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Abstract Cenchrus (family Poaceae) is an important
component of major grass covers of the world. Largely it is
apomictic and both annual and perennial species exist in
nature. Variations in contents of malondialdehyde, proline,
specific leaf area and carbon isotope discrimination for
drought tolerance were estimated among eight prominent
species of Cenchrus. Simultaneously, genetic variations
were also estimated by employing 187 RAPD primers. Of
these, 23 primers did not react, 2 performed poorly and 7
produced many non-scorable bands and one primer yielded
a single monomorphic band. Rest of the 154 primers gen-
erated one or more unambiguously scorable fragments.
Twelve hundred and four of the 1,296 putative loci
were polymorphic (93%) between at least one pair-wise
comparisons among eight species. Dice coefficient and
neighbor-joining algorithm analyses showed clustering
patterns that fit with the known habitat of the species except
perennial, C. myosuroides which formed a node between
two annuals species. When these species were subjected to
water stress tolerance test, a correlation (r = 0.612)
between specific leaf area (SLA) and carbon isotope dis-
crimination (CID) and difference in levels of drought
tolerance based parameters among eight species were
observed. Of the eight species investigated two annuals viz.,
C. biflorus and C. echinatus showed highest level of genetic
similarity which was also evident from the similar levels
of SLA, MDA, proline contents and carbon isotope
discrimination values observed in these two species.
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Abbreviations

CID Carbon isotope discrimination

MDA  Malondialdehyde

RAPD Random amplified polymorphic DNA
SLA Specific leaf area

TE Transpiration efficiency
Introduction

The grass genus Cenchrus is distributed throughout the
tropics but the species reported in the present investigation
are primarily from Australia, Africa and of Indian sub-
continent. Of the 22 species recognized by Clayton and
Renvoize (1982), C. ciliaris L., C. setigerus Vahl. and
C. pennisetiformis Hochst and Steud. ex Steud have been
largely used as sown pastures with the first being most
important in India. The other five species included in the
present study are C. prieurri Kunth, C. biflorus Roxb.,
C. echinatus L. (all annuals), C. glaucus Mudaliar and
Sundaraj and C. myosuroides Kunth. Though most of these
species are apomictic in nature, some levels of sexuality
have been observed in accessions of these species (Dubey
2004). To maximize the potential of sexuality observed in
some species molecular characterization of these species
hold importance as not much information is available about
the genome analysis except classification of 322 accessions
of C. ciliaris and C. setigerus using 11 agronomic attri-
butes in six groups largely on the basis of rhizome
development, plant maturity and yield (Pengelly et al.

@ Springer



54

Acta Physiol Plant (2008) 30:53-61

1992). In lack of clear morphological attributes, the iden-
tification and grouping of accessions of different species
becomes much more difficult when they are collected from
their natural habitats. Similar situations have been reported
in Dichanthium where complex and intermediates of it with
Borthriochloa are found (Chandra et al. 2006).

Information on genetic diversity and relationships
within and among crop species and their wild relatives is
essential for the efficient utilization of plant genetic
resource collections and thus for the management of
germplasm and for evolving conservation strategies. Dif-
ferent types of marker systems have been used for genetic
analysis and characterization studies. DNA markers are
considered the best tools for determining genetic relation-
ships/diversity, as they are highly polymorphic and
independent to environmental interactions i.e., highly her-
itable. Among several markers, random amplified
polymorphic DNA (RAPD; Williams et al. 1990) data can
be generated faster and with less labor than others. It
employs single short primer with an arbitrary sequence to
generate genome specific ‘finger print’ of multiple ampli-
fication products. Polymorphism found between RAPD
profiles can serve as a genetic marker (Williams et al.
1990).

Genetic studies of complex traits such as drought and
salt tolerance became easier with the development of
informative molecular markers (Pakniyat et al. 1997). In
case of drought, transpiration efficiency (TE) is one such
trait which contributed tolerance in Stylosanthes scabra
and exhibited a significant negative relationship with car-
bon isotope discrimination (CID) (Thumma et al. 1998).
The carbon in atmospheric CO, is mostly in the form of
12C, but a fraction is also present in the stable isotope form
of '*C. During carboxylation, plants discriminate against
13C present in ambient CO,. It has been postulated that
plants, which show less discrimination against 13C, would
have high TE (Farquhar et al. 1982). The negative rela-
tionship between TE and CID has been established in many
plant species (Farquhar et al. 1989). Additionally, specific
leaf area have been reported to be associated with TE in
several plant species (Virgona et al. 1990; Wright et al.
1994; Brown and Byrd 1997), and thus CID and SLA have
been used as indirect measures of TE (Johnson and Tieszen
1994; Thumma et al. 1998; Asalatha et al. 1999). At spe-
cies level, attempts have been made to decipher the
mechanism of water stress tolerance and suitable indices
like proline accumulation (Hanson et al. 1977), protein
metabolism (Thakur and Rai 1982), enzyme defence
(Dhindsa and Matowe 1981), solute accumulation (Schwab
and Heber 1984), solute leakage (Krishnamani et al. 1984)
and H,0, metabolism including level of lipid peroxidation
have been postulated in different crops. The change in level
of MDA which generally reflects the lipid peroxidation and
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consequent changes in the membrane permeability
observed differently in species of wheat (Zhang and
Kirkham 1994) and jute (Chowdhury and Choudhuri 1985).
However, such studies are scanty in major tropical grasses
like Cenchrus; despite that such grasses grow and survive
under harsh environmental conditions.

In the present paper we report the genetic relationships
among eight species of Cenchrus constituting three annuals
(C. prieurri, C. biflorus, C. echinatus) and five perennial
(C. ciliaris, C. setigerus, C. glaucus, C. pennisetiformis,
and C. myosuroides) species and also the clustering pat-
terns of these species in view of their habitat employing
neighbor-joining algorithm module. The differing nature of
these species towards drought tolerance was assessed by
measuring the level of MDA, proline content, specific leaf
area (SLA) and carbon isotope discrimination.

Materials and methods
Experimental material and extraction of DNA

Except C. ciliaris 1G-69-3108 cultivar, seeds of other
accessions of seven species were received from the col-
lections assembled at IGER, Aberystwyth, UK through
NBPGR, New Delhi, India (Table 1). C. ciliaris (1G-69-
3108), is a native collection and has been released in India
based on the production potential of the accession. Seed-
lings (1-month-old) were transplanted in three replications
in bigger plots in experimental fields of the Indian Grass-
land and Fodder Research Institute, Jhansi (25°27'N,
78°35'E). Genetic purity of each species was maintained as
they were replicated from single plant originally raised
from pure seed. Fresh and young leaves of three plants of
each species were used to isolate the genomic DNA. Due to
apomictic nature of the crop it was possible without any
problem, especially of homogeneity. Genomic DNA was
isolated following the methodology of Igbal et al. (1997)
with suitable modifications (Chandra et al. 2004). For each
species, DNA was extracted from 2 g of fresh, young and
green leaves. It was ground in liquid nitrogen and the
resultant fine powder was mixed with CTAB total DNA
extraction buffer [CTAB 2% (w/v), NaCl 1.4%, TRIS-HC1
100 mM, EDTA 20 mM and 2-mercaptoethanol 100 mM
(added freshly) in a 1:2 ratio (w/v)] and incubated at 65°C
for 1 h with occasional swirling. After incubation, the
mixture was emulsified with an equal volume of 24:1 (v/v)
chloroform-isoamyl alcohol and centrifuged at 5,000 g for
15 min. The process was repeated once. The aqueous phase
was removed and DNA was precipitated with 0.6 volume
of isopropanol by keeping at —20°C for 2-3 h. The DNA
pellet was dissolved in 10 mM TE buffer (pH 8.0) and kept
at 4°C overnight. The nucleic acid solution was treated
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Table 1 Species used in the

Accession number  Additional remarks

present study Species name Origin
C. ciliaris India
C. setigerus Uganda
C. pennisetiformis  Kenya
C. myosuroides Paraguay
C. glaucus Not known
C. prieurri Mali
C. biflorus Mali
C. echinatus Australia

1G-69-3108 Perennial and released cultivar after evaluation
at different centers in India

EC-397331 Perennial and observed well suited to Indian
tropical climate

EC-397528 Perennial and observed well suited to Indian
tropical climate

EC-397345 Perennial and observed well suited to Indian
tropical climate

EC-397614 Perennial and observed well suited to Indian
tropical climate

EC-397325 Annual and observed well suited to Indian
tropical climate

EC-397378 Annual and observed well suited to Indian
tropical climate

EC-397342 Annual and observed well suited to Indian

tropical climate

with RNase and, after incubation for 30 min at 37°C, it was
extracted twice with phenol-chloroform and finally with
chloroform. DNA was precipitated in 100% ethanol and
pelleted at 5,000 g for 10 min and finally washed with 70%
ethanol. After a brief period of air-drying, DNA was sus-
pended in 2 ml TE buffer (pH 8.0). The presence and
quality of genomic DNA was confirmed by electrophoresis
on a 0.7 % (w/v) agarose gel (Sigma). The concentration
was adjusted to 5 ng ul~"' for use in PCR analysis.

DNA amplification

Each PCR amplification was performed in a final volume
of 20 pl of reaction mixture containing 67 mM TRIS-HCI
(pH 8.0), 16.6 mM (NH,4),SO4, 0.45% (v/v) Triton X-100,
4 pg BSA, 3.5 mM MgCl,, 150 uM of each of dATP,
dCTP, dGTP and dTTP, 7.5 pmol (15 ng) primer, 25 ng
genomic DNA template and 0.5 unit Taq polymerase
(Bangalore Genei, India), and finally it was overlaid by
5-10 pl light mineral oil. Primers were procured from
Operon Inc. USA. Amplifications were performed on a
DNA thermal cycler PTC-200 (MJ Research, USA) with
the cycling program consisting of 94°C for 1 min, 37°C for
1 min and 72°C for 2 min for 40 cycles followed by 41st
cycle at 37°C for 1 min and finally at 72°C for 10 min
extension. The amplified products were kept at 4°C until
loaded on to the gel. Amplification products were separated
by electrophoresis on 1.6% agarose gel in 0.5x TBE buffer
(pH 8.0) to which ethidium bromide was added for visu-
alization with UV light. Along with the unknown samples
100 base pair DNA ladder was also loaded to know the size
of the amplified products. Gels were photographed using
SLR and Polaroid cameras. PCR reactions were repeated at

least once to establish reproducibility of results under strict
control of the reaction conditions.

Leaf water potential and drought stress parameters

By withholding water for a period of 1 week, relative water
content and water potential were determined which was
indicative of the level of stress (data not shown). Relative
water content (RWC) was determined using the method of
Barrs and Weatherley (1962): RWC = (FW — DW)/(TW
DW) x 100, where FW is the leaf fresh weight, DW is leaf
dry weight and TW is turgid weight of tissue after being
soaked in water for 6 h at room temperature. Water
potential was measured in both controlled and stressed
leaves using HR 33T due point micro voltmeter and C-52
sample chambers (Wescor, USA). Middle portion of the
leaf was cut into the size of 2.5 X 2.5 mm length and
breadth and was placed in sample chamber. Water potential
of it was recorded which is a linear function of electro
magnetic force produced by the temperature difference
between the junction at the dew point temperature and the
ambient temperature. The recorded value was further
divided by proportionality constant (—0.75 pmoles bar ')
to get the value of water potential in bar which was finally
converted into mega Pascal (MPa). Leaf area was measured
by the portable leaf area meter LI-3000A. Ten leaves of
each species in three replications were used to measure the
leaf area and then they were dried in oven at 60°C for dry
weight. Specific leaf area was calculated by dividing the
leaf area by the dry weight of the leaf and expressed in
cm? g_l.

Malondialdehyde (MDA) was estimated in leaf by fol-
lowing the procedure of Heath and Packer (1968). Two
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hundred and fifty milligram samples were ground in 5 ml
distilled water. In the same solution 5 ml TBA-TCA
reagent (0.5% thiobarbituric acid and 20% TCA dissolved
in 100 ml of distilled water) was added. The slurry was
kept in water bath at 95°C for 30 min. Cooled solution was
obtained by placing in ice bath and centrifuged at 10,000 g
for 10 min. Optical density of supernatant was recorded at
600 and 535 nm. The difference in optical density gave the
actual intensity of color developed by malondialdehyde.
The concentration of MDA was calculated from its
extinction coefficient of 155 mM ™' cm™'. Proline was
extracted in 3% sulphosalicylic acid and estimated by the
colorimetric method of Bates et al. (1973).

Transpiration efficiency and CID analysis

The relationship between transpiration efficiency and iso-
tope discrimination was established by designing the
experiment as described for Stylosanthes scabra (Thumma
et al. 1998). Seedlings (15-day-old) of each of the eight
species were transplanted in eight pots. The soil of each pot
was prepared with farmyard manure and in each pot, 2 kg
soil was placed before transplanting the seedlings. In each
pot, two or three seedlings were transplanted. Six pots of
each species were finally maintained. After growing the
plants for 30 days, two treatments were imposed. In control
and stress pots, water was given at field and half of the field
capacity, respectively. Pots belonging to each species were
regularly randomized to avoid the space effects. In each pot
thick layer (2-3 cm) of vermiculite was placed to reduce
the amount of evaporation. Three pots without any plants
were also maintained in each treatment. Both controlled
and stressed plants were watered every second and third
day, and on each watering day pots were weighed manually
using an electronic balance and the amount of water loss
was calculated. Similar amounts of water were provided to
unplanted pots too. Temperature and humidity of the
glasshouse recorded during experimental periods were
34.08 and 36.4%, respectively. After 60 days of water
treatment, plants were harvested (three pots in each species
in each treatment) by carefully removing plants from the
pots and separating them into roots and shoots. Roots were
thoroughly cleaned and soils were removed. Both shoots
and roots were oven-dried at 80°C for 48 h. Transpiration
was calculated by deducting evaporation (estimated from
the unplanted pots) from the total water used of the plants
of each pot. Transpiration efficiency (TE) was calculated as
total biomass produced per unit of water transpired. At the
time of final harvest, SLA was measured by harvesting six
of the youngest fully expanded leaves. For isotope dis-
crimination analysis leaf samples used for specific leaf area
measurement were finely ground and 10 mg of leaf
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material was used for the measurement of carbon isotope
composition by using isotopes ratio mass spectrometer
(IRMS) as described by Farquhar et al. (1989).

Data analysis

A locus was considered as polymorphic if the band was
present in some species and absent in others and mono-
morphic if the band was present in all species. RAPD
markers input binary data matrix of eight species of
Cenchrus was developed by entering the data by assigning
1 to presence or O to absence of bands. Only reproducible
and unambiguous RAPD fragments were used for analysis.
The NTSYS program version 2.0 was used to produce the
similarity matrix (Simqual function). Dice similarity
coefficient was used to estimate the genetic similarity. The
resulting data were further processed with neighbor-joining
algorithm for clustering and generation of dendrogram
(Saitou and Nei 1987). The MIDPOINT method of rooting
was employed.

Results and discussion

Of the 187 decamer oligonucleotide primers (Operon
Technologies, Inc., USA) used for amplification of eight
species of Cenchrus genomic DNA, 23 (12.3%) primers
did not react, two performed poorly and produced faint
bands or smears, seven produced many non-scorable bands
and one primer gave single monomorphic band (Dubey and
Chandra 2004). Each of the rest i.e., 154 primers (82.4%)
generated one or more unambiguously scorable fragments
(Fig. 1). Depending on the primer species combination and
the amplification condition used, the number of amplifi-
cation products varied between 2 produced by OPEO3,
OPF06, OPF07 and OPQO1 primers and 18 produced by
OPUOI. The fragment size ranged from 0.2 to 1.5 kb.
Bands of higher molecular weight (> 2.0 kb), which could
not be reproduced consistently were not included in the
data analysis. A total of 1,296 DNA fragments were scored.
Of these, 1,204 (92.9%) showed polymorphism between at
least one pair-wise comparison among eight species of
Cenchrus, and the remaining 92 (7.1q%) bands were
monomorphic produced by sixty-five primers (Table 2). Of
these, forty-nine produced one monomorphic band, nine
generated two and rest seven produced more than two
monomorphic bands.

RAPD markers have been reported for its wide appli-
cations due to the easiness of performing the assay and also
being less time consuming and inexpensive. The level of
polymorphism demonstrated that RAPD technology is
quite useful to identify DNA polymorphisms among the
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Fig. 1 RAPD patterns obtained from individual genomic DNA
samples of Cenchrus species. a Amplified fragments with primers
OPB1, OPBS5 and OPB15 where most of the bands were scored except
very faint. b Primers like OPF9, OPF10 and OPF11 produced less
number of bands and also indicating similar RAPD patterns by more
than one species. Lane 1: C. ciliaris; lane 2: C. setigerus; lane 3:
C. pennisetiformis; lane 4: C. prieurri; lane 5: C. biflorus; lane 6:
C. echinatus; lane 7: C. myosuroides and lane 8: C. glaucus. Arrow
indicates the threshold band intensity for scoring of the bands with all
primers. M 100 bp DNA ladder as molecular weight marker

cultivars and accessions of agronomically important
Cenchrus species. The problem often encountered and
questioned regarding RAPD analysis is the reproducibility
of banding patterns. However, this has been minimized by
thoroughly optimizing PCR reaction conditions and fol-
lowing the same protocol each and every time. Our
experience demonstrated that an assay could be made sat-
isfactorily reproducible with sufficient repetitions and by
systematically disregarding faint amplified bands by
keeping threshold band intensity (Chandra et al. 2004).
Weeden et al. (1994) have reported that by disregarding
faint staining bands the error rate can be reduced from 8 to

0%. We also observed loss in number of bands when
annealing temperature was increased to strengthen the
stringency (Dubey 2004) as reported by Levi et al. (1993).
For more accurate analysis, reaction should be performed
twice or thrice, scoring only those bands that are repro-
ducible in each reaction (Chandra et al. 2004). The high
level of polymorphism as observed here by RAPD markers
could be valuable in studies that require high numbers of
polymorphic loci, such as population association genetics
study to construct genetic linkage map or marking a single
gene.

One thousand two hundred and ninety six fragments
were used to generate the input matrix and further by using
the routine SIMQUAL, similarity coefficients (DICE) was
generated among eight species of Cenchrus. Neighbor-
joining algorithm was used for clustering (Fig. 2). Cench-
rus biflorus formed an isolated node whereas C. setigerus
and C. pennisetiformis clustered in one group. Four species
namely C. echinatus, C. myosuroides, C. prieurri and
C. glaucus occupy a position between these two groups in
dendrogram developed based on RAPD data. Interestingly,
among these four species, C. myosuroides of the collection
of Paraguay being perennial surrounded by two annual
species. Our earlier study has indicated more closeness of
perennial C. myosuroides species to the annuals when they
were analyzed for different drought tolerance biochemical
parameters (Dubey 2004). The C. ciliaris, which is the only
accession of India formed a shared node with two other
species namely C. setigerus of Uganda and C. penniseti-
formis of Kenya. These three species are perennial and
were close to the node made by another perennial species
namely C. glaucus (Fig. 2), however, the closest node was
made by C. biflorus and C. echinatus indicated highest
level of genetic similarity among them which was also
evident from the similar levels of SLA, MDA, proline
contents and carbon isotope discrimination values
(Table 3).

RAPD markers have been used earlier to study the
taxonomic and phylogenetic relationships (Millan et al.
1996; Singh et al. 2004; Zhang et al. 2005; Padmesh et al.

Table 2 Reaction behavior of

. . No.  Nature of primers Total number  Primers
primers produced monomorphic .
. . of primers
bands along with polymorphic
bands I Produced one 49 OPJ1 and 8, OPAD4, OPAK14 and 18, OPATII,
monomorphic band OPO4, OPM19, OPN5, OPR1, OPX7, OPB15 and
20, OPAEL, 5 and 20, OPP1, OPQ5, OPUS,
OPAHI15 and 20, OPC4, OPI1,11, 15, 16 and 17,
OPHI, 2,4,5,9, 12, 14 and 19, OPG1, 3 and 19,
OPF1, 3, 4, 8,9 and 14, OPE4, 7, 9, 14 and 18.
2 Produced two 9 OPA18, OPAEI10, OPAL11, OPAHS5, OPT11,
monomorphic bands OPAS, OPI18, OPH20 and OPG17
3 Produced more than two 7 OPAGI13, OPN11, OPAE16, OPAH10, OPT®6,

monomorphic bands

OPA11 and OPG13
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Fig. 2 Phenogram of Cenchrus species. The scale is 10. Dice
similarity coefficients was calculated by employing SIMQUAL
method. The length of the obtained graph is —1.535 when
MIDPOINT rooting method was employed

2006) and depicted high polymorphism than RFLP and
AFLP markers (Thormann et al. 1994; Das et al. 1999).
RAPD markers in the present study also revealed a high
degree of polymorphism (93%) among the eight species of
Cenchrus as evident from the fact that of the 187 decamer
oligonucleotide primers only one gave a single mono-
morphic band. Being apomictic in nature, this level of
polymorphism (up to 93%) observed between eight
Cenchrus species demonstrated that genetic base is quite
broad and it is more in annual (52 % dissimilarity) than
perennial (40% dissimilarity) species. Moreover, high level
of genetic variations as observed in other tropical grass i.e.
Dichanthium, further corroborated that some of the species
of Cenchrus are wild in form and origins and still maintains
heterozygosity as apomixis is one system that has evolved
to preserve heterozygosity.

The mean decrease in SLA was 6.7% in stress
over control. The carbon isotope discrimination values
decreased from a mean value of 13.9 in control to 13.3 in

Species

Fig. 3 The effects of water stress on carbon isotope discrimination
(CID) in leaves of eight species of Cenchrus. Though decrease in CID
was observed in all species but it was non-significant at 0.05 P

the stress treatment (Fig. 3). Species namely C. myosuro-
ides maintained highest TE (lowest CID) under both well-
watered and water-stressed treatments (Fig. 4). Apart from
C. myosuroides, C. glaucus, C. prieurri, C. setigerus and
C. echinatus maintained lower level of CID. Of these four
species, higher level of TE was observed only with
C. glaucus and C. setigerus whereas C. prieurri maintained
least TE (Fig. 4). This might be due to growing nature of
the plant which is very short in height and largely exists in
the dormant stage. In control after C. myosuroides, specific
leaf area which was lowest in C. ciliaris indicated thicker
leaves which signified the drought tolerant nature of the
species which was further supported by more TE and
proline content (Table 3). Greathead et al. (1998) have also
reported the drought tolerant nature of C. ciliaris species.
Even after imposing stress, decrease in SLA was minimal
in C. ciliaris, which further indicated its stability under
stress. Contrary to this, C. prieurri showed maximum
decrease in SLA under stress. In general, level of MDA
decreased whereas proline content increased when plants
were exposed to water stress. Among eight species, MDA
content ranged from 16.12 to 44.11 [nmol gfl (FM)]) and

Table 3 Specific leaf area, level of MDA and proline in eight species of Cenchrus recorded in control and 7 days stress condition

Species Specific leaf area (cm? gfl) Level of MDA (nmol g’l [FM)]) Level of proline (pmol g’l [FM])
Control Stress Control Stress Control Stress

C. myosuroides 162.50 = 7.12 147.83 +£9.12 4411+ 1.0 49.17 £ 0.2 0.675 = 0.007 367.50 = 13.5
C. ciliaris 210.34 = 15.32 209.34 = 14.9 37.79 £ 2.6 2947 = 1.0 0.875 = 0.002 348.75 £ 3.25
C. prieurri 217.56 = 14.21 167.52 = 17.6 2424 + 1.8 34.59 £ 0.7 0.650 = 0.09 143.75 + 5.30
C. glaucus 228.14 = 10.32 220.00 + 15.8 3044 £ 0.8 29.53 £ 0.5 0.675 = 0.008 347.50 + 8.00
C. pennisetiformis 244.13 + 18.54 229.14 £ 15.7 1779 £ 1.5 4253+ 1.3 0.775 £ 0.011 448.75 + 13.1
C setigerus 225.51 + 6.87 225.01 + 8.80 16.12 £ 1.0 35.68 £ 0.3 0.675 = 0.008 385.50 + 8.64
C. echinatus 246.42 = 11.76 216.65 = 13.6 30.31 £ 2.0 3229 0.8 0.550 = 0.12 381.00 = 17.0
C. biflorus 262.51 = 13.39 241.60 = 11.2 28.76 = 1.4 3945+ 1.6 0.550 = 0.13 362.25 + 19.2

Mean = SE, n = 3

@ Springer



Acta Physiol Plant (2008) 30:53-61

59

[£] Control [ Stress

Species

Fig. 4 The effects of water stress on transpiration efficiency (7E) in
leaves of eight species of Cenchrus. Significant change was observed
in all species under stress condition over control except in C. ciliaris
at 0.05 P

proline from 0.55 to 0.88 [umol g~' (FM)] under control.
Under drought conditions, a significant decrease in MDA
content was observed in C. ciliaris indicating low peroxi-
dation of lipid when plants were exposed to water stress.
Proline content increased significantly in all species under
stress. Among eight species, maximum increase in proline
content under stress was noticed in C. pennisetiformis
whereas minimum in C. prieurri (Table 3). Thus, results
indicated variations in MDA and proline content among
eight species of Cenchrus belonging to habitat, i.e. annual
and perennial.

Fig. 5 Relationship between

A strong positive relationship was found between SLA
and CID in both control (» = 0.658) and stress (r = 0.612)
(Fig. 5). SLA has been shown to be negatively related to
transpiration efficiency in many crops (Virgona et al. 1990;
Brown and Byrd 1997; Thumma et al. 1998), thus could be
used as a surrogate of CID in screening large numbers of
accessions/segregating lines in the early phase of breeding
programs, whereas CID may be more suitable for precise
analysis of the advanced lines as suggested by Richards
(1996). The drought-induced changes in the level of lipid
peroxidation (malondialdehyde content) in eight species
indicated increase in the level of MDA under water stress,
however, rate of increase of lipid peroxidation observed
was different between species. The level of proline
increased in all species and was close to each other except
C. prieurri (Table 3).

In summary, RAPD markers clearly divided perennial
from annual species of Cenchrus. However, C. myosuroides
was the only exception which clustered with annual though
being perennial. Among annuals it depicted more closeness
with C. biflorus and C. echinatus than C. prieurri. Both
specific leaf area and CID was least in C. myosuroides
whereas TE was highest. Some of the attributes of drought
tolerance for this species observed close to annual while for
others it inclined towards perennial. This makes us to
speculate that C. myosuroides may be a bridging species
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depicting genetically more closeness with annuals. Differ-
ing nature of the level of peroxidation (membrane
permeability) as depicted by MDA level and many fold
increase in proline content possibly led to the variations for
drought tolerance of Cenchrus species. The significant
association between specific leaf area and CID can be
exploited in selecting drought tolerant genotypes. There-
fore, using CID, rather than markers associated with it may
be sufficient in breeding programs to improve TE. Thus,
the study provided information that could be exploited
in screening large number of accessions on the basis of
established drought tolerance characters and polymorphic
RAPD primers for diversity analysis with the presented
benchmark data.
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