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Abstract: Buftel grass (Cenchrus ciliaris) growth, biomass allocation to root and shoot, water use efficiency
and photosynthetic activity were measured in response to two defoliation heights (5 and 3 cm). Results showed
that plants clipped at 5 cm showed a significant increase of diameter and water use efficiency as well as higher
leaf water potential with a subsequent increase of stomatal conductance and photosynthetic activity. On the
other hand, plants clipped at 3 ¢cm presented an increase in photosynthetic activity parameters but a significant
decrease in all growth parameters and water use efficiency.
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INTRODUCTION

Buftlel grass (Cenchrus ciliaris syn Pennisetum
ciliare) is a C, bunch grass native to dry areas of the
African continent, West Asia and India and has been
widely introduced in arid and semi-arid regions of the
world (MSeddi et al., 2002). The most drought tolerant of
the commonly sown grasses, occurs naturally in areas
with average annual ramnfall from as low as 100 mm. The
species has a larger and deeper root system capable of
providing effective soil erosion control in arid and semi-
arid regions (Harwood et al., 1999, Gyasi-Agyel et al.,
2005). C. ciliaris is typically propagated by seeds that can
remain dormant for a considerable period of time before
reaching maturity (Burquez-Montijjo et af, 2002). In
Tunisia, the species is scarce and growth is stunted,
because 1t 1s selectively overgrazed (Chaieb et al., 1996).
Studies on C. e¢iligris have concentrated on estimating
the nutritional value and preference by animals through
intake, diets, crude protein and in vitre organic matter
digestibility analysis (Ramirez et al., 1997, Mero and
Udén, 1998; Ronquillo et al., 1998; Foroughbaclkhch et al.,
2001). Other studies focused on nitrogen use efficiency
(Rudmanna et al., 2001) and on the variation and the
relationshups of several seed and spike-related traits of
C. ciliaris (M'Seddi et ai., 2002).

The effects of defoliation on plant growth are
complex (Painter and Belsky, 1993): sometimes inhibitory,
nil or stimulatory (Oesterheld and McNaughton, 1988,

1991; Georgiadis ef al., 1989, Schmid ef al., 1990).
Understanding the impacts of defoliation height on the
performance of grasses 1s therefore important in the
management of grazing areas since animals grazed the
plants at different heights (Floret and Pontamier, 1982;
Laca et al., 1992). Tt is especially important in arid and
semi-arid environments where, apart from water scarcity,
the levels at which grasses are grazed have a major
influence on their persistence in the envirorment.

This study was undertaken to estimate the effect of
defoliation height (3 and 5 cm above ground level) on the
performance of buffel grass i growth, biomass allocation
to shoot and root, water use efficiency and
photosynthetic activity.

MATERIALS AND METHODS

This study was carried out at the Institut des
Régions Arides de Médenine. The seeds of C. ciliaris
were collected during spring 2003 in the protected
national park of Bouhedma mn southern Tunisia and sown
in cylindrical plastic pots (top diameter: 20 cm, height:
18 cm, down diameter: 17 c¢m) with three drainage holes
and containing 4 kg of collected soil: conductivity
5.6mS cm ', pH 7.5, total limestone 8%, active limestone
2.5%, gypsum 0.4% and organic mater 0.7%. The seeds
were sown to obtain three plants per pot under
glasshouse conditions with day/night temperatures of
25/30°C throughout the experimentation (180 days after
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sowing). Before sowing, the pots were brought to field
capacity. Fifteen Days After Sowing (DAS) and during
6 months, water was supplied at the rate of 20 mm each
15 days comresponding to a total amount of water of
240 mm to ensure adequate soil moisture.

Defoliation treatments: All the plants were submitted
to three defoliation treatments: control (C) not cut, C3
(cut at 3 cm above soil surface in the pot) and C5 (cut at
5 cm above soil surface in the pot). The cuts were
realized with scissors four times. The first three cuts were
realized at 63, 84 and 105 DAS, the last cut cccurred at
180 DAS.

Plant growth, Water Use Efficiency (WUE) and
photosynthetic activity measurements: Before each cut,
plant height and diameter were measured. After each cut,
shoots were placed in an oven for 24 h at 105°C and their
dry weight was measured. At the end of the experiment
(180 DAS) roots were separated from shoots and both
shoots and roots dry weights of all the plants were
measured. Water use efficiency was calculated as follows:

Production (g)
Total water received (mm)

WUE (g mm )=

Photosynthetic activity was measured from 63 to
105 DAS. Before defolation, leaf water potential (1),
stomatal  conductance,  transpiration rate  and
photosynthesis rate were measured on six randomly
chosen leaves of each clipping treatment using LCi
Portable Photosynthesis System (ADC BioScientific CO.,
UK).

Statistical analysis: Data were analyzed by one-way
analysis of variance procedure (ANOVA) using SAS (9.0
for Windows). Subsequent comparison of means was
performed using the Duncan’s multiple range test at 5%.

RESULTS AND DISCUSSION

Plant growth and water use efficiency: Defoliation
affected C. ciliaris biomass production depending on the
cutting height. As compared to the control plants, those

defoliated at 5 em were not affected in shoot biomass but
showed a significant decrease of 24.74% in root biomass
(Table 1). This indicated that when plants were defolated
to 5 cm, resources were allocated to the shoot over roots
for shoot compensation. The ability of 5 cm defoliated
plants to compensate shoot biomass resulting in an equal
shoot dry mass with the control seemed not to be
associated with recovering in plant height but with an
increase in plant diameter (Table 1). The increased plant
diameter may result from tillering stimulated by the
removal of apical dommance after defoliation (Manske,
1994, 2003; Briske and Richards, 1995) but most of the
additional tillers remained vegetative and the effect of
defoliation on vegetative biomass was generally not
signmficant (Gutman ef af., 2001). Compensatory growth
following defoliation has long been known in plants but
may depend on species, water and nutrients availability
as  well as severity of grazing (McNaughton, 1984;
Gutman ef al., 2001). However, 5 cm defoliated plants were
not able to completely recover the total biomass and
showed a decrease in the root to shoot ratio.

Plants defoliated at 3 cm showed a decrease in all
plant growth parameters mn a ligher way than did
defoliation at 5 c¢m. As compared to the control,
defoliation at 3 cm height decreased total biomass by
51%, shoot biomass by 34% and root biomass by 78%,
suggesting that roots were more sensitive than shoot
when plants were clipped to 3 cm. Sensitivity of root over
shoot following defoliation was also observed at 5 ¢m cut.
Thus, defoliation most likely affects more the roots than
shoot in buffel grass whatever the clipping height.

Many Pot and field studies have reported a
superficial root system development and a reduction of
root biomass as well as a decrease of root length after
defoliation (McNaughton et al, 1983; Mawdsley and
Bardgett, 1997, Manske, 1999, 2000). Chaieb et al. (1996)
reported a decrease in root and shoot biomass as well as
a reduction of root density, distribution and rooting depth
when buffel grass 13 cut at ground level and under high
and moderate cutting frequency.

This may explain the decrease of about 68% in root
to shoot ratio after 3 cm defoliation.

In addition, plants cut at 3 cm do not recover and
were not able to produce at their potential level; the

Table 1: Shoot (3), root (R) and total (T) plant dry weight (DW g plant™), Root to Shoot Ratio (RSR) and Water Use Efficiency (WUE) of plants subjected
or not to cutting at 5 cm (C5) and 3 cm (C3) in Bufflel grass (C. cifiaris) grown under glasshouse conditions

Plant growth parameters

Defoliation WUE
treatment Diameter (cm)  Height (cm)  SDW (g plant™) RDW (gplant™)) TDW (gplant™) RSR (g mm™ )
Control 24.292% 54.042 1.662° 0.9942 2.656" 0.598 0.011%
[05] 28.722 32,297 1.571¢ 0.748 2.258" 0.495¢ 0.009*
c3 12.81% 21.71% 1.096" 0.212 1.308° 0.193¢ 0.005°
Probability 0.001 0.005 0.001 0.003 0.006 0.001 0.001

Tn columns, means with the same letter(s) are not significantty different
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compensatory growth was therefore not observed.
Present results are in agreement with those obtained for
various species (Stockdale, 1992; Virkajarvi, 2003). High
defoliation (28% shoot mass or higher than 25% leaf area
removed) reduce the root to shoot ratio relative to
moderate or non-defoliated Heterotheca subaxillaris
plants (Mihaliak and Lincoln, 1989). Clippmg to 4 cm
reduced both the biomass of root and leaf base of
Lolium perenne and Poa trivialis compared with those
clipped to 8 cm (Thomton and Millard, 1996). For
timothy (Phleum pratense) and meadow fescue
(Festuca pratensis) the effect of three defoliation heights,
3, 6 and 9 em increased the regrowth rates by 27% and the
cumulative regrowth dry matter yield increased by 29%
of both species by increasing the cutting height from
3-9cm (Virkagérvi, 2003). A four weeks defoliation interval
of an irrigated Persian clover (Trifolitm resupinatunt) was
more productive when defoliated to 4 cm above ground
level than ground level defoliation (Stockdale, 1992).
Water use efficiency expressed as the ratio of total
plant biomass to total water received increased with
defoliating at 5 cm but decrease with 3 cm clipping level as
compared to the control (Table 1). The low WUE at 3 cm
defoliation can be attributed to the reduced total biomass
production.
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Photosynthetic  activity: Photosynthetic = parameters
are presented in Fig. 1 (A-D). As defoliation started
at 63 DAS, mtial leaf water potential () values were
-1.94 MPa for all the plants (Fig. 1A). During all the
experimentation, from 63 to 105 DAS, | values vary
from -1.94to-2.61 Mpa for the control, to -2.25 MPa for
3 cm defoliated plants and to -1.85 MPa for plants cut to
5 cm.  significantly mcreased with defoliation height at
both 84 and 105 DAS. Similar results were obtained
with various species (Wolf and Parrish, 1982; Noitsalkis
and Berger, 1984, Lazaridou, 2001). The low 1 values of
the control can be attributed to faster maturation
(Link et al., 1990). In contrast, defoliation maintained the
plants at the vegetative stage and this effect was
accompanied by an increase mn 1. The water potential
differences are probably in the same order as the relative
water content (Kappen et aof., 1994). High | values in
defoliated plants induced significantly higher values of
stomatal conductance (Fig. 1B) and consequently higher
transpiration rates at both 84 and 105 DAS (Fig. 1C). The
ability of the defoliated plants to maintain an important
stomatal conductance is accompanied by a higher
photosynthesis rate (Fig. 1D) indicating a higher CO,
uptake. New leaves emerging after defoliation have been
found to have greater efficiency for CO, assimilation
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Fig. 1: Effects of defoliation height on leaf water potential (A), stomatal conductance (B), transpiration rate (C) and
Photosynthesis rate (D). At each corresponding DAS, means mdicated by the same letter(s) are not significantly

different at 5%
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(Khan and TLone, 2005). Despite the reduction of
photosynthetic surfaces by defoliation, clipped plants
showed higher photosynthetic capacity. The increase in
the photosynthetic parameters of plants defoliated at 84
DAS and 105 DAS was probably due to higher
photosynthates  requirement of leaves following
defoliation for growth and development.

Grazing-tolerant species often respond to defoliation
by increasing photosynthetic rates, allocating resources
to photosynthetic tissue over roots (Caldwell ef af., 1981,
MecNaughton, 1984; Coughenour et al., 1985). On the
other hand the clipping interval and the decrease m root
biomass which in tun reduce soil water extraction
capacity of 3 em defoliation plant may explain to reduction
to produce at their potential level and therefore can not
recover. These results are relevant i the restoration of
degraded pasture land based on species sowing methods
1n arid region.
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