, crude fiber content increased 
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from 36.43 percent at pre flowering stage to 38.17 percent at full flowering 
stage and to 40.86 percent at maturity in T1A. Whereas crude fiber content in 
sole lucerne (T5A) increased from 14.09 percent at pre flowering stage to 
20.22 percent at full flowering stage and to 23.11 percent at full maturity. 
 
Table 1. Assessment of different combinations of S. halepense and lucerne on crude protein, 

crude fiber, total ash and ether extract in lucerne at different growth stages. 
 

Treatments Crude protein (%) Crude fibre (%) 
PF FF M PF FF M 

T1A 4.74 3.18 2.86 36.43 38.17 40.86 
T2A 11.13 7.83 5.58 30.30 34.41 35.71 
T3A 17.67 13.97 12.78 26.11 30.64 32.54 
T4A 26.17 19.36 17.75 19.88 26.88 28.24 
T5A 30.88 24.75 22.70 14.09 20.22 23.11 
LSD(0.05) 5.62 4.51 3.93 5.11 5.88 6.17 
Treatments Total ash (%) Ether extract (%) 

PF FF M PF FF M 
T1A 8.37 7.42 5.67 2.16 1.71 1.35 
T2A 9.98 7.87 6.86 2.88 1.83 1.49 
T3A 12.53 8.32 8.06 3.19 1.95 1.64 
T4A 14.63 8.25 8.77 3.73 2.07 1.79 
T5A 16.45 10.44 9.21 4.19 2.19 1.93 
LSD(0.05) 2.25 2.27 3.01 0.56 0.39 0.21 

Values are means of three replicates (n = 3). PF = Pre-flowering, FF= Full flowering, M = Maturity. Bold 
letters demonstrate the best results. 
 
Total ash content in Sorghum halepense (T1A) was 8.37 percent at pre-
flowering stage, 7.42 percent at full flowering stage and 5.67 percent at 
maturity. Total ash level in sole lucerne was 16.45 percent at pre-flowering 
stage, 10.44 percent at full flowering stage and 9.21 percent at maturity in 
T5A. Mixtures had the total mineral level in between the sole treatments 
corresponding to the relative proportion of grass and legume contents in the 
mixtures. Ether extract in Sorghum halepense was 2.16 percent at pre 
flowering stage, 1.71 percent at full flowering stage and 1.35 percent at 
maturity in treatment T1A. Ether extract level in sole lucerne (T5A) was 4.19 
percent at pre flowering stage, 2.19 percent at full flowering stage and 1.93 
percent at maturity. Mixtures had the ether levels in between the sole 
treatments corresponding to the relative proportion of grass and legume 
contents in the mixtures. Similar type of study was conducted by Armand and 
Meuret (6) to measure the chemical composition of legumes in various parts 
harvested at maturity stages. They noticed that there were seasonal 
variations in crude protein contents especially at vegetative and flowering 
stages. Bitter and Beneditto (9) reported that phenological stages and 
climatic conditions were critical factors in the availability of seasonal fodder 
species which is harmonious with our findings. Our findings clearly indicate 
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that if climate is appropriate for plant growth then more fodder species will be 
available for ungulate grazing animals. These findings are in line with those 
of Mirza et al. (18). But another group of researchers in USA demonstrated 
that the forage plants produced higher fats than that of resin opposite to 
karoo. Our findings are in contrast with Hussain and Durrani in earlier report 
who concluded that the higher ether extracts than protein and sugars in 
available herbage was considered as a good criteria of selecting palatable 
feed (14). While this study confirmed the negative correlation between ether 
extract and palatability. 
 
Experiment B: Effect of mixing C. aucheri with lucerne at different 
growth stages. 
 

Data on proximate composition of Chrosopogon aucheri with lucerne at 
different proportions is given in Table 2. It indicated that crude protein was 
30.88 percent at pre-flowering stage, 24.75 percent at full flowering stage 
and 22.7 percent at maturity in T5A. It was 3.37 percent at pre flowering 
stage, 3.05 percent at full flowering stage and 2.71 percent at maturity in T1B. 
Mixtures had the crude protein level in between the sole treatments 
corresponding   to   the   relative   proportion   of   grass   and   legume 
content   in   the   mixture.  In    contrary   to  the  crude  protein  level,  crude 
fiber  content increased at pre flowering  stage  to  advancing  maturity in T3B.  
 
Table 2. Assessment of different combinations of C. aucheri and lucerne on crude protein, crude 

fiber total ash and ether extract contents at different growth stages. 
 

Treatments Crude protein (%) Crude fibre (%) 
PF FF M PF FF M 

T1B 3.37 3.05 2.71 32.66 36.44 42.13 
T2B 10.03 8.48 7.70 28.02 33.11 36.66 
T3B 17.03 13.90 12.75 23.38 29.55 31.18 
T4B 24.17 19.40 17.71 18.74 16.44 25.70 
T5B 30.88 24.75 22.70 14.09 20.22 23.11 
LSD(0.05) 6.21 5.82 4.27 5.56 5.94 6.47 
Treatments Total ash (%) Ether extract (%) 

PF FF M PF FF M 
T1B 6.41 5.44 3.78 1.62 1.52 1.07 
T2B 8.92 6.38 5.45 2.27 1.62 1.36 
T3B 11.43 7.33 7.11 2.91 1.73 1.63 
T4B 13.95 8.87 8.28 3.43 1.83 1.71 
T5B 16.45 10.44 9.21 4.19 2.19 1.93 
LSD(0.05) 1.83 2.34 2.84 0.98 0.77 0.59 

Values are means of three replicates (n = 3). PF = Pre-flowering, FF= Full flowering, M = Maturity. Bold 
letters demonstrate best results. 
 

Crude fiber content increased from 32.66 percent at pre flowering stage to 
36.44 percent at full flowering stage and 42.13 percent at maturity in T1B. 
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While in sole lucerne (T5B) crude fiber content increased from 14.09 percent 
at pre flowering stage to 20.22 percent at full flowering stage and to 23.11 
percent at full maturity. Crude fiber content of the mixtures was in between 
both the sole treatments corresponding to the proportion of individual 
treatments in the mixed feed. Total ash content in sole Chrosopogon aucheri 
(T1B) was 6.41 percent at pre flowering stage, 5.44 percent at full flowering 
stage and 3.78 percent at maturity. 
 
Total ash content in sole lucerne (T5B) was 16.45 percent, at pre flowering 
stage, 10.44 percent at full flowering and 9.21 percent at maturity. Mixtures 
had the total mineral levels in between the sole treatments corresponding to 
the relative proportion of grass and legume content in the mixtures. 
 
Ether extract (EE) in sole Chrosopogon aucheri (T1B) was 1.62 percent at pre 
flowering, 1.52 percent at full flowering and 1.07 percent at maturity. Ether 
extract level in sole lucerne (T5B) was 4.19 percent at pre flowering, 2.19 
percent at full flowering stage and 1.93 percent at maturity. Mixtures had the 
EE level in between the sole treatments corresponding to the relative 
proportion of grass and legume content in the mixture. 
 
Contrary to our results, an earlier report has shown that chemical 
composition didn’t have any significant effect on feed palatability (13). While 
another report published on palatability of grasses due to chemical 
composition did not give clear understanding of the impact of individual 
compound on palatability (24). It suggested that influence of individual 
compound on palatability of fodder grasses can be scrutinized by measuring 
the chemical composition of the same compound by keeping the other 
compound constant. Moreover, the exact chemical composition of plant 
species varied with plant parts. It has been reported that crude protein and 
ether extract contents were higher in leaves as compared to stem in fodder 
crops while the reverse was true for lignin, cellulose and crude fiber contents 
(11). But in our study the chemical composition of lucerne was calculated at 
three growth stages namely pre-flowering, full flowering and maturity and it 
was found that there was a gradual decrease of crude protein when crop 
advanced towards maturity. 
 
Experiment C: Effect of mixing H. contortus with lucerne at different 
growth stages. 
 
The data (Table 3) indicated that crude protein was 30.88 percent at pre-
flowering, 24.75 percent at full flowering and 22.7 percent at maturity in sole 
lucerne (T5C). Crude protein in sole Heteropogon contortus (T1C) was 4.44 
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percent at pre flowering, 3.80 percent at full flowering and 3.56 percent at 
maturity. Mixtures had crude protein level in between the sole treatments 
corresponding to the relative proportion of grass and legume contents in the 
mixture. In contrast to the crude protein level, crude fiber content increased 
pre flowering stage to advancing maturity. Crude fiber content increased 
from 34.58 percent at pre flowering stage to 38.86 percent at full flowering 
and 40.93 percent at maturity in (T1C). While in sole lucerne (T5C) crude fiber 
content increased from 14.09 percent at pre flowering stage to 20.22 percent 
at full flowering stage and to 23.11 percent at full maturity. Crude fiber 
content of the mixtures was in between both the sole treatments 
corresponding to the proportion of the individual species in the mixed feed. 
Total ash in sole Heteropogon contortus (T1C) was 5.01 percent at pre 
flowering, 4.58 percent at full flowering stage and 4.15 percent at maturity. 
Total ash level in sole lucerne (T5C) was 16.45 percent at pre flowering stage, 
10.44 percent at full flowering and 9.21 percent at maturity. Mixtures showed 
the total mineral level in between the sole treatments corresponding to the 
relative proportion of grass and legume contents in the mixture. Ether extract 
in sole Heteropogon contortus (T1C) was 1.77 percent at pre flowering, 1.13 
percent at full flowering and 0.96 percent at maturity. Ether extract level in 
sole lucerne (T5C) was 4.19 percent at pre flowering, 2.19 percent at full 
flowering and 1.93 percent at maturity. Mixtures had the EE levels in between 
the sole treatments corresponding to the relative percentage of grass and 
legume content in the mixtures. 
 
Table 3. Assessment of different combinations of H. contortus and lucerne on crude protein, 

crude fiber, total ash  and ether extract contents at different growth stages. 

 
Treatments Crude protein (%) Crude fibre (%) 

 PF FF M PF FF M 
T1C 4.44 3.80 3.56 34.58 38.86 40.93 
T2C 11.88 9.04 8.35 29.46 34.93 36.00 
T3C 17.61 14.38 13.13 24.39 30.99 31.26 
T4C 24.27 19.58 17.88 19.22 26.98 27.93 
T5C 30.88 24.75 22.70 14.09 20.22 23.11 

LSD(0.05) 6.88 5.29 4.44 5.56 6.11 6.88 
Treatments Total ash (%) Ether extract (%) 

 PF FF M PF FF M 
T1C 5.01 4.58 4.15 1.77 1.13 0.96 
T2C 7.87 5.74 5.72 2.38 1.40 1.20 
T3C 10.73 6.90 7.30 2.98 1.66 1.45 
T4C 13.059 8.08 8.86 3.58 1.69 1.92 
T5C 16.45 10.44 9.21 4.19 2.19 1.93 

LSD(0.05) 2.09 1.99 1.73 0.86 0.78 0.33 
Values are means of three replicates (n = 3). PF = Pre-flowering, FF= Full flowering, M = Maturity. Bold 
letters demonstrate best results. 
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Our results demonstrate that palatability of lucerne was improved by mixing 
Heteropogon contortus on the basis of various parameters such as crude 
protein, crude fiber and total ash. 
 
Our results are supported by previous study of Melinda et al. (17) who 
conducted a study on reed canary grass (Phalaris arundinacea) and reported 
that early season growth of species made the species more palatable due to 
rapid vegetative growth, high potential of stem elongation and more 
physiological tolerance under various ecological conditions. A similar type of 
study was conducted by Qamar (21) who reported that crude protein 
contents were higher than the crude fiber, ash and ether extracts while crude 
fiber, lignin and cellulose contents were higher in later growth stages 
(harvesting stage). Higher DM is linked with the best nutritive quality of early 
forage crops rather than late cut forage stage. It has been found that dough 
stage is the proper stage for accumulating the highest dry matter (23). 
Reckoning with the prevailing situation of Pakistani rangelands, it is the need 
of the day that transference should be limited, so that the forage productivity 
may be increased in degraded rangelands which may be possible by 
establishing  the  high  yielding  and  palatable  grasses   in  their  
appropriate ecosites. 
 

CONCLUSION 
 

The results of our study conclude that full flowering stage is the best stage 
for harvesting these grasses as quality and yield is at a best compromised at 
this stage. The study revealed that mixtures not only produced the higher DM 
but also gave higher protein and lower crude fiber contents than that of 
grasses alone. This study may help in solving the alarming situation of feed 
deficiency by incorporating low palatable grasses into existing feed 
resources. In this way, the profit of farmers could be maximized by reducing 
the cost of production. 
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