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Abstract: To investigate the effect of seed size and salinity stress on the
germination and vegetative growth of wheat variety Imam, a laboratory and a
pot experiment were conducted during the winter season of 2016. The
experiments were conducted at the Seed Laboratory of Agronomy
Department and at the Nursery, Faculty of Agriculture, University of
Khartoum, (Shambat). Seed size treatments were selected on the basis of seed
diameter, and were categorized into three classes of small; medium and large.
Salinity concentrations were: ECO (control); EC2 (0.24 mM NaCl L‘l); EC4
(0.28 mM NaCl L™); EC6 (0.39 mM NaCl L); EC8 (0.41 mM NaCl L") and
EC10 (0.59 mM NaCl L"). The experiments were conducted using a
completely randomized design with two replicates for the germination test
and three replicates for the pot experiment. Data were collected on:
germination percentage on the 4™ and 8" day after planting; plant height;
number of leaves per plant; leaf area; number of tillers per plant and dry
matter yield. The data were statistically analyzed using ANOVA and mean
separation using LSD. The results revealed that seed size class did not show
significant (p < 0.05) effect on germination percent of wheat. However,
salinity significantly (p <0.05) affected germination at both readings. Small
seed class registered higher germination at EC4 and EC10. For the pot
experiment, the results revealed that seed size class did not have a significant
(p < 0.05) effect on the studied parameters. However, better performance was
observed for the large seed size class as compared to the other seed size
classes. Salinity had a significant (p < 0.05) adverse effect on all measured
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growth parameters and reduced dry matter yield by 10.4 %, 11.7 %, 47.7% ,
38.5 % and 72.2 % at EC2 and EC4, EC6, EC8 and EC10, respectively, as
compared to ECO. Except for leaf number, most of the interactions between
seed size and salinity were significant (p < 0.05). Further research is needed
to confirm the reported effect of salinity on growth and yield of wheat
variety Imam.
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INTRODUCTION

Wheat (Triticum aestivum L.) is the second largest cereal crop next to
sorghum in the Sudan. Sudan produced 265.000 tons of wheat in 2014 with
an average productivity of 1.95 tons/ha (Ministry of Agriculture and Forestry
2014).

Seed size is an important physical indicator of seed quality that affects
vegetative growth and is frequently related to yield, market grade factors and
harvest efficiency (Rukavina et al. 2002). Seed size influences germination,
growth and biomass of the young seedling besides future crop performance
(Bargali et al. 2009). Several investigators have reported a positive
relationship between seedling vigour, improved stand establishment and
higher productivity of cereal crops with plants originating from large seeds
compared to those grown from smaller ones (Kaydan and Yagmur 2008).

Soil salinity is one of the major widespread abiotic stresses that limit crop
growth and development and productivity of agricultural lands worldwide.
Salinity also induces water deficit even in well watered soil by decreasing the
osmotic potential of soil solution, thus making it difficult for roots to extract
water from their surrounding media. Although wheat is rated as moderately
salt tolerant, some varieties, however, are more affected by salinity than
others.

The objective of this study was to investigate the effect of seed size and
salinity on the germination and vegetative growth of wheat variety Imam.
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MATERIALS AND METHODS

Experimental site:

The site of the experiment is at latitude 15" 40' N longitude 32°32' E and
380m above sea level. Annual rainfall ranges between 150 and 160 mm,
temperature 35-40 C. The climate is semi — desert.

Seed size:

Wheat, variety Imam, with three different seed sizes was used. The seed sizes
were selected on the basis of seed diameter. Accordingly, the seeds were
categorized into three size classes. Small (S) (0.20-0.25cm); medium (M)
(0.26-0.30cm) and large (L) class (0.31-0.38 cm).The seeds were supplied
by the Seeds Testing Laboratory, Ministry of Agriculture and Forestry,
Sudan.

Salinity levels:

Six salinity levels, including the control, were prepared by dissolving the
respective amounts of NaCl salt in water and the salt solution was used to
water the plants. The salinity levels were ECO (control); EC2 (0.24 mM NaCl
L"); EC4 (0.28 mM NaCl L"); EC6 (0.39 mM NaCl L"); EC8 (0.41 mM
NaCl L") and EC10 (0.59 mM NaCl L.

Seed germination test

A laboratory experiment was conducted at the Seed Laboratory of the
Agronomy Department, Faculty of Agriculture, University of Khartoum,
Shambat, Sudan, in November 2016. The experiment aimed to study the
influence of seed size and salinity on seed germination of wheat variety
Imam.

This test was carried out in Petri dishes with two replicates for each salinity
level. Twenty five seeds were sown per Petri dish for each seed size class.
Seeds were grown in filter paper moistened by the saline solutions prepared
by the specific needed concentrations. The test was conducted in a cold room
adjusted at 20°C. First count was recorded on the 4 day and the final count
was on the 8" day from sowing.
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Germination %= Number of normal seedlings X 100
Number of seeds planted

Pot experiment

A pot experiment was conducted at the Nursery of the Department of
Horticulture, Faculty of Agriculture, University of Khartoum, Shambat,
November 2016. It aimed at studying the influence of seed size and salinity
on the vegetative growth of wheat.

Pots with 30 cm depth and 12 cm diameter were used for the experiment.
Seven kg sun dried soil (2 clay: 1 sand) were put in each pot. The seed rate
used was as recommended (119 kg ha™). The equivalent seed rate per pot of
an area of 0.0706 m* was 0.84 g. Number of seeds per pot for large, medium
and small seeds were 21, 27 and 35, respectively. The plants were watered at
two days interval. The salinity treatments were applied 30 days after sowing.
Fertilization with a dose equivalent to IN (95 kg urea ha™) was applied after
the 20™ irrigation. The experiment was laid out in a completely randomized
design with three replicates.

Vegetative characters

During the growing season, observations were taken on five randomly
selected plants 30; 37; 44; 51; 58 and 65 days after sowing and data were
recorded on the following parameters:

Plant height

The plant height was measured from the base of the stem to the tip of the
plant (i.e. tip of the flag leaf) using a ruler and the mean height in cm was
calculated.
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Number of leaves plant™
Fully expanded leaves were counted in each sample and recorded as an
average of five plants pot™.

Leaf area (cmz)

Average leaf area was determined by taking five random plants. The length
and width of a leaf, in each plant was measured in (cm) and the average leaf
area was calculated using the following equation;

Average leaf area = leaf length x leaf width x 0.76.

Number of tillers plant™

This was calculated as average number of productive tillers of the five tagged
plants.

Dry matter yield (g)

Five plants from each pot were used to determine the dry matter weight.
Plants were sun dried till constant weight and then weighed using an electric
balance.

Statistical Analysis

The collected data were statistically analyzed according to Gomez and
Gomez (1984) for completely randomized design. Mean separation was
carried out using least significant difference method.

RESULTS

Germination percentage

The germinated seeds were counted on the 4 day (first count) and gt day
(second count) after planting. At both readings the means of this parameter
were not significantly (p <0.05) affected by seed size (Table 1). At both
readings the small seed size class scored higher germination percentage
compared to medium and large seed size classes. At the first reading the
highest germination percent was recorded at EC4 and the lowest at EC10 for
small seed size class, for medium size class the highest percentage was
recorded at EC4 and the lowest at EC8 and for the large size class the highest
and lowest germination percentage were recorded at EC2 and ECI10,
respectively. Across the seed classes the highest mean germination
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percentage was recorded at EC4 which did not differ significantly (p<0.05)
from that at EC2 and both were significantly (p<0.05) higher than the mean
germination percent at ECO and EC6 which in turn were significantly
(p<0.05) higher than those at EC8 and EC10.

Table 1. Effect of seed size and salt stress on wheat germination percent on
the 4" day (First count) and g™ day (Second count) after planting

Salinity (S) Seed Size( SS)
First Count Second Count
S M L Mean S M L Mean
ECO 70.67 69.00 70.00 69.89 75.00 70.00 86.70 77.20
EC2 89.00 8233 9567 89.00 9500 8500 97.70 92.60
EC4 95.67 90.00 90.00 91.89 9630 9430 98.00 96.20
EC6 79.33 83.67 6233 75.11 85.00 90.00 63.30 79.00
EC8 70.00 50.67 5233 57.67 75.00 70.00 60.00 68.30

ECI0 57.67 5233 5133 5378 6500 5930 5170 58.70

Mean 77.06 7133  70.20 81.90 78.10 76.20
LSD(0.05) 8.38 7.85

LSD(0.05), 6.20 2.72
LSD(0.05 )exss 5.71 471
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At the highest salinity level EC10 seed germination decreased salinity
decresed the germination by 13 %, 17% and 19 % for the small, medium and
large seed class sizes, respectively, as compared to the control ECO. This
higher germination at salinity as compared to control was also found at EC2;
EC4 and EC6 except for the large seed class at EC6 (Table 1). At EC8 small
seed size class was similar to control but the germination of the medium and
large seed classes decreased by 18% and 19%, respectively.

At the second reading the highest germination percent for the small seed size
class was obtained at EC4 level and lowest germination was found at EC10
and for the large size class the highest germination was registered at EC4. At
the second reading the highest mean germination percent across all seed size
classes was recorded for EC4 followed by EC2 that differed significantly
(p <0.05) from EC4. The least mean germination percent was obtained at
EC8 and EC10 which differed significantly (p <0.05) from each other. The
mean germination percent at EC2 and EC4 salinity levels was significantly (p
<0.05) higher than that at ECO (control) and the latter was, significantly (p
<0.05) higher as compared to the higher salinity levels EC8 and EC10 but not
EC6. As compared to the control, the germination percent increased by 10%
to 24% for the different seed size classes at EC2 and EC4. At EC6 and EC8
the germination decreased only in the large seed class, while the germination
of small and medium seed classes was either not affected or increased in
comparison to the control. But at EC10 the germination percent for all seed
size classes decreased by 10% to 35 % as compared to the control.

Plant height (cm)

Statistical analysis showed that seed size had no significant (p <0.05) effect
on plant height of wheat at all sampling times (Fig. 1). However, there were
clear variations in plant height, as
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affected by seed size at different sampling dates. The large seed class
generally gave higher plant height values, with increasing salinity, than the
medium and small size classes. The tallest plants at the highest salinity level
EC10 were recorded for the large seed size at 58 days after sowing. Small
seed size class recorded the tallest plants at EC2 37, 58 and 65 days after
planting. Medium seed size showed the least values for this trait at EC8 37
and 65 DAS. Salinity treatments, on the other hand, significantly (p <0.05)
affected this attribute only at the last reading. The treatment EC6, EC8 and
EC10 showed the same pattern but had significantly (p <0.05) shorter plants
than ECO, EC2 and EC4. The analysis of variance showed no significant
differences for the interaction seed size x salinity on plant height.

Number of leaves per plant

There were no significant (p <0.05) differences in number of leaves per plant
due to seed size (Fig. 2). The small seed size class, however, recorded the
highest number of leaves at EC2 at 58 and 65 DAS. Salinity significantly (p
<0.05) affected this parameter at 65 DAS reading, where EC0O, EC2 and EC4
were almost similar, but had significantly (p <0.05) more leaves than EC6,
EC8 and EC10 (Fig. 2). The interaction of seed size x salinity also had no
significant effect on leaf number per plant.

Leaf area per plant (cmz)

Analysis of variance revealed that leaf area of wheat was not significantly (p
<0.05) affected by seed size (Fig. 3). The highest leaf area was recorded for
the medium seed size class at EC4 salinity level followed by the small seed
size class at EC2 salinity level. Salinity levels and the interaction seed size x
salinity significantly (p <0.05) affected leaf area, where increased salinity
levels decreased leaf area and the least values were recorded at EC10 level
across all seed size classes. The treatments ECO, EC2 and EC4 gave
significantly (p <0.05) larger leaf area than the other higher salinity levels

(Fig. 3).
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Number of tillers per plant

Statistical analysis showed that seed size, salinity and their interaction had
significant (p <0.05) effect on number of wheat tillers per plant. The highest
number of tillers was recorded for the small and large seed size classes at
EC2 and ECA4, respectively, (Table 2). The treatments ECO, EC2, EC4 and
EC6 were not significantly different yet, gave significantly (p <0.05) more
tillers than EC8 and EC10 both of which recorded the least number of tillers
per plant (Table 2).
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Fig. 3. Effect of seed size and salinity on leaf area of wheat (a) 51 DAS and
(b) 58 DAS
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Table 2. Effect of seed size and salinity on number of tillers per plant 58
DAS and dry matter yield of wheat 65 DAS

Salinity (S) Seed size (SS)
Number of tillers plant™ Dry matter (g)
S M L Mean S M L Mean

ECO 5.33 3.80 523 479 4.03 7.03 7.47 6.18
EC2 6.23 4.07  4.63 498 6.03 397  6.67 5.56
EC4 3.80  5.63 6.23 522 727 280  6.30 5.46
EC6 6.10 443 3.77 4.77 6.10 1.67 493 3.23
EC8 377 443 3.33 3.834  4.03 427  3.10 3.80
EC10 4.23 3.33 3.13 3.57 2.03 1.33 1.73 1.70

Mean 491 4.28 4.39 4.92 3.51 5.03
LSD(0.05)ss 1.6 1.90

LSD(0.05)s 0.8 0.85
LSD(0.05)sxss 1.47 1.47

Dry matter yield

Seed size had no significant (p <0.05) effect on dry matter yield of wheat
(Table 2). Small and large seeds were almost similar and out-yielded medium
seeds. There were significant (p <0.05) differences on this character among
salinity treatments. The treatments EC0, EC2 and EC4 gave significantly (p
<0.05) higher dry matter yield as compared to EC6 and ECS, all of which
were significantly higher than EC10 (Table 2). The dry matter yield was
significantly (p <0.05) affected by the interaction of seed size x salinity.

DISCUSSION

Seed size is an important physical indicator of seed quality that affects
vegetative growth and crop production, whereas salinity is a widespread
problem around the world and is one of the important abiotic factors that
affect seed germination and vegetative growth of wheat thereby adversely
affects productivity (Kaydan and Yagmur 2008).

In this study seed size had a significant effect on germination percentage at
the 4™ and 8" day from sowing. The results showed that the germination
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percent of the small seed class even exceeded that of the medium and large
seed classes. These findings contrast with those of Cookson ef al. (2001) who
found that in wheat, seed size is positively correlated with seed vigour: larger
seeds tend to produce more vigorous seedlings compared to smaller ones.
However, these results are in agreement with those reported by Dar et al.
(2002) who mentioned that small seeds to medium sized ones produced better
germination and seedling vigour than those of bigger ones and cultivars with
low 100 seed weight had higher germination percentage than larger seeded
ones in pea (pisum sativum L.).

In this study the highest effect of salinity stress was recorded in large seed
size class (EC10). The small seed class registered higher mean germination
percent as compared to the medium and large seed classes across the different
salinity levels. Small seeds germinated faster and grew higher under saline
conditions and could be preferred for use in saline soils to achieve better
stands. The treatments EC2 and EC4 gave significantly higher values than the
other levels, whereas EC8 and EC10 gave the lowest values. This is in
agreement with the results of Azini and Alam (1990) who reported a decrease
in germination percentage owing to reduction in water absorption by the seed
at imbibition and less seed germination by decreasing the ease with which the
seeds take up water because the activities and events normally associated
with germination get either delayed and /or proceed at a reduced rate. These
results are in contrast with those of Basel ef al. (2012) who showed that
germination of lentil seeds was not influenced by increased salinity
concentration. Ismail (2003) studying 2 lines and a cultivar of wheat
observed that during germination and seedling stages, the lines could tolerate
lower and moderate doses of salinity, while the germination and seedling
development was completely inhibited at higher levels of salinity.

Taiz and Zeiger (2002) mentioned that high absorption of Na and Cl ions
during seed germination can cause cell toxicity that finally inhibits or slows
the rate of germination and thus decreases germination. According to Al-
Niemi et al. (1992), the reduction and delay in seedling emergence occurs
because of inability of seeds to overcome the osmotic stress and difficulty of
water absorption for embryo expansion. Also the authors reported that
salinity inhibits germination of many crops by creating greater osmotic
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potential outside the seed which reduces water absorption, or by ion toxicity
that can inhibit physiological processes such as enzyme activity; cell division
and cell differentiation. Germination and seedling development are very
important for early crop establishment. Bhatti e/ al. (2004) observed that
increasing salinity levels drastically affected the seedling growth.

There are two different mechanisms that enable seeds to germinate at high
salt stress. Seeds can tolerate the effects of lower water potential in the soil
(Allen et al. 1988) or they may exhibit specific tolerance to the inhibitory
effect of NaCl (Rhumbaugh et al. 1993).

The results of this study showed no significant effects of seed size on plant
height, but the large seed size class always registered better performance with
increasing salinity concentrations at all sampling occasions, indicating the
advantage of using larger seeds under salinity stress. Salinity significantly
affected plant height and the plants at the higher salinity levels EC6; EC8 and
EC10 were significantly shorter than those produced at lower salinity levels.
Several researchers reported similar findings regarding the adverse effect of
salinity on plant height (Elradi 2016). These results are in agreement with
those of Mohammed (1988) who recorded a significant effect on plant height
of wheat grown on salt affected soil. In contrast, Ahmed (1995) did not find a
significant effect of salinity on this trait and explained that by the fact that
frequent irrigation reduced both osmotic water potential and water stress and
increased soil water potential.

There were no significant effects of seed size on the number of leaves per
plant during all sampling occasions, but at the lowest salt concentration
(EC2) the small seed size class recorded the highest number of leaves at most
sampling dates. Salinity and the interaction with seed size significantly
affected this parameter at 65 DAS; this might be due to the effect of stress,
which suppresses growth and number of leaves. Salinity caused a decrease in
number of leaves per plant at the higher levels. As explained by De Luca et
al. (2001), the reason for this reduction might have been due to ion toxicity
and the buildup of a high osmotic potential in soil that suppressed water
absorption by the plant leading to leaf death.
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Analysis of variance revealed that leaf area per plant of wheat was not
significantly affected by seed size. The highest leaf area was recorded for the
medium seed size class at EC4 salinity level followed by the small seed size
class at EC2 salinity level. The effect of salinity and its interaction with seed
size on leaf area was significant at all sampling occasions. This could be due
to nutrient imbalance; an increase in Na levels will lead to a displacement of
Ca"™" from exchange sites on membrane and cell wall (Johnson, 1981).
Altayeb (1991) mentioned that tolerance to high sodium could be attributed
to efficient Ca™ transport to developing leaf blades, which is important to
some physiological processes leading to effect on leaf size (Ames and
Johnson 2000).

With respect to higher salt concentrations (EC6, EC8 and EC10) the lower
leaf area values may be due to the damage caused by the salt. As explained
by Allen et al. (1988) that the overall effect of salinity on plants is the
eventual shrinkage of leaf size. Salinity also reduces the rate of leaf surface
expansion, leading to cessation of expansion as salinity level increases.
Increasing salt concentrations in leaves also causes premature senescence,
reducing supply of assimilates to the growing organs, thus reducing plant
growth (Munns et al. 2005).

Statistical analysis showed that salinity and interaction with seed size had
significant effect on number of wheat tillers per plant. At the lowest salinity
level EC2, the small size seed class produced the highest number of tillers
while the large size seed class gave the highest number of tillers at EC4.
Significant differences between salinity treatments were found i.e. the tiller
number per plant decreased with increasing salinity levels. These results are
supported by those of Igbal (2003) who evaluated the effects of constant and
variable salinity on spring wheat. He found that salinity significantly
decreased the number of tillers, leaf area, shoot and root dry weight per plant,
where these parameters were always higher at variable than at constant
salinity.

Salinity is defined as the total concentration of soluble salt in water and soil
and represents serious environmental problem that causes osmotic stress, and
reduction in plant growth and development (Yohannes and Abraha 2013).
Salinity reduces the ability of plants to absorb water which results in growth
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reduction, also salts accumulation in leaves causing injury in leaf cells,
further reducing growth, thereby directly affecting crop production (Munns
2005). The results of this study showed significant effects of salinity and
interaction of seed size and salinity on dry matter yield of wheat. The salinity
levels affected dry yield significantly. This is only to be expected as salinity
adversely affected all growth parameters, as discussed earlier, and therefore
resulted in a negative impact on dry matter yield. Several authors reported
similar findings (Elradi 2016).

In this study, salinity adversely affected germination and vegetative growth
parameters of wheat variety Imam indicating a low tolerance for salinity.
Further research is needed to investigate the effect of salinity on growth and
yield of wheat variety Imam grown in saline soils.
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