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Abstract

This research was conducted to study the side effects of some insecticides (mineral oil, dimethoate,
chlorpyrphos-ethyl) and several fungicides such as (sulphur, thiophanate- methyl and Copper Oxychloride)
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on the natural enemies in apple orchared in Al-Sweida Governorate, during the season 2006-2007. The

results revealed that winter spray of pesticides has not any negative effects on natural enemies on apple trees.

Where the April treatment caused significant reduction in number of the studied predators : Coccinellidae,

Syrphidae and Chrysopidae, reducing the parasitism ratio of Aphelinus mali and Aphidius spp. However,

Chlorpyrphos-ethyle+ sulfer gave the highest reduction in this ratio. Furthermore, treatment during May

reduced number of predators and the ratio of parasitism in both treatments. Repeated spray with pesticides

caused an accumulative effect on the investigated parasitoids and predators.

Keywords: Pesticides, Parasitoids, Predators, Apple.
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Abstract

The field experiment was carried out at the General Commission for Scientific Agricultural Research
(GCSAR), Homs Res. Station during 2007/2008 and 2008/2009 seasons, to determine genotype X
environment interaction and stability analysis (Ysi) for some yield and quality traits of four sugar beet
varieties, two were monogerm i.e. Parade and Etna, while the other were multigerm i.e. Nadir and Mammut.
The experiment was sown in three dates i.e. 15/9, 1/10, and 15/10, with three plant densities (75000, 100000,
and 125000 plant per hec). A split split plot design with RCBD was used, with three replicates. The results
of the combined analysis showed significant effect of the varieties (V), sowing dates(S) and plant densities

(D) for the studied traits. Comparison of means using LSD _ _ test clarified that Etna variety was superior

0.05
as compared to the other varieties with respect of root yield (65.33 ton.hec™”), sugar yield (8.66 ton.hec
1), and sucrose percent was (16.66%). The results also showed that the early sowing date (15/9) caused a
decrement in root and sugar yields 8.6, and 35.41%, respectively. The highest root and sugar yields (60.27,
11.86 ton.hec™), respectively were achieved in the date of sowing (15/10), while the higher sucrose percent
was (17.39%) in the date of sowing (1/10). The results also showed that the highest root and sugar yields
(71.10, 19.02 ton.h™), respectively, and sucrose percent (16.82 %) were detected when the plant were sown
with a density (20 X 50 cm). The stability analysis indicated that Parade variety was the most stable variety

to be sown in Homs governorate, Autumn sowing in Syria.

Keywords: Sugar beet, G X E Interaction, Stability analysis, Quantity traits, Quality traits, Sowing
dates, Plant densities, Varieties.
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a>53 3 (% 18.36) zgels carall 9oas wad (G Ls Lo sl L.SD 5% (S=0.14 < V=0.59 « D=10.38)
SMetall 5L Aty e s kg s i) il e | LSD 5% (S * D)= 0.54 «(V * D) = 0.83 (S * V) = 0.89
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@ Sl 5 10 Yol s gy Aualiil) jSull anss Lle aula
A Y715 3 acly il i coos Bl aws @ 1071 9 9/15 aciy 3
(10/15) aatad g as;lalls % 3.4 auis bglail (sl
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Abstract

Thisresearch work was carried outinthe laboratory of Field Crops Research and laboratory of Biotechnology
and Abu-Jarash Farm at Damascus University during the growing season 2009/2010, with the aim to explore
the genetic variability of the response of ten wheat varieties to osmotic stress at seedling stage, as an effective
and quick screening technique at laboratory level and their response to water stress under field conditions.
In the laboratory experiment the response of investigated varieties have been evaluated to osmotic stress, to
isolate the tolerant varieties from the sensitive ones at seedling stage by using the osmotic induction response
technique (OIRT), in addition to study the importance of step-wise transfer in giving the induced seedling
with sub-lethal level of stress greater ability to tolerate the lethal levels of stress itself. There was a genetic
variability in the response of the investigated varieties to osmotic stress. It was noticed based on the roots
and seedlings length and the percentage reduction of them, that the variety Bohooth , can be classified as a
highly tolerant to osmotic stress due to its lower reduction in roots and seedlings length, while the varieties
Cham ,, Hourani, Bohooth , and Bohooth , can be classified as moderately tolerant to osmotic stress, and the
varieties Cham | as sensitive to osmotic stress. The results also showed that the average length of roots and
seedlings was significantly higher in the omotically-induced seedlings and the decline in their growth was
significantly lower compared with the non-induced seedlings, indicating the importance of increasing the
efficiency of the seedlings to tolerate the lethal levels of the osmotic stress. With respect to field experiment
at whole plant level, it was noticed significant genetic variability in the response of the studied wheat
varieties to water stress applied only during the critical period of plant life cycle (flowering stage). It was
noticed that the average leaf area index was significantly higher in the varieties Bohooth ; and Cham, (4.16,
3.62, respectively). while the average quantity of wax deposited on the leaves was significantly higher in
the varieties Bohooth _ and Cham _ (0.779, 0.612 mg.cm?, respectively). Among varieties which achieved
10s) (30.92%), while the variety Hourani
has recorded significantly higher percentage of solutes leakage (76.01%). It was noticed that the amount

the lowest percentage of solutes leakage was Doma , (ACSAD

of proline accumulated was significantly higher in the variety Bohooth, (19.96 mg.g"), followed by the
variety Bohooth ; (18.92 mg/g), while the minimum proline content was noticed in Doma | (13.91 mg / g).
Statistical analysis results showed that the variety Bohooth , has achieved significantly the highest grain yield
(289.17 g . m™ followed with Cham, (250.07 g . m?) without significant differences compared by the other
varieties, while the variety Hourani recorded significantly the least value of grain yield (204.02 gm?). the
variety Cham _ has achieved significantly the highest biological yield (776.03 g . m™) compared by the other
varieties, while the variety Cham  recorded significantly the least value of biological yield (661.81 g. m?).

Keywords: Genetic variability, Water stress, Osmotic stress, Induction Response Technique, Wheat.
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Abstract

A field experiment was conducted in Jeleen Research Station, Dara’a governorate, Syria during the
Two Consecutive growing seasons ( 2008/2009 — 2009/2010), in order to evaluate the performance of
two wheat varieties (Acsad,, ., and Acsad,,,) under conservation agriculture compared with conventional
tillage system, in rotation with chickpea or without crop rotation. The total number of grains per plant
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was significantly higher during the first growing season, under conservation agriculture system, with crop

rotation, for the durum wheat variety (Acsad, ) (121.5 grains per plant). The 1000-kernel weight was

1105
significantly higher during the second and first growing season, under conservation agriculture system,

with crop rotation, in the durum wheat variety (Acsad, ) (41.40, 41.17 g respectively) No significant

1105
differences. The average grain yield, biological yield, and the harvest index were significantly higher during
the first growing season, under conservation agriculture system, with crop rotation, in the durum wheat

variety (Acsad, ) (309.3, 822.2 Kg . Donnem™', 37.63% respectively). These results assure the importance

1105
of implementing of conservation agriculture as an integrated cultural practices to increase the productivity

of Wheat under dry farming systems.

Key wards: Conservation agriculture, Crop rotation, Conventional agriculture, Yield components.
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Abstract

Bursae of Fabricius were collected from 35 broiler flocks naturally infected with infectious bursal
disease (IBD) in three areas of Syria (north, middle, south) during the period from 2006 to 2008. The
aim was to detect the presence of the virus, identify virus strain and to study morbidity and mortality
rates. The study revealed that the morbidity rate ranged between 6 to 70% and the mortality rate ranged
between 1 to 40%. The infection rate was higher in chickens aged 18-37 days and lower in chickens
aged 40 days and more. The IBD virus was isolated and propagated by inoculation on the chorioallantoic
membrane (CAM) of specific pathogen free (SPF) chicken embryos. The viruses in bursae of Fabricius
supernatant were screened and typed by Capture- ELISA using four monoclonal antibodies and compared
with classic and variant strains (E/Del, GLS,RS593). Results showed that twenty nine of isolates were of

the classical form.

Keywords: Infection Bursal disease, Virus, Poultry, Syria.
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Abstract

Hydatidosis is a dangerous zoonosis with worldwide distribution and causes heavy losses in sheep. Forty
positive serum samples were collected from sheep infected with hydatidosis, and 24 serum samples from

uninfected sheep, and additional 11 samples from sheep with Cysticercosis tenuicollis were collected.
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The Arab Journal for Arid Environments 5 (1):55 - 61 55 61 - 55:(1) 5 4élall clindl 4y 1) dladl)



Antibodies against Hydatid cysts were detected with indirect ELISA method using partially separated
antigens of hepatic Hydatid fluid. The study aimed to evaluate the sensitivity and specificity of the indirect
ELISA method using hepatic hydatid fluid antigens in order to improve the sero-diagnostic method for use

in sero-epidemiological survey of the disease in sheep.

The results showed that the sensitivity and the specificity of the indirect ELISA using hepatic hydatid fluid
antigen were found to be 87.5%, 66.7%, respectively. Cross-reactions with Cysticercosis tenuicollis were
found to be 36.36%. It is concluded that there is a possibility to use hydatid fluid antigens to detect hydatid
cyst antibodies using indirect ELISA in Awassi sheep, but the specificity of the test is still low. Therefore, it

is necessary to search for high antigenicity proteins with low cross reaction.
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ABSTRACT

Twenty-four Awassi male lambs, aged 3- 3.5 months with initial live weight 28 + 1.74 kg were used to
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compare four treatments; T1: 1kg of concentrate (38% barley + 20% corn grain + 25% CSM + 15% Wheat
bran + 2% minerals and Vitamins) + 500g hay, T2: 1Kg concentrate + 500g dry olive trees pruning residues,
T3:1Kg concentrate + 500 g dry olive trees pruning residues with 10% molasses, T4: 1Kg concentrate +
500 g dry olive trees pruning residues with 10% molasses and 1 % Urea. The rations were formulated
to meet ME and crude protein requirements according to NRC 1985. Lambs were randomly distributed
in special metabolism cages. Results showed that the dry matter digestibility was 53.5%, 44.8%, 49%.,
50.1%, the protein digestibility was 56%, 41.8%, 46.2%, 50.6% and the crud fiber digestibility was 24%,
21.2%, 17.9%, 27.2% for treatments 1,2,3 and 4, respectively. The average daily gain (ADG) was 210, 186,
187, 203 g ,the values of FCR were 6.06, 6.65, 6.71 and 5.87 Kg DM of feed /Kg weight gain for the
treatments 1,2,3 and 4, respectively. The cost of 1 kg live weight amounted to 64.1 Syrian pounds (SP) for
the treatment 4 against 80.3 SP for the control group.

Keywords: Olive Pruning Residue, Awassi lambs, Urea, Molasses, Digestibility.
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Abstract

A pot experiment was conducted in the greenhouse at Aleppo University, Faculty of Agriculture to study
the impact of various concentrations of Olive Mill Wastewater (10, 30, 50, 70, 100% Field Capacity) on the
number and density of fungi and bacteria in a soil cultivated with chickpea seeds of (variety Ghab3).
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Four types of soil were used: sterilized soil (inoculated, non —inoculated) and non sterilized soil (inoculated,
non —inoculated). Experiment was laid in, Completely Randomized Design. Significant differences occurred
in bacteria and fungi density in the non-sterilized non-inoculated soil treated with O.M.W were observed,
basically the third treatment (T3) had the greatest differences at (1%) level of significance compared with
(66.6, 65.08%) at control treatment in bacteria and fungi, respectively.

Both Concentrations of O.M.W (70,100%) (T4,T5) inhibited the microbial growth. Consequently, they
were considered the threshold concentration of inhibition comparing with T3, on the contrary and among all
treatments the number of both organisms was significantly (P<0.01) declined at (T1,T2) with differences at
(1%) level of significance.

The impact of O.M.W was greater in sterilized non-inoculated soil on microbial density , increasing
number of organisms reached (15.33 x 10* cell / 1g and 62.67 x 10° cell / 1g) were noted at (T3) in fungi and
bacteria, respectively. The third concentration(T3) played a stimulating role for the development of both

organisms (bacteria and fungi).

Keywords: Olive Mill Wastewater (O.M.W), Chickpea (variety Ghab3), Bacteria, Fungi.
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ABSTRACT

This Research work was carried out in the village of Bunech in (Idleb) during the spring cropping of
2008/2009 for two seasons . The foliar spreading of the potato plants showed a clear effect on growth and
production.

the foliar application with organic fertilizers compounds gave an increase in plant height foliage area and
efficency of photosynthesis. Also there was an increase in the productivity of the plants in the unit area by
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increasing the number of foliar application.

The heighest increase obtained from the third foliar application (T3 treatment).So the increase in production

varied by variation of the content of applied organic compond.

Also it gave an increase in the amont of of tubers which were prepared for Farm (CLASS .A) according

to the General Organization for Seed Multiplication which will be distributed to the farmers in the autumn.

Keywords: Potato , Organic fertilizer (humic, Folvic acid), Tubers, Marabel.
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Abstract

The Vesicular—arbuscular mycorrhizae affect on plant uptake of nutrients. To study the effect of organic
fertilization on the contribution of that fungi on phosphorous availability and Maize (Zea mays L. cv.
Baseel 1) phosphorous uptake, different levels of cattle manure (OM) and mycorrhizae inoculation (VAM)
(mixture of six types of Glomus Sp.) were used in pot experiment using three types of soils: the first one (S,)

was poor, the second (S,) was rich, while the third one was very rich in lime.

Results showed a significant increase (P<0.05) in plant P content, and total P uptake due to organic
fertilization regardless of the studied soil. Mycorrhizae inoculation and the interaction between organic
fertilization and mycorrhizae inoculation caused —in general- a remarkable decrease in plant P content and
dry matter yield especially in (S,) and (S,) soils. The comparison between the studied soils showed that
mycorrhizae inoculation decreased plant total P uptake by 7.04, 21.38% in soils (S,) and (S,) respectively,
but increased P uptake by 20.91% in soil (S,) in comparison with control (-VAM). In the same manner, the
interaction between organic fertilization and mycorrhizae inoculation decreased plant total P uptake in soils
(S,, S,), but increased it in soil (S,).

Keywords: Organic fertilization, Mycorrhizae, Phosphorous, Corn, Dry matter.
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ABSTRACT

The research aims to estimate tomato marketing margin and marketing efficiency through the study of
farm prices, and marketing functions of the tomato, through the whole marketing process, because such
process is of great importance for marketing of any agricultural product, as marketing margin and marketing
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efficiency are considered the most two important parameters for the performance of the marketing process.

The data were collected from two sources : the first is by frequent visits to tomato markets in the study
area, the second is by questionnaire that covered (60) tomato farmers. The marketing margin and efficiency
were estimated based on the applied parameters which coincide, with the research nature. The research
findings indicate that the tomato marketing margin was high, while the tomato marketing efficiency was
low. It also illustrated the causes of that performance and provided suggestions for enhancing both the

marketing margin and efficiency.

Keywords: Marketing margin, Marketing efficiency, Farm prices, Marketing functions, Marketing

process.
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Table 5. Comparison of observed runoff volume, estimated runoff volume

using CN?, and estimated volume using CN?.

Observed Rrunoff Simulated runoff Simulated runoff
Date of i Error ) Error
event volume volume using CN, %) volume using CN %)
() () i () i
7/2/1998 69021 16917 75.5 83045.7 -20.3
30/3/1998 48816 6233 87.2 57195.0 -17.2
27/1/1999 21251 7320 65.6 21572.0 -1.5
19/12/2001 106207 66243 37.6 98323.0 7.4
9/12/2002 6826 16917 -147.8 5983.0 12.3
2/1/2003 107000 10580 -99.7 121216.0 -13.3

®CN, is the curve number based on 5-day antecedent rainfall, and CN, is the curve number calculated from Eq. 5 based on

antecedent soil moisture content.

CN, ranged from -1.5% to 20.3%. Having an error
of 20.3% in runoff volume is due to the fact that
in addition to antecedent moisture content, there are
other factors such as rainfall depth and intensity may
effects runoff volume (Hjelmfelt, 1991).

This result shows that quantifying pre-runoff
conditions using soil moisture content is more
adequate than using the rainfall observed in 5 days

before the storm .

Summary and Conclusion

This study investigated the use of soil moisture
content, rather than antecedent rainfall, as a mean for
quantifying the watershed wetness prior to a rainfall
event of interest. Good correlation (r=0.80) was
found between CN values and the natural logarithm
of antecedent soil moisture content. Using Curve
number based on antecedent moisture content values
improved estimation of the runoff volume greatly
compared to the 5-day antecedent rainfall published
in NEH-4 (USDA-SCS, 1985). The suggested
method requires knowledge of soil moisture content
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prior to runoff event. Since such measurement is
not readily available, dynamic infiltration model
HYDRUS-1D could be used to estimate
soil moisture content. This model requires daily

such as

evapotranspiration, daily precipitation, and general
soil characteristic. These data usually are easily
available. One of the advantages of the proposed
method to adjust curve number is that it allows
continues simulation of CN which is required by
many hydrological simulation model such as EPIC
(Williams, 1995), and AGNPS. (Young, 1987).
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Figure 3. The relation between calibrated curve
number and soil moisture content prior to each of
the investigated 15 rainfall events.

Evaluation of the developed relationship
between curve number and soil moisture
content

Six events (Table 4 ) were used to evaluate curve
number obtained from Eq. 5. The rainfall events
were selected to represent different rainfall depths,
different antecedent soil moisture contents and
different years.

The 5-day antecedent rainfall for the six rainfall
events were less than 36 mm (Table 4). Therefore,

the curve number based on the 5-day antecedent
rainfall according to (USDA-SCS,1985) is 66 .

The antecedent soil moisture content calculated
using HYDRUS-1D model varied between 0.20 for
the 9/12/2002 rainfall event and 0.40 for the 2/1/2003
rainfall event. The curve number calculated from Eq.
5 based on soil moisture content varied among the
studied storms and ranged between 58.3 and 95.8 .

Using the curve number ( CN, ) based on 5-day
antecedent rainfall produced runoff volume greatly
less than the observed ones (Table 5). The error in
estimating the runoff volume based on CN, ranged
between 38 % and 148 %. As mentioned earlier, many
researchers (Miserocchi and F. Savi, 2005; Perone
and. Madramootoo, 1998; Walkers et al., 1998 ;
Madramoottoo and Enright, 1988 ) observed that
using curve number based on the 5-day antecedent
rainfall could result in large errors in the estimated
runoff volume.

By using the curve number calculated from Eq.
5 based on antecedent soil moisture content (CN),
the errors in estimated runoff volume was reduced
greatly (Table 5).

observed runoff volume and the estimated one using

The difference between the

Table 4. Comparison of curve number calculated based on 5-Day Antecedent Rainfall and that calculated

from Eq. 5 moisture content.

) Curve number
Date of Rainfall 5-Day Curve number based Yolumetrlc based on antecedent
¢ Antecedent | on 5-Day Antecedent moisture content <t tent
even depth (mm) | painfall (mm)  Rainfall (CN,) (mm) m3/m? foisture conten
(CN,)

7/2/1998 55 2 66 0.34 86.7
30/3/1998 43.0 19.0 66 0.36 89.9
27/1/1999 445 6.5 66 0.28 74.9
19/12/2001 89.0 22.0 66 0.25 70.5
9/12/2002 55.5 4.0 66 0.20 58.3
2/1/2003 48.5 32.0 66 0.40 95.8
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Table 3. Comparison of the calibrated curve number (CN_ ) and the curve number based on 5-Day
Antecedent Rainfall (mm)(USDA-SCS,1985).

AMC based Curve number : Percent
5-Day based on 5-Day Calibrated
No. Date of Antecedent on NEH-4 Antecedent Rainfall |curve number| © o
event | Rainfall (mm) (Usﬂggcs’ (mm)(USDA-SCS, | (Nl |
1985)
1 29/12/ 1997 6 | 56 72.5 23
2 7/ 1/ 1998 15 | 56 86 35
3 25/1/ 1998 15 | 56 91 38
4 30/3 /1998 19 | 56 88 36
5 29 /1171998 0.5 | 56 51 -10
6 19/1/1999 25 | 56 85 34
7 4/2/ 1999 0 | 56 76 26
8 24 /12/ 2000 84.5 Il 89 85.5 -4
9 24 /1/ 2001 23.5 | 56 79 29
10 5/2/2001 15 | 56 92 39
11 17 /2/ 2001 30 | 56 91 38
12 25/11/ 2001 18 | 56 48 -17
13 21/1/2002 135 | 56 90 38
14 24 /11/ 2002 0 | 56 59 5
15 19 /12/ 2002 28.9 | 56 87 36
It is evident from this result that USDA-SCS Where:

antecedent moisture condition does not characterize
the soil moisture preceding a rainfall event and
does not explain the storm to storm variation of CN
values.

Correlation between Antecedent soil moisture
content and curve number

Soil moisture prior to each of the 15 rainfall event
was plotted against the calibrated values of curve
number (CN_ ) . A linear relationship between the
natural logarithm of soil moisture content and curve
number were deduced ( Figure 3)

CN, =55.593 In(©)+ 1.79CN,  (r=0.80)  (5)

The Arab Journal for Arid Environments 5 (1)

O is the volumetric soil moisture content prior to
rainfall event (m3/m?).

CNII 1s the curve number for normal moisture

condition.

CN, is the adjusted curve number based on the
antecedent moisture content. The strong correlation
between the curve number and the soil moisture
content indicate that antecedent moisture content
has major influence on curve number. Similar result
was obtained by (Jacobs et al., 2003) when they
correlated remotely sensed soil moisture data to

curve number values.
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content. HYDRUS-1D is a software package for
simulating water movement in one-dimensional
variably saturated media. The program, which
numerically solves Richared equation, is capable
of simulating daily soil moisture content based on
daily precipitation, evapotranspiration (ET), and
soil characteristics. Daily evapotranspiration was
determined using Penman Montith equation (Allen
et al. 1998 ) utilizing climatic data obtained from
Homs weather station. The soil hydraulic function
of Van-Genuchten ( 1980) was used to describe
soil and water retention and unsaturated hydraulic
conductivity functions. Soil physical properties
were obtained from soil datadbase provided within
HYDRUS-1D model and the soil map of Syndiane
catchment. HYDRUS 1 is used here to get a good
indicator of the soil moisture variation and of a water
soil content before each event. Values of calculated
soil moisture content prior to each rainfall event are

presented in Table 2.

Results and discussion

Evaluating the Five-day antecedent rainfall
AMC of NEH-4(USDA-SCS,1985)

With exception to rainfall event of 24/12/2000,
the five-day cumulative rainfall prior to each of
the rainfall event was less than 36 mm (Table 3) ;
therefore, according to 5-day antecedent rainfall
published in NEH-4 (USDA-SCS, 1985), CN values
for these events are associated with dry condition
(condition I) and is equal to 56. However, the soil
moisture content prior to those events varies greatly
between 0.17 for 29/11/1998 rainfall event to 0.39
for 25/1/1998 and 19/1/1999 events.

The calibrated curve number values (CN_ ) varied
between 48 and 92 . Figure 2 shows example of
observed and calibrated hydrograph for 4-2-1999
storm. The relative error between CN, and CN_
ranged between 4 % for 24/12/2000 rainfall event
and 39% for 5/2/2001 rainfall event.

Figure 2. Observed and calibrated hydrograph for 4-2-1999 storm.
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Annual precipitation occurs from October to
May. During the five seasons 1997/1998, 1998/1999,
1999/2000, 2000/2001, 2001/2002, the annual
rainfall depths were 737, 575, 556, 703, 586 mm,

respectively.

Figure 1. Syndiane watershed and its location on

Syria map.

Curve number calibration

The calibration of curve number was performed
HEC1 (USACE-HEC,1985) model.
HECI is a hydrological model to simulate runoft
hydrograph. The HEC1 model is based on unit
hydrograph method to transform direct runoff to

using the

runoff hydrograph. HEC1 has several options for
unit hydrograph for estimating direct runoff. In this
study direct runoff was calculated using SCS curve
number method (USDA-SCS, 1972). The standard
SCS unit hydrograph was used to produce the runoff
hydrograph. The lag time was determined using the
SCS lag equation.

Table 2 lists the 15 rainfall events used as rainfall
input in this study. The events were selected at
different times between 1997 and 2002. The events
rainfall depth varied between 21.5 mm to 181 mm.
Measured runoff hydrograph were obtained from the
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change in the water volume in the reservoir based
on water level measurement. The starting time of a
runoff event was the same as the start time of the
associated rainfall event. The ending time of event
is the time storm flow had returned to normal level
similar to the level observed before the rainfall event
began.

Table 2. The 15 rainfall events used to calibrate
curve numbers and the calculated soil moisture
condition prior to each event.

No. Zifn?f Sto?;i‘;pth sl;rllii)ei(si‘fge

content m*/m?®
1 29 /12/ 1997 50.0 0.29
2 7/ 1/ 1998 21.5 0.32
3 2571/ 1998 101.0 0.39
4 30/3/1998 182.0 0.36
5 29 /11/ 1998 107.5 0.17
6 19/1/1999 43.0 0.39
7 4/2/ 1999 56.5 0.25
8 24 /12/ 2000 39.0 0.33
9 24 /1/ 2001 38.5 0.27
10 5/2/2001 54.5 0.31
11 17 /2/ 2001 23.5 0.33
12 25/11/ 2001 26.5 0.22
13 21/1/2002 46.0 0.34
14 24 /11/ 2002 181.0 0.22
15 19 /12/2002 35.0 0.34

Calibrated CN values were obtained through
adjusting CN values to match the simulated and
observed hydrographs of all 15 rainfall events.

Soil moisture calculation

The HYDRUS-1ID model
al., 1998) was used to estimate soil moisture

(Simunek et
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Table 1. Five-day antecedent rainfall division
presented in table 4.2 of NEH-4(USDA-SCS,1985).

Antecedent Moisture 5-day Antecedent Rainfall
Condition (mm)
I (dry) < 36
II (normal) 36-53
I (wet) > 53

Many researchers observed that values of CN
exhibit a significant storm to storm variation which
can not be explained following the SCS method
based on the total rainfall depth observed in 5 days
before the storm (Miserocchi and Savi, 2005; Perone
and Madramootoo, 1998; Walkers et al., 1998 ;
Madramoottoo and Enright, 1988 ). As an alternative
to five-day antecedent rainfall Walkers et al.(1998)
used base flow at the watershed outlet prior to storm
response as an indicator of watershed moisture
condition. They developed a relationship between
base flow and curve number. The drawback in this
approach is that the base flow measurements are
rarely available. Fedora and Beschta (1989) analyzed
the influence of antecedent precipitation on curve
number. They concluded that long term or seasonal
antecedent conditions should be considered.

Borah (1990) performed a study to characterize
the temporal variation of curve number. He found
that CN follows a clear pattern with respect to
seasons; however, Borah (1990) did not establish a
correlation between CN values and antecedent soil
moisture.

Inanotherstudy, Jacobsetal. (2003) used remotely
sensed soil moisture to adjust curve numbers values.
The error in runoff estimate by the SCS method
was reduced by nearly 50 percent. More recently,
Jacobs and Srinivasan (2005) used high resolution
radar rainfall data in Texas watershed to evaluate
variation of SCS curve number. The result of their
study indicated the need to adjust the curve number
value seasonally.
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The objective of this study is to investigate using
the antecedent soil moisture content to quantify the
watershed wetness prior to the runoff event as an
alternative to the 5-day antecedent rainfall published
in NEH-4 (USDA-SCS, 1985).

Method and materials

Study area

The data used in this study were collected from
Syndiane reservoir during the HY DROMED project
implemented in cooperation among the Institute of
Research for Development (IRD), European Union,
and the Arab Center for the Studies of Arid Zones
and Dry lands (ACSAD). The Syndiane reservoir,
which is, located approximately 30 KM west of the
city of Homs, Syria (34.70419°N, 36.44248°E) (Fig.
1) was built in 1967 and has a maximum capacity of
400,000 m®. The reservoir collects runoff water from
a 330 ha catchment. The watershed is characterized
by gently rolling terrain with an average basin slope
of 7.4 % and a maximum channel slope 0of 2.3 %. The
area attains a maximum elevation of 632 m above
mean sea level (MSL) in the north and a minimum
of 505 m above MSL near the dam site. The soils of
the area have derived from basaltic parent material
and are classified in four principle soil type : Loam,
sandy clay loam, clay loam, and sandy loam and
They belong to the hydrologic group C (USDA-
SCS,1985). Land uses and cover are primarily
winter wheat (80%) and rangeland (20%). The curve
number for this soil-cover complex are 82, 92, and
66 for antecedent moisture condition II , I, and III ,
respectively (USDA-SCS, 1985). At the end of the
year 1997, meteorological station’s equipment were
installed next to reservoir. These equipment included
a tipping bucket rain gage, an air temperature sensor,
and water level sensors.
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rainfall for curve number adjustment . A dynamic infiltration model (HYDRUS-1D) was used to simulate
the temporal variation of soil moisture content. Curve number values estimated from observed hydrograph
were correlated to antecedent soil moisture content. A strong correlation (r>=0.80) was found between
CN values and the natural logarithm of antecedent soil moisture content. Using Curve number based on
antecedent moisture content value improved the estimation of runoff volume greatly compared to the 5-day
antecedent rainfall published in NEH-4 (USDA-SCS, 1985).

Keywords: curve number, surface runoff, antecedent moisture

Introduction P is total rainfall (mm), and
25400
Water scarcity and drought have become major S= CN 254 (2)

issues in arid and semi arid areas. Alleviating such

problems requires more emphasis on planning CN is the curve number which is determined based

and management of available water resources. In ©n soil hydrologic group, land use and antecedent

such areas surface runoff is an important portion moisture condition . CN values are tabulated in

of available water resources. Direct measurement Cchapter 9 of National Engineering Handbook-section
4 (NEH-4) for various land cover and soil hydrologic
group (USDA-SCS, 1985). A major disadvantage of

CN method is that the temporal variation of curve

of runoff is rarely available and there is a shortage
of runoff record which covers sufficient duration

of rainy seasons to enable accurate assessment

of volume and peak runoff. Therefore, utilizing number with respect to antecedent moisture is not

simulation models which are capable of predicting ~2dequately established (Ponce, 1996). Currently,

runoff information based on rainfall record become the method used to account for CN variation with

of great interest to achieve required planning and antecedent moisture condition (AMC) is based on
the amount of rainfall over the previous five days as

The curve number method developed by the explained in table 4.2 of NEH-4(USDA-SCS,1985).
U.S. soil conservation (USDA-SCS,1972) perhaps In this table a curve number values for normal, dry,
is the most common method for predicting storm 2nd wet soil moisture condition is termed CN,, CN,,
runoff ( Pathak et al., 1989; Jiang et al., 1998 ; and CN,, respectively. The three classes of CN

Limbrunner et al.. 2004. Fraser and Waters. 2004: based on 5-day antecedent rainfall are presented in
Jacobs and Srinivasan, 2005). This method is based ~ 1able 1. Values of CN; are determined based on land
cover and soil hydrologic group (USDA-SCS,1985).
Values of CN, and CN, can be obtained from table

4.2 of NEH-4(USDA-SCS,1985 ) or by using the

management of water resources.

on the relationship among rainfall, land use, soil
characteristics, and antecedent soil moisture. In
this method direct runoff is calculated from rainfall

depth as following : following equations (Haith et al. 1996):
P-0.25)? CN
Q= Qfor P>0.2S, Q=0otherwise (1) cN= ! )
P+0.8S |
(2.334-0.01334CN,)
Where:
CN,
is di CN =
Q is direct runoff volume (mm) "™ (0.4036- 0.0059 CN,) (4)
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Abstract

The curve number (CN) method originally developed by USDA soil conservation services (SCS) is widely
used in engineering design water structures, and environmental impact assessment for estimating runoff
volume. Currently the value of curve number is determined from published tables (USDA-SCS,1972) and
modified using 5 day antecedent rainfall published in NEH-4 (USDA-SCS, 1985) . The objective of this
study was to investigate the use of antecedent soil moisture content as an alternative to the 5-day antecedent
©2012 The Arab Center for the Studies of Arid Zones and Dry Lands, All rights reserved.
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and the pumping rate for each scenario are different.
The red lines in the figures show the path-line of
particles towards the pumping stations. This was done
using Modpath (particle tracking code) model which
works through Modflow (groundwater simulation
code). The blue cells at the north and south are for
time-variant specified head boundaries.

- Proposing a pumping scheme

Four scenarios were tested according to the
location of pumping stations and pumping rates.
The resulting drawdown showed the authority the
dangerous consequences of pumping the required
amount of water and highlighted the importance of
the acquisition more hydrogeological information.
The study recommended a gradual increase in
pumping while keeping monitoring water level for
the coming three years (figure 13). After that the
model will be re-calibrated according to the new

information.

Figure 13. Water level drawdown according to

recommended scenario. The maximum areal
drawdown in the cells of pumping stations was 14

m.year™.

The Arab Journal for Arid Environments 5 (1) 29

Conclusion

Groundwater mathematical models represent
powerful tools for the assessment, development
and management of groundwater resources. Case
studies presented in this paper showed a wide range
of applications according to the specific needs
and conditions for each case, either in designing
monitoring system (northern part of Khabour
basin) or predicting the impact of climate change
on groundwater storage (Zabadani sub-basin) or
delineation of wellfield capture zones (Hasia sub-
basin).

It is recommended that models should be a major
component of any groundwater management study.
Its predictive capacity makes it the most useful
tool for planning, design, implementation and
management of the groundwater resources.

The models can be started with simplified
assumptions and modified step by step. The modeling
work is continuous work and should be envisaged
throughout the management process.
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predict the drawdown in water table as a result of the
new exploitation plan.

The model area is about 2500 km? (Figure 11).
The annual rainfall is between 100 and 300 mm.year*
decreasing from west to east and from south to north.

Figure 11. Location of the model area.

The surrounding area has a very complex structure
(ACSAD, 2004) and is affected by two major faults
and several small lateral faults. The studied aquifer
is the upper Cretaceous which crops out in the west
and consists of fractured limestone. This aquifer is
dipping in the east where it overlaid by Quaternary-
Neogene deposits. The aquifer is of good water
quality in general (around 0.6 g/1).

Managerial output:
- Delineate wellfield capture zones

The other output of the model was the delineation
of the wellfield capture zones for the different tested
scenarios (Figure 12). This delineation will help
the authority in setting up restrictions for land use
and human activities at these zones (groundwater
protection zones).

The figures below show these zones for the
different scenarios. The location of pumping stations

Figure 12. Capture zones for pumping wells according to the different scenarios.
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this holiday destination also exerts a strain on the
water resources of the area. To help the authorities to
better manage the imbalance between water supplies
and multiple water demands and environmental
requirements, a Decision Support System (DSS)
is developed (Droubi et al., 2007). The system is
based on the concept of integrated water resources
management which means that all the different uses
of water resources are considered together and water
allocations and management decisions consider
the effects of each use on the others. The DSS is a
combination of two existing software products that
are dynamically linked to and affecting each other.
MODFLOW calculates groundwater heads, storage
and flow whereas, WEAP3 calculates groundwater
recharge, river stage, irrigation demand and the
remaining water balance components. WEAP holds
the Graphical User Interface for the DSS and acts
as a “remote control” for MODFLOW, which is
running in the background (Al-Sibai et al., 2008).
This linkage empowers both models and gives a
chance to use the strength of WEAP to build different
scenarios and the strength of MODFLOW to observe
the impact of these scenarios on groundwater table.

Two short - term scenarios (2005/2017) (Droubi
etal., 2007) were examined in order to see the impact
of strong decreases in precipitation due to climate
change:

Scenario A: A twenty percent decrease was
applied to the amount of precipitation during the
planning scenario
The
measurements of Damascus station shows that there

Scenario B: historic  precipitation
is roughly every thirteen years a “drought” year
with less than half of the mean annual rainfall.
Therefore , an additional planning scenario was
created by reducing the average precipitation to 50%

and calculating the impacts of consecutive drought

(3): WEAP, Water Evaluation and Planning System, www.
weap 21.org
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years (Droubi et al., 2007).

The hydraulic head fluctuations predicted by
the model (Figure 10) showed that the most severe
drawdown occur in scenario B. Similar impact has
been observed in 2001 after three consecutive dry
years. This decline in groundwater level will force
the farmers to deepen their wells and will rise up the
pumping costs.

Figure 10. Calculated hydraulic head for the
planning scenarios. The window below shows the
impacts of scenarios A & B on the water table at one
of the selected Modflow cell.

A long term scenario was examined assuming a
slight annual decrease in rainfall of 5.1% at 2040
(according to the result of MRI-96 projection model
for Serghaya Station in the area, Syrian initial national
communication report, 2009). The results showed a
continuous decrease in groundwater storage in all
sub-aquifer and a sum of 70 Mm? decrease in storage
was expected at the end of 2039.

3- Hasia sub-basin (ACSAD, 2004)

Background:

The Syrian government is planning to build an
industrial city in this area. The expected maximum
water requirement is about 35 m m®.year?. The study
aimed to estimate the water budget in the area and
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The study area is about 47 km? with an average
altitude of 1000 masl and average rainfall of 500 mm/
year. There are two main groups of deposits in the
area, the first one are the Cretaceous (Cr) & Jurassic
(Jr) deposits which crop out in the west and east of
the model area. The second one are the Quaternary-
Neogene (Q-N) deposits which are located in the
middle of the model area as graben sediment formed
by the tectonic structure (Technoexport,1986).
Figure 8 shows an east-west cross section of the
model (Technoexport,1986).

Figure 8. East-West Cross Section in the study area
(Technoexport,1986).

This study aimed to build a mathematical model,
to simulate the groundwater flow system and produce
a tool for the decision maker to manage and set up
proper plan for the basin water resources.

Managerial output:

- Predict the influence of additional pumping from
new sites:

The calibrated year was the end of four dry
years (1997-2001). One of the tested scenarios
was to predict the influence of adding six new
exploitation sites to pump additional drinking water
to Damascus city when sort of steady state condition
prevails in the basin in the next three years (i.e. no
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recovery of the aquifer). These additional sites were
located according to the calibrated hydrogeological
parameters of the aquifer. The pumped water was
increased gradually by fifty percent each year and
reached 56 Mm?®/year in the third year. The model
predication showed that a maximum drawdown
of two meters will appear after three years at the
exploitation sites (Al-Sibai et al., 2003). The spatial
distribution of this drawdown is shown in figure 9.
The model showed that under these conditions the
Barada spring discharge will decrease by 36% after
three years.

Figure 9. Groundwater drawdown at the end of the
tested scenario.

- Integration of groundwater model with decision
support system

There is a high competition on the water
resources in the area among different users. In
addition to the irrigation, there is considerable water
demand for drinking and environment. Tourism to
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- Elaborate the effect of increasing groundwater
pumping on lateral flow

Shared aquifers should have a shared management
for sustainable use. Groundwater pumping from
downstream side will induce more lateral inflow
from upstream side. However; with time, and as
both sides overexploit the aquifer, this induction
will decrease despite the increase in pumping as
shown in figure 6. The figure shows the quantity
of groundwater abstraction and the lateral inflow
from upstream toward the study area. It is clear that
during the period of increasing abstraction (more
than a threshold of 100 mm®.month?), an increase
in lateral inflow is observed. However, the model
shows that this increase inflow is still smaller than the
abstraction increase which resulted in higher deficit
as shown in the columns in figure 6. This analysis
should encourage the respected countries to start
collaborative management of their shared aquifer.

2- Zabadani sub-basin (ACSAD, 2002;
ACSAD-BGR, 2007)

Background:

Zabadani plain is one of the most important inter-
mountainous sub-basins in Syria. It is considered

as a strategic groundwater source of drinking water
supply for Damascus city. The historical Barada
spring is flowing from this basin with an average
rate of 3 m®.sec? (Figure 7).

Figure 7. Satellite image of the Zabadani area.

Figure 6. The red line shows the monthly quantity of groundwater abstraction and the blue line shows the

monthly lateral inflow from upstream. Yellow columns depict the difference between both lines (deficit).

The Arab Journal for Arid Environments 5 (1)
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Figure 4. Information used in defining the important locations for new sets of
piezometric wells (Al-Sibai, 2005).

Figure 5. Important locations for constructing a new set of piezometric wells.
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Figure 3. NDVI " values derived from NOAA ™ data (1 Km resolution) of the area. The figure illustrates the
expansion of irrigated areas (green color) between 1990-2000 in both sides of the basin (Syria and Turkey).
The circles highlight these areas. (*): Normalized Difference Vegetation Index. (**): National Oceanic and Atmospheric

Administration. United State Department of Commerce.

Managerial output:
- Setup new monitoring system:

In the model, developed for this confined aquifer,
some of the used observation wells which reach
the studied aquifer were farmers’ wells. Most of
these wells were not constructed with screens in
the studied aquifer only. Even if the levels have
correctly been measured, they were unrealistic for the
aquifer under consideration. This is a very common
problem in the region, because of the high cost of
drilling piezometeric wells. Fortunately, there were
several standard, well constructed, piezometeric
wells in the area which could be used to correlate
their readings with the hydrogeological conditions
(Figure 1). One output of the study was setting up
an optimum new monitoring network according to
different considerations as it illustrated below. To do
that three GIS layers were built:

1- Layer to present the confidence in the readings
of the observation wells.

2- Layer to present distribution of current
observation wells.

3- Layer to present areas with special interest.
The observation wells were grouped according
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to the hydrogeological properties. A weighted
average representative hydrograph (giving higher
weights for piezometric wells) was derived for
each hydrogeological unit. The correlation between
this average hydrograph and hydrographs of each
individual observation well was established. This
was very helpful in defining which observation
well has low correlation and therefore has lower
confidence in measurements (unless if there were
any noticed practices could lead to such uncorrelated
measurements) (Figure 4c). The problem was
worsened due to the bad spatial distribution of the
observation wells within the study area. Figure 4a
shows the well density distribution. In addition,
there were some important areas (e.g. surroundings
of the spring where the new pumping stations are
operating) where the water authority wanted to have
more detailed information (Figure 4b).

By combining all above mentioned information
using GIS tools, a figure is created which shows the
water authority where are the most important locations
to construct a new set of piezometric wells (Figure 5).
These additional piezometric wells will improve the
accuracy of groundwater level maps and enhance the
groundwater monitoring in important areas.
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Proccessing Modflow? and GMS? (Groundwater
Simulation System). The managerial outputs of these
models will be discussed in this paper. More details
about the modeling work itself can be found in the
relative references (ACSAD; 2002, 2003, 2004).

Case Studies

1- Northern part of Khabour basin (ACSAD,
2003)

Background:

The study area is located in the Northern part of
the Syrian Khabour basin. The area is about 3600 km?
and is suited within the Northern Fertile Crescent
which has an average rainfall of 400 mm.year?
(figure 1).

Fig. 1. Study area with the Khabour river (The
locations of the observation wells are illustrated by
dots for standard piezometeric wells and “x” for
farmer’s wells.

The main exploited aquifer is the confined aquifer
from Helvetian-Eocene age and consists of karst and

1: PMWIN, version 5.3.0
2: GMS, version 5
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fractured limestone (Figure 2). The famous spring
(Ras EI-Ein), located at the boundary between Syria
and Turkey, was a natural outflow from this aquifer
with an average discharge of 40 m®.sec™. The spring
flow decreased with time until it stopped to flow early
this century. The hydraulic transmisitvity of this
aquifer is very high especially in the area adjacent
to the spring (from 100,000 to 500,000 m®.day™ in
the area adjacent to springs) with good water quality
(0.3-0.5 g.I"Y). This aquifer is shared by Syria and
Turkey. It is confined in Syria and outcrops in Turkey
where the recharge area is located (Figure 2).

Figure 2. North-South schematic cross-section of the
conceptual model of the studied aquifer (Helvetian-
Eocene).

From analyzing geological maps, climatic data
and satellite images, the recharge estimated to be at
its maximum around 3.3 billion cubic meters per year
according to the values of infiltration coefficients of
different zones. The area is very fertile; thousands of
farmers’ wells are pumping the water for agriculture
from both sides of the boundary (Figure 3). This
overpumping of groundwater in both sides (Syrian
and Turkish) has negative impacts on both sides
of the aquifer. The impact appears in water table
declining of more than 1 m.year ?, reaching up to10
m.year! in some areas. Facing this problem, the
Syrian authority asked for a tool to best managing
groundwater resources.
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This paper presents three case studies from Syria and discusses how they have been used as a management

tool. In the Northern part of Khabour basin, the mathematical model helps in setting up new monitoring

system and elaborates the effect of increasing groundwater pumping on lateral flow from Turkey. In

Zabadani sub-basin the model predicts the influence of additional pumping from new sites and impact of

climate change on water resources according to different scenarios. In Hasia sub-basin, the model delineated

wellfield capture zones and tested the impact of different pumping scheme on groundwater level.

Keywords: Groundwater modeling, Aquifer management, Decision support system.

Introduction

Throughout the Arab region, the majority of
countries suffer from imbalance between the
constantly increasing demand for water and the
available natural water resources. As the second
largest source of fresh water, groundwater is under
high pressure. Many countries are already using
more water than their renewable water supply, and
are in water deficit situation. In such situation many
consequences of groundwater overexploitation are
becoming increasingly evident. The most common
symptom is secular decline in water tables (Droubi,
2006). In Syria most of the aquifers are suffering
from overexploitation which caused sometimes
severe decline in water tables (ESCWA, 2007, Al-
Sibai, 2009). Groundwater use, particularly for
irrigation has increased dramatically over the last
two decades. Sixty percent of all irrigated area in
Syria is currently irrigated by groundwater (FAO-
MAAR, 2001). Most are privately developed and
operated. In 2008-2009, the Groundwater usage
for agriculture reached 7.5 Bm?® while the total
renewable volume of groundwater was 6.48 Bm?
(Sayegh and Zakar, 2010). This gave a deficit of
1.03 Bm?®, which translated as water table decline
in most of the Syrian basins (UNDP, 2009). This
deficit is expected to increase as the water needs for
all sectors are continue to increase.

In the management of a ground-water system in
which decisions must be made with respect to water

The Arab Journal for Arid Environments 5 (1) 21

quality and water quantity, a tool is needed to provide
the decision maker with information about the future
response of the system to the effects of management
decisions. Depending on the nature of the management
problem, decision variables, objective functions, and
constraints, the response may take the form of future
spatial distributions of contaminant concentrations,
water levels, etc. This tool 1s the model.

Numerical groundwater models are an efficient
management and planning tool for the development
of complex aquifer systems. Models, if properly
designed are useful to estimate the effects of future
development schemes on the groundwater system.
In addition, they can aid in understanding the overall
behavior of a given aquifer system and may identify
areas where more field information is required
(Anderson and Woessner, 1992). The computed
result of an aquifer simulation is the potentiometric
surface distribution of the aquifer and the salinity
distribution in the aquifer or the concentration of a
particular contaminant species, which are the critical
factor in water resources management and planning
(ESCWA, 2005).

Methodology

Numerical groundwater flow models have been
constructed to develop an understanding of the
groundwater flowing systems, evaluate the effects
of development on groundwater resources and
support groundwater management. Two commercial
interface were used as an interface to Modflow,
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Abstract

Groundwater mathematical models are efficient management and planning tool for complex aquifer
systems. They provide a framework for synthesizing field information and for further understanding how the
system works. They may identify areas where more field information is required. They also aid in selecting
an optimum set of operating conditions to use the aquifer without endangering its sustainability.

In the last decade, several models were developed which aimed to help respective authorities in their
efforts to manage groundwater resources.
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fourth years of the ewe age and decreasing thereafter
except in sixth year of the ewe age. This may be due
to the advance in the ewe’s ages (ewes more than six
years) which might have cause lose of their ability
to withstand the effects of multiple pregnancies.
Generally, it was found that, there was a trend in the
increase of lambs weight with the increase of age
of the ewe to reach a maximum at six years of age
and decline thereafter (Table 3). Whereas Cassinello
(1998) showed that, high mothering tends to produce
heavier lambs than low ones, and birth weights

increase with maternal age.

In conclusion, the results indicated that, genetic
and phenotypic correlations were positive, so the
selection for lamb weight at any age (birth weight)
will help to improve other traits. Heritability values
were low, so the variation in studied traits is related
to non genetic factors such as lambing year, birth
type, sex of lamb, and age of ewe at lambing.
Consequently, correction factors have to be evaluated
before designing any plans for genetic improvement
of these traits of Barbary sheep in Tunisia.

Table 3. Least Square Means+Standard Errors (LSM=SE) of Barbary Sheep Lambs at BWT (kg), WT30
(kg), WT60 (kg), WT90 (kg).

Least Square Means = Standard Errors (LSM*SE)
SOV No. BWT WT30 WT60 WT90
Vi 6802 3.58+£0.01 9.13+0.04 14.12 £ 0.05 18.72 £0.06
Year of lambing
2003 2040 3.60£0.01b 9.79 £ 0.05a 15.63 £ 0.06a 20.52 +£0.07a
2004 1418 3.52+0.01c 8.46 +£0.05d 13.27 £ 0.06¢ 18.28 £0.07¢
2005 1981 3.55+0.01bc 9.27 +£0.04b 13.37 £ 0.06¢ 16.78 + 0.06d
2006 1363 3.63£0.02a 9.01 £0.05¢ 14.20 +0.07b 19.32 £0.08b
Stations
Sawaf 3023 3.65+0.05a 9.10+0.18a 13.95+0.23a 18.57 +0.26a
Gebbenh 3779 3.50£0.05a 9.16+0.18a 14.28 +£ 0.23a 18.88 £ 0.26a
lambing Type
Single 5728 391+0.0la 9.93 +0.03a 14.97 + 0.04a 19.64 £ 0.05a
Twin 1074 3.24+£0.01b 8.33+£0.03b 13.26 +0.04b 17.81 £0.05b
Gender
Male 3358 3.65+0.01a 9.30£0.02a 14.35 £0.03a 19.07 £0.03a
Female 3444 3.50+0.01b 8.96 + 0.02b 13.89 £ 0.03b 18.37 +£0.03b
Age of ewe
2 1002 3.54+£0.02b 8.87 £ 0.06b 13.71 £0.07b 18.28 + 0.08b
3 1012 3.55+0.02b 9.16 £ 0.06a 14.07 £ 0.07a 18.75 £0.08ab
4 1027 3.59+£0.02a 9.22 £0.06a 14.30 £0.07a 18.98 +£0.08a
5 996 3.59+0.02a 9.24 £ 0.06a 14.33 £0.07a 18.96 £ 0.08ab
6 910 3.61 £0.02a 9.30 £ 0.06a 14.30 £0.07a 18.82 £0.09ab
>7 1855 3.58+0.01a 9.01 = 0.04b 13.99 + 0.06b 18.54 £0.07¢

BWT: birth weight, WT30: weights at 30 days age, WT60: weights at 60 days age, WT90: weights at 90 days age, Means with the

same letters within the same column for each effect denote no significant differences between means.
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Table 2. Analysis of Variance of Barbary Sheep Lambs for BWT (kg), WT30 (kg), WT60 (kg),
WT90 (kg) on Barbary Sheep.

Source of variance Mean Squares

D.F. BWT WT30 WT60 WT90
Ram 326 0.41** 4.58%* 6.43™ 9.55%*
Year of lambing 3 2.90%* 382.31** 1487.19%* 3334.38%*
Stations 1 0.62" 0.09™ 2.90m 2.64"
Lambing Type 1 371.51%* 2118.86%* 2427.68%* 2797.47**
Gender 1 35.38%* 189.37** 338.26%** 780.47%*
Age of ewe 5 0.73* 25.53** 56.14** 70.16**
Remainder 6464 0.31 3.54 5.87 7.72

BWT: birth weight, WT30: weight at 30 days of age, WT60: weight at 60 days of age, WT90: weight at 90 days of age.

of lamb had high significant effect on birth weight
(Table 2). This may be due to the fact that single
lambs have more adequate milk supply than other
lambs on all studied traits.

The sex of lamb showed high significant (P<0.01)
effect on all studied traits (Table 2). The present
result agrees with that of Khaldi (1989) on weight
of lambs at different ages. But it disagrees with the
result of Zaied and Ayad (1992) who did not find
significant effect of lambs gender on body weights
at birth and weaning. The least squares means of
male lambs were higher than female lambs at birth
and subsequent ages. Similar result was observed by
Khaldi (1989). The effect of lamb’s gender on body
weights might reflect the effect of sex hormones.
Physiological differences between male and female
growth.

The age of ewe had high significant (P<0.01)
effect on all studied traits as presented in Table (2).
This result is in agreement with those of Khaldi
(1989) who found significant effect of ewe age on
weight lambs, meanwhile it contradicts with the
findings of Zaied and Ayad (1992) on birth and
weaning weights.

The overall least squares means and standard

The Arab Journal for Arid Environments 5 (1) 17

errors of BWT, WT30, WT60, and WT90 are shown
in Table 3. In the literature review few studies had
estimated weights of Barbary sheep and generally
were in agreement with the results of the current
study. Birth weight (kg), for single males, single
females and twin were 3.6, 3.4 and 3.1, respectively
of Barbary lambs in Tunisia (Khaldi, 1989). However
Zaied and Ayad (1992) observed that, birth weight
in general was 3.86 kg and weaning weight ranged
between 16.8 to 19.1 kg of Barbary lambs in Libya.

Body weights for males and females of Barbary
lambs at birth, 30, and 90 days of age were 3.8, 3.5;
10.6, 9.8; 21.0, 19.1 kg, respectively (Rekik et al.,
2005).

Comparing the results of 2006 with those of
2003, it was found that the least squares means of
BWT were higher in 2006, while WT30, WT60,
WT90 were higher in 2003. This may be related to

management differences.

Least squares means of BWT, WT30, WT60
showed an increasing trend from the second to the
fourth year of ewe age, and it was the highest in
sixth year of ewe age. Least squares means of WT90
showed an increasing trend from the second to the
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Table 1. Estimates of heritability (diagonal and bold), genetic correlations (below the diagonal), and

phenotypic correlations (up the diagonal) for BWT, WT30, WT60, WT90, on Barbary Sheep.

Traits BWT WT30 WT60 WT90

BWT 0.061 +0.020 0.369 + 0.372 0.340 + 0.339 0.328 +0.320
WT30 0.331+£0.212 0.056 +0.020 0.532 £ 0.537 0.540 + 0.564
WT60 0.435+0.341 0.457 £ 0.309 0.018 £0.017 0.713 £ 0.709
WT90 0.480 +0.219 0.108 + 0.273 0.927 £ 0.204 0.046 +0.019

BWT: birth weight, WT30: weight at 30 days of age, WT60: weight at 60 days of age, WT90: weight at 90 days of age.

Estimated heritability of all studied traits showed
low heritability values ranging between 0.018 for
WT60 and 0.061 for BWT. Such traits are essentially
developed by improving the environmental factors
such as the appropriate feeding strategy before and
after parturition.

Similar heritability values for BWT were reported
by Abdul-Rahman (1978), Al-Tae (1981) and Ayied,
etal. (1988), their estimates were 0.07, 0.07 and 0.06
on Awassi, Awassi and Arabi sheep, respectively.
Whereas, high estimate of heritabilities were 0.24
and 0.20, which obtained by Alnajjar et al. (2008)
and Alabas (2009), respectively on Awassi sheep.
Kazzal (1973) and Abdul-Rahman (1978), found
closer heritability estimates of WT60, which were
0.06 and 0.07, respectively on Awassi sheep. The
heritability estimate of WT60 in the current study
was lower than those found by Alnajjar et al. (2008)
and Alabas (2009) Their estimater were 0.51 and
0.22, respectively on Awassi sheep in Syria. These
differences may be due to gene frequencies in each
herd according to pedigree relationship.

Table 1 shows that the genetic and phenotypic
correlations between BWT and WT60 were 0.435
and 0.340, respectively. This means that the
increases in birth weight will be accompanied by a
significant increase in other weights. This would be
considered a beneficial correlation since selection
for one trait has a positive effect on another trait.
However, it is possible to identify and use ram that
excel genetically for both traits. Current results
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indicate that all studied body weight traits were
positively correlated. So selection for higher weight
will also tend to increase other studied weights.
This correlation is particularly high when lambs
are reared under intensive conditions. Alnajjar et al.
(2008) estimated positive values between birth and
weaning weights, which were 0.29 and 0.51 for both
genetic and phenotypic correlation, respectively.

The sire effect was highly significant on BWT,
WT30 and WT90 and insignificant on WT60 as
shown in Table 2. Results obtained in the present
study agree with those reported by Alnajjar et al.
(2008), and Alabas (2009) for birth weight, but it
contradicted for WT60. The weight traits, were
expressed in Kg’s, indicates the genetic effects which
a sire will have on the weight of his offspring.

It is evident in table 2, that year of lambing,
lambing type, sex of lamb, and age of ewe at lambing
had in general significant (P<0.01) influence on
studied body weights. The effect of the station on
studied traits was insignificant. Both differences
between the years and the stations might be due to
the variation in management, feeding and climatic
conditions during years of the study. The higher
least square means of BWT was in Sawaf station,
while WT30, WT60, WT90 were higher in Gebbenh
station.

Least squares means of lambs born as single were
higher than those of twins (Table 3). The same result
was found by Cassinello (1998), Zaied and Ayad
(1992) and Rekik et al. (2005), confirming that, type
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of Barbary lambs and concluded that lamb’s growth
is very slow after 30 days of age. So the selection
for body weight performance maybe better to start
at this age for Barbary lambs. In order to design
proper breeding plans, the heritabilities and genetic
correlations of the body weight traits must be known,
however little information is available on Barbary
sheep at this stage.

As a result, the objectives of this study were to
estimate heritability, genetic and phenotypic correlation
of the early body weight traits, at birth, 30, 60, 90 days of
age, and to study the influence of genetic (sire) and non
- genetic factors (lambing year, stations, type of lambing,
sex of lamb and age of ewe) on some body weight traits

of Barbary lambs.

Materials and Methods

A total of 6802 records of Barbary lamb>s body
weight traits at birth (BWT), weight at 30 (WT30),
weight at 60 (WT60), weight at 90 (WT90) days of
age were collected throughout 2003 to 2006, from
Sawaf and Gebbenh research stations, in Tunisia and
analyzed.

The herds were maintained in semi shaded barns,
fed basically on natural pastures which varied
according to the intensity of rainfall for 4-6 months
(October to May), in addition to some green crop
products (Tlemat, 1996). During the reproductive
season 5 rams were allowed for natural mating per
100 ewes. Rams were randomly allocated and hand-
mated to ewes. All lambs were marked at birth and
the traits, such as weights, sex of lamb, birth type,
lambing year, age of ewe at lambing and Station
were recorded, throughout 2003 to 2006.

The collected data were analyzed for BWT, WT30,
WT60, and WT90 traits using Harvey program
(1990), according to the following main model:

Y = ,u+SRi+YRJ.+STk+TI+Xm+An+e

ijklmno ijkimno
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Where, Yijklmno is weights at birth, 30, 60 and
90 days of age the ijklmno™ records, u is grand
mean, SR, is effect sire random and assumed to be
normally independent distribution with zero mean
and common variance (0, Io %). YR, effect of the
j" year of lambing coded as j = 1, 2, 3 and 4 of
the years 2003-2006 respectively, ST, is effect of
the k™ stations coded as k =1 and 2 of Sawaf and
Gebbenh respectively, T, is effect of the 1™ type
of lambing coded as I = 1 and 2, of the single and
twins respectively, X is effect of the m™ gender
lambs coded as M =1 and F=2, of male and female
respectively, A _is effect of the n" age of ewe coded
as n =2, 3 and >7 years old. € kimno is random error
term associated with each of observation (Y].jklmno)
and assumed to be normally independent distribution
with zero mean and common variance (0, Ic%).

Heritabilities and the genetic and phenotypic
correlations of different studied weights were
estimated using variance-covariance component of
the paternal half-sib relationship.

Duncan multiple range test was used for
comparison of the differences among the mean’s
effects (Duncan, 1955), using (SAS, 1996) program.

Results and Discussion

Heritability is the proportion of the differences
among animals which can be transmitted to the
next generation. So it is important to estimate the
amount of expected improvement in one year of
one generation. Genetic correlation indicates how
closely traits are genetically related by reflecting the
effect of selection for one trait, that could have an
effect on other traits.

Heritability and standard error that were estimated
for the studied traits, in addition to the genetic and
phenotypic correlation among them are presented in
Table 1.
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Abstract

This study was conducted to evaluate Barbary sheep lambs genetically, during the period 2003 to 2006.

Data were obtained from Sawaf and Gebbenh sheep stations in Tunisia, which are cooperating with the Arab
Centre for the Studies of Arid Zones and Dry Lands (ACSAD). A total of 6802 records, of weight traits of
lambs at birth (BWT), 30 (WT30), 60 (WT60) and 90 (WT90) days of ages, were evaluated.

The data were analyzed by Mixed Linear Model, using statistical program (Harvey, 1990), to estimate

heritability as well as Genetic and Phenotypic correlations, and to study the impact of genetic (sire) and non

genetic (lambing year, station, type of lambing, sex of lamb, age of ewe at lambing) factors on body weight

traits.

Heritabilities were 0.061 + 0.020, 0.056 + 0.020, 0.018 + 0.017, and 0.046 + 0.019 of lamb’s weights at
birth (BWT), 30 (WT30), 60 (WT60) and 90 (WT90) days of ages, respectively. Genetic correlations ranged
from 0.018 £ 0.273 to 0.927 + 0.204, and phenotypic correlations ranged from 0.328+0.320 to 0.7132 +

0.709 for the studied traits.

The effect of genetic factor (sire) were highly significant (P<0.01) on all weight traits except of WT60,

and also for all non-genetic effects were significant (P<0.05), except for stations.

Least squares means and standard error (kg) for body weights were 3.58 £0.01, 9.13 £0.04, 14.05 +0.10
and 18.72+0.06 at birth, 30, 60 and 90 days of age, respectively.

The results indicated that, because genetic and phenotypic correlation were positive, so the selection

for lamb weight at any age will help to improve other traits. Heritability values were low, therefore, the

variations in the studied traits were mostly associated with the non genetic factors such as lambing year,

birth type, sex of lamb, and age of ewe at lambing.

Keywords: Barbary sheep, Weights, Genetic parameters, Genetic and non genetic factors.

Introduction

Barbary sheep (Ammotragus lervia) is a native
breed in North Africa, and well-adapted to a dry
rough, barren and water less habitat. It has common
characteristics with Capra and Ovis, so it is conceded
as ancestor to these species (Cassinello, 1998;
Monica et al, 2004). Barbary breed is one of the
most important Arab fat tail sheep. It is Wide-spread
in Tunisia, and characterized with high productivity
especially in spring season, where pasture is
considerably available (Khaldi, 1989; Naziha et al,
2004; Inigiez, 2005). It might have been brought
from Syria to North Africa by the Phoenicans
(Mason, 1967). Barbary sheep become the dominant
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breed in Tunisia, with population of 80 to 85% of
the national sheep, and two types (the red face and
the white face) were identified. In Tunisia Barbary
is also called Arabi or Nejdi and distributes in all
regions from Sahara to the north Coast and in the
central regions too. Under the harsh conditions of
North Africa Barbary could cover meat shortages if
its growth and reproductive performance improved.
This improvement is the core of the ongoing project
between the Arab Centre for the Studies of Arid Zones
and Dry Lands (ACSAD) and the National Institute
for Agriculture Research in Tunisia (Ministry of
Agriculture) for selection of Barbary sheep from
native sheep flocks based on growth performance.
Djemali et al. (1994) estimated growth performance
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(Sircelj et al., 2005).

The rate at which water stress is imposed affects
plant ability to adapt its physiology to compensate
the reduction in water availability (Kang and Zhang,
2004). The intensity of water stress treatment based
commonly on plant response such as incipient wilting
(Stewart et al., 1995), leaf water potential (Edwards
and Dixon, 1995), or stomatal closure (Patakas and
Noitsakis, 1999). Water stress induced by PEG-6000
or sodium chloride decreased seeds germination and
length of roots and shoots with increasing of PEG
or NaCl concentrations or osmotic potential -1,03
Mpa (Nayer and Reza, 2008b). Our results showed
as well that the osmotic potential of PEG 6000 -1,6
Mpa decreased the morphological characteristics in
apple seedlings.
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Tab. 8. Effect of water stress on Proline accumulation (mmol/g DW)
in leaves different apple cultivars (Malus domestica Borkh. cv.).

Varieties

Treatment Rubinette | Golden Delicious Elstar Cox Orange Average
Control 0.89° 0.94 = 0.922 0.93 ¢ 0.92 ¢
10 days stress 0.95° 0.81° 1.25¢2 1.47 #be 1.12%
20 days stress 2.22+* 1.34® 1.502 1.25% 1.57
PEG (-0.7Mpa) 1.63 1.31® 1.57¢ 2.05 ® 1.64 2
PEG (-1.6Mpa) 1.71 1.66 2 1.23¢ 2.36% 1.74 2
Average 1.482 1.21° 1.292 1.61?

Proline, which increases proportionately faster
than other amino acids in plants under water stress,
has been suggested as an evaluating parameter for
irrigation scheduling and for selecting drought
resistance varieties. The capacity for osmotic
adjustment, via the accumulation of proline, during
stress has been also found in leaves of grapevine
(Shultz and Matthews, 1993) and in apple trees
(Lakso et al., 1984). However, accumulation of
proline under stress conditions seems to be species
and cultivar dependent. In fact, in many plants,
under stress conditions, it have stated that proline
accumulation correlated with stress tolerance and its
concentration is generally higher in stress tolerant
than in stress sensitive plants (ASHRAF and
FOOLAD, 2007). (SOFOA et al., 2004) showed on
Olive leaves, a proline concentration between (0.5
umol/mg DW) in the control leaves and (1.59 pmol/
mg DW) in water stressed olive leaves after 20 days
of water stress. Yang and Huang (1994) suggested
that the concentration of free proline in apple trees
increased significantly under water stress.

Lotfi, et al., (2010) indicated in study on Walnut
that water stress by PEG 6000 which produce
water potentials of 0 Mpa (control), —0.10 MPa, —
0.50 MPa, —0.75 MPa, —1.00 MPa, —1.50 MPa and
—2.00 MPa, increased free proline levels in response
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to water stress which were higher in drought-tolerant
genotypes than in sensitive ones. As a consequence,
proline concentrations could be used as a biochemical
marker of water stress in plants.

Leaf photosynthetic capacity such as chlorophyll

content, ribulose bisphosphate carboxylase/
oxygenase (Rubisco) activity and efficiency of light
reactions of photosynthesis, can all be influenced
by salinity and water stress (Perti et al., 2000,
Munns, 2002). In addition, stomatal limitation of
photosynthesis may play an important role. In the
presentexperiment, chlorophyll fluorescence ofapple
leaves was not affected by water stress. The osmotic
effects of PEG solutions caused photoinhibition
in apple leaves. A decrease of net photosynthesis
rate occurs frequently with a reduction of stomatal
conductance (Tolker et al., 1999; Santiago, et al.,
2000), which appear as a consequence of osmotic
stress (Feldina et al., 1994). The different responses
of apple cultivars to water stress depends of status
of apple seedlings and its concentration of mineral
nutrients in the leaves, especially the concentration of
calcium, which plays a big role in the wall structure
and water stress tolerance (Ming et al. 2003). The
biochemical protection of cells under water stress
depends of the stage of apple leaves and stress

period (after 23 days of drought and at —2.0 MPa)
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I1I- Chlorophyll value

Chlorophyll value in the apple leaves showed no
significant difference between varieties. After 20
days of water stress and PEG (-1.6 Mpa) there was
no siginifcant decrease of Chlorophyll value in the
leaves (26.6 and 27.7) (Tab. 7).

Rubintte, Elstar and Cox Orange showed no
significant difference between all water stress
treatments and control. Golden Delicious showed
a significant reduction of chlorophyll value after 20
days of water stress (25.18) compared to the control
(28.97) while, the reduction in the other treatments
was not significant (Tab. 7).

IV-
accumulation in apple leaves

Effect of water stress on proline

20 days stressed plants and those subjected to (-
0,7 and -1,6 Mpa) PEG showed proline accumulation
in the leaves (1.64, 1.74 and 1,56 mmol/g DW)
compared to the control and 10 days stressed plants
(Tab. 8). Rubinette leaves showed a significant
accumulation of proline when the plants stressed
for 20 days compared to the control and other
treatments. Golden Delicious and Elstar showed the
best tolerance to water stress, there was no significant
difference in proline accumulation between control

and the water stress induced by water deficit or by
PEG, both varieties indicated the lowest proline
content in the leaves by PEG water stress compared
to Rubinette and to high proline accumulation in
Cox Orange (Tab. 8).

Discussion

Water stress is one of the most important problems
that restrict cultivation of crops in arid and semi-arid
regions, it causes adverse effects on plant growth
and productivity (Amri and Shahsavar, 2010).

Water stress reduced leaf water status of apple
leaves measured as WC which may due to water
deficit and by PEG-6000 which induced osmotic
effect resulting in dehydration at tissue level and
reduced the water in the tissues (Davies, and
Lakso, 20006).

Zhang et al., (2010) showed that water stress
for one month on apple seedlings of Fugi/M.9EML
led to a decrease of plant length, number of leaves
and leaf area compared to the control, in addition
to a decrease in relative water content (RWC) and
photosynthesis.

Tab. 7. Effect of water stress on chlorophyll value of different apple cultivars
(Malus domestica Borkh. cv.).

Varieties

Treatment Rubinette | Golden Delicious Elstar Cox Orange Average
Control 28.30 @ 28.97 ® 27.18 27.66 28.01°

10 days stress 26.152 29412 28.02¢2 28.87¢ 28.12¢2

20 days stress 26.60 2 25.18¢ 28.112 26.50° 26.60°

PEG (-0.7Mpa) 28.53 @ 28.5® 27.35¢ 28.12® 28.13 @

PEG (-1.6Mpa) 26.842 26.58 b 28.612 28.77% 27.70

Average 27.28 2 27.73 @ 27.84 2 28.00 2
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Effect of water stress on the physiological
characteristic

I- Water content (WC) of apple leaves

Analysis of variance of water content revealed a
significant effect of water stress on apple seedlings, Cox
Orange showed the lowest (WC) in the leaves (71.1%)
compared to (Rubinette 72.9% and Golden Delicious
72.5%), while Elstar WC was not significantly affected.
Twenty days of water stress (72.2%), and water
stress induced by PEG (-0.7 and -1.6 Mpa) showed a
significant decreased in WC (69.8% for both) of apple
leaves compared to the control (74.8%) and to 10 days
water stress (73.9%) (Tab. 5).

Rubinette and Golden Delicious showed asignificant

difference in water content between the control and
water stressed plants for 20 days (73.2% and 72,5%)
respectively. Treatments with PEG (-0,7 and -1,6 Mpa)
decreased highly WC in Rubinette, Golden Delicious,
Cox Orange and Elstar varieties (Tab. 5).

II- Chlorophyll of fluorescence

Photochemical yield or efficiency (Fv/Fm),
measured in-situ on 20 min. dark-adapted apple
leaves, indicated a significant decrease of chlorophyll
fluorescence of some varieties, it was 0.807 in Golden
Delicious and Elstar decrease to 0.803 in Rubinette
and 0.801 in Cox Orange (Tab. 6). The different water
stress treatment showed no significant difference in
all apple cultivars (Tab. 6).

Tab. 5. Effect of water stress on leaves water content (%WC) of different apple cultivars
(Malus domestica Borkh. cv.).

Varieties

Treatment Rubinette | Golden Delicious Elstar Cox Orange Average
Control 76.1¢2 75.1¢ 7442 73.6% 74.8 @
10 days stress 74.8 73.9 @® 73.82 73.132 73.9%
20 days stress 73.2 b 72.5 be 71.93 71.3 % 72.2°
PEG (-0.7Mpa) 71.1 < 70.8 < 67.7° 69.6 ©® 69.8 ¢
PEG (-1.6Mpa) 69.3 ¢ 70.3 71.92 67.7" 69.8
Average 7292 7258 71.9 71.1°

Tab. 6. Effect of water stress on chlorophyll fluorescence (Fv/Fm) of different apple cultivars
(Malus domestica Borkh. cv.).

Varieties

Treatment Rubinette | Golden Delicious Elstar Cox Orange Average
Control 0.8012 0.809 @ 0.807 2 0.808 2 0.806 2

10 days stress 0.804 2 0.808 2 0.806 2 0.806 ® 0.806 2

20 days stress 0.803 @ 0.805 @ 0.809 @ 0.801° 0.8.4°2
PEG (-0.7Mpa) 0.803 2 0.806 2 0.804 2 0.807 * 0.8052
PEG (-1.6Mpa) 0.803 2 0.805 @ 0.806 2 0.803 ® 0.804 2
Average 0.803° 0.8072 0.807 2 0.801°
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I1- Leaf area

Analysis of variance revealed that there was a
significant effect of water stress on leaf area of apple
seedlings, water stress induced by PEG (-1.6 Mpa)
showed a significant decrease of leaf area (12.97
cm?) compared to the control (15.02 cm?), other
water stress treatments (10, 20 days drought and -0.7
Mpa) were not significantly different (15.4, 16.03
and 13.8 cm?) compared to the control (Tab. 3).

Cox Orange demonstrated the lowest leaf area
(12.47 cm?) compared to Rubinette (15.23 cm?),
Golden Delicious (15.63 c¢m?) and Elstar (15.23
cm?) (Tab. 3). Rubinette and Cox Orange showed
no significant difference between water stress
treatments, water stress by PEG (-0.7 and -1.6 Mpa)

revealed a significant decrease of leaf area in both
Golden Delicious (14.11 and 13.97 cm?) and Elstar
(12.83 and 13.13 cm?®) compared to the control
(17.32 and 17.57 cm?) (Tab. 3).

III- Leaves number

The results showed no significant difference
between varieties in leaves number. After 10 and 20
days water stress, plants showed no significant effect
on leaves number (7.69 and 7.64) compared to the
control (7.64) (Tab. 4), while water stress induced
by PEG 6000 at both concentration (-0.7 and -1.6
Mpa) reduced significantly leaves number in apple
seedlings (7 and 6.75), compared to the control
(7,64) (Tab. 4).

Tab. 3. Effect of water stress on leaves area (cm?) of different apple cultivars (Malus domestica Borkh. cv.).

Varieties

Treatment Rubinette | Golden Delicious Elstar Cox Orange Average
Control 13.572 17.322 17.57 @ 11.63 15.02
10 days stress 16.62 ¢ 15.34 15.10 14,53 15.4 =
20 days stress 16.912 17.422 17.54 a 12.23® 16.03 2
PEG (-0.7Mpa) 17.03 ¢ 14.11° 12.83° 11.20° 13.8 %
PEG (-1.6Mpa) 12.042 13.97° 13.13° 12.77 12.97 ¢
Average 15.23°2 15.63 2 15232 12.47°

Tab. 4. Effect of water stress on number of plant leaves of different apple cultivars
(Malus domestica Borkh. cv.).

Varieties

Treatment Rubinette | Golden Delicious Elstar Cox Orange Average
Control 7.43 2 8.0¢° 7.57¢% 7.57¢% 7.64 ¢

10 days stress 7.57% 7.43 7.57% 8.142 7.69 2

20 days stress 7.142 8.142 7433 7.86 2 7.64 2
PEG (-0.7Mpa) 757¢ 7.29° 6.71° 6.43° 7.0°

PEG (-1.6Mpa) 6.57" 6.57°¢ 6.57" 7.29" 6.75"
Average 7.26° 7.49 2 7172 7.46°
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Results

The statistical analysis of different parameters
showed different effects of water stress treatments
on apple cultivars, Tab. 1 determined the statistical
analysis of the parameters, which were suggested to
investigate the effect of water deficit and PEG 6000
on morphological and physiological characteristic.

Effect of water stress on the morphological
characteristic

I- Plant length

The result showed a significant difference
between treatments and between varieties. Plant

length was reduced by treatment with PEG 6000 of
both osmotic potentials (-0.7 and -1.6 Mpa) (5.04
and 5.22 cm) in all varieties, compared to the control
(6.20 cm) and after 10 and 20 days water stress (6.26
and 6.48 cm). There was no significant difference
between water deficit plants compared to the control
(Tab. 2). Rubintte plants showed significantly the
highest length (6.71 cm) compared to the other
varieties (Elstar 5.97 cm, Golden Delicious 5.66
cm and Cox Orange 5.01 cm). Rubinette and Cox
Orange showed no significant difference between
all water stress treatments compared to the control
(Tab. 1), but plant length was significantly reduced
in both Golden Delicious and Elstar by water stress
with PEG (Tab. 2).

Tab. 1. The statistical analysis of tested parameters.

plant length leaves area leaves number Water content
Source DF | F Value Pr>F F Value Pr>F F Value Pr>F F Value Pr>F
Treatment 4 5.97 0.0002 3.23 0.0126 5.80 0.0003 17.22 <0.0001
Varieties 3 8.59 <0.0001 5.60 0.0009 0.89 0.4479 2.61 0.0546
Var. x Treat. 12 1.36 0.1953 1.55 0.1029 1.22 0.2762 0.90 0.5507
Fluorescence Fv/Fm Chlorophyll value proline
Source DF F Value Pr>F F Value Pr>F F Value Pr>F
Treatment 0.82 0.5121 2.23 0.0667 4.31 0.0022
Varieties 5.16 0.0018 0.61 0.6083 1.37 0.2522
Var. x Treat. 12 1.16 0.3128 1.77 0.0534 0.90 0.5468

Tab. 2. Effect of water stress on plant length (cm) of different apple cultivars (Malus domestica Borkh. cv.).

Varieties

Treatment Rubinette Golden Delicious Elstar Cox Orange Average
Control 6.56 2 6.54 2 6.77*2 4.94 @ 6.20°

10 days stress 7.57% 5.73® 6.392 5.37° 6.26°

20 days stress 7.112 6.72 7.112 4.97 @ 6.48 2
PEG (-0.7Mpa) 6.062 4.36°¢ 4.3° 5442 5.04°
PEG (-1.6Mpa) 6.27°2 4,98 b 5.3® 431 522°
Average 6.712 5.66 597° 501¢
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Fig. 1. the weight of soil (g) during twenty days of different water stress arrangements.

- Chlorophyll value

The chlorophyll value in apple leaves were
measured with the portable chlorophyll meter
SPAD-502, which is a non-invasive, portable
diagnostic tool that measures the greenness or
relative chlorophyll content in leaves. The SPAD
502 determines the relative amount of chlorophyll
present by measuring the absorbance of the leaf in
two wavelength regions. (Porro et al. 2001 ; Netto
et al. 2005).

- Proline content

Free proline accumulation was determined using
the method of Bates, et al. (1973). Leaf samples
were harvested and were immediately frozen in
liquid nitrogen. 0.03 gram dry weight of leaves was
homogenized with 2 ml of 3% sulfosalicylic acid and
mixed for 3x 15 sec., the homogenate was centrifuged
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at 14000 g for 10 min. The supernatant was treated
with 1 ml of acetic acid and 1 ml of ninhydrin, and
boiled at 100°C for 1h. After cooling the mixture,
2 ml of toluene was added, and well mixed. The
chromophore containing toluene was separated and
absorption at 520nm was read, using toluene as a
blank. Proline concentration was calculated using L-
proline for the standard curve. Contents of proline
were expressed as mmol/g*.DW.

Statistics

The experimental data ware analyzed with the
SAS (Statistical Analysis Software). Data were tested
with ANOVA for normal distribution and variance
homogeneity and were compared by either Duncan
Multiple range test, in case the variances were
homogeneously distributed. A probability level of
5% was accepted to indicate significant differences.

(1) 5 4lad) il 4y jall dladll



a drought resistance mechanism to struggle against
adverse environmental conditions. For example,
the plants can improve their osmoregulation ability
to strengthen their tolerance to drought. This
suggests that the drought resistance of fruit trees
can be improved by enhancing the ability of plants’
osmoregulation. Proline is one kind of hydrophilic
substance and efficient osmoregulator, which can
prevent plant cells from dehydrating during drought
(Nayer and Reza, 2008a).

The objective of the present work was to study
the morphological and physiological responses of
apple seedlings of different cultivars to short-term
water stress by irrigation with water and different
osmotic potential of PEG 6000, to establish critical
water levels for plant growth and photosystem
I and development of chlorosis. Therefore, we
examined whether these responses are osmotic or
turgor pressure effects, indicated by accumulation
of proline and the photosynthesis parameters as
chlorophyll a, fluorescence and chlorophyll value in
apple leaves.

Materials and Methods

Experiments were performed on three month
old seedlings of different apple cultivars (Malus
domestica Borkh. Cv. Rubinette, Golden Delicious,
Elstar and Cox Orange) which were grown in
green house at 25 °C. The plants were grown in
the professional soil type ED 73, which contents
all mineral elements for nutrition. The plants with
similar growth vigor and well watered were equally
used in the experiment. The plants were subjected to
different water stress treatments:

1- Control: the seedlings were irrigated 3 times
a week.
2- Water stress 1: the seeddlings were irrigated
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one time at 10 days.

3- Water stress 2: the seedlingss were irrigated
one time at 20 days.

4- water stress 3 induced by PEG 6000: the
seedlingss were irrigated with PEG solution (-0,7
Mpa osmotic potential).

5- water stress 4 induced by PEG 6000: the
seedlingss were irrigated with PEG solution (-1.6
Mpa. osmotic potential).

The weight of soil during twenty days of different
water stress arrangementS, which were used in this
experiment, were demonstrated in the following

diagram (Fig. 1).

After different treatments of water stress the
following measurements were studied:

- Plant Growth

The effect of water stress on morphological
characteristics, like plant length, leaf area and leaves
number per plant were measured.

- Chlorophyll of fluorescence

Chlorophyll a fluorescence was measured with a
portable fluorometer type PAM 2000 following the
method of Schreiber (1986). Measurements were
made in the field on overcast mornings on 20 mi
dark-adapted grape leaves using leaf clips. For the
determination of ground fluorescence (Fo), leaves
were illuminated by a low light intensity of 0.1
umol m2 s, followed by a saturation pulse of 1800
umol m? s? for 0.6 s at the leaf surface to allow
the determination of maximum fluorescence (Fm),
where PS II reaction centres are closed (primary
quencher Qa reduced). Optimum quantum yield in
the dark adapted state (Fv/Fm) was calculated as:

(Fv/IFm) = (Fo-Fm)/Fm
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(Malus domestica Borkh. Cv. Rubinette, Golden Delicious, Elstar and Cox Orange). Water stress was induced
by water reduction and by polyethylene glycol (PEG)6000. Part of plants were irrigated three times a week, as
control. Others were irrigated one time per ten days and one time per 20 days. Water stress with PEG solution
was induced by two osmotic potentials of -0.7 and -1.6 MPa, plant length, number of leaves, leaf area, water
content, fluorescence, chlorophyll value and proline accumulation were measured. The results suggest that water
stress by water irrigation (20 days drought) or by PEG 6000 showed different effects on the morphological and
physiological characteristics of apple seedlings. Water stress induced by PEG decreased plant leaves number,
leaf area and plant length significantly in Golden Delicious and Elstar, but there was no significant difference in
Rubinette and Cox Orange compared to the control. Water content in leaves of Rubinette and Golden Delicious
were decreased by high water stress after 20 days drought and by PEG treatments, however Elstar and Cox
Orange were less affected. Fluorescence and chlorophyll value were not significantly affected by short term water
stress. The results indicated that Proline accumulation depends on apple cultivar. This work showed a gradient
of drought stress effects in the order of different varieties Golden Delicious, Elstar, Rubinette and Cox Orange.
Cox Orange was highly affected by water stress. Rubinette, a cross between Golden Delicious and Cox Orange,
showed a moderate tolerance. Elstar which is a progeny of the cross between Golden Delicious and Ingrid Marie,
can be classified as tolerant, while Golden Delicious was the most tolerant variety in the test of seedlings.

Keywords: Apple seedlings, Chlorophyll, Fluorescence, Malus domestica, PEG, Plant growth, Proline,

Water-stress,

Introduction drought is therefore a complex phenomenon in which

different traits are involved. Among characteristics

) ) that putatively confer drought tolerance, osmotic
Drought is a serious problem that affects many . . . L .

) ) . adjustment has received increasing impact during

regions of the world, decreasing the photosynthetic o )

.. .. recent years. Associations between osmotic

rate of crops and limiting the productivity world- ] . ] ]

) e ) adjustment and grain yield under water stress in

wide. Therefore, water availability is an essential

different plants (Morgan, 1995; Santamaria et al.
1990; Rodriguez et al. 1992; Sancheza et al. 2004)
have been reported. However, the utility of osmotic

factor influencing agriculture. Plant growth and
photosynthesis are two of the most important

rocesses abolished, partially or completely, b . ) )
P P Y PIetely, By adjustment as a trait of drought tolerance is open to

water stress (Kramer and Boyer.1995; Ben-Rouina,
et al., 2006), and both of them are major causes of
decreased crop yield.

Drought stress in plants occurs when evaporative
demand exceeds water uptake. Deficit water budgets
lead to numerous physiological alterations, both in
the long and the short-term. Long-term drought
responses include root to shoot rations (Chaves et
al. 2002), and/or reduced leaf area (Whalley et al.,
1998). Short-term responses include altered stomatal
function (Stewart et al., 1995), and/or osmotic
adjustment (Dami and Hughes, 1997). Tolerance to
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debate.

Drought can be simply defined as a period
of below normal precipitation that limits plant
productivity in a natural or agricultural system.
The decrease of water availability in the soil can be
quantified as a decrease (Kramer and Boyer, 1995).
The physiological mechanisms involved in cellular
and whole plant responses to water stress therefore
generate considerable interest and are frequently
reviewed (Neuman, 1995; Turner, 1997).

Higher plants, including apple trees, have evolved
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Abstract

The objective of this work was to study the morphological and physiological responses of apple seedlings
of different cultivars to short-term water stress by irrigation with water and different osmotic potential of PEG

6000. Experiments were performed in a green house on three month old seedlings of different apple cultivars
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Foreword

The great progress achieved by man in the fields of science and technology together with the
increase of the rate of population growth led to a great degradation in the components of
the environment. This degradation accelerated during the second half of the 20th century.
The problem of environmental stresses became an international cause and we began to hear
about the problem of the lack of food security, energy and water. Experts believe now that it
is the necessary not to deal with food, water and energy as separate causes but rather we must
confront these challenges in a rational way to alleviate the waste and invent new methods
to reuse the resources. This requires a comprehensive strategy and modern management to
achieve food security and sustainable development via keeping pace with the new technical

scientific development in production.

The Arab Center for the Studies of Arid Zones and Dry Lands (ACSAD) is working within this
framework for more than 40 years as an Arab house of expertise to unite the efforts aiming
to develop scientific agricultural research in the arid and semiarid areas, exchange data and
experiences to make use of the scientific progress, transfer the new agricultural techniques to
help increase production in these areas which are characterized by fragile farming systems,
contribute to the achievement of sustainable Arab agricultural development, conserve the
environment, help achieve the highest possible rate of self-sufficiency in food and water and

achieve the rural stability.

The Arab Journal for Arid Environments serves as a mirror of ACSAD and as a center for
encouraging the scientific Arab agricultural research and publication. We hope this Journal
will remain committed to the diversity and comprehensiveness and help in transferring
knowledge and techniques to the researchers to help promote the development programs in
the Arab world. We also hope this Journal will be read by great numbers of readers noting
that it will grow faster with your efforts and contributions.
Editor- in- chief
Dr. Rafik Ali Saleh
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