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ABSTRACT. Elcphanl grass {Peanivetumn purpuretim) is a fast-growing forage
crop. Salinity arising from irrigation represents a major prohlen for its growlh in
Al-Madinah AL-Munawwarh in the Weslen pant of Saudi Arabia. The
ohjective of this study was to evaluale salt lolerance of elephant grass subjected
to fowr different NaCl concentrations (0, 100, 200, 400 mM). Leaf extension, leaf
area, number of leaves, plant height, fresh and dry weights of shoots and roots,
and the chlorophyll contents were measured 1o deterinine the effect of salinity on
growth of elephant grass. Resulls chlained indicated thal the leaf extension was
significantly reduced when highest level of NaCl was used. Plant height. numher
of leaves and the arca of leaf were reduccd with increasing salimity hut
chlorophyll content was increased. Dry weights of shoot and root were reduced
with the inerease of salinity. Compared to control {with 0 mM Na(l), about 66%
dry weighl reduction occurred when NaCl increased [rom 200 to 400 mM. This
study showed thal elcphant grass was sensitive to high salinity slress (400 M
NaCl}, and relatively low Lo moderate salinity mnust be maintained Lo achicve a
high growth ratc.

Introduction

Salinity is one of the major problems that influencc plant growth (Misra et al., 1997;
Bernsten et af., 2001; Gibberd er af., 2002; Munns, 2002; Rivelli e/ af., 2002). It is
responsible for the loss of 10 million heclares/annum of agricultural land (Quispe &
Jacobsen, 1999). In the and environmental habitats, such as that in Saudi Arabia, the salt
stress provides an extreme environment to plant growth which must be overcome hy a
tolerant specics in order to establish itself successfully in such environment,

Elephant grass (Pennisetum purpureum) is a fast-growing C; grass (Wang ef al.,
2002) that 1s cultivated in AL-Madinah AL-Munawwarah in thc Western part of Saudi
Arabia. 1t is used for feeding cattle. Salinity arising from thc irrigation prescnts a major
problem for its growth in AL-Madinah AL-Munawwarah.

Sincc there is a lack of information concerning the salt tolerance of clephant grass,
this work was carried out to investigate the growth response of the elephant grass to
different salinity treatments.
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Materials and Methods

Rhizomes of Pennisetum purpureum originally derived trom Africa were planted in
12-litres pots filled with coarse sand and grown in high-light, 600 pmol m™s™', controlled
environment chamber (Fitotron SGC066. CHX, Sanyo Gallenkamp PLC, Leicester,
UK.), at day/night temperatures of about 25°C/20°C. The VPD was kept below 1 kPa.
Photon flux density at leaf height was 600 pmot m™s” and the photo period was 14
hours.

Three NaCl concentrations, 100, 200 and 400 mM, in full strength Hoagland nutrient
solution were used (Amon & Hoagland, 1940). The control was Hoagland nutrient solution
with no NaCl added. All pots were irrigated every other day for 7 days with full strength
Hoagland nutrient solution. NaCl treatments were begun 9 days after the start of the
experiment. The NaCl concentration was increased in steps of 100 mM on altemmate days
until the appropnate salt treatments were reached.

Leaf extension was measured every day. Growth parametcrs included shoot length,
number of leaves, leaf area and frcsh weights of shoots and roots werc determined 30 days
after planting. Shoot and root samples were oven-dried at 70 °C for 48 h in order to
determine dry weight. Chlorophyll of leaves was extraected with 80% aeetone and
determined as described by Amon (1949), thereby spectrum absorption was measured at
645 and 663 nm.

The data obtained from various analyses and measurements were stalistically
analysed using one-way analysis of variance {Systat, Inc., Evanston, lllinois. U.S.A).

Results

The effects of four salinity treatments on leat extension are illustrated in Figure 1.
The rate of leaf extension was only significantly reduced at the highest level of salinity
(400 mM NaCl). Increasing salinity from 200 to 400 mM reduced leaf extension rate to
about 54% compared to control. On the other hand, leaf extension was not significantly
affected by the 100 and 200 mM NaCl compared to the control.

Plant height, number of leaves and leaf area were significantly reduced by increasing
salinity level from 200 to 400 mM (Table 1). A comparison of the responses of the three
growth parameters indicated that leaf area was the most sensitive to the highest level of
salinity at the concentration of 400 mM NaCl. The leaf area reduction was amounted to
72% compared to the control, while the reduction in plant height and number of leaves
were 48% and 45%, respectively. In contrast, all growth parameters were not significantly
affected by the 100 and 200 mM NaCl compared to the control (Table 1).
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Fig. (1). The effect of salinity on leaf cxlension of elephanl grass.
Values shown are the incan of n=3 replicate plois (+SE).
Different letters show signiticant differences between NaCl treatments (P>0.05).

Table L. Elfect of salinity on the shoot growth and lcaf area of elephant grass.

Treatment No. of leaves Plant height 2

NaCl (mM) per plant (cm) Leaf area per plant (cm®)
Control 6670337 4200=1.22°7 1359+ 1.73°
100 6.45+0.30° 41.76 £ 1.04? 1342+ 1.54°
200 633+£035° 41,53+£093° 132.1+£1.46°
400 3.67+0.28" 22.00£1.03" 384 +0.87°

Means. within a column followed by the same letter do not differ significantly at 5% level of probability according o
Scheffe's Tesl. Values shown are the mean ol n=3 replicate plots (+ SE).

Fresh and dry weights of shoots and roots signifieantly decreased at the 400 mM
NaCl concentration eompared (o other salinity treatments which showed non significant
decrease (Table 2). The results also showed that shoot was more sensitive to the salinity

than rool. Moreover, fresh weights of shoots and roots were more aftected than their dry
weights.

Tahic {2). Effeet of salinity on fiesh and dry weights of shoots and roots of elephant grass.

Treatment Fresh weight Dry weight ! Fresh weight Dry weight
NaCl {mM) of shoot of shoot ’ of root of root
(g plant’y (g plant™) (g plant’) (g plant")
Control 6.04 £0.23° 1.41 £0.04° 485+0.24" 023+001°
100 596+0.20° 1.3¢+0.03° 466+021° 0.22+0.02°
200 5.87+0.14° 1.37+£0.03° 422x0.17° 021+£002°
400 1,56+ 0.08" 042+0.01° 2.89 £0.15° 0.17+0.01°

Means, within 2 column followed by the same letier do not differ significantly ai 5% level of probability
according lo Scheffe's Test. Values shown are the mean of n=3 rcplicate plots (+ SE).
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Figure 2 shows that the control plants had a lower concentration of chlorophyll
compared to the other salinity treatments. The highest chlorophyll concentration in lcaves
at 400 mM NaCl was about 59% higher as compared to the control. However, the
chlorophyll concentrations at the 100 and 200 mM NaCl were not significantly affccted by
salinity compared to control.

Fig. (2). The effect of salinity on chlorophyll content of elephant grass.
Values shown are the mean of n=3 rephicate plos (-SE).
Different letters show sigmilicant differcnces between NaCl treatments (P>0.03).

Discussion

Conceming the effect of salinity on growth of clephant grass, the results reported in
Figure 1 showed that leaf extension was reduced significantly at the highest level of
salinity in contrast to a marginal change at the 100 and 200 mM NaCl levels compared to
control. High salinity level significantly reduced the number of leaves, plant height, leaf
area and fresh as well as dry weights of shoots and roots, the results reported here are in
agreement with thosc reported by Misra er al, (1997), Gasim (1998), Esaa & Al-Ani
(2001} and Essa (2002).

Cordovilla ef al., (1995) and Essa (2002) reported that roots are more resistant to
salinity than shoots. The present rcsults confirmed the earlier obscrvations of higher roots
resjstant to salinity compared to shoots (Tablc 2). At the 400 mM NaCl, shoots fresh and
dry weights showed about 34% greater reduction than roots compared to control.

A decrease in chlorophyll contents was reported in many crops that had diffcrent
rcsponses to salinity (Misra ef al., 1996; Gasim, 1998, Sayed & Gadallah, 2001). On the
other hand, an increase in the chlorophyll contents was reported in some crops like wheat,
broad bean and rice (Abd El-Samad, 1993; Aldesuquy & Gabcr, 1993; Misra ¢t af., 1997).
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Morcover, Rao & Rao (1981) found that salinity cnhances chlorophyllase aclivity. The
results in Figure 2 showed that chlorophyll contents increased with increasing salinity
levels, This increase could be due to an increase in the number of chloroplasts in stressed
leaves (Aldesuquy & Gaber, 1993). Another possibility is that, this increasc in chlorophyll
contents could be a result of leaf area reduction.

It can be concluded that elephant grass is sensitive to high salinity stress (400 mM
NaCl), and relatively low to moderate salinity must be maintained to achievc a high growth
rale.
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