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Abstract. A field experiment was carried out at the Agricultural Research and Experiments Station of King Saud University in October 1997 and lasted for two years. The aim of this experiment was to evaluate the effects of drought stress on the growth of Acacia asak, Acacia negrii and Acacia seyal. Six months old seedlings of these species were planted in the field using a randomized complete block design. Seedlings were irrigated at 160, 255 or 500 mm of a class "A" evaporation-pan records. The irrigation regimes significantly affected most of the traits measured for acacia species. The trees in severe water stress treatment (500 mm) had significantly lower stem height, diameter, leaf area and dry matter production compared with the trees in well-watered treatment (160 mm). Growth traits of trees in moderate water stress treatments (255 mm) did not change significantly from those of either severe water stress or well-watered treatment. The species responded differently to irrigation regimes used. Stem height, stem diameter, diameter of the main root, mean diameter of lateral roots and dry matter production of A. asak were significantly the least among the three species. Stem height, stem diameter, total leaf area and dry matter of A. seyal were significantly greater than those of A. negrii. Allocation of dry matter between different seedling parts did not change due to water stress.
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Introduction

Acacia species had a great value in arid and semiarid regions due to their adaptation to different climatic conditions and provision of the locals with many of their needs. Acacia species are widely distributed through the drier tropical and subtropical regions; they have been called the most successful survivors in arid and semiarid regions. They possess most of the features required to withstand severe climatic conditions [1]. However, the successful achievement of acacia species in their native regions may not be easily obtained when planted outside these regions. Planting an acacia species in any region requires preceding tests for its adaptation to the prevailing environmental conditions in that region. Several acacia species are widely spread in Saudi Arabia and 

their communities represent the climax stage of xerophytic vegetation and generally have high cover and low species diversity [2]. It has been noticed that growth performance of introduced acacia species in the central part of Saudi Arabia varies from that attained in their native habitats in other parts of the country [3]. Evaluation of the properties of introduced species, therefore, is essential to determine how they will cope with the new conditions. Plants deal with drought through modifying some of their morphological and physiological attributes. Some morphological modifications are visible and relatively easy to be measured and may reflect physiological adaptations that often need elaborated work and specific apparatus to be determined. Acacia trees as xerophytic plants have the ability to resist drought and cope with arid environments through conserving water [4]. However, most of the research that was carried out concerning the effects of water stress on acacia species in Saudi Arabia focused only on plants at seedling stage in nurseries [4, 5]. Hence, the present study was carried out to examine the growth responses of Acacia seyal Del., Acacia negrii Pichi-Sermoli and Acacia asak (Forssk.) Willd to water stress treatment in the field in Riyadh, Saudi Arabia.
Materials and Methods

Site description


The study site was located at 24º 6` N, latitude; 46º 5` E, longitude, 650 m altitude with temperature ranging between 10ºC in winter and 37ºC in summer (as an average of season); and 50 mm rainfall, annually. The soil is sandy loam with average content of 61, 23 and 15% sand, silt and clay, respectively [6].

Plant material


Six months old seedlings of Acacia seyal Del., A. negrii Pichi-Sermoli and A. asak (Forssk.) Willd. grown from seeds were planted in the field at the Agricultural Research and Experiments Station of King Saud University near Riyadh. The seeds of A. seyal were collected from Riyadh region and those of the other two species from Southwest region of Saudi Arabia.

Statistical design and treatments


Nine experimental plots of 4 × 6 m each were assigned to carry out the experiment in the field using a randomized complete block design in factorial arrangement included three acacia species and three irrigation regimes. Six seedlings from each species were planted in each experimental plot in October 1997. Three plots were allocated to each treatment of the three irrigation regimes namely at 160, 255 and 500 mm of cumulative readings of Class-A evaporation pan representing well-watered, moderate and severe water stress, respectively (Table 1). On November 11, all the plots were irrigated to field capacity then the irrigation was given at specific time according to treatments. Each plot was given one cubic meter of water at the time of irrigation. Irrigation treatments were imposed depending on cumulative readings of evaporation pan as illustrated in Table (2). The first period was the longest for all treatments (70, 90 and 134 days for well-watered, moderate and severe water stress treatments, respectively) while the fifth period was the shortest (9, 15 and 27 days) for the same treatments, respectively. This variation was due to the time of the year in which the period lies. The first period was almost within winter (November 12 - March 27) so that the evaporation was less and consequently the interval lengthened, while the fifth was during the summer (August 10 - September 5) so that the evaporation was high and consequently the interval shortened (Table 1). On the other hand, this trend was similar for all treatments but they differed in the length of irrigation intervals (Table 1).   

Table 1. Diagram of the experiment including three acacia species and three irrigation treatments using a randomized complete block design

	Treatments
	Blocks

	
	B1
	B2
	B3

	Well watered
	A. asak

(6 trees)
	A. seyal 

 (6 trees)
	A. negrii

 (6 trees)

	Moderate water stress
	A. seyal
(6 trees)
	A. negrii

 (6 trees)
	A. asak 
  (6 trees)

	severe water stress
	A. negrii
(6 trees)
	A. asak  

(6 trees)
	A. seyal  

(6 trees)


Measurements and harvesting


By the end of the experiment, stem height from soil surface to the top of the tree and stem diameter at the height of 30 cm from soil surface were measured using tree hypsometer and tree caliper, respectively. Trees were severed at soil surface then the above parts were divided into leaves, stem and branches. The main and lateral roots of each tree were extracted from the soil by hand and their length and diameter were measured. Immediately after harvesting, total leaf area of each tree was scaled using leaf area scanner (Hayshai Denkoh Co., Ltd. Tokyo, Japan). Leaves, stem, branches and roots of each tree were oven-dried at 70(C for 48 h for the leaves and at 103(C for the other parts.

Statistical analysis


The collected data were analyzed using analysis of variance statistical method through SAS computer program [7]. The means of treatments were distinguished using L.S.D. test [8]. Arcsine transformation was done for data when necessary. 

Table 2. Number and dates of eight irrigation periods based on cumulative Class-A evaporation pan readings within which the trees were irrigated in well-watered (160 mm), moderate (255 mm) and severe water stress (500 mm) treatments  

	No.
	Period
	Number of days after which trees were irrigated

	
	
	160 mm
	255 mm
	500 mm
	Descending order

	1
	12/11/1997 - 27/03/1998
	70
	90
	134
	A

	2
	28/03/1998 - 19/05/1998
	18
	25
	51
	D

	3
	20/05/1998 - 26/06/1998
	10
	17
	35
	F

	4
	27/06/1998 - 31/07/1998
	11
	16
	28
	G

	5
	10/08/1998 - 05/09/1998
	09
	15
	27
	H

	6
	06/09/1998 - 16/10/1998
	10
	18
	38
	E

	7
	17/10/1998 - 30/01/1999
	28
	40
	70
	B

	8
	31/01/1999 - 03/04/1999
	25
	37
	59
	C


Results


Analysis of variance showed significant reductions in most of the growth characteristics measured for acacia trees in water stress treatments compared with those for the trees in well-watered treatment. Averaged across species, stem height and diameter of the trees in severe water stress treatment decreased by 28% and 40% compared with those of the trees in well-watered treatment (P<0.01) and (P=0.0007), respectively (Table 3). Leaf, branches, stem, root and consequently total dry weight of acacia trees averaged across species, decreased by 34, 25, 47.5, 41 and 37% in moderate water stress and by 65, 76, 72, 65 and 70% in the severe water stress compared with those of the trees in well-watered treatment (P<0.05), (P<0.05), (P<0.001), (P<0.001) and (P<0.0001), respectively (Fig. 1). There were also reductions in total leaf area (P=0.002), diameter of the main root (P<0.05) and the mean diameter of the lateral roots (P<0.05) of the trees in the severe water stress treatment compared with those of the trees in well-watered treatment. Stem height, leaf and branches dry weight and the number of lateral roots values of the trees in moderate water stress treatment were not significantly different from those of either severe water stress or well-watered treatments. Stem and root dry weights did not differ between the trees in both moderate and severe water stress treatments. Total dry weight was the only variable that showed significant decrease from well-watered to moderate to severe water stress treatment. 


Statistical analysis of the data showed that apart from total leaf area, growth characteristics of A. seyal (averaged across treatments) were significantly greater than those of either A. negrii or A. asak. Total leaf area was significantly greater in A. asak than that of A. seyal. For instance, A. negrii and A. asak trees had mean heights and diameters that were 22, 21, 59 and 51% lower than those of A. seyal trees, 

Table 3. Means of some growth traits of Acacia seyal, A. negrii and A. asak trees as affected by water stress treatments represented by well-watered, moderate and severe water stress in which trees were irrigated at 160, 225 and 500 mm of accumulative class "A" evaporation pan. Values are means of 18 observations

	Trait
	Species
	Treatments

	
	A.
seyal
	A.
negrii
	A.
asak
	160

mm
	225

mm
	500

mm

	Total leaf area 

(cm2 tree-1)
	158.9 b(*)
	222.1ab
	286.4 a
	291.3 a
	223.9 a
	143.8 b

	Stem height 

(cm tree-1)
	1.93 a
	1.51 b
	0.79 c
	1.67 a
	1.38 ab
	1.20 b

	Stem diameter

(cm tree-1)
	3.49 a
	2.75 b
	1.70 c
	3.29 a
	2.69 a
	1.96 b

	Diameter of main root 

(cm tree-1)
	4.94 a
	4.19 a
	3.10 b
	4.57 a
	4.29 a
	3.36 b

	Diameter of lateral roots 

(cm tree-1)
	1.79 a
	1.72 a
	1.10 b
	1.67 a
	1.65 a
	1.28 b

	No. of lateral roots

(root tree-1)
	6.8 a
	6.31 a
	5.24 a
	6.40 a
	6.25 a
	5.65 a


(*) Means followed by the same superscript letter in each three consecutive horizontal boxes are not significantly different at P<0.05 according to Duncan's multiple range test.
respectively (P<0.0001). Consequently, mean shoot dry weight of A. seyal trees was 2.5 and 8 folds as much as that of A. negrii and that of A. asak trees, respectively (P<0.0001). Moreover, root and total dry weights of A. negrii and A. asak were 55, 14, 44 and 12% of that of A. seyal trees (P<0.0001). However, mean total leaf area of A. asak trees was greater than that of A. seyal by more than 80% (P=0.008) (Table 3). There were treatment ( species interactions for stem diameter (P=0.008), stems (P<0.01) and total dry weights (P=0.003) indicating a change in the magnitude of treatment effects with species. For instance, total dry weights of Acacia asak, A. negrii and A. seyal trees decreased by 39, 42, 31% and 40, 51, 77% in moderate and severe water stress treatments, respectively (Fig. 1). Partitioning of total dry weight between different tree parts or between above and below ground parts of the tree did not change significantly due to water stress treatments. 

Discussion


Severe water stress significantly affected the growth of acacia trees. There was 50% reduction in total leaf area and consequently 65% reduction in leaf dry weight. This concurs with results of other workers for Faidherbia albida (Acacia albida) and A. seyal [9]; for A. nilotica [10]; for A. farnesiana [11]; for A. asak, A. ehrenbergiana and A. negrii [12] and for A. asak, A. tortilis and A. gerrardii [4]. Reductions were also found in stem height and diameter due to severe water stress treatment. Decreasing height and diameter growth of acacia trees due to water stress has been obtained in previous reports (e.g. for Faidherbia albida (A. albida) and A. seyal [9]; for four acacia species [13]; for Acacia nilotica [14] and, for A. asak, A. tortilis and A. gerrardii [4]).

 Decreasing stem dry weight due to water stress treatment was inevitable as both height and diameter decreased. Similarly, decreasing root dry weight was a result of decreasing the diameter of the main root by 6 and 26.5%, the number of laterals by 15 and 22% and its mean diameter by 25 and 26% in moderate and severe water stress treatments, respectively. The mechanisms adopted by acacia trees to endure water stress in this study seem to be performed through conserving water. These included restricting water loss by decreasing leaf area and enhancing water absorption via producing thin roots. Total leaf area of acacia species decreased by 23 and 50% in moderate and severe water stress treatments, respectively. Earlier, it was reported that the mean total leaf area of some acacia species at tree stage was reduced by 77% as a response to water stress [4]. 


Reduction in leaf area by water stress is believed to have an effect of reducing water loss [15], but unfortunately also reduces the surface that carries on photosynthesis, thus decreasing the amount of photosynthate available to growth. Decreasing root growth due to water stress has been reported by other workers who concluded that extreme soil drying ultimately reduced root growth [16]. Root dry weigh of three [4]  and eight [17] acacia species in two different pot experiments was found to decrease as a result of water stress. Diameter of the main root, diameter and number of woody roots and diameter of fine roots of poplar trees were reported to decrease due to water stress treatments in two different pot experiments [18]. Producing thinner roots by the water-stressed trees in comparison with those of well-watered trees could be a mechanism to allow penetration through soil to reach wet strata [19]. Thus, he asserted that improving water uptake through this mechanism makes roots appear to be much more plastic than aboveground plant parts in their dealing with water stress. 


Acacia species in the present study differed significantly in most of their growth measured characteristics. Values of all growth characteristics apart from total leaf area were greater in A. seyal trees followed by those of A. negrii then A. asak. This may reflect the inherent variation between the growth of these species in one hand and their response to site conditions on the other hand.  This is true by means of tree size at least, where A. seyal has a larger size followed by A. negrii then A. asak. The finding of other workers [e.g. 3] may support this fact, where the height and diameter of the main stem as well as the component of above ground biomass of four years old A. seyal trees surpassed A. negrii then A. asak, respectively. Moreover, the level of stress that results in a reduction in growth varies with the conditions under which the plants are grown [20]. The absence of species ( treatment interactions for some variables measured may be taken as suggesting that the two factors (acacia species and water stress treatments) were independent and the true effect of changing the level of one factor independent of the associated level of the other factor. 
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استجابة نمو أشجار Acacia seyal و Acacia negrii و ِAcacia asak للإجهاد المائي  تحت ظروف الحقل

إبراهيم محمّد عارف و لطفي إبراهيم الجهني

قسم الإنتاج النباتي بكليّة الزراعة، جامعة الملك سعود بالرياض
(قدم للنشر في 22/8/1424هـ؛ قبل للنشر في 14/2/1425هـ)

ملخص البحث. أجريت تجربة حقليّة بمحطة الأبحاث و التجارب الزراعيّة التابعة لجامعة الملك سعود في أكتوبر 1997م و استمرّت لمدة عامين و ذلك لتقويم تأثيرات الإجهاد المائي في نمو Acacia asak  و Acacia negrii وAcacia seyal. زرعت شتـــلات من هذه الأنـــواع عمرها أربعة شهـــور في الحقل باستخـــدام تصميم قطاعات عشوائيّة كاملة حيث قسّمت الشتلات إلى ثلاث مجموعات رويت كل منها بواحدة من معاملات الإجهاد المائي الثلاث و هي الري عند 160 و 255 و 500 مم حسب قراءات وعاء البخر من النوع "A". و قد استجابت أنواع الأكاسيا الثلاثة لمعاملات الإجهاد المائي بطرق مختلفة حيث كانت متوسطات ارتفاع و قطر ساق الشجرة و قطر الجذر الرئيسي و متوسط أقطار الجذور الجانبيّة و إنتاج المادة الــجافـة في asak .A هي الأقــل معنوياً مقارنةً بمثيلاتها في نوعي الأكاسيا الأخريين. من ناحية أخرى كان ارتفاع وقطر ساق الشجرة و الوزن الجاف الكلّي للنوع A. seyal معنوياً أكــبر  من مثيلاتها في النوع A. negrii. و قد كان هناك تأثيرات معنويّة لمعاملات الإجهاد المائي على معظم المتغيرات التي قيست لأنواع الأكاسيا المستخدمة في التجربة. فقد انخفض ارتفاع الشجرة ووزنها الجاف في معاملة الإجهاد المائي الشديد معنوياً (500 مم) بالمقارنة مع مثيلاتها في الأشجار في معاملة الري الكافي (160مم)، بينما انخفض الوزن الجاف لساق و جذور الأشجار و وزنها الجاف في معاملة الإجهاد المائي المتوسط (255 مم) بالمقارنة بمثيلاتها في الشتلات في معاملة الري الكافي (160 مم). و قد تغيّر توزيع المادة الجافّة بين أجزاء الشجرة المختلفة في أنواع الأكاسيا الثلاثة بينما لم يتغيّر نتيجة للإجهاد المائي.        

�





Fig. 1.  Effects of water stress on leaf, branches, stem, roots and total dry weight of Acacia seyal, A. negrii and A. asak seedlings after two years. Water stress treatments were well-watered (WW), moderate (MWS) and severe water stress (SWS). Values are means of six observations.
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