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Abstract

Two wetland species namely Cyperus laevigatus L. and Cyperus articulatus L. were grown under
different water levels and nutrient concentrations. For C. laevigatus, the highest value of plant
height, biomass and survival were recorded when water level was at soil surface, while in C.
articulatus grown under high nutrient treatment the total biomass was increased by the decrease of
water level. Results showed a highly significant effect of water level on C. laevigatus density and
biomass. Nutrient addition affected biomass and plant density, but interaction between Nutrient
addition and water level affects plant height significantly. In case of C. articulatus Nutrient
addition and water level showed significant variation on biomass and plant height. The highest
Na*, K", total-P and total-N contents in the above-grounds parts of both species were detected in
plant grown under high nutrient medium and water level below soil surface. The obtained results
will be useful for the optimal management of sedge plants in relation to water and soil of the Nile

Delta wetlands.
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Introduction

The productive lands are diminishing worldwide
at a very high rate. The main cause of this
catastrophe is the occurrence of desertification
and the increase of soil salinity. Egypt, like other
developing countries of the arid and semi-arid
regions, faces four major problems, namely: 1)
high rate of population increase, 2) limited
quality of water, 3) existence of salt affected
lands, 4) shortage of food and feed. Therefore,
studies should be directed towards solving these
problems and in particular to the rehabilitation of
salt affected lands. Salt-tolerant plants may
provide a logical option for many developing
countries. These plants can be grown using land
and water unsuitable for conventional crops and
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can provide food, fuel, fodder, fibers, resins,
essential oils and summer green fodder [1-5].
Wetland plants have been screened for their
productivity and/or nutritional potential [3].
Some halophytic species have been demonstrated
as forage plants [6].

Sedges  (Cyperaceae)  are important
components of the vascular flora of the wetlands
and coastal habitats [7,8], yet only limited work
has been done to evaluate the forage potential of
sedges. Cyperus laevigatus and C. articulatus
had been found with a direct agronomic use as a
fodder crops [9]. In the Nile Delta, these species
frequently occur in marshy, saline habitats. They
predominate in badly drained and heavily
textured saline soils [10,11].

Using C. laevigatus and C. articulatus in the
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Egyptian saline agriculture as summer forage in
arid lands seems to be important especially where
the relatively salt-sensitive crops cannot grow.
These species could be established in saline or
sodic and waterlogged soils of the Nile delta in
particular in wet saline habitats of the northern
lakes of Mediterranean coastal areas where the
water sources for irrigation are limited. In
addition to the high reclamation potential of these
plants, they are considered as a good forage
especially in summer and can be irrigated with
diluted seawater [3].

The main objective of this study is to evaluate
the biomass allocation and chemical composition
of the two sedges namely: C. laevigatus and C.
articulatus. This can be assessed by comparing
growth performance in controlled growth
conditions, affect biomass responses of either
species.

Materials and methods
Study area

The genus Cyperus is the most important and
largest genus of family Cyperaceae in Egypt. It is
distributed in tropical, subtropical and temperate
zone. It is commonly met with in marshy places,
those temporarily flooded with water, maritime
or desert sand dunes where it acts as sand-
binders or as weeds in fields (common in fields
of rice, clover and maize). Nineteen species
(including only one in cultivation) grow in Egypt
[15].

Two sedges C. laevigatus and C. articulatus
form an extremely important component of
wetlands, river banks, and estuaries (Damietta
and Rosetta) of the coastal area of the Nile Delta.
C. leavigatus and C. articulatus are palatable
sedges for livestock. They are growing in River
Nile banks. The former is more widespread
extending its growth from Damietta to Aswan,
while the latter is abundant the northern section
of Damietta estuary.

Experimental Design

Cyperus articulatus and C. laevigatus rhizomes
were collected from the wetlands of the Nile
Delta. The rhizomes are cut to equal parts, each
with active bud transplantation in the green house
under natural conditions. One-week old buds
were transplanted in sterile washed sand in
cement tanks (30 cm deep, 25 cm width, 50 cm in

length).

Two tanks randomly assigned containing only
C. articulatus plants and two tanks containing C.
laevigatus plants, for each treatment.

We assigned water and nutrient levels in a 4 x
2 randomized block design (8 containers) and
replicated these three times for a total of a 24
containers. The hydric treatment consisted of
three water levels: 1- moist soil where level were
of 5 cm below soil surface, 2- saturated soil with
water level even with soil, and 3- submersed-
water level 5 cm above soil surface.

Each water regime was treated with two
nutrient levels. NPK fertilizer (1:2:1) was added
with low concentration (0.04 g/liter of water) and
high concentration (0.2 g/liter of water). The
application of nutrient addition was one month
after transplantation and repeated twice a month.

Chemical analysis of the two sedges

Na" and K* were determined in the previously
prepared digest using a Flame Photometer type
M7D according to Allen et al. [12]. Total
phosphorus was determined according to the
method of John [13] with some modifications.
Total-N was estimated by the semi-automatic
Kjeldahl Model Pro Nitro, for distillation and
absorbance was measured using
Spectrophotometer [14].

Statistical Analysis

Five replicates of each planting regime (water
level X nutrient level) in each container were
used for statistical analysis of study plants.

Effect of water and nutrient levels and their
interactions on density, height and biomass were
compared for each species by analysis of
variance (two-way ANOVA) according to
Kleinbaum et al. [16].

Results

Effect of water level and nutrients on survival,
plant height, density, biomass

It seems that the survival of both species is high
in the tank with water level with soil surface at
high nutrient level. In low nutrient treatment, the
survival was increased with the decreasing of
water level for both species. The highest values
of survival and plant height of C. articulatus
were recorded at water level with soil surface
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(100% and 44 cm respectively). In high nutrient
treatment, the total biomass was increased by the
decreasing of water level (Table 1). The highest
values of total biomass and plant height (C.
articulatus) were recorded at water level below
soil surface 3.49 gm and 45.37 cm respectively.
Analysis of variance of the effect of nutrient
and water levels on plant height of C. laevigatus
and C. articulatus is presented in Table 2. There
was significant effect of water depth on C.
laevigatus height (p<0.001) compared with C.
articulatus (p<0. 05). The interaction between
water depth and nutrient level showed highly
significant effect on the height of C. laevigatus
(p<0.001). The results showed significant effect
between plant density with nutrient level on
(p<0.01) and water depth (p<0.001) of C.
laevigatus. The interaction between water depth
and nutrient level showed no significant effect on
the density of C. laevigatus. The results showed
highly significant effect of nutrient level and
water depth (p<0.001) on biomass of C.

laevigatus compared with C. articulatus
(p<0.01). The interaction between water depth
and nutrient level showed no significant effect on
biomass of both C. laevigatus and C. articulatus.

Effect of water level and nutrients on chemical
composition of C. laevigatus

The concentration of K™ and Na* in above-ground
and below-ground parts of C. laevigatus were
increased by decreasing water level in high
nutrient treatment (Fig. 1). The highest values of
total P were recorded at water level with soil
surface in both below-ground and above-ground
parts (0.072 and 0.073 mg /100 gm) respectively.
Total-N  concentration was decreased by
increasing of water level in above-ground parts in
low nutrient medium, but in below-ground parts
the highest value of total-N 0.12mg/100gm was
recorded at the floating water level, with low
nutrient treatment.

Table 1. The effect of water level and nutrients on survival (S), height (H) and total biomass (TB) of Cyperus

laevigatus and Cyperus articulatus.

Treatment Cyperus laevigatus Cyperus articulatus
Nutrient  Water level S H B S H B
(%) (cm) 9 (%) (cm) 9
High
above soil surface 20 55 0.15 80 26.02 1.3
with soil surface 100 21.65 0.57 100 44.02 2.83
below soil surface 80 20.16 0.65 80 45.37 3.49
Low
above soil surface 90 13.5 0.43 70 28.03 1.21
with soil surface 90 21.4 1.36 70 41.03 2.27
below soil surface 95 15.6 0.82 80 26.6 2.52

Effect of water level and nutrients on chemical
composition of C. articulatus

In low nutrient treatment, the values of Na', K*,
total-P and total-N concentration in above-ground
and below-ground parts of C. articulatus were
decreased by decreasing water level Fig. 2.

The highest value 145 ppm of Na°
concentration was found in immersed soil and
lowest value 9.0 ppm in low nutrient level in
above-ground parts of C. articulatus.

The highest value of K* concentration (16.25
ppm) was found in the above-grounds parts of C.
articulatus growing in immersed soil and the

lowest value in floating soil in high nutrient level.

The total-P increased with increasing water
level, the highest value (0.117 mg /100gm) was
attained in the underground parts. The total-N
concentration of both above-ground and below-
ground parts decreased with decreasing water
level. The highest value 0.119mg/100gm was
found in moist soil and the lowest value 0.046
mg/100gm in immersed soil in high nutrient level
in above-ground parts of C. articulatus.

Discussion

The experiment conducted on C. laevigatus and
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C. articulatus shows that the total biomass of C.
laevigatus decreased by the increase of water
level in high nutrient medium. The highest values
of plant height and survival were recorded where
the water level was at soil surface. In low nutrient
treatment survival of (C. laevigatus) showed
increased values with the decreasing of water
level. The highest value of total biomass and
plant height were recorded where the water level
was at soil surface. Kercher and Zedler [17,18]
assessed the growth parameters of some wetland
plant taxa under different water levels and
Nutrient addition concentrations and they found
that, the biomass, height and productivity of
plants negatively correlated with the water level.
This may be related to root air space.

For C. articulatus in the high nutrient
treatment the total biomass increased by
decreasing of water level. The highest value of
(%) survival and plant height were recorded
where water level was at soil surface. In low
nutrient treatment survival increased with the
decrease of water level. The highest value of total
biomass and height of C. articulatus are recorded
where water level was at soil surface. Goslee, et
al. [19] found that increasing of soil water level
may cause reduction of dissolved oxygen in soil
hence reduce plant growth. In low nutrient
treatment the value of survival of C. articulatus
increased by decreasing water level while the
height and total biomass decreased by decreasing
water level.

Table 2. Analysis of variance of the effect of nutrient and water levels on plant height, desity and biomass of
Cyperus laevigatus and and Cyperus articulatus. Mean squares (MS) and F values are given.

Cyperus laevigatus

Cyperus articulatus

Source of variation df MS F df MS F

Plant height
Nutrient 1 20.83 0.57ns 1 163.3 1.29ns
Water depth 2 516.1 14.17%%* 2 572.1 4.53*
Nutrient & Water depth 2 352.9 9.69*** 2 233.7 1.85ns
Error 24 36.43 24 126.2

Plant density
Nutrient 1 136.5 6.44** 1 0.03 0.06ns
Water depth 2 194.5 9.18*** 2 0.63 1.12ns
Nutrient & Water depth 2 2.53 0.12ns 2 0.03 0.06ns
Error 24 21.2 24 0.57

Biomass
Nutrient 1 4.72 15.79%** 1 9.98 5.47%*
Water depth 2 2.98 9.97*** 2 10.96 6.01**
Nutrient & Water depth 2 0.31 1.02ns 2 3.18 1.74ns
Error 24 0.3 24 1.82

* P<0.05, ** P< 0.01, *** P< 0.001, ns = not significant.

For C. laevigatus grown in high nutrient
treatment, the wvalues of Na® concentration
increased in both below-ground and above-
ground parts. In high nutrient treatment the
values of K" concentration increased by
increasing water level. In high nutrient treatment
the highest values of total-P concentration
recorded at water level with soil surface in both
below-ground and above-ground parts. In low
nutrient treatment the wvalues of total-N
concentration decreased by increasing water level
in above-ground parts whereas in the below-
ground the highest value of total-N was recorded.
Brinson and Malvarez [20] reported that the plant
productivity was affected negatively with the

increasing of water level. In high nutrient
treatment the values of Na" concentration in both
below-ground and above-ground of mixed culture
were increased by increasing of water level. In
high nutrient treatment the highest value of K*
concentration in both below-ground and above-
ground was recorded at water level floating. For
C. articulatus growing in low nutrient treatment
the values of Na+, K+, total-P and total-N
concentration decreased by increasing water level
in below-ground according to Brinson and
Malvarez [20]. In low nutrient treatment the
values of total-P concentration decreased by
increasing water level in above-ground.
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Fig. 1 The effect of water level and nutrients on the chemical composition of Cyperus laevigatus.
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Fig. 2 The effect of water level and nutrients on the chemical composition of Cyperus articulatus.
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In high nutrient treatment of mixed culture the
value of Na+ concentration increased by
increasing water level. The highest values of K+,
total-P and total-N concentration were recorded
at water level floating in below-ground according
to Carr and Chambers [21]. In low nutrient
treatment of mixed culture the value of K+
concentration decreased by increasing water
level. In high nutrient treatment of mixed culture,
the highest wvalues of K+ and total-P
concentration in above-ground recorded at water
level floating, while the highest value of total-N
concentration in above-ground was recorded at
water level moist. Kercher and Zedler [18]
reported that the nutrient concentration and soil
water level affect negatively or positively the
growth parameters and the productivity of the
wetland plants.
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