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Abstract 

 
Twenty accessions of perennial range grass Cenchrus ciliaris L., collected from different 

habitats of Cholistan desert were evaluated on the basis of morphological characters. Wide range of 
variation was recorded among these accessions. Data recorded on morphological characters were 
analysed by using principal component analysis and all the accessions gathered into five groups. 
The biggest and smallest groups were represented by eleven and two accessions, respectively. The 
germplasm collected from different sites of Cholistan desert, though grouped into the same group, 
exhibited morphological variation. Keeping in view the prominent characters associated with PC2 
and PC1 the accession number 14 collected from “Shaheeda Wala Toba”, accession number 8 from 
“Cheepan Wala Toba”, accession number 5 from  desert area of 43/D.B (Yazman) and accession 
number 2 & 4 collected from Lal Suhanra appeared as the best accessions according to days taken 
to earing, number of tillers per plant, number of internodes on main tiller, number of leaves on 
main tiller, fresh weight of the plant, total number of branches per plant, height of the plant, leaf 
area, number of leaves on main tiller, part of internode covered by leaf sheath, total number of  
branches per plant and number of reproductive branches per plant. It is emphasized that the 
germplasm of Cenchrus ciliaris L. adapted in hot and punishing climate of Cholistan desert has a 
lot of potential for its further evaluation against multiple stresses such as drought, salinity and high 
temperature to sort out the best genotypes, which ultimately will be helpful in greening the 
degraded rangelands of Cholistan desert. 
 
Introduction 
 

Cholistan desert spreading over an area of 26000 km2 in the southern part of Punjab 
province, Pakistan is confronted with arid and semi-arid climate. It is a hot and sandy 
desert with a mean annual rainfall of 100 to 250 mm usually falling during the monsoon 
season (July through September) and in winter and spring (January through March) 
(Akbar et al., 1996; Akbar & Arshad, 2000). The mean minimum temperature of the 
winter is 6.6oC (December and January) and the mean minimum of the summer is 46.5oC, 
soaring up to 51oC (Mughal, 1997; Arshad et al., 2006). Aridity is the most striking 
feature of this desert with wet and dry years occurring in clusters. The soils of Cholistan 
desert are generally poor, lacking organic matter, saline alkaline, gypsiferous and often 
duned. The dune reaches up to an average height of 100-150 m (Rao et al., 1989; Akbar 
et al., 1996; Akhter & Arshad 2006). Rainwater harvested in low-lying areas or dug-out 
ponds (Tobas) is used by the humans and their livestock. Underground water is mostly 
brackish containing salt 9000 - 24000 mg/l (Anon., 1993; Akhter & Arshad 2006). 
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Unpredictable rainfalls support only leafless and spiny scrub jungle with stunted and 
half nibbled shrubs with a few trees. These plant species, though very slow growing, 
respond very well to the favourable climatic conditions and provide ample biomass for 
consumption by livestock and wildlife. Important genera of perennial grasses and sedges 
include Lasiurus, Cenchrus, Panicum, Ochthochloa, Sporobolus, Aeluropus, 
Cymbopogon and Cyperus. Forage shrubs include Calligonum, Haloxylon, Salsola, 
Suaeda, Acacia, Leptadenia and Capparis. Prosopis, Tamarix, Acacia and Zizyphus are 
notable forage tree species of the area (Rao & Arshad, 1991; Akbar & Arshad, 2000; 
Arshad et al., 2006). These plant species are very site specific, based on availability of 
soil moisture, salinity and plant characteristics (Arshad & Rao, 1994; Arshad et al., 1999) 

Genetic variability in forage range grasses is mostly scattered in arid and semi-arid 
areas of Pakistan, especially in Cholistan desert. Cenchrus ciliaris L., is an important 
perennial range grass species of Cholistan desert. Because of heavy grazing pressure and 
prolonged droughts of many years this grass is going to be rare in the rangelands of this 
desert. It is one of the highly palatable and nutritious perennial grasses of the area. It is very 
well distributed in sandy and sandy loam areas of this desert (Rao & Arshad, 1991; Arshad 
et al., 1999). Inherent genetic variability present in perennial grass Cymbopogon 
jwarancusa (Arshad et al., 1995b) and Sporobolus ioclados (Arshad et al., 2000) collected 
from different habitats of Cholistan desert were evaluated and high amount of genetic 
variations were recorded among the accessions. Noor (1991) determined the comparative 
performance of 10 ecotypes of Cenchrus ciliaris under rainfed conditions and recorded a 
high amount of ecotypic variation. Rai et al., (1982) observed significance variation in 
forage yield of 8 strains of Cenchrus ciliaris. Agarwal et al., (1999) evaluated 55 accessions 
of perennial range grass Dicanthium annulatum L., (Stapf) on the basis of agro-
morphological attributes and observed a wide diversity among the accessions. 

Cenchrus ciliaris L., has sufficient variability in the form of different agro-ecotypes. 
This vast genetic resources adapted in multiple stress environment of Cholistan desert 
could be utilized for higher productivity potential. The present investigation is an attempt 
to evaluate the morpho-genetic variations among the accessions of Cenchrus ciliaris L., 
collected from different habitats of Cholistan desert, Pakistan and to identify some useful 
accessions for future studies.  
 
Materials and Methods 
 

Desert grass germplasm collecting expeditions were executed in 2004 and 2005 in 
different habitats of Cholistan desert by the Cholistan Institute of Desert Studies (CIDS), 
Islamia University, Bahawalpur, Pakistan and different accessions of Cenchrus ciliaris L., 
were collected from a range of sites. Because of the overgrazing and severe/prolonged 
droughts the seeds of this grass was not available, consequently the plantlets were uprooted 
for their multiplication at the grass germplasm nursery of CIDS. Twenty accessions of this 
grass having contrasting characteristics were selected for present study (Table 1).  

The plant samples of each accession were further sub-divided into 8 equal sized 
plantlets and propagated under randomized complete block design. The study was 
replicated three times. Plant to plant and line to line distance was maintained one meter. 
Data on yield and morphological characters were recorded. For statistical analysis means 
of all variables over an entire season were used and the data were analyzed using 
multivariate analysis (Anon., 1987). 
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Table 1. Collection numbers and site names. 
Accession 
number 

Collection 
number Name of the site Accession 

number 
Collection 
number Name of the site 

1 LS2/8 Lal Suhanra 11 BW1/4 Bhuddi Wali Khui 
2 LS3/2 Lal Suhanra 12 KW3/2 Khaitran Wala Toba 
3 LS310 Lal Suhanra 13 SH2/3 Shaheedan Wala Toba 
4 LS3/8 Lal Suhanra 14 SH2/4 Shaheedan Wala Toba 
5 YZ1/1 Desert of 43/D.B (Yazman) 15 QP3/3 Qaimpur desert 
6 DG1/3 Din Garh Fort 16 QP3/6 Qaimpur desert 
7 KWT1/3 Khiwtal Wala Toba 17 ASR1/2 Asarani desert 
8 CWT1/3 Cheepan Wala Toba 18 BC1/1 Islamia University, Bahawalpur 
9 CWT2/4 Cheepan Wala Toba 19 BC2/2 Islamia University, Bahawalpur 
10 BGD1/4 Bagrrown Wala Dahar 20 BC3/5 Islamia University, Bahawalpur 

 
Table 2. Mean values and range of the variables recorded in various accessions of  

Cenchrus ciliaris L., from Cholistan desert. 

S. # Variables Mean + SE Standard 
deviation Range 

1. Days taken to sprouting of stubbles 16.25+0.691 5.35 6.28 - 29.66 
2. Days taken to earing 32.18+0.533 4.13 23.75 - 42.00 
3. Days taken to maturity 59.04+0.426 3.30 50.50 - 65.00 
4. Number of tillers per plant 4.24+0.265 2.05 1.00 - 10.50 
5. Height of the plant (cm) 55.75+1.46 11.27 23.00 - 79.00 
6. Leaf area (cm2) 2.66+0.125 0.96 1.17 - 6.18 
7. Length of the inflorescence (cm) 7.78+0.135 1.04 5.64 - 10.58 
8. Total number of branches on main tiller 3.62+0.155 1.19 1.00 - 6.67 
9. Number of internodes on main tiller 7.14+0.075 0.58 5.00 - 8.66 
10. Number of leaves on main tiller 54.06+2.48 19.22 28.50 - 117.66 
11. Part of internode covered by leaf sheath (cm) 7.40+0.158 1.22 4.80 - 11.50 
12. Part of internode not covered by leaf sheath (cm) 3.44+0.137 1.05 0.90 - 5.10 
13. Length of last internode (cm) 10.79+0.173 1.33 6.10 - 13.25 
14. Thickness of the basal internode. (mm) 1.54+0.049 0.38 1.00 - 2.50 
15. Fresh weight of the plant (g) 44.98+4.73 33.85 7.50 - 123.75 
16. Total number of branches per plant 14.58+0.729 5.65 6.00 - 37.66 
17.  Number of reproductive branches per plant 11.95+0.583 4.51 5.00 - 28.66 
18. Ratio between covered and un-covered part of internode 

by leaf sheath. 
3.99+0.672 5.20 5.86 - 24.83 

 
Results and Discussion 
 

Mean values, standard deviations and range of variations for 18 distinct morphological 
variables of Cenchrus ciliaris L., showed considerable variations (Table 2). High 
morphological variation was observed for fresh weight of the plant, number of leaves on main 
tiller, height of the plant, total number of branches per plant and days taken to sprouting of  
stubbles. Medium variation was recorded for leaf area, days taken to earing, length of 
inflorescence, number of reproductive branches per plant and ratio between covered and un-
covered part of internode by leaf sheath and low morphological variation were noted for days 
taken to maturity, total number of branches on main tiller, number of internodes on main tiller, 
part of internode covered by leaf sheath, part of internode not covered by leaf sheath, length of 
last internode and thickness of the basal internode. 

The large number of observations raised the test power, giving significance to most 
of the correlations (Table 3). Only values above 0.6 are discussed. Number of tillers per 
plant showed highly significant correlation with fresh weight of the plant. Height of the 
plant was associated with the number of leaves per plant and leaf area associated with the 
length of the inflorescence and part of the internode covered by leaf sheath. Length of the 
inflorescence showed its association with part of the internode covered by leaf sheath. 
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Table 4. Latent roots, percentage of the variance explained by the each 
component and accumulative variance. 

Principal 
components 

Latent           
roots 

Percentage 
variance 

Accumulative 
variance 

PC1 69.59 38.70 38.70 
PC2 23.23 12.90 51.60 
PC3 18.44 10.20 61.81 
PC4 14.63 8.10 69.90 
PC5 9.71 5.40 75.30 

 
Table 5. Relationship of principal components with different variables. 

S. # Variables PC1 PC2 PC3 PC4 PC5 
1. Days taken to sprouting of stubbles 0.205 -0.258 -0.082 -0.012 -0.609 
2. Days taken to earing 0.146 -0.402 -0.128 -0.317 0.126 
3. Days taken to maturity 0.115 -0.140 -0.198 -0.510 0.482 
4. Number of tillers per plant -0.221 0.351 -0.078 0.037 0.080 
5. Height of the plant (cm) -0.309 0.058 0.030 -0.080 0.097 
6. Leaf area (cm2) -0.300 0.024 0.145 -0.130 -0.195 
7. Length of the inflorescence (cm) -0.236 0.099 -0.323 -0.246 -0.087 
8. Total number of branches on main tiller -0.165 -0.067 0.339 -0.117 -0.025 
9. Number of internodes on main tiller -0.249 -0.310 -0.161 0.063 -0.172 

10. Number of leaves on main tiller -0.304 -0.305 0.305 0.041 0.033 
11. Part of internode covered by leaf sheath (cm) -0.315 -0.076 -0.276 -0.145 -0.088 
12. Part of internode not covered by leaf sheath (cm) 0.094 0.252 0.438 -0.351 -0.284 
13 Length of last internode (cm) -0.244 0.132 0.136 -0.457 -0.302 
14 Thickness of the basal internode. (mm) -0.262 0.003 -0.199 -0.060 -0.024 
15 Fresh weight of the plant (g) -0.206 0.444 -0.019 0.117 0.170 
16 Total number of branches per plant -0.275 -0.275 0.316 0.110 0.182 
17 Number of reproductive branches per plant -0.280 -0.245 0.322 0.111 0.129 
18 Ratio between covered and un-covered part of 

internode by leaf sheath. 
-0.138 -0.040 -0.217 0.373 -0.169 

 
Number of internodes on main tiller as expected showed very close association with 

the number of leaves on main tiller and the part of the internode covered by leaf sheath. 
Number of leaves on main tiller correlated with the number of branches per plant and 
number of reproductive branches per plant. Part of the internode covered by leaf sheath 
highly significantly correlated with the length of the last internode and the thickness of 
the basal internode. Total number of reproductive branches showed their association with 
the number of branches per plant. These results are in conformity with the findings of 
Tefera et al., (1992) in calculating genetic correlation among twelve characters of  
Eragrostis  tef (zuec) and Brandolini & Brandolini (2001) in evaluating the correlation 
among the germplasm of Italian maize. 

The first five principal components gave eigenvalues greater than 9.0 and altogether 
explained 75% of the accumulated variation (Table 4). The first principal component 
(PC1) explained 38.70% of the variation and was associated prominently with height of 
the plant, leaf area, number of leaves on main tiller, part of internode covered by leaf 
sheath, total number of branches per plant and number of reproductive branches per 
plant. The second principal component (PC2) explained 12.90% of the variation and was 
associated prominently with days taken to earing, number of tillers per plant, number of 
internodes on main tiller, number of leaves on main tiller, fresh weight of the plant and 
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total number of branches per plant. The third principal component (PC3) explained 
10.20% of the variation and was mainly associated prominently with length of 
inflorescence, total number of branches on main tiller, number of leaves on main tiller, 
part of internode covered by leaf sheath and total number of branches per plant.  

The fourth principal component (PC4) explained 8.10% of the variation and 
associated prominently with days taken to earing, days taken to maturity, part of 
internode covered by leaf sheath, length of last internode and ratio between covered and 
un-covered part of internode by leaf sheath. The fifth principal component (PC5) 
explained 5.40% of the variation and was associated prominently with days taken to 
sprouting of stubbles, days taken to maturity, part of internode covered by of leaf sheath 
and length of the last internode.  

The plot of the accessions drawn against PC2 (12.90) and PC1 (38.70) grouped all 
the 20 accessions into five cohesive groups containing 1-9 accessions (Fig. 1) and 
indicated a high amount of genetic variation among the accessions based on the 
morphogenetic characters of the collected accessions of Cenchrus ciliaris L. Even the 
accessions collected from the same location/habitat showed considerable differences. 
Except accession 6 collected from National Park Lalsuhanra and 18 and 19 collected 
from Baghda-ul-Jadeed campus, Islamia University Bahawalpur all the other accessions 
were scattered very well in the diagram. 

 
 

Keeping in view the prominent characters associated with PC2 and PC1 the 
accession number 14 collected from Shaheeda Wala Toba, accession number 8 from 
Cheepan Wala Toba, accession number 5 from desert area of 43/D.B (Yazman) and 
accession number 2 and 4 collected from Lal Suhanra appeared as the best accessions 
according to days taken to earing, number of tillers per plant, number of internodes on 
main tiller, number of leaves on main tiller, fresh weight of the plant, total number of 

Fig. 1. Plot of principal components 2 and 1 for different accessions of Cenchrus ciliaris
collected from Cholistan desert 
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branches per plant, height of the plant, leaf area, number of leaves on main tiller, part of 
internode covered by leaf sheath, total number of  branches per plant and number of 
reproductive branches per plant. These results are same as reported by Arshad et al., 
(1995) and Arshad et al., (2000) on exploring the germplasm of Cymbopogon jwarancusa 
and Sporobolus iocladus from different habitats of Cholistan desert. Brandolini & 
Brandolini (2001) also recorded similar type of the results while evaluating the 562 
Italian Maize accessions and grouped them into 65 agroecotypes. These results are also in 
conformity with the findings of the Puri & Paliwal (1976); Rai et al., (1980); Rai et al., 
(1982); Yadav & Mal (1988); But et al., (1990); Noor (1991); Agarwal et al., (1999); 
Ojeda et al., (2001); Manzano et al., (2001) and Frese et al., (2001). 

Expansion of variability in fresh weight of the plant, number of leaves on main tiller, 
height of the plant, total number of branches per plant and days taken to sprouting of 
tillers, days taken to sprouting of stubbles resulted in an appearance of a sufficient 
quantity of more productive forms. The low variability for the traits revealed a need to 
explore more genetic resources of this grass. It is emphasized that the germplasm of 
Cenchrus ciliaris L. adapted in hot and punishing climate of Cholistan desert has a lot of 
potential for its further evaluation against multiple stresses such as drought, salinity and 
high temperature to sort out the best ecotypes, which ultimately will be helpful in 
greening the degraded rangelands of Cholistan desert. It is hoped that these efforts will 
prove a land-mark in the history of this desert in increasing the population of this highly 
palatable perennial grass. Positive and highly significant correlation among the 
important/useful morphological characters also supported to conclude that these 
accessions may eventually prove highly potential for the increase of per unit biomass 
production of grasslands in Cholistan desert. 
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