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In greenhouse experiment, germination percentage, root and shoot dry
weights were significantly decreased with decreasing seed size and water

potential. Hourani-27 produced significantly larger shoot and root dry
weights with higher percentage of germination compared to F8.
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1.INTRODUCTION

Wheat (Triticum spp.) is considered as one of the most important
crops. It provides human with a complete diet except for some of the
essential amino acids that are found in animal tissues and in some food
legumes.

Wheat kemel of wheat contains 60-80% starch; 8-15% protein; 1.5-
2% fats; 1.5-2% minerals and vitamins such as the B complex and vitamin
E. The by-product of wheat such as straw and bran are main components in
animals ration especially during winter (Feldman, 1976).

In addition to its high nutritive value, the low water content, ease of
transport and processing and good storage qualities have made this crop the
most important stile food for more than 35% of the world's poputation.

The world production of wheat increased by 21% during the period
between 1980 to 1994, while the wheat-planted area decreased by 8%
during the same period. Whereas wheat production and area in Jordan have
been decreased in the last 15 years. The wheat-planted area decreased by
54% whereas production decreased by 25% during the same period (FAO,
1994).
| In Jordan, durum wheat is the most widely grown wheat species
(Triticum durum L.). It mainly grows under dry land conditions. The dry
land areas in this region are characterized by a high year to year variation in
precipitation and temperature. This means that durum wheat is grown in a
high risk area, and the crop yield reduction and failure due to climatic
fluctuations are frequent (Nachit and Ketat, 1986).

Wheat production relies upon a number of environmental and cultural
parameters. Rapid and uniform stand establishment is basic to vigorous
seedling and plant performance.

Under rainfed conditions of arid and semiarid regions, variable

temperature and low moisture are often limiting factors during germination.
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Large areas in the Middle eastern countries are characterized by low and
erratic rain fall during late fall and early winter, the period at which wheat is
sown and usually suffer from early moisture stress resulting in a poor stand
and early seedling growth problems. Such problems may seriously affect
germination and seedling establishment and subsequent winter survival of

wheat in these regions.

Seed size is one ftrait of economic important that affect stand
establishment survival and plant performance and can be easily manipulated.
The superiority of large seeds compared with small seeds in producing more
vigorous and larger plants is generally more pronounced in case of
unfavorable environmental conditions in early growth stages (Burris ef al.,
1973).

Seed size and environment may interact in their effects on the
germination and early seedling growth of wheat, yet most studies on the
effects of drought stress and temperature on germination and seedling vigor
of wheat have been conducted using seeds of uniform size.

There was no report on the combined effects of seed size, temperature
and water stress on germination and seedling growth of durum wheat.
Therefore, this study was designed to determine the effects of seed size,
temperature water potential and their interactions on seed water uptake
germination and seedling growth of two durum wheat genotypes under

laboratory and greenhouse conditions.
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larger plants is generally more pronounced in case of deep planting and
unfavorable environmental conditions in early growth stages.

Evans and Bhatt (1977) reported that seed size influenced seedling
vigor in five wheat cultivars regardless of seeding depth or harvesting
method. Lafond and Baker (1986) indicated that 53% of the varation in
seedling vigor was attributed to variation in seed size and protein content.
This is in agreement with previously reported results by Ries and Everson
(1973) and Evans and Bhatt (1977). Lafond and Baker (1986) concluded
that selecting for seedling vigor could be done by selecting for seed size,
rate of germination and/or rate of plant development. Also Burris et al.
(1973) indicated that the largest soybean seeds developed seedling with
greater cotyledonary and unifoliat leaf area, height and yielded consequently
more than small seeds. On the other hand, the smallest seeds developed
seedlings which exhibited higher photosynthetic rates (Burris et al., 1973).

There was no genotype by seed size interaction for both rate of
emergence (Bulisani and Warner, 1980; Lafond and Baker, 1986) and shoot
dry weight (Evans and Bhatt,1977; Lafond and Baker, 1986) whereas, for
genotype their was an increase in seedling vigor with increase in seed size.

Douglas et al. (1994) found that seed size and density did not
significantly affect main stem leaf number, dry weight, tillers number,
seminal roots, number of heads, straw weight and grain yield.

Seed size had no significant effect on water uptake (Lafond and Baker
1986). Also Clarke (1980) compared rates of water uptake in six spring
wheat cultivars at 30°C and found that four of them have the same rate of
water uptake. Similar results have been reported by Lafond and Baker
(1986), whom indicated that cultivar has no effect on rate of water uptake.
On the other hand, Butcher and Stenvert (1973) and Stenvert and
Kingswood (1976) as cited by Clarke (1980) found that there is differential

rates between wheat cultivars for water uptake.
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Bulisani and Warner (1980) found that within each seed lot the largest
seed had approximately a 2.5 % higher protemn percentage than smallest
seeds. Lowe et al. (1972), Lowe and Ries (1972) and Avers et al . (1976)
found that seedling dry weight is positively correlated to seed protein
content, small seed, with high protein produced larger seedlings than large
seeds with lower protein.

Ching and Rynd (1978) found high protein grains produced seedlings
25% heavier with 25% more total RNA, 30% more DNA, 40% more amino
acids, 60% more Ribosmoes, 80% more soluble protein, higher glutamme
synthetase and o-amylase, but lower acid phosphatase activities. They
reported that the higher polysome content in high protein seeds is
responsible for rapid growth and high yield.

Lopez and Grabe (1971) found that the increased in protein contents
was located primarily in endosperm, which confirm that the factor
responsible for the greater growth, and high protein seeds is 1n the
endosperm. Also they stated that high protein seeds of barley and wheat
serminated and developed faster in N-deficient soils. Seed protein had little
effect on seedling growth in soil with high concentration of available
nitrogen. In contrast, Lowe and Reis (1972) found significant difference in
drv matter between seedlings grown from low and high protein seeds, even
with abundant N-fertilizer.

Ries et al. (1970) and Ries and Everson (1973) found that a
significant correlation of both seed protein content and seed size with
seedling vigor ranging from 0.68 to 0.87 and from 0.69 to 0.87, respectively.
Also they reported that seed size and protein content of both
monocotyledonous and dicotyledonous species are positively related to early
seedling growth and sometimes to economic yield.

Bulisani and Warner (1979) found that seedling vigor was

significantly increased by seed weight and percent protein, they reported that
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large seeds significantly increased seedling emergence rate index and grain
yield.
2.2. Effect of temperature on seed germination and plant growth:

Brar et al. (1991) reported that there were major effects of
temperature on germination rate and germination percentage, and they
indicated that, since temperature had a strong influence on germination,
seeding time should be selected to match expected temperature for particular
locations. Lafond and Fowler (1989) indicated that the effect of temperature
on germination was much larger than moisture potential, this result 1S
different from Lafond and Baker (1986) who reported that seeding should
proceed at optimum date regardless of the dry seedbed moisture condition.
Also they reported that, as temperature increased, the rate of germination as
measured by median germination time decreased. Similar results were found
by Livingston and de Jong (1990). Lafond and Baker (1986) reported that,
the final germination percentage was not affected by temperature as reported
by Ashraf and Abu Shakra (1978). The germination rate increased with
increasing temperature, but final germination were highest at intermediate
temperature (20-25°C), (Sharma, 1976).

Brar et al. (1991) reported that early high genmination a cross a large
range in temperaturés may be beneficial for rapid establishment of the crop
in semiarid warm regions where soil moisture in the upper soil surface 1s
available for only a short period. However, in temperate regions, where
lower temperature exist, slower germinating species might be more
beneficial where the germination periods extends from 5 to 10 days after
planting.

Root growth was found to be influenced by temperature. Lower rate
of root growth of wheat obtained at lower temperature (3-10°C). It was
concluded that a rapidly penetrating and extensive root system is essential

for cultivars grown in semi arid areas (Ashrafand Abu-Shakra 1978). A
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significant difference in water uptake due to temperature was also reported

by Lafond and Baker (1986). As temperature increased, rate of water uptake

increased as indicated by Lafond and Fowler (1989).

2.3.Effect of water potential on seed germination and plant
growth:

Tests for seed germination, usually involve using different osmotic
agents as polyethelene glycol (PEG) and mannitol to induce moisture stress
and simulate drought conditions during germination in different crops. Thill
et al., (1976) ability of wheat to grow and establish stand under limited soil
moisture conditions in the field were related to germination and seedling
crowth in mannitol solution (Helmeric and Pfeifer, 1954; Williams et a/.,
1967; Ashraf and Abu Shakera, 1978; Thill et ¢/, 1979 and J aradat, 1979 ).

In most drought studies, seeds are exposed to germination media for
extended period of time. If the solution are not osmostically satiable over
time, the germination results could be erroneous and subsequent
interpretation misleading. Thill e al. (1979) studied the osmotic stability of
mannitol solution with time and they concluded that, mannitol solution was
effective in simulating drought conditions for germination and seedling
growth of several crops, and it is a simple easily repeated test, and the
osmotic stability did not change with time.

Brar er al. (1991) reported that water potential at planting affected
germination rate and final genmination. Whereas both total germination and
germination rate decreased with decreasing water potential (Younis ef al.
(1963); Sharma (1976); Roundy et al. (1985) and Hardegree and Emmerich
(1992). Also it has been indicated by Mian and Nafziger (1994); Livingston
and de Jong (1990); Lafond and Baker (1986); Somer (1983); Ashraf and
Abu Shakra (1978); Sharma (1973); Williams et a/. (1967); Helmenck and
Pfeifer (1954) and Ayers (1951) that increasing osmotic potential more

negative levels progressively delayed and reduced germination, but relative
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germination time of the cultivars were found to be consistent over the
different levels of osmotic moisture stress as mdicated by lafond and Baker
(1986). However, Lafond and Fowler (1989) indicated that water potential
had no significant effect on the rate of germination . Also it has been
indicated by Ashraf and Abu Shakra (1978) and Hadas and Russo (1974)
that total germination was not affected by moisture stress until the critical
level was reached. Roundy ef al. (1985) and Blum er al.( 1980) reported that
germination rate or injury to germination at various water tension differed
siemificantly among cultivars. They stated that, seed of different species may
have different critical water potential or hydration levels below which the
physical processes of germination are slowed or prevented.

It was observed by Hunter and Erickson (1952) that, in order for the
seed to germinate, each species of seed had to attain 2 specific moisture
content. This minimum moisture content was approximately 30.5% for com;
26.5% for rice: 5% for soybean and 31.0 for sugar beet seeds.

Roundy et al. (1985); Blum et al. (1980) and Younis et al. (1963)
found a significant variety moisture tension interaction for both germination
and germination rate.

Mian and Nafziger (1994) found that shoot dry weight, root dry
weight and number of tillers were decreased with decreasing water potential.
Nearly the same result have been found by Guil ef al., (1976) who indicated
that total stand, coleoptile length, seedling height and root weight were
similarly reduced as water potential decreased.

Wright, (1962) reported that soil water stress significantly reduce root
weight of panicgrass. The root length reduced with increasing moisture
stress tension as indicated by Jaradat (1979) and Hoveland and Buchanan
(1973). Radical length varied statistically between species and among
different osmotic Roundy et al. (1985) and Richards et al. (1981) indicated

that when wheat is growing predominantly on a limited supply of stored soil
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and those seeds were discarded at each reading. The seeds were germinated
in a vertical incubator and the four replicates blocked vertically to
compensate for temperature gradient in the incubator (Lafond and Baker,
1986). The seeds were equilibrated to the desired temperature for
approximately 12 hours before starting each experiment.

Statistical Analysis System (SAS) was used for calculation and
obtaining Analysis of Variance (ANOVA) Mean Separation using Duncan
Multiple Range Test (DMRT).

3.4 Effects of seed size and water potential on germination and plant
growth under laboratory conditions:

Water potential of 0, -100, -300, -600 and -900 kPa were created
using osmotic solutions of mannitol. The amount of mannitol and water to
provide the different atmospheric tensions were calculated by the following

formula given by Helmeric and Pfetfer (1954):

Osmotic pressure (P) = gl
ml
7
Grams mannitol (g) = i
RT

where V = volume in liters

m = molecular weight of mannitol

R = 0.08205 liter atmospheres per degree per mole

T = absolute temperature

Standard genmination papers were soaked in these solutions
(distilled water for 0 kPa) for 10 min. Twenty seeds were placed on double
layers of germination paper in a single line 3.5 c¢m from the top of the paper.
A third germination paper was placed a top the seeds, and each roll was
secured loosely with a piece of string. The roll then placed in an upright
position in a plastic container containing osmotic solution of the same
strength used to soak the germination paper, the bottom one third of the roll

was in the solution. Each of the containers had six such rolls in 1t
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representing the two genotypes and three sizes. Five containers, one of each
osmotic treatment, were placed in a larger plastic tank (52 x 25 x18 c¢m) that
contained water at the bottom. The plastic tank was covered with
polyethylene to minimize water evaporation and was then placed into a dark
germination cabinet under a constant temperature of 24°C. A total of four
replications was used for this experiment and all five tanks, each
representing a block, were placed in the same growth chamber. The tanks in
the growth chamber were rearranged once a day to minimize the effect of
any temperature gradient in the germination cabinet. The level of osmotic
solution in each plastic container was restored to the previous level by
adding distilled water once a day. Germination counts were made 10 days

after placing the seed in the germination cabinet

3.5. Effects of seed size and water potential on germination and plant
growth under greenhouse conditions:

Seeds of the two genotypes with three sizes were planted in plastic
pots (22 cin diameter). The water tension for the soil medium determined
using a pressure outflow system as described by Klute (1986). The soil
medium was dried and its moisture content was determined. Pots were filled
with 5 kilogram dried clay soil. Then lined by plastic film to reduce water
evaporation, and weight of each pot was recorded. Required amount of
water were added to each pot to create soil matrix potentials of -30, -100, -
300, -600 and -900 kPa.

Six hills in each pot, each consisting of five seeds, and representing
the three seed sizes and two genotypes were planted in a circular pattern
with a distance of 7 cm between adjacent hills. The pots were arranged on a
bench in a CRD design with five replications. Each pot is weighed daily and
water was added to bring the total weight back to its original status. The

pots were rearranged once a day to minimize the effect of any temperature
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eradient in the greenhouse. Germination counts were made 10 days after
planting, and then all but two largest seedlings in each hill were removed.
After 28 days of growth the pots were soaked overnight into a large
container, and roots were gently washed to remove the soil. Plants were
separated into shoots and roots and dry weight for both shoot and root were

determined.
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17
4 RESULTS AND DISCUSSION

1.1. Effects of seed size and temperature on seed water uptake of two
wheat genotypes:

This experiment was designd to test the effect seed size, temperature
and on seed water uptake of two wheat genotypes. The only significant
interaction effect was detected after 36 hours soaking period. Therefore,
interactive effect will be presented only for 36 hours soaking period and
separated effects for other soaking periods will be presented only.

After 36 hours of soaking period, for both genotypes the rate of water
uptake (Table 2) by small seed is significantly higher than large one, except
for FS at 20°C. Also the rate of water uptake increased with increasing
temperature, except for small seed of F8 at 20°C which is significantly
lower than 5 and 10 °C. At low temperatures (5 and 10 °C), The rate of
water uptake for F8 was significantly higher than for Hourani-27 at
comparable seed size, except for large seed at 5°C, where they were not
significantly different. On the other hand, at 20 °C the rate of water uptake

was significantly higher for Hourani-27 as compared with F3.
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Table (2): Effects of seed size and temperature on the rate of water

uptake by seeds of two wheat genotypes.

Genotype | Seed size Temperature °C
5 10 20
Large 14.431] 1569 H |2038C
Hourani-27 | Small 18.05F 19.81 D 2395 A
F 8 Large 14.23] 1631G 1976 D
small 1921 E 21.53B 14471

* Means followed by different letters are significantly different at the 0.05
probability level, according to Duncan’s Multiple Range Test (DMRT).

The rate of water uptake (Table 3) by the seed of both genotypes
were significantly the same, except after 4 and 36 hours which was higher
for F8 and for Hourani-27, respectively.

The rate of water uptake was not significantly affected by seed size at
soaking period of 2 hours, Later on the rate of water uptake by small seed
was significantly higher than for large seeds. In general, the rate of water

uptake increased with increasing temperature.
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Table (3): Effects of genotype, seed size and temperature on the rate of

water uptake by wheat seeds,

19

Rate of water uptake (g kg™ hr™)

Treatment 0 2 4 8 16 36 13
hours hours hours hours | hours | hours | hours
Hourani- | 77.75 | 134.19 77.72 | 53302 | 3695 | 18.72 1 13.66
Genotype 27 A B B A A A A
F38 8235 | 15750 | 107.22 | 38.04 | 3604 { 1756 | 21.90
A A A A A B A
Large 74.06 | 144.36 7937 | 3245 | 33.08 | 1677 | 1642
Seed size A A B B B B B
Small 86.04 | 147.33 105.38 | 60.62 | 3997 | 1950 | 24 .14
A A A A A A A
3 79.99 85.26 79.12 | 3296 | 31.60 | 1648 | 15.12
A C C B C C B
Temperature °C .10 87.17 | 14944 87.60 | 3592 | 35.15 | 18.29 | 2158
A B B B B B A
20 7299 | 202.35 110.70 | 60.72 | 42,73 | 159.64 | 24.14
A A A A A A A

* Means within columns for each treatment followed by different letters are

significantly different at p < 0.05 according to DMRT.
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Rate of water uptake were significantly affected by seed size (Table
2, 3). This result disagreed with previous findings of Lafond and Baker
(1986). They indicated that seed size had no significant effect on water
uptake.

The water uptake as shown in (Table 2, 3) was significantly affected
by temperature. This result agreed with findings of reported by Lafond and
Baker (1986) and Lafond and Fowler (1989), who indicated the rate of
water uptake increased with increasing temperature.

The difference between the two genotype in the rate of water uptake
is consistent with previous results reported by Butcher and Stenvert (1973)
and Stenvert and kingswood (1976) as cited by Clarke (1980), but differ
from that reported by Clarke (1980) and Lafond and Baker (1986). This
discrepancy may be due to differences in medium, temperature, or method of
expressing moisture content.

4.2, Effects of seed size and temperature on seed germination of two
wheat genotypes:

There were no gemmination at 5°C for one month. However,
germination started after 7, 4, 3 and 2 days at 10 , 15, 20 and 30C°,
respectively. Therefore, the results for each temperature will be presented
only with no comparison between temperatures.

Accumulative germination percentage for large (A; and A;) and
medium seeds at 10°C did not significantly differ over time from each other
for both genotypes, but the accumulative germination percentage for small
seeds of each genotype is significantly lower than the other two seed sizes
(Table 4). These results were inconsistant with those results reported by
Green et al. (1966); Bhatt et al. (1979); Lafond and Baker (1986) and
livingston and de Jong (1990), who reported that small seeds germinated
faster than large seeds of different species but similar size emerged at the

same rate.
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Table(4): Effect of seed size on seed germination of two wheat

aenotypes at 10°C.

Treatment Accumulative germination %
Genotype Seed size After the onset germination (hour)
10 20 30 40 50 60
Large A1 [25.0B |57.0B [57.0B |71.5B | 78.0B | 84.5B
Hourani-27 A2 1250B |66.0B |66.0B |77.5B [84.5B | 8§89.0B
Medium | 22.5B |64.5B [ 64.5B | 73.5B |79.5B | 34.0B
Small 13.5C | 36.0C | 38.5C | 54.0C |64.5C | 74.5C
Large A1 |30.0A | 80.0A | 80.0A |91.0A |94.35A|96.5A
F8 A2 |32.0A | 85.0A | 85.0A |91.0A |95.5A|97.5A
Medium | 29.5A | 78.0A | 80.0A | 93.5A | 96.0A | 96.5A
Small 11.5C | 27.5C | 27.5D | 47.5C [62.5C|76.5C

* Means within columns followed by different letters are significantly
different at p< 0.05 according to DMRT.

Except for small seeds accumulative germination percentage for F8 is
significantly higher than that for Hourani-27.This result disagree with
previous results reported by Bulisani and Warmner (1980) and Lafound and
Baker (1986), who indicated that their was no cultivar by seed size
interaction for the rate of emergence. The accumulative germination
percentage were increased for the first 20 hours, then started to declme
gradually.

No significant interaction of seed size and genotype on accumulative
germination percentage at 15°C. The separated effect will be presented only.
Accumulative germination percentage for both genotypes were significantly
the same, except after 4 hours, where germination percentage Hourani-27 is
sigmificantly higher as compared with F8 (Table 5).

At 15°C the accumulative germination percentage for the first 12
hours after the onset of germination decrease with decreasing seed size,

with no significant difference between A| and A,. Later on, it is significantly
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higher for large (A, and A;) once compared with mediumn and small seeds.
The wvariation in accumulative germination percentage due to seed size
variation also disagreed with previously reported resuits, by Green er al.
(1966); Bhatt er al. (1979); Lafond Baker (1986) and Livingston and de
Jong (1990), who reported that small seeds germinated faster than large

seeds of different species but similar size emerged at the same rate.
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Table(5): Effects of seed size and genotype on germination percentage

at 15°C.
Accumulative germination %
Treatment After the onset germination (hour)

Genotype 4 8 12 16 20 24
Hourani-27 | 14.38A | 46.00A | 74.13A | 91.63A 93.00A | 93.00A
F8 13.13B [4590A |70.25A | 88.38A 91.25A 191.25A
Seed size
Large Al 16.50A | 55.75A | 82.50A |94.50A 95.75A | 95.75A
Large A2 15.50A | 53.50A | 80.00A |92.75AB |94.00AB | 94.00AB
Medium 12.75B  [41.50B |69.25B | 87.75C 90.25C  [90.25C
Small 10.25C [ 33.00C |57.00C | 85.00C 88.50C | 88.50C

* Means within columns for each treatment followed by different letters are

significantly different at p= < 0.05 according to DMRT.

At 20°C the only significant interaction of seed size and genotype on

accumulative germination percentage were detected only for the first 12

hours, while separated effect will presented for the last 12 hours.

At 20°C the accumulative germination percentage (Table 6) for both

genotypes tended to decrease significantly with decreasing seed size, with

no significant difference between A; and A,. For the first 8 hours the

accumulative germination percentage for lage A, and A; of Hourani-27 was

significantly higher than that for F8.
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Table (6): Effect of seed size on germination percentage of two wheat

genotypes at 20 °C.

Treatment Accumulative germination %
After onset germination (hour)
Genotvpe Seed size 4 8 12
Large A1 | 23.0A 74.5A 95.0A
Hourain-27 A2 [ 23.0A 74.0A 95.0A
Medium 14.0BC 46.5C 71.5BC
siall 10.5D 38.0D 59.0D
Large Al 15.5B 55.5B 87.5A
F.8 A2 |15.5B 55.5B 83.0A
Medium 12.0CD 44.5C 74.5B
Small 9.5D 34.5D 65.5CD

* Means within columns followed by different letters are significantly
different at p< 0.05 according to DMRT.

For the last 12 hours there was no significant difference between the
two genotypes in the accumulative germination percentage (Table 7).
Accumulative germination percentage for large (A; and Ai) were
significantly higher as compared with medium and small seeds, which are
not significantly different from each other.

Large seeds (Table 6, 7) germinated at significantly higher
percentage. These results were disagreed with results previously reported
bv Green et al. (1966), Bhatt et al. (1979); Lafond Baker (1986) and
Livingston and de Jong (1990), who reported that small seeds germinated
faster than large seeds of different species but similar size emerged at the

same rate.
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Table(7): Effects of genotype and seed size on germination percentage

of wheat at 20 °C.

Accumulative germination %
Treatment After the onset germination (hour)
Genotype 16 20 24
Hourani-27 87.75A 89.63A 89.63A
F8 85.88A 38.50A 88.50A
seed size
Large Al 96.25A 96.75A 96.75A
Large A2 95.00A 96.25A 96.25A
Medium 81.00B 83.25B 83.258B
Small 75.00B 80.00B 80.00B

* Means within columns for each treatment followed by different letters are

significantly different at p< 0.05 according to DMRT.

At 30 °C the only significant interactive of seed size and genotype
were detected for the first 8 hours. Therefor the interactive effect will be
presented only for the first period and separated effect will presented for 12-
24 hours (Table 6).

For both genotypes accumulative germination percentage (Table 8)
significantly decrease with decreasing seed size, and it 1s significantly higher

for Hourani-27 as compared with F8.
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Table(8): Effects of seed size on germination percentage of two wheat

genotypes at 30 °C,
Accumulative germination %
Treatment After onset of germination
(hour)
Genotype | Seed size 4 8
Large A1 |20.0A 67.0A
Hourani-27 A2 |20.0A 64.5A
Medium | 13.5C 48.0D
Small 10.0D 40.0F
Large A1 | 15.5B 59.0B
F8 A2 [13.0C 53.0C
Medium | 12.0C 44 OE
Small 9.5D 35.0G

* Means within columns followed by different letters are significantly
different at p< 0.05 according to DMRT.

After 12 hours the accumulative of germination percentage (Table 9)
for medium seed were significantly lower than large (A; and A;) butitis
significantly higher than small seeds. Later on, accumulative germination
percentage for small seeds were significantly lower as compared with other
seed sizes, which are significantly in different from each other. Also, it is
significantly higher for Hourani-27 as compared with F8.

These results (Table 8 and 9) confirm with previously presented
results (Table 4, 5, 6, and 7) for the superiority of large seed over small one
by the accumulative germination percentage and for superiority of one

genotype over the other.
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Table(9): Effects of genotype and seed size on germination percentage

of wheat seed at 30 °C.

Accumulative germination %
Treatment After the onset germination (hour)
Genotype 12 16 20 24
Hourain-27 | 80.63A | 92.75A {96.13A | 96.13A
F8 74.88B |86.13B [92.25B | 92.25B
Seed size

Large Al 89.00A |94.50A |97.25A |97.25A

Large A2 36.00A |94.00A |96.25A |96.25A

Medium 74.00B |90.50A |95.50A |95.50A

Small 62.00C |78.75B |87.75B | 87.75B

* Means within columns for each treatment followed by different letters are

significantly different at p< 0.05 according to DMRT.

4.3. Effects of seed size and water potential on seed germination and
seedling growth under laboratory conditions:

As mno significant interactions were detected for germination
percentage and root dry weight, main effects are discussed separately.

The percentage of seed germination significantly decreased with
decreasing water potential for all treatments (Table 10). These results are in
agreement with those results reported by Younis et al. (1963); Sharma
(1976); Roundy et al. (1985); Brar et al. (1991) and Hardegree and
Emmerich (1993).

The germination percentage significantly decrease with decreasing
seed size. These were not constant with those reported by Mian and
Nafziger (1994), who reported that seed size did not significantly affected
germination percentage. This discrepancy might be due to difference n

seed-water contact area, as reported by Hadas and Russo (1974).
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The germination percentage varied significantly between the two
genotypes. Hourani-27 gave significantly higher germination percentage as
compared with F8. This result differed from that reported by Mian and
Nafziger (1994), who reported that genmination percentage of two genotypes
(Howell and Aubum) were similar under growth chamber condition. This
discrepancy might be due to genotypic differences.

Root dry weight decrease significantly with decreasing water potential
(Table 10). Similar results were reported by Wright (1962); Gull erf al.
(1976) and Mian and Nafziger (1994). Also root dry weight significantly
decrease with decreasing seed size. This was in agreement with those resuits
reported by Evans and Bhatt (1977); Bulisani and warner (1980) and Mian
and Nafziger (1994). Hourani-27 produced significantly higher root dry
weight as compared with F8.

Table(10):Effects of water potential, genotypes and seed size on
germination percentage and root dry weight of wheat in the

orowth chamber conditions.

Treatment Germination (%) Root dry weight (g/plant )
Water potential (kPa)
0.0 94.17A 0.05A
-100 85.21B 0.045B
-300 73.96C 0.037C
-600 60.42D 0.03D
-900 46.25E 0.02E
Genotype:
Houram -27 73.75A 0.0375A
F8 70.25B 0.0361B
Seed size:
Large 76.125A 0.0418A
Medium 71.500B 0.0368B
Small 68.375C 0.0318C

*Means within columns for each treatment followed by different
letters are significantly different at p< 0.05, according to Duncan’s Multiple

Range Test DMRT.
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Large seeds of Hourani produce significantly higher seminal root
number SRN at -100 kPa than at -300, -600 or -900 kPa, but lower (SRN)
than at 0.0 kPa (Table 11). Medium seed size of Hourani-27 was not
significantly affected by different water potential, whereas small seed
produce significantly highest SRN at -600 kPa and lowest at -100 kPa.
Large seed of F8 gave significantly largest SRN at 0.0 kPa and lowest at -
900 kPa. On the other hand, SRN for medium seed tended to decrease with
decreasing water potential, the same can be said for small seeds, where SRN
at -100 and -300 kPa significantly larger than at-600 and -900 kPa, but
significantly lower than at 0.0 kPa. From these results, it can be concluded
that seminal root number decreased with increasing water stress level, which
are consistent with those reported by Richards and Passiora (1981).

Large seeds of Hourani-27 gave significantly higher SRN than
medium seeds only at 0.0 and -100 kPa, and both seed sizes gave
significantly larger SRN than small seeds regardless of water potential level.
Also large seeds of F8 produce significantly larger SRN than small seed at
water potential ranges from 0.0 to -600 kPa, whereas medium seeds produce
higher SRN than small seed at water potential ranged from -300 to -900 kPa.

Hourani-27 tended to produce larger SRN once compared with F8,
were large seeds of Hourani-27 gave significantly the largest SRN under
-100 kPa, whereas small seeds of F8 gave significantly the lowest SRN
under -900 kPa. The variation in root number as a result of seed size and
genotype difference was also in agreement with previous reported results by
Robertson et al. (1979) and Richards et al. (1981) who indicated that seed
weight is positively correlated with mean root number, but within each
ploidy level accessions having similar seed weight, and significantly

different mean root numbers were found.
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Table (11): Effects of seed size and water potential on seminal root

number of twe wheat genotypes.

Genotspe Seed Size Water potential {(kPa)
0.0 -100 -300 -600 -900
Larce 6.4A 3.50B 3.00C 4.75C 4.600CD
Hourani 27 | Medium 3.00C 4.60CD 4.60CD 4.7C 4.35CD
Smail 3.25GHI 3.051 3.60FG 3.73F 3.30FGH
Large 5.6B 4.630CD 4.80C 4.70C 3.13HI
F8 Medium 4.65CD 4.20DE 4.20DE 3.80EF 3.50FGH
Small 4,60CD 3.90EF 3.63FG 3.001 2.001

*Means within coulumns followed by different letters are significantly

different at the p< 0.05 according to DMRT.

Shoot drv weights of both genotypes tended to decrease with
decreasing water potential and/or with decreasing seed size, with
sigmificantly higher value for large seed of Hourani-27 at 0.0 to -300 kPa,
and smaller value for F8 small seeds at -600 and -900 kPa (Table 12). These
results agreed with those reported by Evans and Bhatt (1977); Bulisani and
Warmer (1980) and Mian and Nafziger (1994), who reported larger wheat
seeds gave higher shoot dry weight. Also Mian and Nafziger (1994) found
shoot dry weight decreased with decreasing water potential. Small seeds of
Hourani-27 at 0.0 kPa gave significantly larger shoot dry weight than F8.
This result differ from that reported by Evans and Bhatt (1977) and Lafond
and Baker (1986), who reported that, there was no cultivar by seed size
interaction for shoot dry weight, but for each genotype there was an increase
in seedling vigor with each increase in seed size. Also Younis et al. (1963)

found no significant variety by water tension interaction. This result may

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



31

obtained due to the fact that, Hourani-27 is a landrace which means there is
an intra-population variation, so the response of Hourani-27 under such
condition completely differ from that of F8. Also Hourani-27 is known to
have longer coleoptile than F8, so it is expected to emerge and grow faster
than F8, and consequently to give good stand establishment which means
more dry matter due to larger and vigorous plants of Hourani-27 in
comparison with the same age of F8 plants. The correlation between
coleoptile length and culm length was reported to by high between culm
length and coleoptile length by Duwayri (1983), Nachit and Jarrah (19806).
Duwavri (1983) reported that the length of coleoptile in wheat is important
to maximize vield under semiarid condition. In addition to intra-population
variation and longer coleoptile, Hourani-27 have more seminal roots, which
help in more water flow into plants which enhanced plant growth of
Hourani-27 than F8. This finding may explain the superiority of Hourani-27

dry matter yield over that of F8.
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Table(12): Effects of seed size and water potential on shoot dry weight

of two wheat genotypes.

Genotype Seed Size Water potential (kPa)
0.0 -100 -300 -600 -900
Large 0.06A 0.06A 0.06A 0.03B 0.04C
Hourani- 27 | Medium 0.05B 0.05B 0.04C 0.04C 0.03D
Small 0.03D 0.03D 0.03D 0.02E 0.02E
Large 0.05B 0.05B 0.05B 0.04C (+.03D
F8 Medium | 0.05B 0.04C 0.03D 0.03D 0.03D
Small 0.04C 0.03D 0.02E 0.01F 0.0lF

*Means within columns followed by different letters are significantly
different at the P< 0.05 according to DMRT.

From the previous results (Table 10, 11 and 12}, it can be concluded
that, plants from larger seeds have superior vigority over plants from small
seeds. These findings confimrmed the results reported by other researchers
(Reis and Everson, (1973), Evans and Bhatt (1977) and Lafond and Baker
(1986)). This might be due to higher protein percentage in larger seeds as
indicated by Bulisani and Wamer (1979), and seedling dry weight were
found to be positively correlated to seed protein content as indicated by
Lowe et al., (1972), Lowe and Ries (1973) and Ayers et al., (1976).

Plants grown under high water potential showed superior vigority
over plants grown under low water potential. This result is also supported by
previous findings of Helmenic and Pfiefer (1954), Ashraf and Abu Shakra
(1978) and Brown and Tanner (1983).
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4.4, Effects of seed size and water potential on seed
germination and seedling growth under greenhouse
conditions:

This experiment was conducted to study the effect of seed size and
water potential on germination and seedling vigonty on two genotypes. As
no significant interactions were detected, separate effects are presented only.

Germination percentage and root and shoot dry weight (Table 13)
were significantly affected by planted genotype, were Hourani-27 produce
sienificantly higher shoot and root dry weight with higher percent of seed
germination.

The superiority of Hourani-27 over F8 for the vigority parameters
might be due to its larger seed size (Table 1) or might be due to it’s ability to
acclimate with unfavorable conditions more than F8 as previously discussed
for laboratory experiment.

Germination percentage, shoot dry weight, and root dry weight
sienificantly decreased with decreasing seed size. These results confirmed
with laboratory experiment. In both experiments, larger seeds gave higher
sermination percentage and higher seedling wvigority as indicated by shoot
and root dry weights.

Germination percentage was significantly affected by water potential
(Table 13). This result disagreed with previous resuits reported by Hadas
and Russo (1974) and Ashraf and Abu-Shakra (1978). On the other hand,
these results were agreed with the findings of Ayers (1951), Helmeric and
Pfeifer (1954), Younis et al., (1963), Williams et al., (1967), Sharma (1973,
1976), Ashraf and Abu-Shakra (1978), Somer (1983), Roundy et al., (1985),
Lafond and Baker (1986), Livingstone and de Jong (1990), Brar et al.
(1991) and Mian and Nafziger (1994).

Root dry weight significantly decreased with decreasing water

potential, whereas, shoot dry weight was significantly higher at -30 kPa,
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than other levels of water potential. This was in consistent with previous

results reported by Weight (1962); Gull et al. (1976), Sivakumar er al.
(1977) and Mian and Nafziger (1994) who indicated that shoot and root dry

weights decreased with decreasing water potential.

Table(13): Effects of water potential, genotype and seed size on

germination percentage, root and shoot dry weights of wheat

under greenhouse conditions.

Treatment Germination Root dry weight | Shoot dry weight
(Vo) (g/plant) (g/plant)
Water potential
(kPa)
-30 76.0 A 0.163 A 0.20 A
-100 68.0 B 0.149 B 0.17B
-500 66.6 B 0.146 B 0.17B
-600 593 C 0.139C 0.15B
-900 46.0 D 0.122 D 0.14B
Genotvpe
Hourani 27 | 66.13 A 0.152 A 0.18 A
F 8 60.26 B 0.136 B 0.15B
Seed size
Large 78.0 A 0.166 A 0.20 A
Medium 61.2 B 0.145B 0.16 B
Small 504 C 0.122 C 0.14 B

* Means within columns for each treatment followed by different letters are

significantly different at P< 0.05 according to DMRT.
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5. CONCLUSIONS

1- Early moisture and temperature stresses resulted in poor germination and
seriously affected subsequent seedling stand establishment, therefore,

great attention should be paid for planting date.

2- Seed germination and early seedling growth was greatly affected by seed
size, therefore, planting large umform seed size is recommended to

insure good and uniform stand establishment.

)
)

Houram-27 was better than F8 in response to water and temperature

stresses in all triats studied, this might explain why Hourani-27 is widely

planted by farmers in Jordan.

4- Germination percentage and accumulative germination percentage was

not related to the rate of water uptake by the seed.
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Appendix(2): Effect of seed size on germination percentage of two

wheat genotypes at 15°C.

Treatment Accumulative germination %
Genotype | Seed size After onset germination (hours)
4 8 12 16 20 24
Large Al | 18.0A 58.0A 85.0A 95 5A 96.5A 96.5A
laree A2 | 16.0B | 55.50A | 81.0AB | 94.0AB | 95.5AB 95.5AB
Hourani-27 | Medium | 13.0CD | 39.0CD | 70.5BC | 87.0ABC | 89.0CD §89.0CD
Small 10.5E  {31.0D |60.0CD | 90.0ABC | 91.0ABCD | 91.0ABCD
Large Al | 15.0BC [ 53.5AB Q0.0AB 93.0AB 95.0ABC 95.0ABC
F8 A2 15.0BC | 51.5AB | 79.0AB | 91.5AB 92.5ABCD | 92.5ABCD
Medium | 12.5D | 44.0BC | 68.0BC |83.0C 88.00D $8.00D
Small 10.0E 35.0CD | 54.0D 85.5BC 89.5 BCD 89.5 BCD

* Means followed by different letters are significantly different at p< 0.03

according to DMRT.

Appendix(3): Effect of seed size on germination percentage of two

wheat genotypes at 20 °C.

Treatment Accumulative germination%
Genotype | Seed size After onset germination (hour)
4 8 12 16 20 24
Large Al | 23.0A 74.5A 95.0A 98.0A 99.0A 99.0A
A2 23.0A 74.0A 95.0A 99.5A 100A 100A
Hourani-27 | Medium | 14.0B | 46.5C 71.5BC | 81.0B 83.0BC | 83.0BC
Small 10.5D 38.0D 59.0D 72.5B 76.5C 76.5C
Large Al | 15.5B 55.5B 87.5A 92.0A 93.5AB | 93.5AB
F8 A2 15.54B | 55.5B 88.0A 93.0A 93.5AB | 93.5AB
Medium | 12.0CD | 44.5C 74.5B 51.0B 83.5BC | 83.5BC
Small 9.5D 34.5D 65.5CD | 77.5B 83.5BC | 83.5BC

* Means followed by different letters are significantly different at p< 0.05
according to DMRT.
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Appendix(6): Effect of seed size and water potential on dry weight of

two wheat genotypes grown under growth chamber

conditions.

Genotype | Seed size. Water potential (kPa)
00 -100 -300 -600 -900
Large 0.060A 0.050B 0.040C 0.030D 0.03D
Hourani -27 | Medium 0.05B 0.05B 0.04C 003D | 0.02E
Small 0.05B 0.04C 0.03D 0.03D 0.02E
Large 0.05B 0.05B 0.04C 0.04C | 0.03D
FS Medium 0.05B 0.04C 0.04C 0.03D | 0.02E
Small 0.04C 0.04C 0.03D 0.03D | 0.02E

* Means followed by different letters are significantly different at p< 0.03

according to DMRT.

Appendix(7):Effect of seed size and water potential on germination

percentage of two wheat genotypes grown under

greenhouse conditions.

Genotype | Seed size. Water potential (kPa)
-30 -100 -300 -600 -900
Large 100A 84BA 80BCD 72CDE | 60EFG
Hourani -27 | Medium 76CD 72CDE 72CDE 60EFG | 48GHI
Smait 60EFG | 60EFG 60EFG 52GH | 36U
Large 92AB 80CD 76CD 76CD | 60EFG
F$ Medium 68DEF | 60EFG 60EFG 56FG | 40HIJ
Smail 60EFG | 52GH 52GH 40HY |32

* Means followed by different letters are significantly different at p< 0.05

according to DMRT.
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