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ABSTRACT 

 
A study was conducted at PARC, Islamabad during 2011 with an aim to find out 

forage yield of palatable grasses (Blue panic grass, Buffel grass, Elephant 

grass, Tall tail grass, Rhodes grass and Setaria grass) and unpalatable grasses 

(Cotton grass, Tanglehead grass and Johnson grass)at different stages of their 

phenological development. For this purpose, three quadrates from each plot 

were harvested at random following standard procedure with the help of 1m
2
 

ADC quadrates for fresh and dry matter determinations. Differences in dry 

matter yield were significant. The highest dry matter yield was recorded for 

Johnson grass (2.80 t/ha) while the lowest dry matter yield was by Rhodes 

grass (0.76 t/ha) at first stage of growth. At full flowering stage, the highest dry 

matter yield was produced by Elephant grass (5.90 t/ha) and Blue panic grass 

(4.85 t/ha) while the lowest dried yield was produced by Setaria grass (2.73 

t/ha). At the maturity stage, Elephant grass produced the highest dry matter 

yield (6.09 t/ha) while the lowest dried yield was produced by Cotton grass (3.93 

t/ha).Taking into consideration forage yield, Elephant and Blue panic grasses 

are recommended for large scale seeding/planting in the Pothwar area. 

 

KEYWORDS: Seeding; Palatable grasses; unpalatable grasses; phenological 

development; forage quality. 

 

INTRODUCTION 

 
Rangelands and pastures cover about 70% land area of the world (6). They 
play a significant role in providing different goods and services needed for 
survival of human race (17). Rainfall in rangelands is either too low or too 
variable for dry land crop production. Rangelands are very significant natural 
renewable resource of Pakistan. These are a huge part of land which helps 
sustain livestock and wildlife populations. More than one half area of Pakistan 
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is under rangelands (25). The potential for forage production from these 
rangeland resources has been rigorously reduced by mismanagement and 
over-exploitation. Now, it is vital to re-establish their forage potential by 
establishing high range of most useful forage species in this vast natural 
resource of the country (10).It is of vital significance that high yielding and 
palatable grass species should be established in their appropriate ecosystem 
(23). 
 
In the life cycle of a grass, clipping stage plays a vital role for cutting and 
collecting heavy herbage and production of dry biomass. There is a 
consensus among the scientists that difference in plant growth stage has 
extensively influenced fresh biomass yield (12; 25). It has been identified that 
increase in dry matter production was because of more number of tillers per 
plant (15), enlarged height of plant (13) and basal perimeter (19). But at later 
stages, the leaf to stem ratio was declines (11). For the production of organic 
matter yield, the duration available might be the possible reason (24). 
 
In astudy at National Agricultural Research Centre, Islamabad during 1998 – 
2003, the highest fresh and dry biomass was obtained from 
Pennisetumpurpureum(Elephant grass) followed by 
Pennisetumpurpureum(Mott grass). Eragrostissuperba, Panicum maximum, 
Bothriochloapertusaand Cenchrusciliariscultivars produced similar fresh and 
dry biomass and were next to the Pennisetumpurpureum. 
Digitariadiversinesis and Digitariaswazilandensisproduced the lowest 
biomasswhile Eragrostiscurvula, Vetiveriazizynoides, Digitariadecumbensand 
Chlorisgayanaproduced statistically similar and slightly higher biomass than 
that of Digitariaswazilandensis and Digitariadiverersinesisamong the various 
grasses under study. Forage yield of all the grasses was higher in monsoon 
compared to spring season due to extended growing season. During spring 
season, maximum percent moisture contents were observed (4). 
 

Blue panic showed the highest (91%) sprouting response followed by Mott 
grass (77%) and Pangola grass (75%) while during the second data record 
(June, 2006), sprouting percentage (81%) of Blue panic grass was the 
highest followed by Finger grass (63%). Blue panic showed highest fresh 
biomass production followed by Finger grass during spring season. Blue 
panic also showed higher dry matter yield than other grasses during spring 
2006. In Monsoon season, fresh biomass was produced by Finger grass 
followed by Vetivar grass and Pangola grass and more dry matter production 
by Finger grass followed by Vetivar grass. Crude protein contents (9.24%) 
were highest in Buffel grass along with highest total digestible nutrients 
(54.51%). (5). 
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The proposed study was focused on determination of forage yield of these 
palatable and low palatable grass species at different stages of their 
phenological development. 

 

MATERIALS AND METHODS 

 
The study was conducted in Islamabad which is located at 33.43°N 
73.04°E at the edge of the Pothwar Plateau at the foot of the Margalla Hills 
with an elevation of 507 meters (1,663 ft).Islamabad features an atypical 
version of a humid subtropical climate, with hot, humid summers 
accompanied by a monsoon season followed by cool winters. The soils of the 
area are alluvial, local outwash or loessic in origin. These are moderately 
calcareous and their lime content is uniformly distributed throughout the soil 
profile. The soils of the area are non-saline and non-sodic, have a slightly 
alkaline pH and are low in organic matter. Nine grasses i.e., Blue panic 
grass(Panicumantidotale), Buffel grass(Cenchruscilliaris), Elephant 
grass,(Pennisetumpurpureum), Tall tail grass(Pennisetumorientale), Rhodes 
grass(Chlorisgayana), Setaria grass(Seteriaancep), Cotton 
grass(Imperatacylindrica),Tanglehead grass (Heteropogoncontortus)and 
Johnson grass (Sorghum halepense) were selected from the pasture area at 
Rangeland Research Institute for the present study. 
 
The experiment was conducted in RCB design in three replications. Three 
samples of each species were collected at three different stages of their 
phenological development i.e. vegetative, flowering and maturity and 
weighed. For this purpose, three quadrates from each plot were harvested at 
random following standard procedure with the help of 1m

2
 ADC quadrates for 

fresh and dry matter determinations (19). The samples were then dried in an 
oven at 80

o
C to a constant weight, weighed again. 

 

RESULTS AND DISCUSSION 
 

Changes in fresh yield of grasses at different stages 
 

In Talltail, Rhodes, Setaria and Cotton grasses, fresh yield increased 
significantly at full flowering stage and remained same at maturity stage while 
in Blue panic and Buffel grasses, fresh yield increased significantly at full 
flowering stage and decreased significantly at maturity stage. In Elephant 
grass, fresh yield decreased at full flowering stage while increased 
significantly at maturity stage. In Johnson grass, fresh yield increased 
significantly at full flowering as well as maturity stage. In Tanglehead grass, 
the means are not statistically different from each other (Table 1). 

http://toolserver.org/~geohack/geohack.php?pagename=Islamabad&params=33.43_N_73.04_E_
http://toolserver.org/~geohack/geohack.php?pagename=Islamabad&params=33.43_N_73.04_E_
http://en.wikipedia.org/wiki/Pothohar_Plateau
http://en.wikipedia.org/wiki/Margalla_Hills
http://en.wikipedia.org/wiki/Humid_subtropical_climate
http://en.wikipedia.org/wiki/Monsoon
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Table 1. Fresh yield of grasses (t/ha) at three stages of their phonological 

development. 
 

Name of grass Pre flowering 

stage 

Full flowering 

stage 

Maturity stage LSD  

(P> 0.05) 

Blie panic grass 4.46 12.00 6.78 2.84 

Buffel grass 3.80 6.93 4.92 1.15 

Elephant grass 11.70 9.85 11.71 1.56 

Tall tail grass 6.73 10.54 10.29 1.30 

Rhodes grass 2.72 6.00 5.66 1.14 

Setaria grass 4.61 8.00 9.46 3.21 

Cotton grass 3.40 8.33 8.21 1.43 

Tanglehead grass 4.93 6.53 6.64 3.29 

Hohnson grass 6.97 8.20 8.48 0.02 

LSD (P<0.05) 2.28 2.80 2.18  

 
Regarding differences among grasses, at pre-flowering stage, the highest 
fresh yield was produced by Elephant grass (11.70t/ha) while the lowest fresh 
yield was shown by Rhodes grass (2.72t/ha).At full flowering stage of growth, 
the highest fresh yield was shown by Blue panic grass (12.00t/ha) while the 
lowest fresh was shown by Rhodes grass (6.00t/ha). At maturity stage of 
development, the highest fresh yield was produced by Elephant (11.71 t/ha) 
and Tall tail grasses (10.29 t/ha) while the lowest fresh yield was shown by 
Buffel grass (4.92t/ha).  

 
Changes in dry matter yield of grasses at different stages: 

 
In Buffel, Rhodes, Setaria and Johnson grasses, dry matter yield increased 
significantly at each growth stage until the last harvest stage.  In Blue panic, 
talltail, Cotton and Tanglehead grasses, dry matter yield increased 
significantly at full flowering stage while remained same at maturity stage. In 
Elephant grass, dry matter yield increased to almost double at the full 
flowering stage then increased slightly at the maturity stage (Table 2).  

 
Regarding differences among grasses, the highest dry matter yield was 
recorded for Johnson grass (2.80t/ha) while the lowest dry matter yield was 
shown by Rhodes grass (0.76t/ha) at first stage of growth. At full flowering 
stage, the highest dry matter yield was shown by Elephant grass (5.90 t/ha) 
and Tall tail grasses (4.30t/ha) while the lowest dried yield was shown by 
Setaria grass (2.73 t/ha). At the maturity stage, the highest dry matter yield 
was shown by Elephant grass (6.09 t/ha) while the lowest dried yield was 
shown by Cotton grass (3.93t/ha). 
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Table 2. Dry matter yield of grasses (t/ha) at three stages of their phonological 

development. 

 

Name of grass Pre flowering 

stage 

Full flowering 

stage 

Maturity 

stage 

LSD  

(P> 0.05) 

Blie panic grass 1.81 4.85 4.89 1.04 

Buffel grass 1.84 3.30 4.56 1.09 

Elephant grass 2.72 5.90 6.09 1.14 

Tall tail grass 2.02 4.30 4.80 0.55 

Rhodes grass 0.76 3.41 3.90 0.46 

Setaria grass 1.00 2.73 5.13 0.70 

Cotton grass 1.82 3.65 3.93 1.20 

Tanglehead grass 2.69 4.44 4.50 1.46 

Hohnson grass 2.80 3.53 3.94 1.13 

LSD (P<0.05) 0.51 0.91 1.20  

 
Pastoralist communities of the Pothowar area face hardships in getting 
suitable feed for their livestock throughout the year. Although sufficient 
grazing material is available during summer monsoon season, however, dry 
months of summer and winter season face severe feed shortage. Heavy 
grazing over huge areas of rangelands has increasingly put intolerable 
pressures on land, vegetation, and its population, such as wildlife, farm 
livestock and pastoral communities. The core causative causal factors 
include increase in human and livestock population. This has led to an 
extension of dry land farming on marginal lands to fulfill the rising demand for 
food crops and the cutting of shrubs and trees for household fuel utilization 
(28). Resultantly, the more palatable species that earlier dominated the 
rangelands have been destroyed or thinned out and it is now dominated by 
unpalatable low quality vegetation. Reasons for low palatability vary from 
deposition of lignin, tannin, aromatic compounds, alkaloids and centomines 
(20). Others may have thorns or higher silica content. Even some species 
may have certain toxins at certain stages of their life cycle to the level which 
may be lethal to the grazing livestock. Some species are palatable at certain 
stages of their phenological development and are unpalatable at other 
stages. Amounts of lignin, tannin and poisonous chemicals also vary with the 
plant age. Mechanical disturbance of highly invaded land may help palatable 
species to have better competitive ability. Unpalatable species are generally 
low in nutritive value and succulence especially crude protein content. These 
less palatable species are abundant which include Desmostachyabipinnata, 
Sorghum halepense, Sachharummunja, Chrysopogonaucheri, 
Cymbopogonjawarancusa and Heteropogoncontortus. Therefore every year, 
insufficient feed during the dry time, associated with drought years, causes 
severe losses of livestock (3, 14).  
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It is clear from the results of the present study that grasses exhibited 
significant differences in fresh and dry matter yield which ranged from 2.72 to 
11.70 t/ha fresh matter yield in pre flowering stage, 6.00 to 12.00 t/ha in full 
flowering and 4.92 to 11.70 t/ha in maturity stage while 0.76 to 2.80 t/ha dry 
matter yield in pre flowering stage, 2.73to 5.90 t/ha in full flowering and 3.90 
to 5.13t/ha in maturity stage. This could be attributed to their genetic 
inheritance potential.  Climatic and soil conditions also play a major role in 
determining yield and yield parameters. Significant differences were obtained 
among grasses in forage yield. The highest dry matter yield of 2.80 and 2.79 
ton ha

-1 
was attained by Johnson and elephant grasses during pre flowering 

stage, respectively. The top dry matter yielding grasses during full flowering 
stage were elephant and blue panic grass that yielded 5.90 and 4.85 ton ha

-1,
 

respectively. Both Johnson grass and elephant grass are C4 species. 
 
The important difference between the C3 and C4 modes of photosynthesis is 
that CO2 partial pressure (pCO2) at the site of Rubisco is 5 to 10 times higher 
in C4 than in C3 photosynthesis. This efficiently prevents photorespiration by 
suppressing O2 competition and also saturates Rubisco carboxylase activity. 
Since photorespiration is a temperature- and CO2-dependent process (9), 
photosynthesis is higher in C4 than C3 plants at high temperature and low 
pCO2 (16). 
 
This high biomass corresponds to high leaf and stem fractions of the species. 
It is a recognized fact that leafy plant species allows higher interception of 
solar radiation (2). Therefore, high crop growth rate of the species allows it to 
accumulate high dry matter with rather efficient consumption of resources 
i.e., water and light (21). The higher leaf area development of the species 
having all other factors e.g. soil type, nutrients and uniform growth conditions 
were beneficial to yield high biomass under the climatic conditions. Genetic 
variation plays a key role in plant biomass production giving edge to some 
varieties over others due to their better tolerance to various stress factors 
(18; 26). 
 
Higher production of forage is considerable only if its quality is also 
acceptable. Livestock depends upon the feed quality and quantity for milk 
production, meat production and other related products by about 75% while 
only 25% is dependent on hereditary factors. The nutritive value of forage 
quality depends upon crude protein percentage and total digestible nutrients. 
In the feed of ruminants, crude protein is very helpful to maintain their milk, 
meat and other products (1). In the animal feed, due to unavailability of 
nitrogen in the rumen, crude protein less than 6-7% can decrease microbial 
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activity (8). The quality of forage shows the nutrient composition level, 
palatability and intake, digestibility, antinutritional factors and animal 
production performance. Forages comprise the main diet constituent in diets 
of beef cattle and forages of different features support varying levels of 
production.  
 
Dry matter yield increased as grasses grow from pre flowering stage to full 
flowering stage till maturity stage. The findings are in line with the study of 
(22) that showed maximum dry matter yield at full flowering stage. 
 
It can be inferred from the present study that full flowering stage is the proper 
stage for harvesting optimum forage yield. Forage yield at pre flowering 
stage is low. However, quality is better especially in terms of crude protein 
contents. Full flowering stage is the best stage for harvesting these grasses 
as we take into consideration forage yield and quality together. Maturity stage 
has adequate yield but quality is poor (less crude protein contents and higher 
fiber). Elephant and Blue panic are high yielding grasses with 5.90 and 4.85 
tons/ha dry matter yield, respectively and hence can be recommended for 
large scale seeding/planting in Pothwar region to increase the productivity of 
the degraded rangelands. 
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