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Abstract

A field experiment was conducted in AL-Meraia Research Station in Deir Ezzor, which belongs to the
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Scientific Agricultural Research Commission, during two growing seasons (2005, 2006), to evaluate the

response of four maize genotypes (two varieties, Gouta , Gouta,,, and two hybrids, Basel, and Basel)) for

82°
water stress conditions applied during different phonological stages of the crop life cycle by the complete
cease of irrigation. The experiment was laid according to the randomized complete block design (RCBD),
with three replications for each treatment.

Water stress conditions, particularly during the anthesis adversely affected on all the yield related
components, but there was a genetic variation in the response of the studied genotypes. It has been found
that the number of rows per head was highly determined with the head diameter rather than the head length,
where the head diameter was significantly higher in the two corn varieties, Gouta, and Gouta,,(3.84 and 3.74
cm respectively), which formed significantly higher number of rows per head (15.58 and 15.31 respectively)
compared with the other two hybrids (14.15 and 13.64 rows for Basel, and Basel, respectively).

The 100-kernel weight was significantly higher in the hybrid Basel, followed by the variety Gouta,,
(29.17, 29.11 g respectively), while it was the least in the single hybrid Basel (27.95 g).

The mean grain yield was significantly higher in the hybrid Basel, and the variety Gouta,, (857.6, 843.2
kg . dounnem™ respectively) compared with the other two genotypes. The grain yield was significantly lower
in the plants exposed to water stress during the flowering stage for both the seasons (648.7 kg . dounnem™)
compared with the other growth stages. In general, drought caused an estimated reduction of 23.78% in the
grain yield during different growth stages.

The correlation between grain yield and 100-kernel weight was higher (r = 0.85*) compared with number
of grains per row (r = 0.71), and number of rows per head (r = 0.24).

Key words: Water stress, Phenological stages, Yield components, Corn.
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Effect of Seed Treatment with Fungicides on Emergence, Growing, and
Yield of Wheat (var. cham,) in Laboratory and Field.
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Abstract

This experiment was carried out in 2007 /2008 under laboratory and field conditions to study the
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effect of seed treatment with fungicides: Vita Flo, Dividend, Raxil and Penncnol at three concentrate :
recommendations concentration (1X), (2X) and (4X) on emergence, growth, content of chlorophyll and
yield of wheat (var. cham ,)

Data indicate that the seed treatment with fungicides at the recommended concentration( 1X) significantly
increased the percent emergence compared with control. On the contrary, showed Vita Flo and Penncnol
at (2X) significantly reduced percent emergence compared with control. On the other hand, The present
result recorded that used fungicides at (4X) significantly reduced the percent emergence in all treatments

compared with control.

Results indicated that different treatments, gave different effects on seedling length of wheat var. cham,

with different concentrations. Vita Flo, Dividend and Raxil at 1X significantly increased on seedling length:

(22cm, 23cm and 23 cm respectively), compared with the control.

On the other hand, data indicated that used seed treatment at 4X significantly reduced the dry weight of

roots compared with control, no significant differences were found among treatments.

Data indicated that the application of fungicides as seed treatment of at 1X significantly increased the

concentration of the photosynthetic pigments, i.e. chlorophyll a, b, and the ratio a/b as compared with the

control.

Data indicated that seed treatment with fungicide at 1X and 2 X significantly increased 1000 - kernel

weight and grain yield compared with the control. In contrast, fungicides at 4X significantly reduced 1000

- kernel weight and grain yield compared with the control.

Key words: Seed treatment, Wheat, Chlorophyll, Grian yield.
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Evaluation of Some Quantitative Traits of Barley
Mutated Strains in theThird Generation
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Abstract

The investigation was carried out in Abo Jarsh Farm and in the laboratory of Agronomy Department-
Faculty of Agriculture, Damascus University during the growing season 2008 - 2009. Seeds of barley
Forat 1 (Six-rowed) and Arabic Aswad (two-rowed) varieties were previously exposed to Gamma Rays at
5, 10 and 15 Kilorads dose at the Atomic Energy Commission in 2006. The third generation of the exposed
seed for five mutated barley lines were quantitatively evaluated for different traits, the lines were selected
in the second generation according to specific characters. Simple correlation between the studied traits was
computed.
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The mutated lines performed significantly better in all the studied traits as compared to the control especially

for the yield components.

Treating with the low dose of 5 kilorads resulted in higher number of mutant lines compared to the other

doses (10 kilorad and 15 kilorad) However, Foratl was more sensitive to Gamma irradiation than the

Arabic Aswad and almost all the correlation results were positive between the studied traits, especially

yield components.

Key words: Mutation, Quantitative traits, Barley.
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Abstract

This study was conducted in Basra province located in southern Iraq. Six trees of date palm cv. Barhi were
selected for the study. Five gram —samples of flowers and developing fruits were weekly collected starting
from time of anthesis until fruit maturity to estimate the levels of auxin —like substances.

Extraction solutions for the auxin-like substances were prepared and determined using spectroflurimetry
at 365 nm wave length, and concentrations were estimated by standardized curve using IAA. Results showed
that level of auxin - like substances were high in the non-pollinated flowers, i.e 344 micrograms/kg fresh
weight of the auxin-like substances. However, a significant increase in the concentration was observed in
the seeded fruits, as it reached 426 micrograms/kg fresh weight. The concentration tended to decrease in the
seedless fruits to a level of 333 micrograms/kg fresh weight.

After six weeks from pollination, the concentration was decreased to reach 98 micrograms/kg fresh
weight; whereas the reduction in concentration in the seedless fruits occurred in the 8" week to reach /110/
micrograms/kg fresh weight. However, the concentration began to increase in the 14" week to the levels of
/225/ and /171/ micrograms/kg fresh weight in the seeded and seedless fruits respectively.

Throughout the period from complete maturity to fruit senescence, the concentration dropped down to
/11/ micrograms/kg fresh weights, although, these substances were never recorded to exist at senescence
in the seedless fruits. A significant difference in the auxin like substances content was found between the
seeded and seedless fruits at the growth acceleration stage. The auxin - like substances contents were 220
micrograms/kg fresh weight in the fruits as compared with 125 micrograms/kg fresh weight at the 7 week
after pollination. These levels continued to increase until the 14™ week after pollination, although they were
higher in the fruits during the growth acceleration stage.

Key words:Date palm (Phoenix dactyllifera), Cv.Barhi, Auxin-like substances, Seeded fruits, Seedless
fruits, Fruit, Seed.
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Abstract

Remote sensing is considered as one of the most important technique in many world countries, for the
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estimation of crop area, because of the advantages of this technique. This study is a trial to calculate the
costs and the accuracy of using remote sensing technique in cotton crop area estimation in Al Kahtanya
department in Al Hassaka governorate, and compare it with the traditional method.

The results showed the possibility of getting high accuracy using remote sensing techniques in cotton crop
area estimation. The accuracy was about 97.7% and 90.4% during 2006 and 2008 seasons respectively.

Statistical analysis of the cost elements (1- Engineers> salaries, 2- Technicians> salaries, 3- Workers
salaries, 4- Driver salaries, and 5- Fuel) showed significant differences at the levels of confidence 0.01
% and 0.05%, between the two methods. During 2006 and 2008 seasons, The total cost of using remote
sensing techniques were 100300 s.p, while the total costs of using the traditional method was 819002 s.p,
during 2006 and 2008 seasons, in Al Kahtanya department. The increment in the costs for the traditional
method was eight times more than using remote sensing technique.

The results revealed significant differences in the total days of labor, it was 178 days for the traditional
method, while for the remote sensing method it was 9 days. We concluded that the remote sensing technique
provides fast and accurate results, and saves money when compared with the traditional method.

Key words: Remote sensing, Crop area estimation, Cotton.
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Abstract

The study deals with the assessment of soil erodibility by wind erosion in east of the Syrian Badia,
using the method of Ganpeisov ,1977, and Geographic Information System, The assessment depends on
aggregation coefficient and percentage of physical sand , in addition to the eolion diposts by wind .

This study includes (114 ) observation points distributed in Syrian Badia from Kabgeb to Oriental Al
Heer Palace plains . Data were fed to computer and the results were shown as themes using Geographic
Information System, Arc View3.2 program .

The assessment showed that soil erodibility by wind erosion are strong according to the percentage of
physical sand in all observation points (accounted for 99%). While aggregation coefficient, showed that
there were three levels of soil erodibility distributed in the following: 57% of area, the erodibility of soil was
strong, 39% of area, the erodibility of soil was moderate, and 4% of area, the erodibility of soil was slight.
Considering the relationship between percentage of physical sand and aggregation coefficient, We are able
to intersect between two themes, percentage of physical sand and aggregation coefficient using Geographic
Information System, and then the results showed that : 57% of area , the erodibility of soil was strong, 42%
of area, the erodibility of soil was moderate, and 1% of area, the erodibility of soil was slight. In the issue
of quantity of eolion diposts, field measurement in some observation points showed that 83% of area, the
erodibility of soil was strong, at a wind velocity between (8 - 14) m.s™.

Key words: Geographic Information System, Percentage of physical sand, Aggregation coefficient ,
Eolion diposts , Theme.
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Precipitation Change, and Its Potential Effects on Vegetation and Crop
Productivity in Syrian Al Jazerah Region
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Abstract

The Intergovernmental Panel on Climate Change (IPCC) reports indicate that an
observed change in Hydrological cycle has been occurred as a result to a global warming in land sur-
face. The recent General Circulation Models predict that an observed changes in precipitation quan-
tities and distributions will occur which have direct results on Agro ecosystems and water resources.
Trends, Gamma distribution and Moving average have been used for analyzing seasonal and annual
rainfall values for the period (1960 - 2006) in three stations (Kamishli ,tel-Abiad- Hassakah)
which represent AL Jazerah region to determined the trend of change and estimate its value .
Precipitation Concentration Index (PCI) has been also used to study the rainfall seasonality. The study

©2010 The Arab Center for the Studies of Arid Zones and Dry Lands, All rights reserved.

The Arab Journal for Arid Environments 3 (2):71 - 78 71 78 - 71 :(2) 3 ddlall culanll Ay jal) sl



showed that there was a sever decrease in annual rainfall quantities related to the decreasing in Spring and

Winter rainfall quantities , and an increase in rainfall seasonality, especially in Kamishli station.

Key words: Precipitation Change, Climate change, Hydrological cycle, Agro -climatology, Precipitation

Concentration Index, Gamma distribution.
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Evaluation the Performance of Two Hydrological Models
for the Estimation of Surface Run-off
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Abstract

The main objective of this study was to evaluate the performance of the HEC-1 and HYDROMED models
to predict run-off hydrograph using hydrological data collected from a small watershed in Syria. One
storm was used for calibrated of the two models and three storms for evaluating them. The calibration
parameters for the HEC-1 model were curve number (CN) and lag time (Tlag). The calibrated parameters for
the HYDROMED model were maximum infiltration rate (Z__ ), minimum infiltration rate (Z . ), and lag
time. The HEC-1 model produced satisfactory results for of estimation run-off volume, time to peak, and
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shape of the hydrograph. The error in the estimation of run-off volume was less than 32%. The discrepancy
between estimated and predicted peak discharge increased as storm depth increased. Error in estimating
peak discharge was as high as 55 %. The root mean square error between measured and predicted values of
the hydrograph ranged from 56 to 102. The HY DROMED model reasonably estimated the run-off volume.
The error in estimating the run-off volume from the three storms used for the model evaluation was less than
28 %. However, the model did not produce satisfactory result using the calibrated parameter for estimation
of the peak discharge and the shape of the hydrograph. The error in estimation of the peak discharge was as
high as 74 %. The root mean square error between measured and predicted values of the hydrograph ranged

from 61 to 119.

Keywords: Watershed, Run-off, Peak discharge, Hydrograph, Hydrological model

Introduction

In arid and semi-arid regions, interests are growing
in using water harvesting technology to provide
additional water sources. However, watersheds in
such regions typically are ungaged and no measured
data of surface run-off are available. Therefore, a
good estimation of run-off is needed for site selection
and engineering design of water harvesting systems
and other hydraulic structures.

There are several model which are capable of
predicting storm water run-off (CREAMS, EPIC,
HEC-1, HYDROMED). The main objective of this
study is to evaluate the performance of the two
hydrological models: HEC-1 and HYDROMED in
assessing run-off volume and peak discharge for a
small watershed in Syria.

HYDROMED is a conceptual model developed for
semi-arid regions. The model is described in detail in
Ragab et al.2001 )s) and only a brief description will
be given here. In this model the infiltration access was
estimated using Pitman’s approach (Pitman, 1973). In
this approach the predicted run-off from a given input
of rainfall (r) is given by the following equation:

2(r = Z )’

For Z min
3(Zmax - Zmin )2

<r<zZ 0=

— “mean *

2(7" - Zrnin)3

ForZ SVSZ,,,,-,,.Q:r—Z +
‘ e 3(Zmax - Zmin)2
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Forr > Zm cQ=r- me (1)

Where Z ., Z and Z_
minimum, and mean infiltration rate ,  rainfall depth

o, are maximum,
min an

(mm), and Q run-off volume (mm)
z and Z . can be estimated from infiltration

test or alternatively they can be determined by
calibration.

The time delay of runoff was calculated using
Muskingham equation given as:
_ At(1, - 0,) N At(1

T, +0.5At  2(T,,

lag

t+1 _It)

0,, -0
e +0.5A1) ()

where O, and /, are the flow and lagged flow,
respectively at time ¢ ( m?.s™),

At is time step in the model, and T is the lag
time.

HEC-1 model was developed by the US army
corps of engineers as single event model to simulate
the
Engineering Center, 1990). The model is based on

rainfall —run-off relationship (Hydrologic
the unit hydrograph method to transform infiltration
access to run-off hydrograph. HEC-1 has several
options for unit hydrograph and for estimating
infiltration access. In this study, rainfall access
was calculated using the NRCS curve number
method (USDA-SCS,1972). The standard NRCS

unit hydrograph was used to produce the runoff
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hydrograph. The initial estimate of lag time was
determined using the NRCS lag equation.

Methodology

The two models were evaluated using data
obtained from the Syndiane reservoir which is
located approximately 30 km west of Homs - Syria.
Syndiane reservoir, was built in 1967, has maximum
capacity 0f400,000 m? and collects runoff water from
a 330 ha catchment area. In 1997, meteorological
station’s equipments were installed next to the
reservoir. These equipments included tipping bucket
rain gage, air temperature sensor, and water level
sensors. Data from these sensors were recorded in
5 minutes interval and stored using a data logger.
Evaporation was measured manually using a class A
evaporation pan. Rainfall depths, water level in the
reservoir, and evaporation data are available for the
period 1997-2003. A 1:25000 topographic map was
digitized and converted to a digital elevation map
using ArcGIS software.

Using the digital elevation map , the Syndiane
watershed boundary and characteristics were
determined using WMS software package (Figure
1). The watershed area is 3.3 km?, the length of the
main channel is 3.9 km, and the average slope of the
watershed is 7.4%.

The pipe spillway in the body of the dam becomes
operational when storage reaches its maximum.
Since the release from this pipe was not recorded, the
storms which were used for the models calibration
and evaluation were chosen at times when the storage
in the reservoir is minimum (at all events the storage
at the beginning of the storms was less than 30% of
the maximum capacity of the dam).

The 4 February, 1999 storm was used to calibrate
the models. The calibrated parameters for the HEC-
1 model were CN and lag time (Tlag). The calibrated
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parameters for the HYDROMED were Z , Z

and lag time. Table 1 shows the value of calibrated
parameters for the HEC-1 and HYDROMED

models.

Mlain channel

Syndianc
FEsaroir

Figure 1. The Syndiane watershed boundary

Table 1. Values of calibrated parameters for HEC-
1 and HYDROMED models.

HEC-1 HYDROMED
CN Tlag Zmax Zmin Tlag
(hr) (mm/hr) | (mm/hr) (hr)
75.63 2.16 321 2.59 10.5
Three storms were used to evaluate the

performance of two models: 7/1/1998, 27/1/1999,
and 19/12/2001 storms.
evaluated by comparing the simulated hydrographs

The two models were

with the measured hydrographs estimated from the
changes in the reservoir volume.

The agreement between measured and predicted
runoff hydrograph was quantified using the root
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mean square error (RMSE) as a statistical measures
of goodness of fit (Loague and Green, 1991):

Z(R—O»T‘Sx(gj

N 0 3)

RMSE = {
where, P is the simulated value, O, is the observed
value, O is the observed mean, and N is number of
observation. RMSE is a measure of the deviation of
simulated values from measured values. Ideally it
should be equal to zero.

Results and Discussion

HEC-1 model:

Comparison of predicted run-off volume using
HEC-1 model with the measured one (Table 2) shows
that HEC-1 model always underestimated the run-
off volume . The difference between measured and
observed run-oft volume ranged from 1% to 32%.
The deviation between measured and predicted run-
off volume increased as the storm depth increased
(Table 2). This could be due to the fact that the
curve number value increases as the soil moisture
increases. Hawkins et al., (1985) indicated change
of CN value during rainfall event. However, in the
HEC1 model CN was fixed during simulation.

It has been found a good match between the
measured and predicted time to peak discharge
(Figure 2) ; however, there was some discrepancy
between the measured and predicted peak discharge
values. In general, the deviation in peak flow
increased as the storm depth increased. The error in
peak discharge ranged from 24% underestimation
to 55% overestimation (Table 2). In NRCS unit
hydrograph method the peak discharge is calculated
using the following equation :

0.2084
T 050 (4)

lag

Q,=

where 0, is the peak discharge (m?/sec), 4 is the

I
unit hydrograph duration.

watershed area (km?), T, ” is lag time (hr), and tr
Equation 4 indicates
that for specific watershed Qp decreased as lag time
increased. Lag time is defined as the difference in
time between the center of mass of rainfall excess
and the center of mass of run-off (or peak rate of
flow) (Gupta, 2001).

In term of physical meaning, lag time is related
to the travel time of a water particle along the main
channel and is a function of watershed characteristics
and in some cases rainfall intensity and volume.
Since the rainfall intensity and volume and some of
the watershed characteristics were not the same for
all storms used in the evaluation, it is expected to
have variable values for lag time . Therefore, using

Table 2. Comparison of measured and simulated run-off volume and peak discharge using HEC-1 model.

Rainfall Run-off volume (m?) Peak flow (m?/sec)
Fvent (mm) Measured | Predicted* E(I;Sr measured | predicted E (I;Z))r RMSE
4-2-1999 48.5 32000 34524 3 1.19 1.22 25 56
27-1-1999 44.5 280064 28438 1 0.87 1.35 55 102
19-12-2001 89 159134 122099 24 25128 23|21 6 24 51
7-1-1998 102 229128 145775 32 6.0 | 84 |23 |43 | 61 | 48 99

* Rainfall on reservoir was added
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fixed value of lag time is expected to result in some
discrepancy in estimating peak discharge values.
Mccuen (1998) reported that as much as 75% of the
total error in the estimation of the peak discharge
can result from errors of lag time.

There was a reasonable match in the shape of
measured and simulated hydrograph (Figure 2).
The root mean square error between measured and
predicted values of the hydrograph ranged from 56
to 102.

HYDROMED model:

In general, there was a high deviation between the
shape of the measured and observed hydrograph for
all events (Figure 2). However, the error in estimating
run-off volume for the three storms used in the model
evaluation was less than 28 % (Table 3).

HYDROMED consistently underestimated peak
discharge (Figure 2 and Table 3). The difference
between measured and simulated peak discharge
ranged from 15 to 74 %. The deviation between
measured and simulated peak discharge was more
pronounced in double peak events such as the
7/1/1998, and 19/12/2001 events. As indicated by
equation 2, the reduction in peak discharge could
be due to large value of calibrated lag time (7}, ).
Value of T,= 105 hr is much higher than the lag
time calculated from different empirical equation
based on watershed characteristics (Table 4). This
indicates that the values of calibrated parameters do
not have much physical meaning and they are viewed
as being empirical constants. Using measured
infiltration parameters and calculated lag time based
on the watershed characteristics could improve the
model performance.
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Figure 2. Comparison of measured hydrograph and simulated hydrograph using HEC-1 and
HYDROMED models: (a) 4 /2 /1999 storm (used for calibration), (b) 27 /1 /1999 storm, (c) 19 /12 /2001
storm, and (d) 7 /1 /1998 storm.
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Table 3. Comparison of measured and simulated run-off volume and peak discharge

using HYDROMED model
. Runoff volume (m?) Peak flow (m?/sec)
Event Rainfall RMSE
ven E E
(mm) | Measured | predicted (z;gr measured | predicted (r(;(()))r
4-2-1999 48.5 32000 46531 45 1.19 0.66 44 94
27-1-1999 44.5 28064 35863 28 0.87 0.74 15 85
19-12-2001 89 159134 140548 12 25 | 28120 | 12| 18 | 57 61
7-1-1998 102 229128 175706 22 60 |84 |19 |22 | 68 | 74 119

The root mean square error between measured
and predicted values of the hydrograph ranged from
61 to 119.

Table 4. Lag time calculated from
different equations.

Lag ti
Method Equation ag fime
(hr)
Taylor kZE(LL )" * 495
method \/E “ .
TNRC |, L" (1000 ) 9]‘” - Lol
method | 19004y \ €V '

* g is watershed slope = 0.034, L is watershed length =
2.398 mi, Lca is length to centroid =1.035 mi, m is power
coefficient = 0.3

** [ is watershed length = 12662.8 ft, CN is curve number
=75.65, and Y is watershed slop in percent = 7.404%.

Conclusion

The main objective of this study was to evaluate
the HEC-1 and HYDROMED models using
hydrological data collected from a small watershed
in Syria. HEC-1 produced satisfactory result for
estimation run- off volume, time to peak, and shape

of the hydrograph. Using a fixed value of curve

The Arab Journal for Arid Environments 3 (2)

number during the simulation could be the cause of
the deviation between measured and simulated run-
off volumes. In general, the discrepancy between
estimated and predicted peak discharge increased as
storm depth increased. The lag time should be varied
as the storm depth and intensity change.

HYDROMED reasonably estimated the run-
off volume; however, the model did not produce
satisfactory result using the calibrated parameter for
the estimation of peak discharge and the shape of the
hydrograph. This could be mainly due to non realistic
values of lag time resulting from calibration. More
evaluating for the model is needed using measured
infiltration parameters rather than calibrated values.
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Abstract

The growth and physiological performance of Conocarpus erectus and Eucalyptus microtheca trees under
deficit of irrigation water were studied through a field experiment lasted for a year. The treatments used in
this experiment were three irrigation levels mainly at 100 mm evaporation (sufficient irrigation), at 200
mm evaporation (moderate water stress) and, at 400 mm evaporation (severe water stress) according to
accumulation evaporation readings of a Class-A evaporation pan.

The results showed that irrigation at 400 mm evaporation caused significant reductions in most of the growth
characteristics of C. erectus and E. microtheca trees comparing with irrigation at 100 mm evaporation. On
the other hand, irrigation at 200 mm evaporation only decreased branch and root dry weight, branch weight
ratio, relative leaf water content and soil water content comparing with irrigation at 100 mm evaporation. The
fraction of dry weight partitioned to the branches decreased due to water deficit while that partitioned to the
roots increased. Root to shoot dry weight ratio increased with decreasing water availability. Relative growth
rate decreased with increasing water deficit due to decreasing both specific leaf area and leaf area ratio.

Both Relative leaf water content and soil water content were decreased with increasing water deficit. In
most of the growth characteristics measured, C. erectus trees had lower values comparing with those of E.

microtheca trees.

Keywords: Conocarpus erectus, Eucalyptus microtheca, water deficit, growth

Introduction

As aresult of its location within the arid and semi-
arid area, Saudi Arabia has harsh environmental
conditions represented in high summer temperatures,
scarcity of rain and warm wind all consequently cause
aridity. Therefore, efforts regarding planting trees for
protection purposes were accelerated and expanded
during the last three decades. Unfortunately, these
efforts comprise changing in the tree species
selected for planting during a short period without
attributes. For instance, C. erectus tree was spread
overall the country through the last ten years, while
other species like FEucalyptus were disappeared.
Eucalyptus microtheca showed excellent adaptation
to the environmental conditions at the different
regions of Saudi Arabia where it succeeded in
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Riyadh City with 96-100% survival percentage
(Mana et al., 1996). Moreover, it tolerated drought
more than other eucalypt specie (Zoghet, 1997).
Eucalyptus sp. has been extensively planted during
the early afforestation programmes in a way similar
to planting C. erectus now.

Recently, any more water supplies have become
difficult to be secured in Saudi Arabia. Thus,
only tree species with low watering requirement
should be adopted. The right tree species for the
local environment have known with emphasizing
must be directed to endemic ones. However, some
exotic species are promising to be adapted, so that
evaluation of their growth under local environmental
conditions should be done through -elaborated
experiments. Studies on the exotic tree species and
their performance and adaptation to the prevailing
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environmental conditions are limited.

The present study was designated to evaluate the
growth and physiological performance of C. erectus
and Eucalyptus microtheca trees under deficit of
irrigation water in the field. This comprises the effects
of water stress upon the growth of both species,
defining the mechanisms by which each species
facing drought and, conducting growth analysis.

Materials and methods

Site description:

The experiment was carried out at the experiments
and Research Station of The Faculty of Food
Sciences and Agriculture 50 km south of Riyadh
City. The site where the experiment was carried out
has the following characters: 24’ 6 N, latitude; 46
5 E, longitude, 650 m above sea level; temperature
ranged between 10°C in winter and 37°C in summer

(as an average of season); and 50 mm rainfall,
annually. The soil of the site was sandy loam with
average content of 61, 23 and 15% for sand, silt
and clay, respectively (Aref, 1987). Meteorological
information of the site where the experiment was
carried out is presented in Table (1).

Plant material:

Six months-old seedlings of C. erectus (L.)
produced from terminal cuttings and Eucalyptus
microtheca Mull. produced from seeds, all were
collected from local vigorous trees.

Experimental design:

The experiment was carried out in the field using
a randomized complete block design in factorial
arrangement (Steel and Torrie, 1986) included tree species
with two levels and irrigation treatments with three levels.
The land area devoted to the experiment was divide into
four blocks each includes six experimental units of 14

m2 and has six trees; three from each species.

Tablel. Temperature, precipitation and accumulative evaporation in the location of the experiment

mean temperature precipitation accumulative
Season/year month (°C) (mm) evaporation (mm)
monthly | seasonally | monthly | seasonally | monthly | seasonally
June 33.86 00.00 209.94
Summer 2004 July 35.24 34.64 00.00 00.00 226.36 654.85
Aug. 34.81 00.00 218.55
Sept 30.77 00.00 183.87
Autumn 2004 Oct. 25.46 25.89 00.00 00.00 143.60 433.5
Now. 21.45 00.00 106.03
Dec. 14.34 10.67 65.01
Winter 2005 Jan. 14.34 14.92 8.12 61.46 78.77 229.28
Feb. 16.09 42.67 85.50
Mars 21.18 5.59 130.88
Spring 2005 Apr. 27.75 26.78 0.25 5.84 169.94 492.44
May 31.42 0.00 191.62

Source: Meteorology unit, Research and Experiments Station (Dirab), Faculty of Food Sciences and Agriculture, King Saud

University.
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Treatments:

The treatments used in this experiment were
three irrigation levels according to accumulation
evaporation readings of a Class-A evaporation pan
from June 2004 and lasted for a year. The irrigation
treatments comprise irrigation at 100 mm evaporation
(sufficient irrigation), at 200 mm evaporation
(moderate water stress) and, at 400 mm evaporation
(severe water stress). Table (2) shows the number
of irrigation times and the season of application
throughout the course of the experiment.

Planting technique:

Six months-old seedlings of both C. erectus L. and E.
microtheca (Dehn) were planted in pits of 1 X 1 m and
with 3 m apart in the field. The seedlings were distributed
randomly over the treatments plots as six trees (three from
each species) in each treatment. Just before planting,
primary measurements (i. e. stem diameter and height,
dry weight of tree components and leaf area) of five

seedlings of each species were carried out.
Harvesting and measurements:

All the trees in the experiment were harvested after
12 month from the date of applying the treatments.
The trees were severed at soil surface then the root
system was extracted from a circle with one meter
diameter and 60 cm deep. Stem height and diameter
of all the fallen trees were measured. Stem diameter
of all trees in the experiment was measured using a
steel caliper and, stem height of each tree was also

measured from soil surface to the top of the tree
using a hypsometer.

Fresh weight of leaf, branches, stem and roots
of each tree was measured separately and samples
were taken from the leaves of each tree and weighed
then used for scaling total leaf area. Samples from
each tree component were taken to determine dry
weight. Length of the tallest root and diameters of
all the secondary roots >0.5 cm of each tree were
measured.

Total leaf area of each tree was scaled through
taking a sample with known fresh weight within a few
hours from the time of harvesting and determining
its area using an automatic area meter (Model AAC-
400, Hayshai Denkoh Co., LTD. Tokyo, Japan) and
drying it, then calculated total tree leaf area as the
following:

Total leaf area (cm2 tree” 1) = [total leaf dry weight
(g tree'l) x (sample leaf area (cmz)] / sample leaf
dry weight (g)

For determining dry weight of each tree
components (i. e. leaves, branches, stem and roots),
samples with known fresh weights of leaves were
dried in the oven at 70°C and others of branches, stem
and roots were dried at 105°C until constant weight.
Dry weight of each component was measured to the
nearest 0.1 g. Dry weight percentage in the samples
of each component was calculated and multiplied by
the total fresh weight of the component to produce
its dry weight. Total tree dry weight was gained by
adding dry weights of all components together.

Table 2. Number of irrigation times and the season of application

Season Total number of irrigation times
Treatment - :
Winter Spring Summer | Autumn per year
100 mm 3 3 6 4 16
200 mm 1 2 3 2 8
400 mm 1 1 1 1
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The proportion of each component (leaf, branch,
stem and root weight ratio) was calculated as its dry
weight divided by total tree dry weight multiplying
by 100.

Soil water content (SWC) at 20 cm under each
tree in the experiment was estimated for each sample
separately through the gravimetric method according
to Kramer (1969). SWC was measured before each
watering time, where the soil samples was taken and
enclosed immediately in aluminum cans, weighted
then placed in the oven at 105°C until constant
weight and their dry weight was estimated. Soil
water content (SWC) of each sample was calculated
as: SWC = (wet weight — oven dry weight) / oven dry
weight. Measurements were expressed as g (H,0) g
(dry soil).

Determining leaf relative water content (RWC)
was done for each tree in the experiment before
each watering time according to Barrs (1968),
through taking three leaves and quantifying their
fresh weight then placed them in distilled water for
24 hours to saturation. Thereafter, saturated leaves
were weighed and placed in the oven at 70°C for
48 hours then their dry weight was measured. Leaf
relative water content was calculated as following:

RWC = (FW — DW) / (SW — DW) x 100

where RWC = leaf relative water content, FW =
leaf fresh weight, SW = leaf saturated weight and,
DW = leaf oven dry weight

Growth analysis:

Just before starting the experiment, five seedlings
of C. erectus and other five of E. microtheca were
harvested and divided into leaves, stems and roots.
Total leaf area of each seedling was scaled. Leaves,
stem and roots of each seedling were oven dried and
weighed then total plant dry weight was calculated.
Relative growth rate, RGR (the increase in plant
material per unit of material present per unit time)
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was calculated over a period of four weeks. RGR
was calculated from the conventional formula:

RGR =loge Wy - loge W1 /tp - tq,

Where: W1 and W7 are initial and final total dry
weight of the tree at t| and t).

Leaf area ratio (LAR) (which characterizes the
relative size of the assimilatory apparatus) was
calculated by dividing total leaf area of the tree by
total tree dry weight. Specific leaf area (SLA) (the
ratio between of the leaf area related to leaf dry
weight) was calculated through dividing total leaf
area of the tree by leaf dry weight (Evans 1972).
Net assimilation rate (NAR) as the increase in plant
material per unit of assimilatory material per unit of
time was calculated from the conventional formula:

NAR=(W,-W /L,-L)X (log, L,-log L, /t,-t)

Where L and L, are the total leaf areas and W,
and W, are the total dry weights of tree at times t,
and t.

Statistical analysis:

The obtained data were analyzed through analysis
of variance procedure using the SAS (SAS Institute
2001) computer programme. Means were compared
by L.S.D. test (P <0.05). Data were log or arcsine
transformed when necessary (Steel and Torrie,
1986).

Results

Growth of tree stem:

Analysis of variance procedure shows that stem
diameter was significantly affected by irrigation
treatment (P=0.0003). Across species, mean stem
diameter of the trees irrigated at 400 mm evaporation
had the least value (3.34 cm tree-1) comparing with
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those of the trees irrigated at 100 and 200 mm
evaporation, (3.44 and 4.25 cm tree-1, respectively)
(Table 3). Eucalyptus trees had stem diameter with
4.6 cmtree~ | which was significantly greater than that
of C. erectus trees (2.77 cm tree'l) across treatments
(P<0.0001) (Table 3). Irrigation treatments had no
effect on tree height but, Conocarpus trees had mean
stem height across treatments that was only 36% of
that of Eucalyptus trees (P<0.0001) (Table 3).

Total leaf area:

Total leaf area was affected significantly by water
deficit (P<0.0001). Across species, leaf area of the
trees irrigated at 400 mm evaporation was 29,783
cm? tree-! comparing with 56,481 and 59,774 cm?2
tree"! for those grown under irrigation at 200 and
100 mm evaporation, respectively (Table 3).

The two species of the experiment differed
significantly in their mean total leaf area across
treatments (P<0.0001), where that of Eucalyptus
trees was 2.8 folds that of Conocarpus trees. There
was a species X treatment interaction indicating
changing the magnitude of treatment effects on total
leaf area due to species (P=0.0023).

Growth of the roots:

Irrigationtreatmentshadsignificanteffectsonmean
root length of the trees across species (P=0.0322).
The trees grown under severe water stress treatment
(irrigated at 400 mm evaporation) had mean root
length was lower than those of the trees grown in the
other two treatments. C. erectus trees had mean root
length (77 cm? tree1) and was significantly lower
than that of E. microtheca trees (95 cm?2 tree'l)
(P<0.0001) (Table 4). On the other hand, irrigation
treatments had no effect on the number or diameters
of the woody roots with diameters more than 0.5
cm. However, the two species differed significantly
in these two traits where C. erectus trees had lower
number (P<0.0001) and mean diameter (P=0.0027)
of woody roots >0.5 cm than those of E. microtheca
trees (Table 4).

Dry weight production:

Analysis of variance procedure showed that leaf,
branch, stem,rootand consequently total dry weightof
the trees was significantly reduced due to water deficit
treatments (P<0.0001), (P=0.0002), (P=0.0057),

Table 3. Means of stem diameter, stem height and total leaf area of C. erectus and E. microtheca grown

under irrigation at 100, 200 and 400 mm evaporation for 12 month in the field.

Irrigation treatments at mm
Trait Species evaporation Species mean
100 200 400
Stem diameter | C. erectus 2.42 3.241 2.638 277"
(emtree’l) | E. microtheca 4.47 5.282 4.057 4.60 *
Treatment mean 3.445° 4262 3.347°
Stem height | C. erectus 1.14 1.058 0.85 1.02°
(mtree’l) | E microtheca 2.787 2.929 2.742 2.82%
Treatment mean 1.964 » 1.994 = 1.796 #
Total leaf area | C. erectus 28195.7 33958.5 15843.8 25999 b
(cm2 tree'l) E. microtheca 91353 83508.9 43722.5 72861 *
Treatment mean 59774 * 56481 * 29783 °
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(P=0.0069) and (P<0.0001), respectively. However,
there was a cognation between the values of dry

medium stressed one (200mm evaporation); except
for roots where the cognation was between those in
weigh of the trees in the will-watered treatment the middle and in the severe water stressed (irrigated

(irrigated at 100 mm evaporation) and those in the at 400 mm evaporation) treatments (Table 5).

Table 4. Mean root length, number and diameter of the woody roots (>0.5 cm) of C. erectus and E. microtheca
trees grown under irrigation treatments at 100, 200 and 400 mm evaporation for 12 month in the field.

irrigation treatments Speci
Trait Species (at mm evaporation) pecies
mean
100 200 400
C. erectus 87.9 71.7 71.3 77.0P
Root length
E. microtheca 96.7 96.3 91.7 95.0?
Treatment mean 92.32 84.0% 81.5°
C. erectus 9.0 7.3 7.2 7.8Y
Number of woody roots
E. microtheca 10.0 10.3 10.8 10.42
Treatment mean 9.5% 9.0? 8.8?
. C. erectus 1.402 1.325 1.223 1.3°
Diameter of woody roots
E. microtheca 1.485 1.588 1.545 1.52
Treatment mean 1.442 1.46* 1.382

at 100, 200 and 400 mm evaporation for 12 month in the field.

Table 5. Dry weight production of C. erectus and E. microtheca trees grown under irrigation treatments

irrigation treatments .
Trait Species (at mm evaporation) Species
100 200 400 mean

Leaf dry weight C. erectus 409.41 567.95 311.95 433.38"

(g tree‘l) E. microtheca 2059.66 | 1782.27 | 1004.96 1660.03 #
Treatment mean 1309.5* | 1175.1° 678.8 P

Branch dry weight C. erectus 350.45 371.86 200.63 313.20°

(g tree'l) E. microtheca 1782.69 | 1268.18 832.80 1343.37
Treatment mean 1131.7» 820.0" 5353«

Stem dry weight C. erectus 164.11 232.42 93.60 165.99

(g tree‘l) E. microtheca 941.07 1120.94 633.95 902.89 »
Treatment mean 676.68* | 587.91* | 379.67"

Root dry weight C. erectus 514.08 398.36 347.31 426.09 *

(g tree‘l) E. microtheca 1347.23 981.12 983.28 1128.21+*
Treatment mean 968.53* | 689.74" | 684.00°

Total dry weight C. erectus 1438.05 1570.59 953.50 1338.7°"

(g tree'l) E. microtheca 6130.64 | 5152.51 | 3455.00 5034.5¢
Treatment mean 3997.6* | 3361.6* | 2277.8"

The Arab Journal for Arid Environments 3 (2)

14

(2) 3 dlall il 43y el Alsnal




E. microtheca trees produced greater dry weights
for leaves, branches, stem, roots and consequently
total dry weights comparing with those produced by
C. erectus trees (P<0.0001). Leaf, branch, stem, root
and total dry weight of E. microtheca were 3.8, 4.3,
5.4, 2.6 and 3.7 as much as those of C. erectus and
trees, respectively. There were species X treatment
interactions indicating changing the magnitude
of treatment effects on leaf (P=0.0003), branch
(P=0.0057) and total (P=0.011) dry weight due to
species (Table 5).

Partitioning of dry weight:

Reducing the amount of irrigation water caused
significant alteration in partitioning of dry weight
into different tree parts. The trees grown under
moderate water stress treatment (irrigated at 200 mm
evaporation) had significantly greater leaf weight ratio

(LWR) and stem weight ratio (SWR) across species
comparing with those of the other two treatments
(P=0.0004) and (P=0.0003) which almost had
similar values. The fraction of dry weight partitioned
to branches (branch weight ratio, BWR) decreased
significantly (P=0.0015) due to reducing irrigation
water, where it was 26.6, 23.7 and 22.2% for the trees
grown in well-watered, moderate and severe water
stressed treatment, respectively (Table 6).

Root weight ratio (RWR) and root: shoot ratio
(RSR) increased markedly in the trees grown under
severe water stressed treatment (P<0.0001). Across
treatments, E. microtheca trees had greater BRW
(P=0129) and SWR (P<0.0001) but had lower
RWR (P<0.0001) and RSR (P<0.0001) than those
of C. erectus trees (Table 6). There was a species
X treatment interaction indicating changing the
magnitude of treatment effects on LWR (P=0.005)
due to species (Table 6).

Table 6. Partitioning of dry weight into different tree parts of C. erectus and E. microtheca trees grown

under irrigation treatments at 100, 200 and 400 mm evaporation for 12 month in the field.

irrigation treatments )
Trait Species (at mm evaporation) Species
100 200 400 medn
Leaf weight ratio C. erectus 27.67 36.23 31.86 31.76*
(LWR) E. microtheca 33.69 35.49 28.95 32.81*
Treatment mean 30.95°® 35861 30.32°
Stem weight ratio C. erectus 12.04 15.20 9.02 12.20°
(SWR) E. microtheca 15.26 21.36 17.69 17.82
Treatment mean 13.80° 18.28 2 13.61°
Branch weight ratio C. erectus 23.63 23.36 20.86 22.72*
(BWR) E. microtheca 29.05 23.97 23.33 25.81*
Treatment mean 26.59 * 23.66°" 22.17°
Root weight ratio C. erectus 36.66 25.21 38.25 33.32*
(RWR) E. microtheca 22.00 19.19 30.02 23.56"
Treatment mean 28.66 " 22.20°¢ 33.90°
Root: shoot ratio C. erectus 0.58 0.34 0.64 0.52*
(RSR) E. microtheca 0.28 0.24 0.45 0.32"
Treatment mean 0.42° 0.29°¢ 0.54%
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Growth analysis:

Growth analysis was carried out by means of
calculating relative growth rate and its components
(i. e. leaf weight ratio; LWR, specific leaf area; SLA,
leaf area ratio; LAR and net assimilation rate; NAR).
Analysis of variance procedure showed that SLA of
the trees grown under severe water-stressed treatment
(irrigated at €00 mm evaporation) was significantly
lower than that of the trees grown either under
well-watered or moderate water stressed treatments
(P<0.001) (Table 7). SLA of C. erectus trees was
significantly greater than that of E. microtheca trees
(P<0.0001).

There was a species x treatment interaction
indicating changing the magnitude of treatment
effects on SLA (P=0.0048) due to species. Water

stress treatment had no effects on LAR and NAR,
but C. erectus trees had significantly lower values
than those of E. microtheca trees (P<0.0001) and
(P<0.001), respectively (Table 7).

The trees grown under irrigation at £00 mm
evaporation had relative growth rate (RGR)
was significantly lower than those of the trees
grown at the other two treatments (P<0.0001). C.
erectus trees had significantly lower mean RGR
across treatments than that of E. microtheca trees
(P<0.0001) (Table 7).

Soil water content (SWC):

Irrigation at 400 mm evaporation significantly
reduced soil water content (SWC) comparing with
those of soil irrigated at either 100 or 200 mm
evaporation (P<0.0001) (Table 8).

Table (7): Means of relative growth rate and its components of C. erectus and E. microtheca trees grown
under irrigation treatments at 100, 200 and 400 mm evaporation for 12 month in the field.

irrigation treatments .
Trait Species (at mm evaporation) Species
100 200 400 mean

Leaf weight ratio C. erectus 27.67 36.23 31.86 31.76

(LWR) E. microtheca 33.69 35.49 28.95 32.81%
Treatment mean 30.95° 35.86" 30.32°

Specific leaf area C. erectus 71.18 69.39 55.88 65.48*

(cm2 Leaf dry weight g'l) E. microtheca 44 .51 45.84 44.1 44.76°
Treatment mean 57.85° 58.68* 49.99v

Leaf area ratio C. erectus 10.31 15.29 12.07 12.31°

(cm2 total dry weight g'l) E. microtheca 53.88 39.97 37.25 44.06
Treatment mean 31.06* 28.35® 26.23?

Net assimilation rate C. erectus 0.012 0.01 0.011 0.011°

(g cm? month™1) E. microtheca 0.018 0.017 0.028 0.021
Treatment mean 0.0152 0.014® 0.019*

Relative growth rate C. erectus 0.245 0.246 0.226 0.239>

(g g"! month-1) E. microtheca 0.347 0.345 0.327 0.340°
Treatment mean 0.296* 0.295® 0.276°
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Table 8. Means values of leaf relative water content (RWC) and soil water content (SWC) of Conocarpus

erectus and E. microtheca trees grown under irrigation treatments at 100, 200 and 400 mm evaporation for

12 month in the field.
irrigation treatments .
Trait Species (at mm evaporation) Species
100 200 400 mean
Leaf relative water content C. erectus 80.42 50.18 53.73 61.44*
(RWC) (%) E. microtheca 72.23 68.64 63.37 68.07*
Treatment mean 76.33 2 59.41° 58.55"®
Soil water content (SWC) C. erectus 2.857 0.698 1.194 1.58
g (H,0) g (dry soil)! E. microtheca 2.574 0.529 1.414 1.512
Treatment mean 2.72* 0.61° 1.30°

Leaf relative water content (RWC):

Relative water content of the leaves of the trees
grown under irrigation at 400 mm evaporation was
significantly lower than that of those of the trees
grown under irrigation at 100 mm evaporation but,
did not differ from those of the trees grown under
irrigation at 200 mm evaporation (P=0.0021).
The two species did not vary significantly in their
RWC. There was a species x treatment interaction
indicating changing the magnitude of treatment
effects on RWC (P=0.051) due to species (Table 8).

Discussion

Decreasing growth of trees due to water deficit
has been well-documented (e. g. Kozlowski, 1982).
Analysis of variance procedure revealed that
irrigation at400 mm evaporation (severe water stress)
caused significant reductions in most of the growth
characteristics of C. erectus and E. microtheca trees
comparing with irrigation at 100mm evaporation
(sufficient irrigation). On the other hand, irrigation
at 200 mm evaporation (moderate water stress) only
decreased some growth characteristics (e. g. branch
and root dry weight, branch weight ratio, relative

The Arab Journal for Arid Environments 3 (2)

leaf water content and soil water content) comparing
with irrigation at 100 mm evaporation (sufficient
irrigation). Stem diameter of the trees irrigated at
400 mm evaporation (severe water stress) decreased
while stem height did not change. Decreasing the
growth of stem diameter of woody species due to
water deficit has been previously proven (e. g. Linder
et al., 1987; Roden et al.; 1990; El-Juhany and Aref,
1999; Leustahner et al. 2001). Stem diameter of C.
erectus seedlings decreased in low water treatment
by 17% (El-Juhany and Aref, 2005). C. erectus trees
had diameter and height were 60 and 36% of those
of E. microtheca trees, respectively.

Total leaf area of the trees grown in severe water
deficit treatment (across species) decreased by 50%
comparing with that of those grown at sufficient
irrigation one. E. microtheca trees had mean total
leaf area (across treatment) was only 36% of that of
C. erectus trees, however, this is not surprising as
the former had relative growth rate was only 30% of
the later. Under severe water deficit, the reduction in
total leaf area of E. microtheca was greater than that
of C. erectus trees. This may a result of dropping
larger leaves of E. microtheca acrobatically. El-
Juhany and Aref (2005) reported 78% reduction in
total leaf area of C. erectus seedlings subjected to
low water supply.
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Decreasing root length of trees due to water
deficit in the present study by 12% concurs with the
finding of Ibrahim (1995). E. microtheca trees had
greater root length and more woody roots with larger
diameter comparing with those of C. erectus trees.
This variation may reflect an inherent difference
between the two species.
total
root length of the trees in water deficit treatment

Decreasing stem diameter, leaf area,
resulted in reductions in total tree dry weight and
its components. These reductions accounted for
by 48, 53, 44, 29 and 43% of those of the trees in
sufficient irrigation treatment for leaf, branch, stem,
root and total dry weight, respectively. Many authors
reported decreases in total plant dry weight and/or
its components (e. g. El-Juhany and Aref, 1999 and
2005, Aref and El-Juhany, 1999 and 2005).

Across treatments, E. microtheca trees produced
leaf, branch, stem root and total dry weights were
26, 23, 18, 38 and 27% greater than those of C.
erectus trees. Interactions for leaf, branch and total
dry weight indicated changing the magnitude of
treatment effect due to species. Irrigation at 400 mm
evaporation cause reductions in these traits were 24,
43 and 34% for C. erectus and 51, 53 and 44% for E.
microtheca trees. Li et al. (2000) found that drought
decreased total biomass of Eucalyptus microtheca.

Water stress not only decreases the total dry
matter production but also alters the partition of dry
matter between the different plant organs (Ibrahim
1995). In the present study, water deficit increased
the fraction of dry weight partitioned to the roots
(RWR) at the expense of those partitioned to the
leaves (LWR), branches (BWR) and stem (SWR).
This result concurs with other findings (e. g. Khalil
and Grace, 1992, Ibrahim 1995, El-Juhany and Aref,
2005). Contradictory, some results showed that
there was no effect of water deficit on dry matter
partitioning of woody species (e. g. Aref and El-
Juhany 2005). On the other hand, increasing root
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to shoot ratio by almost 100% in the trees grown
under irrigation at 400 mm evaporation concurs with
the well established phenomenon that plants invest
more in their roots and less in their shoots when soil
resources are growth-limiting (Brouwer, 1963 and
1983, Bradshaw et al., 1964).

Similar results were obtained for other woody
species at seedling stage (e. g. Steinberg et al., 1990,
El-Juhany and Aref, 1999). A shift in the allocation
of assimilates from shoot to root is considered as
one of the mechanisms of acclimation to soil drying
(Khalil and Grace, 1992). Both low water supply
and high salt concentration treatments caused
doubling the ratio of root to shoot dry weight.
Hsiao and Acevedo (1974) stated that when water
supply is limiting allocation of assimilates tends to
be modified in favour of root growth which leads to
increased root weight and consequently to root to
shoot ratio increases.

Comparing to E. microtheca trees, C. erectus trees
partitioned more dry weight to their roots and less to
their stems and branches and vice versa, the former
had root to shoot ratio was only 0.32 comparing with
0.52 for the later.

Water deficit caused a significant reduction in
mean relative growth rate of the trees. Decreasing
relative growth rate under water stress conditions
has been reported by other authors (e. g. Mayers and
Landesberg 1989, Ibrahim 1995 and El-Juhany and
Aref, 1999). In the present study, the reduction in
RGR may resulted mainly from decreasing specific
leaf area as both leaf area ratio and net assimilation
rate were not affected in water deficit treatments.
Poorter and Remkes (1990) concluded that SLA was
the parameter which best explained that differences
in RGR. Decreasing SLA in the present study due
to water deficit concurs with the results of Ibrahim,
1995, El-Juhany and Aref, 1999, Khurana and Singh
2000. Rodriguez et al., 2005 and Wu et al., 2008).
Galmés et al. (2005) concluded that the decrease in
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RGR caused by water deficit was mainly explained
by decreases in SLA.

Growth analysis showed that C. erectus trees had
lower mean RGR comparing with E. microtheca
trees. This increase in RGR of E. microtheca was
accompanied with increases in NAR and LAR over
those of C. erectus which had greater SLA in turn.
It appears to be a crucial attribute determining the
potential RGR of a species (Poorter et al., 1990).

Decreased relative water content due to water
deficit in our study is in agreement with the results
of Alberdi et al. (2007). RWC decreased by 30 and
27% in the leaves of C. erectus trees grown at 200
and 400 mm evaporation while decreased by only
3.6 and 8.9% in those of the E. microtheca trees
grown in the same treatments. Maintenance of
high RWC has been considered to be a drought-
resistance rather than drought-escape mechanism,
and it is a consequence of adaptive characteristics
such as osmotic adjustment and/or bulk modulus of
elasticity (Grashoff and Ververke, 1991). Therefore,
the rapid recovery of RWC in E. microtheca leaves
and maintaining somewhat high RWC values after
re-irrigation may reflects an efficient mechanism to
take up water from the soil and transport it to the
leaves.

Across species, RWC decreased similarly in both
water deficit treatments and by 17% with decreases
of 77.5 and 52% in SWC. de Pereira et al. (1999)
asserted that RWC of water stressed plants dropped
from 96 to 78%, following a reduction in SWC from
0.25t0 0.17 g (H,0)g (dry soil)".

The growth of C. erectus trees in the present study
was affected due to water deficit more than that of
E. microtheca trees. In other words, E. microtheca
exhibited greater drought tolerance than C. erectus.
This may because E. microtheca is drought tolerant
species (Arizona Department of Water Resources,
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2005) while C. erectus is not (El-Juhany and Aref,
2005). Many FEucalyptus species are renowned for
tolerance to aridity (Merchant et al., 2007). It seems
that the mechanism adopted by E. microtheca trees
was conserving water through increasing the rate
of water uptake into the plant in order to postpone
desiccation during a drought. On the other hand C.
erectus trees responded to water deficit by reducing
their leaf area and allocated more growth to their
roots at the expense of stem and leaves (i. e. increased
root to shoot ratio). Reduction in leaf area appears to
be largely affected by soil water status (Termaat et
al., 1985). when water supply is limiting allocation
of assimilates tends to be modified in favour of root
growth which leads to increased root weight and

consequently the root to shoot ratio increases (Hsiao
and Acevedo, 1974).
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Abstract

Apoptosis, programmed cell death, is a key mechanism in luteal regression. Improving our understanding
of pro- and anti-apoptotic factors during luteolysis can advance our knowledge and may lead to a new strategy
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in manipulating luteolysis. This study aimed to elucidate the role of cellular Fas like interleukin converting
enzyme (FLICE) inhibitory protein {cFLIP} an anti-apoptotic protein, in the bovine corpus luteum function.
Corpora lutea were collected at different stages throughout the estrous cycle for immunolocalization of cFLIP.
Additionally, cultured mid luteal cells were treated with IFNy/TNFa (tumor necrosis factor alpha/ interferon
gamma) to induce apoptosis and examine cFLIP expression. Immunostaining was found predominantly
in the cytoplasm of luteal and non-luteal cells, including endothelial and immune cells. The density of
cFLIP immunostaining was high during the early, developing and mid luteal stages and then decreased
significantly (P<0.05) at the late and regressed luteal stages. Macrophage like cells were the only type of
cells immunostained in the regressing CL. However, cultured mid luteal cells showed higher percentage of
cFLIP positive cells with lower percentage of TUNEL (terminal deoxynucleotidyl transferase- mediated
dUTP nick-end labelling) positive cells compared with treated luteal cells with cytokines (P<0.01). The
above results suggested regulation of cFLIP during structural luteal regression and cFLIP plays a crucial
role in the bovine CL.

Keywords: Apoptosis, cFLIP, Bovine, Corpus Luteum.

Introduction

Apoptosis is a crucial mechanism in the ovarian
function through its significant contribution to cell
deletion during follicular atresia (Tilly et al.,1996)
and luteal regression (Juengel et al,1993). It is
generally accepted that apoptosis is the main type
of cell death during structural luteolysis in many
species (Davis and Reuda, 2002). Apoptosis is a
highly regulated process and various factors are
known to be involved in apoptosis in the corpus
luteum (CL), such as hormones (progesterone),
cytokines such as tumor necrosis factor alpha
(TNFa) interferons (INFy) , interleukins (IL), nitric
oxide (NO) and others (Bcl2 family, Fas and Fas
ligand system, caspase family and reactive oxygen
species) (review see, Sugino and Okuda 2007).
Better understanding of pro- and anti-apoptotic
factors can advance our knowledge and may improve
manipulation techniques of luteolysis which is a key
element in oestrous cycle control in clinical bovine

reproduction. Since the role of some gene-encoded
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proteins have been demonstrated to orchestrate the
apoptotic cascade process during luteolysis such as,
members of Bcl2 family, Fas and Fas ligand system
and members of caspase family (Sugino and Okuda
2007), little information is available on the role
of anti-apoptotic factor, cellular cellular Fas like
interleukin converting enzyme (FLICE), inhibitory
protein {cFLIP} in the bovine CL.

cFLIP is an important regulator of death
receptor-mediated apoptosis (Irmler et al.,1997).
At mRNA level, cFLIP exists as multiple splice
variants, but at protein level two endogenous
forms, cFLIP long (cFLIP ) and c-FLIP short
(cFLIP,) have been detected (Djerbi et al.,2001).
cFLIP, consists of two DEDs (death effect
domains) and is highly homologous to the N-
terminus of caspase-8. While cFLIP, is similar to
the short form but lacks enzymatic activity (Thome
et al.,1997), both cFLIP  can inhibit apoptosis
mediated by TNF receptor gene superfamily
members such as Fas, tumour necrosis factor

receptor-1 (TNFR-1), by interacting with Fas-
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associated death domain (FADD) and procaspase-
8. Fas-induced death involves clustering of Fas at
the cell membrane and recruitment of the FADD
to the trimerized intracellular death domain of the
receptor (Chinnaiyan ef al., 1995). FADD recruits
procaspase-8 leading to the formation of death-
inducing signaling complex (DISC) (Boldin et al,,
1996). After the formation of the DISC, activated
caspase 8 activates caspase 3 directly or indirectly
by the truncation of Bid. The truncated form of
Bid (tBid) translocates to mitochondria leading to
cytochrome C release and activation of caspase 9
(Boldin et al., 1996). C-FLIP, inhibits caspase 8
activation by interfering with the recruitment and
the processing of pro-caspase 8 within the DISC
and blocking its function (Krueger et al., 2001;
Thome and Tschopp, 2001).

Both intrinsic and extrinsic apoptotic pathways
have been demonstrated during luteolysis in many
species including cattle (Sugino and Okuda 2007;
Yadav et al 2005). Moreover, the activation of
mitochondrial apoptotic pathway cascade preceded
the activation of Fas-mediated apoptosis in the
bovine CL (Yadav et al, 2005). Since cFLIP
suppresses extrinsic apoptotic pathway induced
by TNF receptor gene superfamily members,
we hypothesized, that cFLIP plays a role in the
apoptotic cascade during luteolysis in cattle. This
study was designed to elucidate the role of cFLIP
in the bovine CL function by examining mRNA
and protein expression and immunolocalization of
cFLIP in the bovine CL throughout the oestrous
cycle in luteal tissue and in cultured luteal cells

treated with TNFa/IFNg.
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Materials and Methods

Collection of bovine CL:

Forty Ovaries were collected from Holstein cows
at a local slaughterhouse within 10-20 min after
exsanguination in Okayama city. The stage of the
estrous cycle was defined as described in previous
study (Miyamoto et al 2000). Ovaries with CL were
classified as early (Days 2-3 after ovulation, n=3),
developing (Days 5-6, n=3), mid (Days 8-12, n=3),
late (Days 15-17, n=3), and regressed (Days 19—
21, n=3) luteal stages. After determination of these
stages, CL tissues were immediately separated from
the ovaries. For immunohistochemistry pieces of CL
tissue were fixed in 10% (v/v) neutral formalin (pH
7.4) for 20-24h and then embedded in paraffin. For
cell culture 25 ovaries with CL in the mid luteal stage
were submerged in ice-cold physiological saline and

transported to the laboratory.

Cell isolation and apoptosis induction:

Only those CLs classified in the mid luteal stage
were collected for the cell culture. Luteal tissue
was enzymatically dissociated and luteal cells
were cultured as described previously (Okuda et
al 1992). Dissociated luteal cells from CLs were
pooled. The luteal cells were suspended in a culture
medium, DMEM, and Ham’s F-12 medium [D/
F; 1:1 (v/v); Sigma-Aldrich, MO, USA, D8900]
containing 5% fetal calf serum (Life Technologies,
NY, USA, 16170-078) and 20 pg/ml gentamicin
(Sigma, G1397). Cell viability was greater than
85% as assessed by trypan blue exclusion. The

cells in the cell suspension consisted of about
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70% small luteal cells, 20% large luteal cells, 10%
endothelial cells or fibrocytes, and no erythrocytes.
The dispersed luteal cells were seeded at 2.0 x 10°
viable cells in 1 ml, cultured on sterilized coverslips
in 6 well microplates for immunofluorescence then
incubated in a humidified atmosphere of 5% CO,
in air at 38°C in a N_-O-CO,-regulated incubator
(ESPEC CORP., Osaka, Japan, BNP-110). After 12
h of culture, the medium was replaced with fresh
medium containing 0.1% BSA (Sigma, A7979), 5
ng/ml sodium selenite and 5 pg/ml transferrin, and
apoptosis was induced by 2.9 nM TNFa (kindly
donated by Dainippon Pharmaceutical Co., Ltd.,
Osaka, Japan) and 2.5 nM IFNy (kindly donated
by Dr. S. Inumaru, NIAH, Ibaraki, Japan). After 48
h culture, total RNA was prepared from the cells
and the coverslips subjected to cFLIP and TUNEL

immunofluorescence.

Immunohistochemistry:

Sections of 4 um thick were mounted on glass
slides, sections were immersed in antigen retrieval
buffer (0.01M citrate acid, pH 6) at 95 °C for 10
min, then the sections were incubated with rabbit
anti-human cFLIPS/L antibody (Santa Cruz
Biotechnology, sc-8347) diluted 1:100 with PBS
containing 1% (w/v) BSA overnight at 4 °C, while
negative control sections were incubated with PBS.
Sections were incubated with biotinylated anti-
rabbit IgG (Vector Laboratories, Burlingame, CA,
USA, 1:200) for 30 min, then incubated for 30 min
at room temperature with VectaStain avidin-biotin-
peroxidase complex (Vector Laboratories, PK-
6100) according to the manufacturer’s instructions.
The sections were visualized with 0.05% (w/v) 3,3’-

diaminobenzidine (Dojindo, Kumamoto, Japan,

The Arab Journal for Arid Environments 3 (2)

7411-49-6) in 0.01M PBS, pH 7.4, and 0.01%
(v/v) H202. To estimate the density of staining, 3
animals from each luteal stage and 3 sections from
each animal were examined at light microscope.
5 digital micrographs were taking randomly from
each section at 400x magnification. The density of
the immunostaining was quantified as described
in (Lehr et al.,, 1997) using Photoshop program
software. The system was optimised for each
individual section based on the density of the stain.
The data were expressed as arbitrarily unit mean *
SEM.

Double immunofluorescence TUNEL (terminal
deoxynucleotidyl transferase- mediated dUTP
nick-end labelling) and cFLIP:

Cultured cells on coverslips were washed 3
times in PBS then fixed with 4% paraformaldehyde
at 4°C for 10 min followed by 3 times wash in
PBS. The coverslips were treated with blocking
buffer 1% BSA in PBS for 30 min at room
temperature, subsequently incubated with rabbit
anti-human cFLIPS/L antibody diluted 1:100
with PBS containing 1% BSA overnight at 4°C
and followed by three times washing in PBS.
Coverslips were incubated with secondary
antibody (donkey anti-rabbit Cy3 labeled,
Jackson ImmunoResearch, PA, USA, 711-165-
152) diluted 1:400 in blocking buffer for 1 h at
room temperature, then washing three times in
PBS. For double staining, apoptotic cells were
detected using MEBSTAIN Apoptosis Kit Direct
(MBL International Corporation, MA USA,
8445) according to manufactures instructions.
Briefly, coverslips were incubated with TdT

buffer II for 5-10 min at room temperature, then
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incubated with (mixture of 45 ul of TdT buffer
II, 2.5 pl of FITC-dUTP, and 2.5 pl of TdT) for
60 min at 37°C, followed by immersion in TB
buffer for 15 min and washed 3 times in PBS. The
coverslips were mounted with VECTASHIELD
mounting medium DAPI (Vector Laboratories, H-
1500) on slide glass and were examined at x400
magnification using fluorescence microscope.
The number of positive cells for TUNEL and
cFLIP were counted in 20 random microscopic
fields. The percentage of immuno-positive cells
for TUNEL and cFLIP was calculated as follows:
number of positive cells/total number of the cells
X100, for each individual microscopic field and
expressed as mean + SEM (Alziabi ef al., 2002).

Statistical analysis:

All experimental data are shown as the mean
+ SEM. Statistical significance of differences
immunostaining density or percentage of cells in
cultured cells between control and treated groups
were assessed by ANOVA followed by the Fisher
protected least-significant difference procedure as
a multiple comparison test using Minitab statistical

package.

Results

Immunohistochemistry:

Positive immunostaining for cFLIP was found

predominantly in the cytoplasm of luteal cells and
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non-luteal cells, including endothelial and immune
cells. No positive staining was observed in negative
control sections (Fig. 1A).

Luteal and non luteal cells were immunostained
during the early (Fig. 1B) and developing (Fig. 1C)
luteal stages.

Atthemidluteal stagemoreintenseimmunostaining
was seen (Fig. 1D).

Pale immunostaining was found in few luteal cells
during the late luteal stage (Fig. 1E); by the regressed
stage most of the luteal and endothelial showed no
immunostaining. However, immune cells, probably,
macrophage like cells were immunostained (Fig.
1F).

The density of cFLIP immunostaining was high
during the early, developing and mid luteal stages
and then decreased significantly (p<0.01) by the
late and regressed stages compared with the early,

developing and mid luteal stages (Fig. 2).

Double immunofluorescence of TUNEL and

cFLIPL/S in cultured luteal cells:

Untreated cultured luteal cells showed
immunofluorescence for cFLIP (Fig 3A), with few
cells were positive for TUNEL (Fig. 3B), while
luteal cells treated with TNFo/IFNy were positive
for cFLIP (Fig. 3C).

The majority of the cells showed positive
immunostaining for TUNEL (Fig. 3D).

However, cultured mid luteal cells showed higher
percentage of cFLIP positive cells with lower
percentage of TUNEL positive cells compared
with treated luteal cells with cytokines (P<0.01)

(Fig. 3 E-F).
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Fig.1. Immunolocalization of cFLIP throughout the luteal stages. The immunostaining were predominantly found in

the cytoplasm of luteal cells and non-luteal cells, including endothelial and immune cells. A) negative control showed

no immunostaining. B) luteal cells showed cytoplasmic immunostaining during early luteal phase. C-D) luteal cells
and blood vessels showed intense immunoreactivity during developing and mid luteal phase respectively. E) pale
immunostaining were seen during late luteal stage. F) luteal cells and blood vessels showed no immunostaining,

however, macrophage like cells show positive immunostaining. Scale bar = 50 um.
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Fig. 2. Quantitative analysis of cFLIP immunostaining density throughout the luteal stages. 15 micrographs

of cFLIP immunostaining form each stage were quantified as reported by [21] using Photoshop software.

All data are expressed as mean = SEM, different letters indicate significant difference (P <0.05) within each

luteal stages.

Discussion

The present study investigated the expression and
localization of cFLIP in the bovine CL and showed
a down-regulation of cFLIP during structural
luteolysis. Apoptosis mediated by death receptors
of TNF superfamily can be blocked by several
mechanisms, including the production of soluble
Fas and the over-expression of inhibitory proteins
such as cFLIP (Irmler et al.,1997). cFLIP is more
efficient than other anti-apoptotic genes such as,
TRAF1, TRAF-2, cIAP-1, and cIAP-2, in preventing
cell death induced by death receptors (Wang et al
1998).

Fas-mediated apoptosis system was demonstrated
in the human CL (Quirk et al.,1995)], rat (Kuranaga
et al 1999, 2000), mouse (Komatsu et al 2003) and
bovine (Taniguchi et al.,2002, Yadav et al.,2005). Fas
was found to be elevated during luteal regression in
bovine (Taniguchi et al 2002; Yadav et al 2005) and
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rat (Roughton et al 1999). The increase in Fas was
the first step in the initiation of extrinsic pathway
followed by Fas/FasL system activation and thereby
apoptotic cascade proceeded forward (Roughton et al
1999). Based on the assumption that TNFo and IFNy
produced by immune cells during luteal regression
contributed to the increased levels of Fas (Sugino
and Okuda 2007), it is possible that the decline in
cFLIP levels during luteal regression observed in
the present study coincides with high levels of Fas.
In contrast, the overexpression of cFLIP protein
during the early, developing, mid and late luteal
stages in this study may be directly or indirectly
compromised by low levels of Fas during these
stages (Taniguchi et al 2002). Therefore, the down
regulation of cFLIP during luteal regression can
facilitate the extrinsic apoptotic cascade to proceed
without disturbance at the DISC site. Moreover, in
the present study, TNFa/IFNg-induced apoptosis in

cultured luteal cells resulted in a reduction in cFLIP
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Fig. 3. Immunofluorescence staining of cFLIP and TUNEL in cultured luteal cells. A) untreated luteal
cells showed positive immunofluorescence for cFLIP. B) the same macroscopic field of A, few numbers
of untreated cultured cells was positive for TUNEL (white arrows). C) few numbers of luteal cells treated
with IFN and TNFa showed immunofluorescence for cFLIP (white arrows), D) same macroscopic field
of C, the majority of the cells were positive for TUNEL and few cells stained with cFLIP (white arrows).
E) Percentage of positive cells for cFLIP were significantly higher (P<0.01) in the control than in treated
luteal cells. F) the percentage of positive cells for TUNEL were significantly lower (P<0. 01) in the control
compared with treated cells with TNFo/IFNy.. Three separate experiments were carried out and all data are
shown as means + SEM, different letters indicate significant difference (P <0.01). Scale bar = 50 um.
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positive cells and an increase in TUNEL positive
cells, confirming our present data in luteal tissue.
However, apoptosis induced by death receptors
is tightly regulated by genes that are activated by
the transcription factor nuclear factor- Kappa B
(NF-xB) (Wang et al.,1998). There is evidence that
cFLIP is one of several anti-apoptotic genes that
are under the control of the NF-kB (Micheau et
al.,2001). Moreover, protein kinase C delta (PKCJ)
(Wang et al.,2006), phosphatidylinositol 3-kinase,
mitogen-activated protein kinase (MAPK) (Panka et
al.,2001) and p53 (Fukazawa et al 2001) have been
reported to play a critical role in regulating cFLIP
expression in various cell types. Further studies are
needed to elucidate the regulatory mechanism of

cFLIP expression in the bovine CL.

Both short and long isoforms of cFLIP have been
shown to prevent apoptosis (Irmler et al., 1997). In
this study, polyclonal antibody cFLIP (shortand long)
was used. A previous report (Mastsuda-minehata
et al., 2005) demonstrated that cFLIP, is the most
abundant isoform to be expressed in the porcine
granulosa cells at protein levels. Moreover, porcine
granulosa cell line JC-410 was shown to express
cFLIP, at 28 kDa but only traces of cFLIP_ was found
in granulosa tumor cell line KGN and granulosa
cells from healthy follicles (Mastsuda-minehata et
al., 2005, 2007). Another study demonstrated that
over-expression of cFLIP but not cFLIP, prevented
apoptosis induced by TNFa in the rat’s granulosa
cells (Xiao et al 2002). The discrepancy of cFLIP
isoforms expression may highlight inter-species
differences and/or differences in experimental

approaches used in the above studies.

cFLIP is expressed in virtually all cells
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irrespective of their sensitivity to death-receptor-
mediated apoptosis (Peter, 2004). It is well known
that luteal and endothelial cells in the CL preserve
their physiological function and structural integrity
during the early, developing and mid luteal stages in
many species including sheep (Jablonka-Shariff et al
1993), horse (Al-zi’abi et al 2002) and cow (Zheng et
al 1994). In the present study, the overexpression of
cFLIP in both luteal and endothelial cells during the
early, developing and mid luteal stages prevents these
cells from undergoing apoptosis. In contrast, when
apoptosis took place during structural regression at
the regressed stage, cFLIP was under-expressed in
luteal and endothelial cells. The down-regulation
of cFLIP appears to be a cell death feature in both
luteal and endothelial cells. The same scenario was
also observed in cultured luteal cells from the mid
luteal stage where cFLIP was overexpressed in the
control group and down-regulated when apoptosis
was induced by IFNy, TNFa. These findings
indicate that overexpression of cFLIP is a promoter
of cell survival in the bovine CL. However, duringe
luteal regression, luteal and endothelial cells were
not immunostained, but macrophage like cells
were positively stained to cFLIP. This phenomenon
suggests that cFLIP plays a role as survival factor
for these cells. However, immune cells including
macrophages tended to increase in numbers during
luteolysis in bovine corpus luteum (Penny et al 1999)
and showed immunostaining for Ki67 proliferation
marker during luteal regression in bovine (Bauer
et al 2001) and equine (Al-zi’abi et al 2003). The
relevance of cFLIP overexpression in macrophages
like cells during luteolysis may highlight their
significant role in clearing up cellular debris and

apoptotic cells (Al-zi’abi et al 2002) as well as
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cytokine production such as IFNy/TNFa which are
assumed to magnify the Fas-mediated apoptosis

system in the bovine CL (Taniguchi et al 2002).

In conclusion, the present study showed a

downregulated cFLIP during structural luteal
regression, suggesting that cFLIP plays a crucial

role in the bovine CL.
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Abstract

Drought stress is one of the major factors limiting barley yields in many developing countries worldwide.
A greenhouse experiment was conducted to study the photosynthetic parameters in relation to grain yield
under water stress conditions on 40 recombinant inbred lines (RILs) developed from the cross between the
cultivars Arta and Keel. Plants were exposed to three water treatments during the period of grain filling until
grain maturity as follow: (1) well-watered at 70% available water in the soil, (2) mild stress at 35% available
water in the soil, and (3) severe stress at 10% available water in the soil. All measurements were taken
after 7 days of treatment. Water stress conditions during grain filling significantly decreased photosynthesis
(Pn) and grain yield (GY). Well-watered plants of RILs and two parents had higher photosynthetic activity,
(GY) and relative water content (RWC) than plants in mild and severe stress treatments; only intercellular
CO, concentration (Ci) for genotype Keel under mild stress treatment had smaller value comparing with
well-watered and severe stressed plants. The differences among genotypes (G), treatments (T) and (GxT)
interaction were significant in all studied traits but were not significant in relative water content and grain yield
when genotypes and treatments had been interacted. In all studied traits there were significant differences
among the three water stress treatment for the parameter Ci for mean of RILs and Ci, transpiration (E),
stomatal conductance (gs) of Arta; In which differences between mild and severe stress conditions were
not significant. By increasing the severity and duration of drought stress, grain yield of RILs decreased
24% and 56% under mild and severe stress treatments respectively, while for the parents decreased 31% for
both of them under mild stress and 61%, 46% in Arta and Keel respectively under sever stress condition.
Photosynthesis was found to be significantily correlated to grain yield under water stress conditions and the
higher correlations were found for severe stress treatment. Photosynthetic activity in relation to grain yield
decreased by limiting the quantities of water supplied to plants.

Keywords: Photosynthetic parameters, Grain yield, Relative water content, Barley, Water stress.

Introduction

Barley (Hordeum vulgare L.) is one of the most
important cereal crops in many countries including
Syria. In many developing countries it is a typical
crop of marginal, low input, stressful environments
because it is adapted to a severe stress water regime
compared with other cereals (Ceccarelli, 1984). In
many of these countries, barley is often the only
possible rainfed crop that farmers can grow, and it
is often subjected to extreme water deficit during
the dry season (Ceccarelli et al., 2007). The eftect of

water deficit has been investigated on physiological
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mechanisms, such as net photosynthesis, leaf water
status (Basnayke et al., 1996). Although there is no
consensus on the utility of water relation parameters
as drought tolerance selection criteria (Sinha,
1987), selection criteria must be identified that are
associated with improved yield under drought stress,
have a high heritability and that can be measured
simply and accurately in large populations.

Water stress limits grain yield in many crops
including cereals (Igbal et al., 2005), reducing
average yields by 50% and more. Like other
cereals barley is also affected by water stress since

its grain yield (Urchei and Rodrigues, 1994) and
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net photosynthesis rate are reduce significantly by
intense dry developmental stage. Therefore, drought
stress is a serious challenge for barley in these
areas, because it affects simultaneously many traits
through morphological, physiological and metabolic
modifications occurring in all plant organs leading to
a decrease in yield (Cochard et al. 2002). According
to Katerji et al., (2009), drought affected barely water
status during the ear formation and flowering stages.
It reduced the grain (37%) and straw (18%) yields.
These reductions were not related to the soil salinity
levels. There were fewer ears per plant, explaining
the decrease in crop productivity and water use
efficiency in drought conditions.

Photosynthesis is an essential process to maintain
crop growth and development. It is well known that
photosynthetic systems in higher plants are more
sensitive to drought stress (Falk et al., 1996), as well
the limitation of photosynthetic carbon metabolism
has been analyzed in certain crop plants (Griffiths
and Parry, 2002). According to Xu & Shen, (1994)
photosynthesis capacity during the reproductive
stage is positively correlated with crop yield. Chen
et al., (1995) summarized the studies on the relation
between photosynthesis and yield, and deduced that
elevating photosynthetic rate is beneficial to dry
matter production and yield. Relative water content
is closely related to cell volume, and it may closely
reflect clearly the balance between water supply to
the leaf and transpiration rate (Farquhar et al., 1989).
The effect of water stress on photosynthesis has been
a subject of controversy among plant physiologists
for many years, and conflicting results have been
reported depending on the plant material, and plant
procedures used for investigations (Cornic and
Massacci, 1996). The effect of water stress could
be due to different events, such as an inhibition of

electron transport activity limiting the generation
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of reducing power or limitation in the metabolic
activity (Guo and Al-Khatib, 2003). When the water
deficit in plant tissue increases develops, it will lead
to a significant inhibition of photosynthesis, and
consequently the photosynthesis activity ishampered.
In such condition one of the earliest plant responses
includes stomatal closure, which limits CO, diffusion
to chloroplast (Muller and Whisitt, 1996) and
reduced photosynthetic activity substantially causes
yield reduction. However, the relative importance
of stomatal conductance (gs) in resterecting the
supply of CO, to metabolism (stomatal limitation),
and of metabolic impairment which decreases the
potential of photosynthesis rate (Pn). Stomatal
limitation is considered to decrease both Pn and
CO, concentrations in the intercellular spaces of the
leaf (Ci), which inhibits metabolism (Cornic, 2000).
For instance, restricted CO, availability could lead
to increased the susceptibility to photo-damage
(Valentini et al.,1995), controversially other studies
(Epron et al., 1992; Gamon and Pearcy, 1990) found
that photo-damage does not generally occurs during
water stress under natural conditions. Despite of the
fact that photosystem II (PSII) is highly drought
resistant (Yordanov et al., 2003). Under water stress,
photosynthetic electron transport to O, and increased
quenching of excitation energy in the PSII may be
unable to dissipate the excess excitation energy
in the PSII and thus causes photodamage of PSII,
consequently, increased dissipation of this energy
as heat occurs in order to minimize photodamage to
PSII reaction centers (Baker, 1993). Although many
studies on PSII have been done, the mechanism by
which water stress affects its photosynthetic activity
remains to be elucidated. It has been shown that plants
in drying soil can have reduced rates of growth and
gas exchange while showing no clear perturbation in
leaf water relation (Kutschera and Kohler, 1993).
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The present study aims to determine the performance
of photosynthesis rate in relation to grain yield
under three water conditions in forty recombinant
inbred lines (RILs) derived from the cross between
Arta and Keel in which the parents differ for drought
tolerance.

Material and Methods

Plant material and growth conditions:

Forty randomly chosenlines of 501 F7 recombinant
inbred lines (RILs) of the cross Arta/Keel were used
for this experiment. The population was developed
by single-seed descent at ICARDA. Arta is a high
yielding pure line selected from the Syrian white-
seed landrace ‘Arabi Abid’, is well adapted to Syrian
conditions, and combines high number of tillers and
high kernel weight, but is susceptible to lodging
under high yielding conditions and becomes very
short under dry conditions. Keel is an Australian
breeding line resistant to lodging, combines early
flowering, high yielding, and plant height and with
adaptation to sever drought stress. Both parents are
well adapted to low rainfall conditions (250-375
mm) and are characterized by high yield stability.
The main objective of this cross was to develop lines
combining tillering ability of the Arta with plant
height and the adaptation to sever drought stress
conditions of Keel (Grando et al., 2001).

A greenhouse experiment including 40 F7 RILs and
two parents was arranged in a randomized incomplete-
block design with three treatments (well-water, mild
stress and severe stress) and four replicates for each
one under controlled conditions in a greenhouse at
the International Center for Agriculture Research in
the Dry Areas (ICARDA) (Tel Hadya, Aleppo, Syria).
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Three seedlings each of three-four weeks vernalized
seedlings of the same entry were transplanted into a
2.5 kg pot (15 cm in height and 16 cm in diameter)
filled with 2 kg of sterilized soil, which contain about
6% of water. Field capacity, wilting point and available
water content (AWC) of the soil were measured
at ICARDA soil laboratory according to protocol
described by Ryan et al., (2001). At the beginning of
the grain-filling period plants were subjected to three
drought stress conditions, the values: 70%, 35% and
10% of AWC in the soil were considered for barley
as well-water, mild stress and sever stress conditions,
respectively (Doorenbos and Pruit, 1977). For one
treatment one RILs and its parents were planted in
four pots with a total of twelve plants; all plants were
grown with 16 h/ 8 h day/night at 27 °C/18 °C day
/night under control conditions. Drought treatments
were imposed from the beginning of grain filling.
Pots were weighed daily and maintained at the desired
soil moisture content. The days for drought stress
were counted after the AWC in the soil reached the
desired percentage to allow measurements at precise

determined intervals.

Measurements of photosynthetic activity:

Photosynthetic activity like Photosynthetic rates
(pn), stomatal conductance (gs), transpiration (E) and
intercellular CO, concentrations (Ci) were measured
starting from the 7™ day after water stress on fully
expended flag leaf for one plant per pot per treatment
for all replicates as a total four plants for each RILs
and two parents using CIRAS 2 infrared gas analyzer
system manufactured by PP-system (UK). According
to PP-system company the equipment was calibrated
with the following specifications/adjustments: leaf
surface area 4.50 cm’, ambient CO, concentration

(Cref) 360 Imol mol™!, temperature of leaf chamber
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(Cuvette) varied from 19.9 to 25.2 °C, temperature
of leaf varied from 21.4 to 25.9, leaf chamber gas
flow rate (v) 288 ml min'. Ambient pressure ranged
from 967-973 m bar, PAR (Qleaf) at leaf surface was

maximum up to 1003 1 mol m? s,
Relative water content:

Relative water content (RWC) was measured
using leaf pieces that were taken from the flag leaf of
one plant per one pot per treatment for all replicates
as a total four plants for each RILs and two parents
after imposing drought conditions. Immediately after
cutting the base of lamina, leaves were sealed within
plastic bags and transferred quickly to the laboratory.
Fresh weights (FW) were determined within 2 h after
excision. Turgid weights were obtained after soaking
leaves in distilled water in test tubes for 24 h in the
fridge at 4°C and in the dark. After soaking leaves
were quickly and carefully blotted dry with tissue
paper in preparation for determining turgid weight.
Dry weights were obtained after oven drying the
leaf sample for 48 h at 80°C (Molnar er al., 2004).
The relative water content was calculated according
to (Barrs and Watherley, 1968) as in the flowing

formula:

RWC = [(FW-DW) / (TW-DW)]*100

Data analysis:

Mean and standard errors were calculated
according to the standard statistical procedure laid
down by Gomez and Gomez, (1984). Analysis of
variance (ANOVA) was performed to examine
treatment effects on genotype by using GENSTAT
software v. 11.1 to determine the significance of
variation for all traits measured for this study. A

mixed model, with genotypes as random effects and
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treatments as fixed effects was used. Correlation
analysis was performed to express the relationship

among variable of interest.

Result

Phenotypic variation among genotypes:

All source of variation for 40 genotypes and their
parents (Arta and Keel) showed a highly significant
(P>0.001) genotype (G) and water stress treatment
(T) effects for all the studied traits (Table 1). ‘GxT’
interaction was also significant for all traits except
for stomatal conductance (gs) was found significant
(P> 0.05) and not significant in grain yield (GY) and
Relative water content (RWC) indicating a difference
among RILs in the responses to drought, these
differences displayed in (Fig 1) depending on the
five highest yielding genotypes (HY Gs) under three
water stress. The variations among HY Gs were high
under well-watered (WW) condition and low under
mild (MS) and severe stress (SS) condition except
Ci parameter, which was high under MS condition.
Under WW condition, genotype (AK-9) had highest
value in GY comparing to others genotypes, while the
genotype AK-12 should superiority in remnant traits,
which were RWC 66%, 72% for genotypes AK-9 and
AK-12respectively. GY increased by coinciding with
RWC under MS and SS condition for genotypes AK-
2 and Keel respectively. Photosynthesis parameters
were the highest in genotype (AK-6) compare to
other genotypes under MS and SS s Phenotypic
performance of photosynthetic parameters in relation
to grain yield for RILs and the two parents under
three water regimes after 7" days after withholding

water are summarized in (Table 2). The differences
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between two parents Arta and Keel at the same
treatment were not significant for all traits except

intercellular CO, concentration (Ci), photosynthesis

rate (Pn), gs, GY under well- watered condition; Ci
under mild stress condition and RWC, GY, Ci under
severe stress condition.

Table 1. Mean Square values for different parameters of 40 RILs and their two parents grown under three

water stress treatments.

SOV of Photosynthetic | Stomatal T i intercellular CO, | Relative water Grain vield
0. . ranspiration . rain vyie
rate conductance P concentrations content y
Geno (G) | 41 2.0428%** 1201 *** 0.16746%** 11302%** 0.012794*** 0.4244 ***
Treatment
() 2 628.3862%** | 230530.2%*** | 23.844(05%** 215037%** 1.960677*** 63.8114%**
GxT 82 1.4781%** 890.4* 0.12308%** 6221 %** 0.004436 ns 0.2274 ns
Error 375 0.7557 627.9 0.04402 2314 0.005842 0.1956
Total 500
ns: no significant; * P < 0.05; *** P <0.001
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Fig. 1. Phenotypic differences among five highest grain yield genotypes under three water stress treatments.
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Table 2. Means, standard deviation and ranges of the 40 RILs and their parents for Pn, gs, E, Ci, RWC and
GY in the 7 day after beginning of treatment for barely plants under three water stress treatments imposed

during the period of grain filling until grain maturity

Parents RILs
Traits | Treatment

Arta Keel °significance Mean Max Min

WW 55+0.88af 42+128a * 5.60+0.78 a 7 4.15

Pn MS 2.8+022b 28+1.43b ns 293+0.67Db 4.45 1.48
SS 22+0.55¢ 1.6+0.58 ¢ ns 1.84+0.43 ¢ 2.68 1.1

WW 37.8+11.87a 66.8 £58.03 a * 83.55+2547a | 139.5 37.8

GS MS 16.5+3.70b 22.8+939b ns 25+850b 553 12.5
SS 12+1.83b 10.8+4.11¢ ns 1497+4.90c 30.3 6.3

WW 0.60+0.35a 0.70+0.23 a ns 095+0.29a 1.55 0.55

E MS 0.25+0.06b 0.38+0.15b ns 0.38+0.11Db 0.75 0.2
SS 0.25+0.06b 0.18+0.05¢ ns 0.24 £0.07 ¢ 04 0.08

WW 116 +£34.04 a 167.5+127.11 a * 196.08 +49.17a | 278.8 102

Ci MS 81.8+74.09b 179.8+9.15b * 130.71 £36.09 b 204 74
SS 81.8+94.55b 133.8+23 ¢ * 138.2+47.05b | 255.5 69.3

WW 0.69+0.07 a 0.70+0.04 a ns 0.70+0.03 a 0.76 0.55
RWC MS 0.65+0.09b 0.63+0.04b ns 0.62+0.03b 0.7 0.56
SS 045+021c 0.51+0.07 ¢ * 048 +0.05¢ 0.56 0.26
WWwW 1.979+0.43 a 2477+094 a * 221+0.28 a 3.18 1.69
GY MS 1.374+0.29b 1.713+0.39b ns 1.67+0.30b 2.19 0.97
SS 0.778 £ 0.43 ¢ 1.349+0.16 ¢ * 098+0.22¢ 1.35 0.39

i Treatment means followed by letter a, b and ¢ in the same column indicate significant differences according to the Least
ignificant Difference (LSD) test probability level 0.05.

¢ Significant differences between two parents Arta and Keel

ns, not significant; * P <0.05

Mean values for RILs and their parents were of variation was higher for the well-watered RILs
significant differences for all discussed traits under compared to the stressed one. The values obtained for
three water stress conditions except Ci for mean of  all traits are higher for well-watered RILs compared
RILs and Ci, transpiration (E), gs of Arta; there were  to mild and severe stressed ones. As an example,

no significant differences between mild . the mean of Pn was 5.60 in well-watered RILs when

and severe stress conditions .In general, the range was RWC 70%, while the Pn, RWC in mild stress
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and severe stress were 2.93, 62% and 1.84, 48%
respectively (Table 2). By increasing the severity
and duration of drought stress after 7 days from
drought, RWC of RILs decreased around 11% under
mild stress and 49% under sever stress conditions
comparing to well-watered treatment, while in the
two parents Arta and Keel they decreased around
7%, 10% under mild stress and 35%, 27% under

sever stress conditions respectively.

Decreasing RWC caused a decrease of gs and Pn

in parallel, approximately, by the resulted decreasing
E and Ci, although at small values of RWC, gs
reacheed a minimum but Pn may continue to decease.
However, when stomata closed, to protected the plant
against water loss they simultaneously restricted
carbon assimilation by the plant (Fig. 2).

The differences in net photosynthetic rate values
influenced on grain yield. Water stress treatments
during grain filling significantly decreased GY and
Pn (Fig. 2).
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Fig. 2. means of grain yield and photosynthesis activity for 40 RILs and two parents in barley exposed to

three water treatment. Bars indicate the standard error of the mean.
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The percentage of decreasing grain yield of RILs
was 24% under mild stress and 56% under sever stress
conditions comparing to well-watered condition,
while the parents Arta and Keel decreased by 31%
for both of them under mild stress and 61%, 46%

respectively under sever stress condition for (Fig 3).
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Fig. 3. Relative grain yields of two parents
(ArtaKeel) and 40 RILs under three water stress

treatments.

Relationship among photosynthesis activity

and grain yield:

Photosynthesis was found to be positively
correlated to grain yield under water stress,
however the greatest value of correlation between
photosynthesis and grain yield (r = 0.62) was found

in severe stress condition.

In the present study the correlations among Ci,
E, gs, GY, Pn and RWC were positively and highly
significant (P > 0.01), except the relationship
between RWC and Ci was found significant (P >
0.05) under mild stress conditions and not significant

under severe stress conditions (Table 3).

Table 3. phenotypic correlation coefficients between photosynthesis activity and grain yield for 40 RILs

and two parents under three water conditions

Treatments | Traits Ci E GS GY PN

Ci
E 0.6165 **

70% GS 0.6129 ** 10.9624 **
GY 0.3038 ** [0.5181 ** |0.4725 **
PN 0.2700 ** [0.8409 ** 10.8090 ** |0.5719 **
RWC [0.2617 ** 10.4766 ** 10.4334 ** [0.4367 ** |[0.4683 **
Ci |
E 0.7585 **

35 GS 0.7386 ** [0.8277 **
GY 0.2684 ** [0.2279 ** |0.4164 **
PN 0.5677 ** [0.8083 ** |0.8022 ** |0.3453 **
RWC [0.2010 * 0.2891 ** 10.3260 ** |0.2134 ** 0.3960 **
Ci |
E 0.5464 **

10% GS 0.5101 ** [0.9015 **
GY 0.2828 ** [0.6264 ** [0.6027 **
PN 0.2517 ** 10.8367 ** |0.8324 ** |0.6211 **
RWC [0.1291 ns |0.5707 ** 0.5697 ** [0.5309 ** |0.6491 **

ns, not significant; * P <0.05; ** P <0.01
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Discussion

Photosynthesis is an important factor controlling
growth and yield production in plants. Photosynthetic
rate, transpiration rate, stomatal conductance and
intercellular CO, concentration got reduced under
lower water regime conditions (Fig. 2). The present
findings are in agreement with the results reported
by Bakhtenko, (2001). Plant growth depend on
photosynthesis is sensitive to both biotic and a biotic
streses. Water stress influences the sensitivity of the
photosynthetic apparatus to photoinhibition (Ferrar
and Osmond, 1986; Osmond, 1994), probably
because of the induced stomatal closure and
consequent reduction of CO, uptake (Ludlow and
Powles, 1988). The differences in all studying traits
among genotypes, treatments and their interaction
were significant, but it is not the case in relative
water content and grain yield (Ashraf et al., 2006)
( Table 1).

The variation among five highest genotypes in
grain yield was high under well-water condition and
low under mild and severe stress conditions (Fig 1).
Under well-water condition tolerant genotypes with
high grain yield have high photosynthesis activity
and relative water content. Ashraf et al., (1994)
found that wheat genotypes with higher RWC were
more drought tolerant.

The highest values of photosynthesis activity
under mild and severe stress conditions for tolerant
genotype was found with less value of grain yield
comparing to highest grain yield genotypes, because
these genotypes are more flexible for maintaining
PSII activity at similar RWC during

dehydration. There is unanimous agreement for

a higher

the facts that yield of the plant in the drying soils
get reduced even in the tolerant genotype (Ashraf,
1998b; Igbal et al., 2005).
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In this study, there were significant differences in
mean of RILs and two parents for all traits under three
water stresses except mildly stressed plants that were
not significantly different in the total of Ci for RILs
and Ci, E, gs for Arta to severely stressed plants, this
attributed to the role of gs in restricting the supply of
CO, to metabolism, and impairment metabolic. The
variations were bigger in well-watered than mild
and severe stress treatments (Table 2). However
the importance of stomatal closure in regulating
photosynthesis under water stress was recognized
by the numerous findings of parallel reduction of
Pn and E as drought develops (Kozlowski, 1982).
Metabolic limitation is correlated with loss of ATP
content, which starts to decrease with mild stress
(Flexas and Medrano, 2002). In additional, when
drought is moderate stomatal responses can be more
closely linked to soil drying rather than to leaf water
status (Zhang and Davies, 1989). Therefore, analyses
of photosynthetic parameters are considered as an
important approach to evaluate the health or integrity
of the internal apparatus during photosynthesis
process within a leaf (Abbate et al., 2004).

The reduction in RWC under mild and severe
stress conditions affect the photosynthesis and
other metabolic activity (Ashraf et al., 1994).
Photosynthetic metabolism is more sensitive to
changing RWC and cellular conditions in some types
of plants than the others (Lawlor, 2002).

(Urchei and Rodrigues, 1994) showed that grain
yield is reduced significantly under water stress. The
percentages of decreasing grain yield of RILs were
less than those of the two parents under mild stress,
while they were lower than Arta and higher than Keel
under sever stress conditions comparing to well-
watered condition (Fig 3). As consequence, 40 RILs
are more suitabile for high grain production under

mild stress conditions than other treatments. Arta is
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affected by drought more than Keel, where the later
can tolerate drought for long time (Grando et al.,
2001). Many reports indicated that a short duration
water deficit cycle reduce the plant growth and yield
(Ashraf et al., 1992; Azhar et al., 2005). Reduction
in growth and yield may be due to disturb in nutrient
uptake efficiency and photosynthetic translocation
within plant (Igbal et al., 1999). Photosynthesis
was found to be positively correlated to grain yield
under water stress, which’s corresponding to the
results as with indicated by (Xu and Shen, 1994).
According to Ashraf et al., (2006) the correlations
among photosynthetic activity, grain yield and
relative water content were significant and positive,
except the relationship between RWC and Ci was
found significant not significant under severe stress
conditions (Table 3).

Conclusion

Drought stress during the grain filling period
reduced photosynthesis and grain yield. There were
significant differences for all parameters that were
examined in this experiment between genotypes,
treatments and considering the relationship between
genotype and treatment interaction, except for grain
yield and relative water content when genotype
interacted to treatment. The variations among five
highest grain yield genotypes under well-water
treatment were higher than mild and severe stress
treatments. Also the values of photosynthesis and
grain yield under well-water treatment were higher
than mild severe stress treatments as a consequence
of increased relative water content, stomatal
conductance, transpiration and intercellular CO,
concentration for plants under normal condition.

Photosynthesis was related to grain yield under

The Arab Journal for Arid Environments 3 (2)

44

water stress conditions. In all studying traits there
were significant differences under three water
stresses except intercellular CO, concentration for
mean of RILs and intercellular CO, concentration,
transpiration, stomatal conductance of Arta; that
were not significantly different between mild
and severe stress conditions. The performance of
photosynthesis in relation to grain yield decreased
by limiting of supplied water amount for plants. The
percentages of decreasing grain yield of RILs were
less than the two parents under mild stress, but lower
than Arta and higher than the tolerant genotype
Keel under sever stress conditions comparing to
well-watered condition. In present experiment the
correlation between photosynthesis and grain yield
was significant and the higher value of correlation
were found in severe stress treatment. Photosynthetic
activity in relation to grain yield decreased by

limiting the amounts of water to plants.
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