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The arid and semiarid regions are generally
characterized by great fluctuations of rainfall
from year to year and from one place to another.
These fluctuations lead frequently to some
problems such as desertification and the decrease
of land productivity. On the other hand, the
pressures exerted by people to make the land more
productive have, in most cases, opposite effects
with bad results. The arid lands suffer from the
decline of productivity even in the advanced
countries. However, the factors, which make
some areas more resistant to drought compared
to other areas, include the sound management of
the economic resources, the provision of modern
infrastructure and the rational use of water and
the other natural resources.

Undoubtedly, scientificresearch and technological
development can help solve these problems.
Making use of modern agricultural techniques,
increasing water use efficiency and using
genetically improved varieties, which give higher
yields under the prevailing conditions of the
stress-affected areas, are considered as important
factors for solving these problems and providing
food for the growing number of population.

The activities of the Arab Center for the Studies
of Arid Zones and Dry Lands (ACSAD) have
concentrated, since itsestablishment, on conducting
research and studies and providing training to help
develop the methodologies and practices used for
the survey, evaluation, protection and development
ofthe natural resourcesandthe improvementoftheir
productive capacities; overcome the obstacles that
impede the development efforts, make optimum
use of the agricultural natural resources, evaluate
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the environmental situation and conserve the Arab  zaashi ager, 30 el oo g3g Jaig £ldslg zLsH! 5als) 3
biological diversity, transfer and establish suitable
agricultural techniques, evaluate the economic
and social characteristics of the population in the 2! & (egiduns Sgiusg du ¥ pgiclaS a9zl
production areas and improve their standard of ALl 3yl e Walas A yall Jgadl oy A 3 (Gl
living and finally ensure coordination between

the Arab countries to help conserve the available .. )
(829l l
resources. 458 Ay it
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ABSTRACT

Two pot experiments were carried out in a greenhouse to determine the efficiency of two lentil varieties
and one wheat variety under different phosphate and mycorrhiza rates. The first experiment had two types of
Syrian soils - with and without application of phosphate fertilizer (0, 120 kg P,O,/ha). Split-Split-Plot-design
was used to evaluate the varieties with three replicates. Two soils types (Tatmrash and Ketyan) were placed as
main plots, sub-plots were assigned for phosphate application and sub-sub plot were for varieties (Two varieties
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lentil: 1LL1005 and ILL590 and one drum wheat variety: Cham3). The results showed that legumes were
more efficient in phosphate availability in the soil compared with wheat. Application of phosphate fertilizer
led to an increase in grain yield (10% for lentil and 7% for wheat). The second experiment contain ILL590
with application of phosphate fertilizer (0, 50, 100, 150 and 200 Kg P,0O,/ha), two types of mycorrhiza (250
spore/pot for Glomus mosseae,and Glomus caledonioum) and three levels of mycorrhiza (without phosphate
fertilizer) (0, 100, 250 spore/pot) with three replicates. Fertilized treatments showed significant superiority
over the non-fertilized ones. There was a significant increase in grain yield with mycorrhiza application
(without phosphate). Available phosphorus concentration increased by 11% with inoculation with G. mosseae.
Phosphorus uptake efficiency decreased by 44%, 61% 73% for the fertilizer levels 100, 150 and 200 kg

P,O./ha respectively compared with the treatments with 50 kg P,O./ha.
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ABSTRACT

The possibility of propagation of crataegus tree for the species: C. azarolus var. aronia L. C. monogyna
var. monogyna, and Crataegus x sinaica Boiss ssp. sinaica Boiss was investigated via the breaking of seed
dormancy by using the soaking treatments with the concentrated sulphuric acid for half an hour, 1, 2, and 3
hours, then the seeds were alternatively treated with warm stratification at 20°C for two months, and cold
stratification (1-3°C) for three months. In another treatment, the seeds were soaked in GA, (1000, 2000 ppm).
Then the warm stratification for two months followed by cold stratification for 3 months, or treated with the
concentrated H,SO, followed by GA, and alternative stratification, in addition to the direct cultivation of the
seeds in a suitable soil mixture.

The seeds of Cx sinaica ssp. sinaica Boiss showed high germination percentage, when were soaked in
H,SO, for 1/2,1, 2 and 3 hours followed by warm stratification for two months and cold one for 3 months
(33, 25 and 75% respectively), while when the seeds were soaked in 1000 ppm of GA, followed by soaking
in H, SO, for 1/2, 1, 2 and 3 hours and the alternative stratification, the germination ratio was 75,50, 40 and
45% respectively. The results were not encouraging when the seeds were treated with GA, followed by the
alternative stratification.

The seeds of C. azarolus var. aronia L. treated with H, SO, and the alternative stratification exhibited
germination percentage of 32, 65, 56 and 34% resp. for the seeds collected from Damascus urban areas, while
it was 30, 24, 22, and 24% for the seeds from Swaida’a.

In case of GA, followed by alternative stratification treatment the germination ratio was 3% and 40% for the
two sites respectively, while the germination percentage was not more than 7% and 25% respectively when the
seeds were treated with 2000 ppm GA,.

Regarding the seeds taken from immature fruits, the germination percentage was not more than 10% for the
warm stratification treatment for 3 months, but the seeds failed to germinate in the direct seeding treatment.

The germination percentage of C. monogyna var. monogyna Jacq was 5, 10, 5 and 5% when the seeds
treated by soaking in H, SO, for 1/2, 1,2 and 3 hours followed by the alternative stratification, while it was
20% when the seeds were treated with GA, and alternative stratification for 3 months.
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ABSTRACT

A field experiment was carried out at ACSAD-Izra’a Research Station (ACSAD), during the growing
season 2006-007, in order to evaluate the response of some ACSAD promising lines and varieties of barley to
water-limited conditions, and determine the morph-physiological and yield-related traits that are associated
with the capacity of the investigated genotypes to withstand water scarcity conditions and maintaining the
crop production capacity. The experiment was designed according to the randomized complete block design
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(RCBD), with three replications.

Statistical analysis results revealed significant differences in plant height and peduncle length. It was found
that the final plant height was determined mainly by the peduncle. There was a negative correlation between
the peduncle length and the flag leaf area (r = -0.34), and the number of grains per plant (r = - 0.67). This was
proposed to be mainly due to the synchronous formation of these three components, which may lead to the
competition among them for the limited amount of photo-assimilates.

Genotypes showed significant variation in the flag leaf area, and the sustaining of the flag leaf elongation
and green staying of flag leaf was negatively correlated with the number and weight of grains per plant.

Significant positive correlation occurred between the fertile tillers and the tillering capacity of the genotype
(r = 0.93**), Fertile tillers played an important compensatory role in maintaining barley grain yield, via the
enhancement of grain number per plant under water deficit conditions. Significant negative correlation occurred
between the 1000-kernel weight and both the ratio of fertile to total number of tillers (r = - 0.64** ) and number
of grains per plant (r = 0.61**) due to reduction of source size and its photosynthetic capacity.

Barley genotypes, suchasAcsad_,Acsad, ,Acsad . ,Acsad ,Acsad, Acsad

60’ 1602’ 1630’ 68’ 1520 1570
drought-tolerant types, and might be used as parents in the genetic improvement program for drought stress

are classified as promising

tolerance when they show the same performance across the years and sites.
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ABSTRACT

The performance of several barley genotypes (wild relatives, landraces and varieties) was evaluated under rain-fed
conditions at two environmentally different sites (Dara’a and Al-Swaida’a) in Syria, in order to assess the genetic
variability of the source (stem and leaves) contribution to grain filling. The trial was laid out according to the complete
randomized block design with three replicates.
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Barley genotypes responded differently to the dry farming system. The performance of all genotypes was significantly
better at the more humid site (Izra’a) compared to the dry Hoot site. The stem contribution to the grain filling was
significantly higher in the landraces: Swaida’a,, Swaida’a,, Swaida’a,, and the varieties: Fourat,, Acsad (10.18, 9.43,
9.10, 8.02, 7.82g/plant respectively), although no significant differences were found among them. On the other hand,
stem contribution to final grain weight was found to be the lowest among the wild relatives. Again, no significant
differences were found among them in this regard. The results indicated that the stem thickness was correlated with
the improvement of barley grain yield in the water-stressed environments in all genotypes, because the translocation of
photo-assimilates from stem (source) into grains (sink) is more tolerant than the translocation of photo-assimilates from

the leaves.

The dry matter stored in wild relative’s stems and the mobilization to grains were inefficient, explaining

their inferior production capacity under water-limited conditions.
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ABSTRACT

This work was conducted at Jidreen Awassi sheep Research Station during 2002-2004, aimed to investigate
pneumonia and its causes.
Pneumonia is considered to be one of the most important sheep diseases, especially in lambs. It causes
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sickness followed by death resulting in big economic losses.

This research aimed to limit the losses as much as possible through the discovery of the most important
bacterial and fungal causes which lead to Pneumonia, by means of laboratory tests for treating it and determining
the best efficient and specific anti-biotic repellents. The herd of Awassi sheep at Jidreen research station kept
for recording the pneumonia cases reached 717 heads during 2002- 2004 research period. The ages ranged
between 1 month to 6 years, and there were 60 heads clinically suffering normally from acute and chronic
Pneumonia. In addition 140 specimens were collected (60 nasal swabs+ 60 blood specimens+ 20 pieces taken
from dead or slaughtered sheep lungs). This was arranged for the purpose of lab, microscopic test, bacterial and
fungal culture and testing plate agglutination sensitivity. These tests were conducted at Afico pharmaceutical
industries lab located in the city of Hama.

As a result of this research, 94 microorganisms were isolated; which were the main causes of Pneumonia of
whom the most important were pasteurella (40%), staphylococcus pyogenes (35%), E.coli (5%) and klebsiella
Pneumonia(5%),either in pure or in mixed culture. Mycoplasma in blood was also detected (23.3%) as a result
of the fast agglutination test using special antigen. Enroflaxacin, oxcytetracycllin and gentimicine products
showed high efficiency against most isolated bacterial microorganisms.

Results showed through this research that the isolation of factors which cause sheep Pneumonia, in addition
to the discovery of the effective antibiotic repellent to be used in pharmacological treatment, played a
great role in detecting the infected sheep, especially when they were applied at the early stages of disease.
Consequently, this will reduce the losses due to high rate of infection with the disease and also the death cases
among Awassi sheep herd, particularly in lambs undergoing intensive breeding.
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Some factors affecting the prevalence
of Toxoplasma in small ruminants in the provinces of Hama and Daraa
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ABSTRACT

This study was carried out on 136 and 133 blood sample taken from Shami goats and Awassi sheep
respectively, raised under intensive system (government station) and pastoral system (Bedouin herds) common
in Hama and Daraa provinces in order to detect the prevalence of Toxoplasma antibodies and determine the
effect of the production system, the geographical area, and the animal species on the prevalence of this disease.
Indirect Immuno Fluorescent Antibodies Test (IAFT) was used to detect the Toxoplasma antibodies.
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Results showed that toxoplasma antibodies at government stations and in Bedouin herds varied between
0-71%. The prevalence of toxoplasam antibodies in the government stations (sheep and goats) reached
13.42% and significantly (P<0.05) lower than that in the Bedouin production system (27.7%). The prevalence
in sheep reached to 30.82% and was significantly higher (P<0.01) than that in goats (17.65%). It showed
that sheep are more susceptible to toxoplasma infection compared to goats. The effect of the geographic
location (environmental conditions) on the prevalence of toxoplasma was high (P<0.05) (19.70%, 28.47%,
in Hama, Daraa respectively). Moreover, there were high interactions between these factors (P<0.001).

This study confirms that the prevalence of toxoplasma was influenced by the patterns of the production
system, the geographical location and the animal species, prevalence of toxoplasma affecting with whole

studied factors.
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Effect of Energy and Protein Levels on the Nutrient Digestibility and
Nitrogen Balance of Lactating Awassi Ewes
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ABSTRACT

The objective of this paper was to study the effect of protein and energy level on the Nutrient Digestibility
and Nitrogen balance of Lactating Awassi Ewes. This study was conducted at the Agricultural Scientific
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Research Center (ASRC), Salamieh. Twenty-four lactating ewes of 2-5 years old , delivered single lambs and
similar lambing dates were randomly assigned to four treatments, namely high energy-high protein (HH),
high energy-medium protein (HM), medium energy-high protein (MH) and medium energy-medium protein
(MM). The high and medium levels of energy or protein represented 120 and 100 percent of the requirements
of lactating ewe based on the British Feeding Standards (ARC,1981). Ingredients used for ration formulation
were barley grains, wheat bran, cottonseed cake, cottonseed husks, barley straw, salt and a mineral mixture.

Digestibility coefficients of dry matter, organic matter and energy were maximum for the treatment HH,
but differences between treatments were not statistically significant. Ether extract digestibility was highest
(P<0.001) for the MH treatment. On the other hand, MM treatment showed significantly highest ADF

digestibility coefficients.

Fecal nitrogen excretion increased as dietary nitrogen decreased, while urinary nitrogen increased as dietary
nitrogen increased. Therefore, nitrogen balance showed best nitrogen retention for the rations of high protein

level.
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Effect of using rations of different energy and
protein levels on growth and fattening of Awassi lambs
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ABSTRACT

An experiment was carried out at the Agricultural Scientific Research Center in Salamiah, to study the effect
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of using rations of different energy and protein levels on growth and fattening of Awassi male lambs. Twenty-
four Awassi male lambs, aged 3 months with initial live weight of 33.58+1.92kg, were used. Two rations;
high protein (HP 14% CP), and low protein (LP 10% CP) were formulated, with required ME according to
NRC, (1982). Each ration was given at three different levels (0.75, 1.12 and 1.50 kg/d). Lambs were randomly
distributed within metabolism cages and weakly weighed for live weight gain (LWG). Two digestibility trials
were carried out during the experiment period (one at week six, and one at week twelve) for five days each, to
determine the dry matter (DM), gross energy (GE) and crude protein (CP) digestibilities.

Results showed that the level of energy has a positive effect on lambs’ performance (P<0.05). This effect
was not evident with increasing protein level at maintenance energy level. Feeding level has positive effect on
daily live weight gain, with highest daily live weight gain (DLWG) of 192.18 g in lambs fed high energy-high
protein ration. Energy level has affected dry matter intake (DMI) and the digestibility of different nutrients
(P<0.01).

Digestibility of CP increased with increasing the level of CP in ration. The level of CP digestibility was the
highest in low energy level in comparison with mid and high energy levels.

It was concluded that rations high in protein and energy have allowed the highest DLWG and were

economically profitable when used in fattening industry.
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ABSTRACT

This study was conducted at Al-Kamary station in the Aleppo province collaboratively between the Arab
Center (ACSAD) and the General Commission for scientific Agricultural Research in Syria to study the effect
of adding sewage sludge on soil properties and on the productivity of cotton, wheat, and corn. The accumulation
of heavy metals, namely Cd, Cr, Ni, and Pb was monitored in the soil and plant tissue of the studied crops
during three subsequent seasons.

Sewage sludge was added to the soil at rates ranging between 6 and 15 ton/ha according to crop N requirement
and when its content of heavy metals are less than the thresholds. Yields from the applied sewage treatments
were compared with the treatment received chemical fertilizers, and both of them were compared with the
control which did not receive fertilizers or sewage sludge.

The results indicated significant increases in the productivity of some crops grown in the soil that received
sewage sludge, and these increases reached 15% in cotton, 36% in wheat grain, 16% in wheat straw and 47%
in corn seeds compared with control. The increase in productivity also reached 2% in cotton, 16% in wheat
grain, 10% in wheat straw and 36% in corn compared with chemical fertilizer application. Increases in the
concentrations of heavy metals Pb, Ni, Cr, and Cd were 8.44, 122, 92, and 0.13 mg/kg, respectively in the
soil which received up to 15 ton/ha sewage sludge compared with the control (5.42, 116, 95, 0.07) mg/kg.
However, these concentrations remain within the natural limits (0.1-2) mg/ka of Cd, (10-150) mg/kg Cr, (5-
500) mg/kg Ni, and (2-200) mg/kg Pb. No significant increase was found in the concentrations of the heavy
metals in plant tissues of the crops cultivated in the soil that received sewage sludge at a rate of 15 ton/ha.

The concentration of the heavy metals in plant tissues remained within the natural range of concentration
(0.05-1.20) mg/kg Cd, (1-5) mg/kg Cr, (0-4) mg/kg Ni, and (0.1-30) mg/kg Pb, and far from toxic and harmful
effects on human health according to the international standards.
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Rules of Publication in the Arab Journal
of Arid Environments (AAE)

The Arab Journal of Arid Environments (AAE) is
a scientific refereed periodical that is concerned with
creative, original research and studies of biodiversity,
desertification, rangeland management and different
agricultural sciences related to arid environments. For
publication, we accept scientific research and original
results put in short studies; revised works; reviews and
critiques of important works and studies; scientific
presentations sent to us as commentaries on scientific
research published in the journal; and recommendations to
develop research in an agricultural field of specialization
related to environment (around 200 words). Authors of the
above must conform to the following rules of publication:

1. The material sent to be published must be original, not
published before or sent to another destination for
publication.

2. The languages of publication are: Arabic, English or
French. An abstract of the work sent for publication
should be enclosed, too. The abstract must be written
in one of the above mentioned languages, and it should
be in a language other than that of the work.

Submitting Studies
for Evaluation and Publication

1. The material to be published must be typed in two
columns, using one side of 210 X 297 mm paper (A4),
leaving a 2.5 cm blank area on all four sides. It must
also be set in Microsoft Arabic Word and copied on
a CD. It can also be emailed at the email address
below.

2. The author (s) must complete a deposit form.

3. The Journal’s Editorial Board has the right to return
the work for improvements, changes, omissions or
additions in line with scientific norms and with the
Journal’s rules of publication.

4. The Journal shall notify the author within a maximum of
two weeks of receipt of the work. The author will also
be notified of the decision to accept or reject the work
once the evaluation process is over.

5. The deposited work is confidentially sent to three referees
specialized in the subject area. The referees notes and
comments are conveyed to the people concerned so
that the depositors could respond to them in order to
meet the rules of publication in the journal and to be at
the required scholarly level.
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Some Recommendations Regarding
the Preparation of Draft

1. Title: Thetitle should preferably be brief (not to exceed
15 words) and reflective of the subject of study.

2. Researcher’s name, address, designation and the
name of the institute he/she works for: A full page
should be assigned for this purpose in Arabic and in
one of the other languages, English or French. When
applicable, this should include the party that funds the
research, the date it is deposited and, when necessary,
an acknowledgement. The title of the study should be
repeated on the abstract page.

3. Abstract: It should not exceed 200 words, and it
should be preceded by the title. Putin a separate page,
it should be written in one of the languages accepted
in this journal and other than that in which the study is
written. The abstract should include the reason behind
the study, how it was carried out, why the researcher
thinks it is important and the conclusion he/she
draws.

4. The study must follow this order: abstract;
introduction; materials and methodology; discussion
and conclusion; references.

5. Tables: Regardless of size, the table should be in
its proper position. Tables should have consecutive
numbers. Each should have a title written at the top
of the table. The signs *, **, *** should be utilized to
illuminate the statistical analysis at the 0.05 or 0.01 or
0.001 levels in order. These signs shall not be used in
the notes. The Journal recommends the use of Arabic
numerals (1, 2, 3...) in the tables and in the body of
the text when applicable.

6. Figures, illustrations and maps: The author should
avoid the repetition of figures that draws their matter
from the data contained in the tables. It would suffice
to display digital data in tables or to order them in
charts, making sure to prepare these figures, inclined
indicators and charts in their final forms and in the
appropriate scale at the accuracy rate of 300 sots per
inch. Black and white figures and pictures should
have sufficient colour contrast. The journal would
publish colour pictures if necessary. In all cases, the
journal should be given the unedited, original pictures,
not enlarged nor reduced. Each figure, picture or map
should have its own title at the bottom, with its serial
number, making sure that the Arabic numerals and the
letters used in these titles should not be less than 2 mm
in size.

7. References: As far as the body of the text is concerned,
the journal prefers that the author’s (writer’s) name
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be cited, followed by the year of publication, namely
the author-year system, from right to left, e.g. Wajd
Fadil and ‘Abdul’alim (1970); I am quoting Baker
and Kennedy (1979); as indicated by many studies
(Smith, 1999; Hunter and John, 2000; Saba’ et al.,
2003. There is no need to assign serial numbers to
references. But in the list of references, the author’s
last name comes first, followed by the first initial of
his/her first name. In case the reference is written by
more than one researcher, the name of the first author
should appear as stated above. Then the full first name
followed by the family name of each other authors
(Arab references) should be written. In the case of a
non-Arabic reference, the initial of the given names
comes first, followed by the last name and the year
of publication, then the full title of the reference or
journal (periodical or author, publisher and place of
publication), volume, issue number and pages (from
to). Punctuation rules should be conformed to, as in
the following examples:

Ales (5 il Ji 3 S guonll £ 921 . 199966 13 chamnlg eya 1 i (gl
.33-45(3) 15 auety i p glall 3idien Anel>

Smith, J., M.R. Merilan and N.S. Father. 1996. “Factors
Affecting Milk Production in Awassi Sheep.” Animal
Production, 12 (3): 35-46.

But these points should be observed:

e Arabic and foreign references should be arranged
(separately) by alphabet (A, B, C or z «w ¢l ).

e If there is more than one reference by one name, they
should be arranged chronologically, the most recent
first. And in case the same name is repeated in the
same year, the references should be displayed with the
addition of an alphabetical letter, a, b, ¢ or ¢ « <),
e.g. (1977 9), (1977"Y), etc.

e All works cited in the body of the text must be listed,
and works not cited must not be added to the list.

e References not commonly used, personal
communications and unpublished works should be
only casually mentioned in the body of the text and in
brackets ( ).

e Citing a paper or a chapter from a specialized book
should include the name(s) of the researcher(s) or
author(s), year, number and title of chapter, pages,
editor(s), book title, publisher and place of publication.
The same applies to the minutes of proceedings,
seminars and scientific conferences.
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Terminology and Measuring Units

1. Authors should use Latin binomial or trinomial names
of plants, crops, trees, insects, animals, microorganisms
and soil, in both the abstract and the body of the text.
It is preferable to write them in italics.

2. The Editorial Board recommends the use of
international measuring (SI) units.Equivalents from
other systems may be used as synonyms in brackets ()
only once for more clarity, if the researcher wishes.

3. The Board also recommends the use of common
Arabic scientific terminology approved by specialized
scientific dictionaries written by Arabic language
councils and the Permanent Bureau for Coordinating
Translation, which 1is affiliated with the Arab
Educational, Scientific and Cultural Organization.

4. The Journal recommends the use of diacritical marks to
clarify Arabic or translated uncommon terms in order
to avoid ambiguity. The English or French equivalents
of these terms should be used, even once, to achieve
accuracy and make things easy to understand by the
referees and down to specialized readers.

e Manuscript's Number of Pages

Refereed and approved studies are published free of
charge, without any financial obligations or fees on the
part of the researcher, as long as he/she adheres to the
conditions pertaining to the length of the paper, which
should not exceed 20 pages with the above-mentioned
format and margins, including colours, tables and
references.

¢ Revising and Editing Papers

Researcher(s) is (are) given a maximum of one
month to revise and edit according to the referees’
recommendations. If the manuscript is not returned within
this period of time, or if the researcher does not respond
to these recommendations, the study will not be approved
for publication. The researcher may, however, submit the
study again to the journal. But it would be treated like a
new study subject to referees’ scrutiny for the second and
last time.

e General Remarks

— All studies published in this journal reflect the views of
their authors. Even though these studies have already
been refereed and evaluated, they do not necessarily
express the views of the Editorial Board.
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— The arrangements of studies in the Journal's issues
are subject the journal's own technical and scientific
norms.

— Studies not approved for publication will not be returned
to authors.

e Subscription

Readers, specialists and students, may subscribe to the
journal on an individual basis or as representatives of
organizations by filling out the appropriate form available
on ACSAD’s website.
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fungi for rapid assessment of infection. Tran. Br.
Mycol. Soc., 55: 158-161.

Pinkerton, A. and J.R. Simpson. 1986. Interactions of
Surface Drying and Subsurface Nutrients Affecting
Plant-Growth on Acidic Soil Profiles from An
Old Pasture. Australian Journal of Experimental
Agriculture, 26: 681-689.

Plenchette, C. J, A. Fortinand V. Furlan. 1983. Growth
response of several plant species to mycorrhiza
in a soil of moderate fertility. I. Mycorrhizal
dependency under field conditions. Plant Soil, 70:
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Ruiz-Lozano, J.M, M. Gomez and R. Azcon. 1995.
Influence of different Glomus species on the time-
course of physiological plant responses of lettuce
to progressive drought stress periods. Plant Sci.,
110: 37-44.

Safir, G.R., J.S. Boyer and J.W. Gerdemann. 1972.
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Nutrient status and mycorrhizal enhancement
of water transport in soybean. Plant Physiol, 49:
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Sinclair, T.R, and M.L. Ludlow. 1986. Influence of
soil water supply on the plant water balance of
four tropical grain legumes. Australian Journal of
Plant Physiology, 13: 329- 341.
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Extractable soil water and transpiration rate of
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drought stress. Plant Physiology, 82:765-770.

Augé, R.M. 2000. Stomatal behavior of arbuscular
mycorrhizal plants. In Arbuscular Mycorrhizas:
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Federer (1979), and Martin (1990). Mycorrhizal
association is clearly an important component of a
model that integrates water uptake by roots as part of
the broad cycle of water in soil. Mycorrhizal fungi
were demonstrated to be the link in the interface
interaction of plant-root-soil-atmosphere system
that effectively vacillated water extraction and the
following transpiration that acts as a sink for soil
water.

Extractable soil water in the nonmycorrhizal
treatment did not deviate from the consistent pattern
in the response of plant transpiration relative to the
volumetric soil water content. Normalized TR in the
water-stressed nonmycorrhizal plants did not change
until 0.236 of the fraction of transpired soil water
(FTSW) remained in the soil. This value came very
close to what Sinclair et al (1998) found in their work
on soybean plants on a loamy sandy soil. However,
the mycorrhizal plants were able to extract more soil
water until FTSW was below 0.195. It is very clear
that plants with mycorrhizal fungi were able to access
more water in the soil micro pores; this water is not
available to plants without mycorrhizal fungi.

The results reported here clearly showed that while
transpiration rate generally decreased as dehydration
progressed, mycorrhizal plants maintained higher
transpiration rates than the nonmycorrhizal plants
particularly as the volume of soil water content
declined. Others have also found higher transpiration
in mycorrhizal than nonmycorrhizal plant (Augé et al
1986; Bildusas et al 1986; Bryla & Duniway 1997,
and Auge 2000).

The physiological changes in the mycorrhizal plants
that lead to the increase in the transpiration rates and to
the increase in plant dry biomass are the forces behind
pulling up more water and keeping stomata open for
longer periods. Therefore, more gas exchange lead
to more carbohydrate production, which may offset
the cost of having the symbiotic association of the
mycorrhizal fungi. This conclusion may contradict
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some of the suggestion that made early by Dunsiger
et al (2003) that AM fungi influence their host in
direct signal communication that result in stomatal
closure under water stress conditions. However,
the questions of how and why are still unclear and
need further anatomical, physiological, and chemical
studies.

This study provides an aid to understand the role
of AM fungi in plant root function, which is the field
that recently recognized as a gap in our knowledge of
rhizosphere academy. The results from this study are
practical demonstrations of the roles that mycorrhizal
fungi play in the change of the volumetric soil-water
in any particular field condition. This work proves
that the expected changes in plant physiology and
mycorrhizal colonization have a significant impact
on soil water content. Other studies may be expected
to answer the question of the effect of soil physical
and chemical characteristics such as soil temperature,
aeration, root competition, root density, fertilizer,
microorganism composition, and soil chemical
processes on the ability of mycorrhizal fungi to uptake
soil-water.
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evident for water treatments at P=0.01 (Table 3).
Within the mycorrhizal treatments, dehydration
caused a 13.9% reduction in shoot dry biomass and a
5.7% reduction in root dry biomass when compared to
the well watered plants. Inthe mean time, dehydration
within the nonmycorrhizal treatments caused a 11.4%
reduction in the shoot dry biomass and a 17.1%

reduction in the root dry biomass (Figure 4).

DISCUSSION

Findings in this research may add a new dimension
to the water sink models described by Cowan (1965),

Table 3: Effects of water status and mycorrhizal colonization on selective biological measurements and their

statistical analyses.

Mycorrhizal Shoot Dry | Root Dry P Content |Colonize Root
Water Status Colonization Biomass (g) | Biomass (Q) Shoot/Root (mg/Plant) | Lenght %
Dehydration M+ 3.30+0.39 | 1.75+0.26 | 1.90+0.21 | 2.80+1.11 | 52.07+11.38
M- 2.89+0.47 | 2.11+0.81 | 1.50+0.45 | 2.25+1.14 0.00
Well-Watered M+ 4.40+0.45 | 1.964+0.15 | 2.26+0.31 | 4.00+0.56 | 68.00+13.48
M- 3.69+0.45 | 2.98+0.93 | 1.32+0.40 | 3.75%0.62 0.00
LSD (0.05) Wiater Status 0.41 0.58 0.33 0.93 7.98
Mycorrhizae 0.39 0.56 0.32 0.92 7.68
Significant Water Status *x NS NS *x *
Mychorrhizae ** * ** NS **
Water*Mycorrhizae NS NS NS NS *

( *, ** and NS mean significant at P = 0.05, 0.01 and no significant respectively).

Figure 4: Shoots and root biomass dry weight in the different water and mycorrhizal status.
Error bars represent + standard error.
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Figure 2: Relationship between normalized TR and FTSW for
mycorrhizal (M+) and nonmycorrhizal (M-) plants.

Table 2: Soil water extraction of mycorrhizal and
nonmycorrhizal treatments as calculated based on
physiological measurements for the upper and lower
limits.

Extractable Soil Water
Variable Mycorrhizal | Nonmycorrhizal
Treatment Treatment
___________ m3 m3----=—-=e---
Upper Limit Drained 0.400a 0.329b
Lower Limit 0.13% 0.155a
Permanent Wilting
Soil Water
ExtractionTranspirable 0.261a 0.174b
Soil Water

Means followed by different letters differ significantly at LSD .

mycorrhizal plants in both water-stressed and well-
watered treatments, mycorrhizal plants show shoot
dry biomass mycorrhizal dependency of 12% in
water-stressed treatment and 16% in the well-watered
treatment when contrasted with the nonmycorrhizal
plantsinthe respective treatments (Figure 3). However,
in the root biomass, the contrary results were evident,
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the nonmycorrhizal plants in both water-stressn and
well-watered treatments show an increase in root dry
biomass (10% and 20%, respectively) compared to
the mycorrhizal plants (Figure 3).

The ratio of shoot to root dry biomass in the
mycorrhizal treatment was significantly higher (P =
0.01) than the nonmycorrhizal treatment (Table 3).
No difference was observed between mycorrhizal
treatments in P content, however, difference was

Figure 3: Relation between normalized TR and time
for mycorrhizal and nonmycorrhizal treatments.
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EXPERIMENT PLAN:

The experiment was randomized in complete
blocks of two treatments of water supplies (gradual
water-stressed and well watered) and two treatments
of mycorrhizal inoculation (with M+ and without M-
inoculum) replicated four times for the well watered
treatmentsand seven for the water-stressed treatments.
Results were statistically analyzed and plotted by PC
SAS. TR was plotted against physiological method
used for estimating the FTSW. Two shapes of curves
were found; one with linear-plateau of 1.0 TR values,
and the other with linear-plateau of less than 1.0 TR
values by using plateau regression procedures:

TR=A+B*FTSW, when FTSW < Cp

TR =1.0 FTSWsz

Where A, and B are regression coefficients and C|
is the critical value (threshold) of FTSW demarcating
the two stages of the model. In this case, a subscript
denotes that C is for the extractable soil water based
on physiological defined end-points as described by
Sinclair et al in their work at 1998. The value of C is
defined by the regression coefficients in the following
equation: C,=(1-A)/B

This usual relation found by several scientists (for
more information refer to Sinclair et. al., 1998).

Mycorrhizal dependency (MD) or response to
mycorrhizal colonization was calculated using the
following formula (Plenchette et al. 1983):

MD (%) = Plant biomass (M+) — Plant Biomass
(M-) / Plant Biomass (M+) * 100

RESULTS

MYCORRHIZAL COLONIZATION:

Percent colonization was correlated positively with
the amount of extractable soil water. The water-stressed
plants had 52.07 = 4.3 percentages colonized while
the well-watered plants had 68.02 + 6.7 (increased of
31%). This indicates, that dehydration had a marked
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effect on mycorrhizal colonization, but varies with the
type of dehydration, which the plants face.

WATER EXTRACTION:

Soil water uptakes by mycorrhizal and
nonmycorrhizal plants were expressed by relative
transpiration rate as a function the fraction of
transpirable soil water based on physiological values.
Mycorrhizal plants maintained transpiration rates of
1.0 until the critical threshold (Cp) of FTSW values
reached 0.195. However, the transpiration rate of the
nonmycorrhizal plants that maintained a 1.0 value
declined when the FTSW critical threshold was 0.236
(Figure 2).

No significant differences were observed in
the volume of extractable soil water at the lower
limit point between dehyradted mycorrhizal and
nonmycorrhizal treatments. However, mycorrhizal
plants were reported to extract significantly more soil
water than

did nonmycorrhizal plants when measurements
were taken at the upper limit point (P = 0.02) or at the
transpirable soil water (P = 0.004) (Table 2).

Mycorrhizal plants under water-stress efficiently
used soil water to maintain transpiration rates of 1.0
for longer time than nonmycorrhizal plants. Even at
the lower limit, mycorrhizal plants normalized TR
were 0.48 while the nonmycorrhizal plants normalized
TR value was 0.14 (Figure 3). After the first day of
dehydration conditions,

nonmyecorrhizal plants displayed a reduction in the
normalized TR below the 1.0 value.

On the contrary, mycorrhizal plants maintained
normal transpiration rates paralleling the well-watered
control plants. It was not until the half waypoint of
the experiment that the mycorrhizal plants began to
decline below 1.0 (Figure 3).

BIOMASS CHARACTERIZATION:

Because of increased water-use-efficiency by
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SOIL CHARACTERIZATION:

The chemical analysis of the culture media is shown
in Table (1), which illustrates the very rich nature of
this media, evident from the organic matter content
(42.8%). The dry bulk density of the culture media
is noticeably low (estimated from the water retention
measurements 0.11, and provided from the company
manufactures between 0.128-0.16 g/ cm?®), these will
indeed illustrate the high porosity [1- (bulk density/
particle density)], where particle density suggested for
Vermiculite to be 2.3 g/ cm3; then porosity is about
94%. The water release curve of the culture media, as
indicated in figure 1, shows high water contents and
high losses at low pressures. This suggests that the
media retains a high quantity of big size pores.

Fig. 1: Soil water release curve plotted as the log
of pressure (kPa) against percentages of volumetric
water content.

The dehydration treatments were initiated four
weeks after sowing, when plants were big enough to
lose sufficient amounts of water and enough time for
mycorrhizal establishmentto occur. Potswere watered
to return soil moisture in each to roughly 75% of the
extractable soil water, resulting in a wet soil weight
of approximately 0.4 kg. Each pot was enclosed with
parafilm and sealed around the stem to prevent loss
of soil water. Pots were weighed daily around 3:00
pm to estimate the daily water loss and that need

The Arab Journal for Arid Environmentes 2 (2)

to be added for the next day. Four replicates were
identified as well watered (control) and maintained at
75% extractable soil water by daily addition of water.
Seven replicates were allowed to dehydrate over span
of the experiment. To determine the daily relative
transpiration rate (TR), the ratio of the daily water
loss from each water-stressed replicate relative to the
mean water loss (by transpiration) of the control (well-
watered plants) was calculated. The dehydration
was continued until the plants in each replicate were
noted as having reached permanent wilting. In these
experiments, permanent wilting was defined as when
Fraction Transpired Soil Water (FTSW) reached zero
and the TR of each plant decreased to 0.1 of the well-
watered plants.

The TR values were further normalized relative to
the mean of the TR values of the first few days of
the experiment when the soil medium for each plant
was still wet and there was no evidence of decreased
transpiration rate. Transpirable soil water for each
replicate was calculated by subtracting the weight
when normalized TR was first less than 0.1 from the
drained upper limitweight. FTSWwas daily calculated
for each replicate. This was done by subtracting the
lower limit weight from the daily weight measurement
then dividing by the total transpirable soil water of
that replicate (Sinclair and Ludlow, 1986).

COLONIZATION TEST:

Roots were removed from the culture media by
wet sieving, and their fresh weights were determined.
Subsample of 0.5 g from each root system was cleared
with 10% (w/v) KOH and stained with 0.05% (v/v)
trypan blue in lactophenol as described by Phillips and
Hayman (1970). Percent colonization of root length
was determined by the gridline-intersect technique
(Giovannetti and Mosse, 1980). Calculations based on
root fresh and dry weight was used to estimate the dry
weight of the subsamples used for AM colonization
tests and added to the total root dry weight.
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biophysical activities of the symbiotic association
of AMF and crop roots. Therefore, the objectives of
this research were to estimate the benefits of AMF
symbiotic association under drought conditions of
corn dry matter yield, the percentages of colonized
root length, and to examine AMF effect on soil-water
uptake under water stress conditions.

MATERIALS AND METHODS

ENVIRONEMENT:

An experiment was carried out in a controlled-
environment growth chamber for two months (at
the University of Florida, USA) set at 26°C, 78%
relative humidity, and 13 hours of 1000 pmol/m?/s
photosynthetic photon flux density (PPFD) a day.

PLANTS:

Sweet corn, local cultivar of Zea mays (L.), was
used. Seeds were cleaned with water and commercial
detergent to remove the fungicide that may affect the
mycorrhizal treatments.

SOIL:

Culture media was pasteurized Terra-Lite,. which
is an Agricultural mix (#92873, Scotts Company,
Mary Sville, and Oh) that is designed and formulated
to provide optimum aeration, drainage, enough
moisture, and nutritional characteristics. The material
isporousand lightweight. “Essentially sterile” medium
is a mixture of vermiculite, perlite, and processed
bark. The rich mixture of horticulture vermiculite

and Canadian sphagnum peat moss promotes plant
growth. The three common Terra Lite components are
heated to over 10000 °F in the manufacturing process.
The pH range after wet out with nutrient solution was
5.0 - 6.4 and dry bulk density 0.128 - 0.160 g/cm?®.
Additional chemical analyses are listed in Table 1.

Water release curve was calculated to characterize
the relationship between water content by volume
and water potential of the media. In the low pressure
range (0.3 to 34 kPa) PVC temp cells (Soil moisture
Equipment Corp., Santa Barbara, CA) were used.
A water column connected to the cells obtained
the pressure exerted on the soil. The values for the
higher pressures of 490 and 1471 kPa were obtained
using a pressure plate apparatus (Soilmoisture
Equipment Corp., Santa Barbara, CA). Duplicate
samples were tested. The soil media were packed
into the pressure apparatuses with approximate bulk
densities of 0.11 g cm. This bulk density was used
to calculate volumetric water content of the soil from
the water content by weight extracted during soil
pressurization.

Growing containers (10-cm diam. by 10-cm deep)
were used. Containers received synthetic cotton -to
secure draining holes-

and pasteurized culture media. For the mycorrhizal
treatments, each replication received 10-grams of
‘soil inoculum’ of Glomus etunicatum-Like Becker
& Gerdemann on the culture media, gently mix and
cover with 3-cm of additional culture media. The
mycorrhizal inoculum potential (MIP) of the AM
fungal isolate was 40%. For the nonmycorrhizal
treatments, each replicate received filtrated solution
of 10-grams “soil inoculum”.

Table 1: Culture media chemical analysis

L | o EC NO,-N P K Ca | Mg | cu | Mn | zn
p

(%) | (dS/m) mg/L
51 | 42.8 2.7 103.0 4 241 | 2011 | 273 | 00 | 25 | 02
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Plants were grown in pots with or without mycorrhizal fungi. Plant extracting soil water was tested based on
physiological definition of the upper and lower end-point. In both mycorrhizal (M+) and nonmycorrhizal (M-)
treatments, a decrease in plant productivity was not observed until the soil water decreased to the level where
approximately one third of the water that could be extracted by plants remained in the soil. No significant
differences were observed in the volume of extractable soil water at the lower end-point between water-stressed
mycorrhizal and nonmycorrhizal treatments (0.139 and 0.155 m®m), respectively. In contrast, mycorrhizal
plants extracted (significantly at P=0.02) more soil water (0.400 m®m3) than did the nonmycorrhizal plants
(0.329 m®m-®) at the upper end-point. More important, extraction soil water in the water-stressed mycorrhizal
plants did not change until fraction transpirable soil water (FTSW) was below 0.195. However, extraction of
soil water in water-stressed nonmycorrhizal plants starts to change when FTSW was 0.236. Higher dry matter
yield were observed for both water-stressed and well-watered mycorrhizal plants than for the nonmycorrhizal
plants in the respective treatments. These results form the basis for additional studies to examine the role of

mycorrhizal fungi on shoot and root enzymatic activities under drought conditions.

Key words: Extractable soil water, gradual drought, Mycorrhizal, transpiration, corn.

INTRODUCTION

Drought is a major constraint to crop production in
arid and semiarid regions of the world. Drought, in
general, reduces nutrient and water uptake by roots
because of restricted transpiration rates (Kramer and
Boyer, 1995). The decline in soil moisture results in a
decrease in the diffusion rate of nutrients (particularly
P) from soil to the absorbing root surface (Viets, 1972;
Pinkerton and Simpson, 1986).

Many investigators found that crop productivity
increased when Arbuscular Mycorrhizal Fungi
(AMF) established a symbiotic association under
drought conditions (Michelsen and Rosendahl 1990;
Marshner and Dell 1994; Trimble and Knowles 1995;
Al-Karaki and Al-Raddad 1997).

This kind of symbiotic association also appears to
provide plants with a higher resistance to drought,
through enhanced water absorbance (Ellis et al. 1985;
Hardie, 1985; Bethlenfalvay et al. 1988; Davies et al.
1992; Ruiz-Lozano et al. 1995). Plant roots together
with the symbiotic association of AM fungi have
higher water uptake due to hyphal extraction of soil
water (Allen 1982; Bethlenfalvay et al. 1988; Faber et
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al. 1991; Davies et al. 1992; Ruiz-Lozano et al. 1995),
and higher root hydraulic conductivity (Safir et al.
1972; Augé and Stodola 1990) than nonmycorrhizal
plants.

Drought impacts on crop productivities are
associated with physiological abnormalities, which
are controlled by soil moisture. These include changes
in respiration, photosynthesis, protein synthesis,
mineral nutrition, and hormone relations, together
with increased exposure to a variety of phototoxic
compounds. In attempt to alleviate the economic and
ecological detriment caused by droughts, scientists
are focusing on the development of more integrated
drought-management policies that will recognize
mycorrhizal fungi roles in modeling plant growth and
estimating irrigation needs.

The symbiotic association of AM fungi with crops
grown under drought conditions need to be better
evaluated in order to optimize the beneficial effects
of this association on the rate of plant respiration and
on the availability of soil water. The present study
will presume that the soil physical properties alone
are not sufficient to define the amount of extractable
water from soil without the specific roles of the
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ABSTRACT

Substantial research has been done to describe plant response to mycorrhizal fungi association and drought
conditions. There is, however, a lack of information about the roles of mycorrhizal association in plants under
various transpiration rates and soil water availabilities. This study assumes that soil physical properties alone
are not sufficient to define the amount of extractable water from soil without having knowledge of mycorrhizal
fungi biophysical activities.

©2009 The Arab Center for the Studies of Arid Zones and Dry Lands, All rights reserved.

The Arab Journal for Arid Environmentes 2 (2):1 - 10 1 10 - 1 :(2) 2 4lad) il 4y jall Aol



Our Address Al ol gie
;T]g?iirlals to be published have to be sent by registered s a0 Al U 5 11 el Bl -
P.O. Box 2440, Damascus, Syria. Ay gud) A yall Ay ggasedl ¢ Bines 2440- 1 a
Aonll oyt Al y I B il Azalall BN (yo s gllall il aubiatt (ySiay-

-Manuscripts may be submitted directly to the Editorial S sl 3

Board at this address:

The Arab Center for the Studies of Arid Zones
and Dry Areas (ACSAD)

4th Floor, Suite 402. Douma- Damascus Countryside. 402 28 )30 -g 1 Gl

-Alternatively, the material could be emailed to: PRSI Al e g RS (a3 1 -

(B Cayy -Laga
(ALuSi) Al Lall ity X1 g Adlondl Glalidl Sibiad o o p2ll 355 10

http://www.acsad.org
E-mail:Journal AE@acsad.org

e o (s Al z o yall (5 93Ul G Bl
0 (551 A ¥l i BT (S g2l (Gu80l
S0 oamloell Ly s ¥l Bibelg sl
9—Se Ol o owadl s (315 9591 jy el

19l Guad dase 7 8 Ml el Z1 —31






	Blank Page



