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Abstract
Dry tropical forests are characterized by unpredictable spells of drought and climate change. Saudi Arabia mostly falls
within the arid zone and some few scattered areas fall in the semiarid zone mainly in the South Western region. Rainfall is
sparse and with sporadic distribution. Drought is the most critical factor for restoration of the tree cover. Within a tree, seeds
vary in size from large to small seeds. Although several researchers have studied the effect of within species variation in
seed size on seedlings growth parameters, however there is a lack of knowledge regarding the effect of seed size on stress
tolerance (Khurana and Singh 2000). We assumed that seedlings grown from different seed sizes from the same tree species
may influence their response to water stress. Seeds of Acacia asak (Forssk.) Willd. were categorized into large, medium and
small seeds on the basis of the seed weight. Seedlings from the three seed sizes were grown in potted soil and subjected to 5
levels of field water capacity (FC) (100, 75, 50, 25 and 15%) in the greenhouse. The objective was to evaluate the response
of seedling grown (from different seed sizes) to water stress and to understand the acclimation of seedlings to water stress.
Water stress significantly reduced RWC, leaf area, and shoot length, fresh and dry weight. Significant correlations between
growth parameters and water stress level were recorded. Seedlings from large seeds were heavier and comparatively less
affected by drought compared to seedlings from smaller seeds. In all seedlings root length increased significantly and more
biomass was allocated to roots than to shoots. However, at severe water stress (15% FC) no significant differences were
reported between the three seedling categories. Therefore, raising of seedlings from large seeds is more appropriate for tree
restoration programs under drought conditions.
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Introduction
Tree seedlings in semi-arid and arid tropics have
been challenged with climate change especially
fluctuations and scarcity of rainfall. Under such
conditions the ability of tree seedlings for acclimation
is crucial for their survival (Matyssek et al., 2010;
Pretzsch & Dieler, 2010). Changing maternal
environmental conditions forced trees to produce
variable seed mass (Foster, 1986; Hammond & Brown,
1995). Several investigators reported that seed size
affected germination and seedling growth (Walters &
Reich, 2000; Paz & Martinez Ramos, 2003; Iortsuun et
al., 2008). Seedlings originated from large seeds were
taller and produced greater biomass compared to those
from smaller seeds (Khan, 2004). Nevertheless,
seedlings from smaller seeds had more RGR (relative
growth rate) (Paz & Martinez Ramos, 2003). Biomass
allocation was more in large seeded seedlings than in
small seeded seedlings (Yanlong et al., 2007). One of
the indicators of forest tree seeds quality is the seed
size (Moleele et al., 2005). Generally, seed mass has
been very much linked with seedling performance
(Castro et al., 2006). Large Seedlings originated from
large seeds were capable to withstand unfavorable
environmental conditions longer than those from small
seeds (Ovcharov, 1977; Khera et al., 2004). This was
attributed to the greater food reserves in large seeds
(Fenner, 1985). Therefore, knowledge of the effect of
seed mass on growth and survival of seedlings is of
paramount importance for sound forest management
that ensures successful restoration of degraded forests
(Sa´nchez-Vela´squez et al., 2004; Martı´nez-Garza et
al., 2005). Several effects of water stress on seedlings

were recognized e.g. deformed foliage, little shoot
growth, increased root/ shoot ratio, water potential and
decreased leaf area (Buckley, 1982; Lloret et al., 1999;
Pang et al., 2011). One of the most important plant
acclimations to water stress is the increase in
root/shoot ratio in order to enable the roots to grow
deeper and spread more to maximize resources
absorption especially water. Seedlings of Pinus
contorta increased root/shoot ratio when water stressed
(Nikolova et al., 2011). Alterations in root/shoot ratio
was attributed to changes in biomass allocation to roots
and shoots due to water stress (Olivas-Garcia et al.,
2000; Panek & Goldstein, 2001). Water stress caused
100% mortality of small seedlings and 63-75% of large
seedlings (Pinto et al., 2012).
Several investigators have reported that low soil
fertility and drought stress enhanced biomass allocation to
roots (Axelson & Axelson, 1986; Linder & Axelson,
1982; Murphy & Lugo 1986). Root/shoot ratio increased
significantly in spruce under drought conditions
(Clemensson-Lindell & Persson, 1993). Although
increased root/shoot ratio is an important tool for soil
resources utilization, however it is at the expense of
carbon gain for photosynthesis and this may lead to a
reduction in plant growth (Nielsen et al., 2001; Ho et al.,
2005). However, the increased root/shoot ratio is
sometimes controversial as it increased under water stress
in the lab and decreased in the green house in Brassica
napus (Benincasa et al., 2013). Although several
researchers have studied the effect of within species
variation in seed size on seedlings’ growth parameters,
however there is a lack of knowledge regarding the effect
of seed size on stress tolerance (Khurana & Singh, 2000).
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Materials and Methods
Raising of seedlings: Ripe pods of Acacia asak (Forssk.)
Willd. were collected randomly from ten trees in Al
Madinah (24°89´N, 39°16´E) in Saudi Arabia. The pods
were broken by hand and only intact and healthy seeds
were collected. About 1500 seeds were collected and
dried to constant weights. Seeds were weighed with an
electronic balance and divided into 3 non-overlapping
sizes: small (0.12-0.16 mg), medium (0.17-0.21 mg) and
large seeds (> 0.21). Hundred seeds from each size were
soaked in in H2SO4 (98%) for 60 minutes, rinsed several
times in running tap water and dried. Twenty seeds from
each seed size class were transferred to Petri dishes (9
cm) containing moistened 3 Whatman filter paper No. 1.
Petri dishes were incubated at 30 ± 1 °C. Emergence of
the radicle was considered as an indicator to germination.
After 2 weeks uniformly sized seedlings in each category
were transplanted to moist soil (clay: sand, 1:1 v/v) in
pots (1500 cm³) as 2 plants /pot. The pots were kept in a
glasshouse (29-36 °C). The experiment was replicated 50
times/seed size. Prior to water stress application,
seedlings were watered regularly for 3 weeks (Khurana &
Singh, 2000). Seedlings from large, medium and small
seeds were refed to henceforth as LS, MS and SS,
respectively. Seedlings were then subjected to 5 levels of
watering: 100% field water capacity (FC), 75%, 50%,
25% and 15 %. The experiment was replicated 10
times/seedling category/FC. Another set of identical pots
were weighed every other day and water was added as
required to maintain the five levels of field capacity.
Leaf relative water content (RWC): RWC was measured
every 2 weeks after commencement of water stress
experiments using 2nd, 3rd and 4th leaf/treatment/replicate.
Leaves were weighed immediately (leaf fresh weight) after
detachment and the petioles were immersed in water in
beakers overnight to attain full turgidity. Leaves were then
dried in an oven at 80 ± 2°C for 24 h to obtain dry weight.
RWC was calculated according to Morgan (1984) as
follows:
RWC = [(Mf – Md)/(Mt - Md)-1] × 100
where: Mf is the leaf fresh weight; Mt is the turgid weight
and Md is the dry weight .
FC (%)

LS

100
75
50
25
15

86.8a*
84.0a
77.0a
67.0a
59.3a

100
75
50
25
15

3.7a
3.4a
3.0a
2.5a
1.3a

Leaf area: Leaf area was measured on 5 leaves/
treatment/ replicate after 6 months using a computer
software (Area scan 2 MFC Application ver. 1001).
Shoot and root measurements: After 6 months all
seedlings were harvested and the following growth
parameters were measured: shoot and root length; shoot
and root fresh and dry weights and root/shoot ratio.
Statistical analysis: The experimental design was a
complete randomized block design (CRBD). Data were
analyzed between seedling sizes by analysis of variance
(ANOVA) and means were separated by the least
significant difference (LSD) at P= 0.05 using SAS
computer statistical package ((SAS, 1997). Analysis of
data within individual seedling size was done by
correlation analysis using SAS.
Results
RWC: Generally, RWC decreased with increased water
stress in all treatments. LS and MS seedlings had
significantly (P=0.01) more RWC than SS (Table 1). At
FC 100% RWC in LS and MS seedlings was not
significantly different. However, at severe water stress
(FC=15%) there were no significant differences in RWC
between all seedling sizes (Table 1). Significant negative
correlations were recorded between water stress level and
treatments (r= 0.966, P=0.001; r= 0.984, P=0.001 and r=
0.961, P=0.001 for LS, MS and SS, respectively) (Fig. 1).
RWC was reduced at 15% FC from 86.8 % to 59.3%;
86.5% to 59.5% and 83.0% to 58.3% in LS, MS and SS
seedlings, respectively (Table 1).
Leaf area: Leaf area was significantly more in LS as
compared to MS and SS seedlings with the exception of
FC 25% where leaf area was not significantly different
between LS and MS (Table 1). At FC 15% all seedling
categories showed no significant differences in leaf area.
There were significant negative correlations between LA
and water stress level (r= 0.901, P=0.01; r= 0.881, P=0.01
and r= 0.950, P=0.01 for LS, MS and SS seedlings,
respectively) (Fig. 2). Leaf area was reduced considerably
at FC 15% as compared to control. The reductions were
from 3.7 to 1.3(64.9%); 3.4 to 2.3 (61.8%) and 2.6 to 1.1
(cm³) (57.8%) in LS, MS and SS, respectively (Table 1).

Table 1. Mean RWC (%) and leaf area of A. asak.
MS
SS
R2
RWC (%)
86.5a
83.0b
60
81.8b
81.6b
64
67.5b
64.8c
94
61.0b
60.5b
72
59.5a
58.3a
0.15
Leaf area
3.4b
2.6c
95
2.7b
1.9c
95
2.9a
1.5b
90
2.2a
1.5b
66
1.3a
1.1a
36

Fp

LSD 0.05

0.01
0.001
0.001
0.001
>0.05

2.7
1.5
2.5
3.4
1.9

0.001
0.001
0.001
0.01
>0.05

0.2
0.3
0.5
0.54
0.28

FC= Field capacity; LS= Large seedlings; MS= Medium seedlings; SS= Small seedlings; Fp= F value probability; LSD= Least
significant difference at P = 0.05
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Fig. 1. Effect of water stress on relative water content of A. asak
seedlings.

FC%

LS

100
75
50
25
15

26.5a
25.5a
18.0a
19.5a
15.3a

100
75
50
25
15

35.7a
36.8a
38.5a
43.5a
51.0a
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Fig. 2. Effect of water stress on leaf area of A. asak seedlings.

Table 2. Mean shoot and root length of A. asak seedlings.
MS
SS
R² (%)
Shoot length (cm)
23.3a
15b
70
14.3b
14.3b
62
13.3b
13.5b
74
12.0b
12.3b
57
11.0b
10.8b
50
Root length (cm)
24.5b
19.0c
52
23.5b
22.8b
74
25.8b
24.3b
55
32.8b
29.7b
84
36.3b
34.8b
2.0

Fp

LSD 0.05

0.01
0.01
0.001
0.01
0.01

5.8
5.1
2.8
5.1
3.5

0.01
0.001
0.01
0.001
>0.05

23.7
8.0
10.7
5.2
12.1

Means in a row followed by the same letter are not significantly different at P=0.05

Shoot and root length: Shoot length decreased with
increasing water stress. Generally, LS seedlings showed
significantly more shoot length as compared to MS and
SS seedlings. However, at FC=100% and FC=15% the
shoot length was not significantly different between LS
and MS (Table 2). The reductions in shoot length were
42.3%; 52.8% and 28% in LS, MS and SS seedlings,
respectively. It is noteworthy that the reduction in SS
shoot length was almost 2 folds less than in LS and MS.
As water stress level increased, shoot length decreased
significantly: r= 0.917, P=0.01; r=0.890, P=0.01 and r=
0.958, P= 0.01 in LS, MS and SS seedlings, respectively
(Fig. 3). Root length increased significantly with
increasing water stress level. Root length of LS
consistently significantly increased more than MS and SS
seedlings (Table 2). However, at severe water stress (FC=
15%) there were no significant differences in root length
between the three sizes of seedlings. Significant
correlations between root length and water stress level
were recorded: r= - 0.887 (P=0.01); r= - 0.891 (P= 0.01)
and r= - 0.958 (P=0.01) in LS, MS and SS seedlings,
respectively (Fig. 4).
Shoot and root fresh weight: Generally, shoot fresh
weight was much higher in LS and MS than in SS
seedlings. However, as the FC decreased to 25 and 15%
no significant differences were recorded between

treatments (Table 3). As water stress level increased,
shoot fresh weight decreased in all treatments: r= 0.957
(P= 0.01); r= 0.987 (P= 0.001) and r= 0.886 (P= 0.01) in
LS, MS and SS seedlings, respectively (Fig. 5). In
contrast root fresh weight increased with increasing water
stress. In control no significant differences were recorded
between treatments (Table 3). Nevertheless, at 75-15%
FC LS produced significantly more root fresh weight.
Water stress was significantly correlated with root fresh
weight in all treatments: r= 0.897 (P= 0.01); r= 0.859 (P=
0.05); and r= 0.874 (P=0.05) in LS, MS and SS seedlings,
respectively (Fig. 6).
Shoot and root dry weight: Shoot dry weight was more
in LS as compared to MS and SS seedlings at 100 and
75% FC, however at 25 and 15% FC there were no
significant differences in shoot dry weight between
treatments (Table 4). Generally shoot dry weight
decreased with increasing water stress: r= - 0.997 (P=
0.001); r= 0.992 (P= 0.001) and r= 0.950 (P=0.01) in LS,
MS and SS seedlings, respectively (Fig. 7). In contrast,
root dry weight increased significantly with increasing
water stress in all seedlings: r= - 0.944 (P= 0.01); r= 0.910 (P= 0.01), r= - 0.998 (P= 0.001) in LS, MS and SS,
respectively. Nevertheless, in SS the root dry weight
decreased significantly with increasing water stress (r=
0.985, P= 0.001) (Fig. 8).
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Fig. 3. Effect of water stress on shoot length of A. asak
seedlings.

Fig. 6. Effect of water stress on root fresh weight of A. asak
seedlings.

Fig. 4. Response of root length of A. asak seedlings to water
stress.

Fig. 7. Response of shoot dry weight of A. asak seedlings to
water stress.

Fig. 5. Response of shoot fresh weight of A. asak seedlings to
water stress.

Fig. 8. Response of root dry weight of A. asak seedlings to water
stress.
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Table 3. Shoot and root weight of A. asak.
Fp

LSD 0.05

0.24b
0.19a
0.12ab
0.10a
0.075a

SS
R2
Shoot fresh weight (g)
0.14c
85
0.10b
52
0.08b
65
0.09a
14
0.07a
11

0.001
0.01
0.001
>0.05
>0.05

0.05
0.07
0.07
0.09
0.06

0.19a
0.21b
0.23b
0.34b
0.51c

Root fresh weight (g)
0.18a
67
0.19b
57
0.22b
48
0.32b
87
0.46c
75

0.001
0.01
0.05
0.001
0.01

0.17
0.10
0.9
0.01
0.25

FC (%)

LS

MS

100
75
50
25
15

1.1a
0.17a
0.15a
0.07a
0.05a

100
75
50
25
15

0.22a
0.31a
0.33a
0.51a
0.76a

FC= Field capacity; LS= Large seedlings; MS= Medium seedlings; SS= Small seedlings; Fp= F value probability; LSD= Least
significant difference at P = 0.05

FC%
100
75
50
25
15
100
75
50
25
15

Table 4. Mean Shoot and root dry weight of A. asak seedlings.
LS
MS
SS
R² (%)
Fp
Shoot dry weight (g)
0.9a
0.2b
0.06c
54
0.01
0.14a*
0.16b
0.05c
95
0.001
0.12a
0.12a
0.042b
60
0.01
0.05a
0.05a
0.037a
20
>0.05
0.07a
0.03b
0.02b
31
>0.05
0.1a
0.1a
0.15a
0.25a
0.25a

0.08a
0.09a
0.1b
0.13b
0.17b

Root dry weight (g)
0.02c
75
0.05b
86
0.09c
47
0.12b
20
0.14b
1.0

0.001
0.001
0.05
>0.05
>0.05

LSD 0.05
0.06
0.11
0.07
0.05
0.04
0.06
0.04
0.01
0.08
0.03

Means in a row followed by the same letter are not significantly different at P=0.05

Discussion
Generally, water stress had significantly reduced
growth parameters of A. asak seedlings subjected to five
levels of FC. These reductions were significantly
correlated with water availability. However, root length
and root fresh and dry weights increased with water
stress. Seedlings from large, medium or small seeds had
a considerable effect on the response of seedlings to
various water stress intensities. Growth parameters were
significantly greater in LS > MS> SS at 100, 75 and
50% FC, respectively. Nevertheless, LS and MS; and
MS and SS responded similarly to water stress with
regard to some growth parameters. Growth parameters
of all categories of seedlings were all affected at higher
water stress intensity (25 and 15% FC). These results are
in agreement with those of Khurana & Singh (2000) who
reported that seedlings from large seeds were heavier
and had more leaf area enabling them to tolerate more
water stress compared to seedlings from smaller seeds.

Several investigators have reported significant
reductions in the overall growth of tree seedlings in
response to water stress such as Hopea griffithii, Vatica
maingayi (Burslem et al., 1996); Acacia nilotica
(Wilson & Witkowski, 1998), Albizia procera (Khurana
& Singh, 2000); and Acacia ehrenbergiana and Acacia
tortilis (El Atta et al., 2012). In the present study RWC
was reduced in all seedling categories as a result of
water stress. At 75 and 50% FC, LS had significantly
more RWC as compared to MS and SS. However, at
severe water stress (15% FC) there were no significant
differences between seedling categories. Reductions in
RWC and leaf water potential due to water stress were
also reported by Morgan (1984), Liu et al. (2004) and
Merchant et al. (2007). Leaf area decreased with water
stress. Generally, leaf area in LS was relatively less
affected as compared to MS and SS. The reduction in
leaf area was correlated with water stress. However, at
15% FC there were no significant differences between
seedling categories. Larger stocks of seedlings were
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more capable of acquiring soil moisture especially when
competing with other vegetation (Lamhamedi et al.,
1996; Mohammed et al., 1998; Pue´rtolas et al., 2003;
Villar-Salvador et al., 2004a). Several investigators have
reported a decrease in leaf growth of tree species due to
water stress e.g. Eucalyptus globulus (Metcalfe et al.,
1990) and mahogany (Okali & Dodoo, 1973). Reduction
of lea area as a result of water stress has been considered
by Hennessey et al. (1985) and Hibbs et al. (1995) as a
morphogenetic adaptation to drought conditions. In the
present study, biomass allocation was partitioned more
towards the root system. This was indicated by the
increase in root length and fresh and dry weight of the
roots, whereas shoot length and fresh and dry weight of
the shoot decreased with water stress. Similarly, root
biomass increased by three folds in Acacia tortilis
seedlings under water stress, however seedlings of A.
xanthophloea showed no significant difference in R: S
ratio between control and water stressed plants (Otieno
et al., 2005). Tolerance of plants to water stress depends
on their ability to biomass partitioning (Enquist &
Niklas, 2002; Poorter et al., 2012). Biomass partitioning
towards the roots increased with plant size. It is evident
that under stress conditions more biomass was allocated
towards the roots because they acquire resources
necessary for growth as compared to stems which
perform structural functions (Poorter & Nagel, 2000;
Poorter et al., 2012; Tomlinson et al., 2013). Osorio et
al. (1998); Ranney et al. (1990); and Rhodenbaugh &
Pallardy (1993) reported that water stress affected
biomass partitioning and growth of eucalypts. Water
stress caused 100% mortality of small wheat plants and
reduced growth and stomatal conductance of large plants
(Olivas-Garcia et al. (2000); Panek & Goldstein (2001).
Max survival of Quercus petraea seedlings under
nursery conditions was recorded in seedlings from large
(89%) and medium (91%) sized seeds (Tilki, 2010).
Larger seedlings have greater root systems enabling
them to tolerate water stress (Hines & Long, 1986; Luis
et al., 2009). Seedlings usually allocate high biomass to
develop the root system (Garkoti et al., 2003). Such
adaptation is very critical especially in dry tropical
forests with harsh periods of unpredictable droughts
(Reich & Borchert, 1984; Ray & Brown, 1995; Burslem
et al., 1996). If the root system is not well established
after planting of seedlings in the field, they encounter
water stress (Burdett, 1990; Grossnickle, 2000).
Although increased biomass allocation to the roots is
critical to acquire soil resources under drought
conditions, however this was done at the expense of
photosynthetic carbon (Ho et al., 2005). Consequently,
this may reduce the overall plant growth (Nielsen et al.
(2001). Nevertheless, Benincasa et al. (2013) reported
controversial results as shoot/root ratio of Brassica
napus increased in lab experiments and decreased in the
greenhouse under salt stress. However, he attributed this
controversy to time difference of stress application.
Shoot size and shoot/root ratio are critical parameters
especially in dry soil with high evaporation rate
(Grossnickle, 2012).

Conclusions
Seedlings from large seeds grew better and more
tolerant to water stress compared with seedlings from
small seeds. The most important mechanism of A. asak
seedlings to tolerate water stress was the increased root
length and biomass partitioning towards the root system.
There were significant differences between and within
seedling size in their response to water stress. Thus, at the
early restoration programs it would be more appropriate
to rely on large sized seeds.
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