| 4. RESULTS and DISCUSSION

4.1. Growth Behaviour :
4.1.1.  Stem length :

Stem length of soybean plant during its growth cycle as affect-
ed by soil moisture levels and growth regulators in the two seasons
is presented in Table ( 3 ). Mean of the two seasons as well as the
periodic increase in stem length is recorded in Table ( & ). Results
clearly indicate that stem length increased gradually from emergence
up to the age of 100 days after sowing. After that time, stem length
seemed to be constant. Such trend may show that the plant reached
its maximum height at 100 days. The highest proportion of stem length

was found to be during the first 100 days of its growth.

Regarding the effect of soil moisture levels on stem length,
data showed that irrigation treatments have a significant effect on
“such character. Increasing water deficit did result in a significant
decrease in stem length of soybean plant. This trend was found to
be obvious in the all tested periods as well as in the two seasons.
Such results may} indicate the importance of soil moisture for the
growth of plants. The highest stem length was scored from the wet
treatments (85 % F.C.), while the shortest stems were gained from
those plants grown under dry condition (55 % F.C.). However, medium

soil moisture levels have intermediatevalues of stem length.

Water stress has a direct effect on cell turgor through two

important phenomena, stomatal closure and cell enlargement. Complete
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or almost complete closure of stomata can therefore markedly reduce
both processes and uitimately reduces plant growth. In this respect,

Kramer (1977) mentioned that maximum level of turgor is essential

tor cell enlargement.

Concerning the effect of growth substances on stem length
of soybean, results of Tables (3,4) proved that both growth regulators
ize. GA-3 or Alar had a significant effect on stem length. The use
of GA3 increased stem length significantly over the other treatments.
Such findings can be ascribed to the stimulative effect of GA3 on
_the growth of plants which was reflected on the stem length. The stimula-
tive effect of G;A3 was reported by Jackson and Edela (1962), who
attributed the increase in stem length of GA3 treated plants to enhanc-

ing cell elongation or cell division and consequently internode tength.

Also, Bensen et al. (1990) reported that Gibberellic acid plays
a role in adjusting hypocotyl elongation rate. The changes observed
are not of sufficient magnitude to suggest that they are the primary

regulators of elongation rate.

The application of Alar (a growth retardant) resulted in a
- reverse trend to that observed with GAB' In other .words, the use of
Alar reduced stem length of soybean plant. Such retarding effect
was enhanced by increasing the rate of application t.e. 2000 ppm..
This pattern can be ascribed to the retarding effect éf such chemical
on the growth of plants thereb'y, stem length. These results are in
agreement with those reported by Karczmarczyk et al. (1980) who pointed

out that Alar inhibits shoot and root growth of soybean plant at all
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concentrations but particularly at 1000 ppm. The higher concentration

of Alar also inhibits seedling growth.

With regard to the interaction between different treatments
i.e. soil moisture levels, growth substances and their concentrations,
results clearly indicate that the promoting or retarding effect of such
chemicals seemed to be higher by increasing the application rate.
Such effect was found to be significant. It is worthy to mention that
the stimulative effect of GA3 was influenced by the level of soil
moisture. In other words, decreasing soil motsture level (increasing
water defic_it), did result in reducing the enhancing effect of GA3.
This phenomena can be detected from the values of stem length under
medium or dry irrigation treatments. Such findings may prove the
importance of soil water for such chemical to express the enhancing
effect on plant growth thereby on stem length. In this .connection,
Vaadia et al. (1961), Gates (196%4) and Saiter and Goode (1967) pointed
out that cell division appears less senstive to water dificit than cell
enlargement. Pitenov (1965) and Brouwer (1963) concluded that cell
number is frequently of the same order in plants improved to water
deficit when compared to those grown under wet conditions, however,
cell size is greater in the later. The previous results are in full agree-
ment with those reported by Nowakowski and Lubanska (1975) who
pointed out that IAA and GA3 increased the photo synthetic intensity
of plants under high scil moisture level while had no effect undér

dry conditions.

The retarding' effect of Alar seemed to be related to the
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level of soil water. Such effect was found to less under severe water
stress. This trend can be explained on the basis that the effect of
water deficit is more than any other hormonal influence. Alar is conside-
red as anti-GA Le. affects cell division or/and cell elongation, but
soil water is important for the expression of retarding effect of such

chemical.

In the light of the previous results, it can be concluded that
soil moisture level proves to be one of the cheif constrains on soybean
growth, thereby stem length. Growth promoter (like GAB) stimulated
stem length of soybean plant. Such stimulative effect needs soil water
to be mentioned at a high level. However, Alar (a growth retardant)

inhibits the growth of soybean plant which was refiected on stem length.

4.1.2. Leaf area/plant :

Total leaves area/plant of soybean under the different treat-
ments i.e. soil moisture levels, growth regulators and their concentra-
tions throughout its growth cycle in the two seasons is presented in
Table { 5). Mean vélues of the two seasons as well as periodic increase

is recorded in Table { 5 ).

Available data of Table ( 5 ) showed that values of leaf area/
plant started with lower values early in the season (50 days after
sowing) and increased gradually to reaéh a maximum when plant aged
100 days. This pattern is maini);' due to the increase in plant vegetation.
Leaf area/plant is connected with two factors: a) number of leaves/
plant or the formation of new leaves and b) the expansion of leaves

or ‘the degree of leaf expansion. Thus any factor affects either the
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formation of leaves and/or its expansion, has a great influence on
leaf area/plant. The above two factors may explain the increase in
leaf area/plant from emergence up to 100 days after sowing. In this
connection, Black (1963) concluded that leaf area rises to a maximum
and then falls thereafter.Also, Sherif (1983) and Abbas (1988) pointed
out that leaf area of soybean plant goes paralle! to the increase in
the vegetative growth of the pl'ants. Sherif (1983) added that a decline

in leaf area values occurred when plants aged 90 days from sowing.

Regarding the role of soil moisture levels on leaf area/plant,
results Table ( 5 ) clearly indicate that soil water has a significant
effect on such character. The wet treatment (irrigated at 85 % field
capacity) gave the maximum values of leaf area/plant followed by
medium soil moisture level. However, the dry irrigation treatment
(55 % F.C.) produced the lowest values of leaves area/plant. These
results may prove that prolonged irrigation intervals {(dry treafments)
did result In a significant reduction in total values of leaf area/plant.
Such plants seemed to be grown under dry conditions and suffer from
-water deficit. In other words, maintaining soil moisture at higher
level by frequent irrigations is important for hiéher values of leaves
area/plant. These results are mainly due to the principle effects of
water deficit on the reduction in turgor of cells. Reduction -in turgor
caused reduction in cell enlargement, which in turn decreases leaf

enlargement.

In this connection; Wadleigh and Gauch (1948) demonstrated

a close relationship between decreasing turgor and decreasing enlargement
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of plant organs. Boyer (1968) reported that sunflower leaf enlargement
ceased when leaf water potential fell below 3.8 bars and the turgor
pressure below 6.8 bars. Also, Kramer (1969) concluded that plants
subjected to water stress not only show a general reduction in size
but also exhibit characteristic modifications in structure, particularly
of the leaves. Leaf area, and all size are usually decreased. Similar
results for the effect of water stress on soybean leaf area were reported
by Adjei-Twun and Splittstoesser (1976}, Sivakumar et al. (1977),

El-Wakil (1979), Sherif (1983) and Abbas (1988).

Concerning the role of growth regulators i.e. GA3 or Alar
on leaves area/plant, results showed that such substances induced
a significant effect on the vaiues of leaves area/plant. This significant
- response was found to be true during the different periods of soybean
growth i.e. 50, 75 and 100 dgys after sowing. GA3 application resulted
in a significant increase in total leal area/plant throughout the growth
cycle of soybean. Such increase in leaves area/plant was found to
be significant over the control treafment or those sprayed with Alar.
These findings can be attributed to the stimulative effect of GA3
on leaf expansion. The stimulative effect of GA3 seemed to be related
to the concentration used. As GA3 concentration increased, leaves
area/plant. increased. This trend was found to be clear from results
presented in Table ( 5 ). When GA; rate increased from 100 ppm to
200 ppm, the. values of leaves area/plant increased. Such increase
was found to be signif-icant. The stimulative effect of GA3 on the
growth of soybean plant has been mentioned previously on stem length.

These findings mean that any factor affecting the stemn length of
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soybean may have a role on the expansion of leaves thereby total -
leaves area/plant. Many workers suggested that GA3 affectes the
growth of plants through either cell division and/or cell elongation
(Jakson and Edela 1962).

Results of Alar showed a reverse trend to that observed with
GA3. In other word.s, the use of Alar caused a depréssive effect on
total leaves area/plant compared with the corresponding values of
control treatment. Such depressive effect followed Alar application
seemed to be increased by increasing the rate from 1000 to 2000 ppm.
This trend may prove that growth retardants like Alar caused a reduction
in the growth of the treated plants. Many workers showed that growth
retardents may influence the biosyntheses of gibberellic acid (Livne
and Vaadia, 1965). Such substances retard physiological processes thereby
total leaves area reduction may be related partially, to the reduction
in number of leaves -as well as to less expansion of leaves of those
plants treated with retardants.

In this respect, Anton {1991) showed that Alar application
had a depressive effect on the values of leaves area/plant for those
plants treated with Alar. He also added that such decrease was increased

by increasing the rate of application.

Concerning the effect of soil moisture levels on the behaviour
of growth regulators, results of Table. ( 5 ), showed that the role
of growth substances on leaves area/plant was more related to water
dificit. The enhancing effect of GA3 was found to be clear under
wet condition. This means that soil moisture stress may reduce the

stimulative effect of GA3 on leaf expansion. Such pattern .can be
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detected from the values of leaves area/plant under the different
soil moisture levels. In this connection, Miseha (1983) concluded that
the promoting effect of GAj seemed to be clear under wet conditions,
whereas, inhibited when plants were imposed to severe moistere stress.
As for the interaction between growth retardant and water deficit,
results showed that the depressive effect of such chemical was found
to be greater under soil moistere stress rather than under wet conditions.
These findings may prove that growth retardants act: very well under
water .deficit more than low soil moisture stress (wet soil moisture
levels). It can be mentioned that low concentration of Alar stimulated
slightly the values of leaves area/plant under low soil moisture stress
compared with those obtained from dry treatments. These results
indicate that soil moisture levels is very important for retardants

to play its role in the growth of plants.

In the view of the previous results, soil moisture levels exhibit
a measurable differences in leaves area/plant. For the maximum expansion
of leaves, soil water must be maintained at a high level. Also, growth
promoting substances stimulated the growth of plants which was reflected
lected on their total leaves area/plant. This pattern can be acheived
by growing plants under wet conditions and when water deficit was
increased, the enhancing effect of GA3 is reduced, growth retardants
had a depressive effect on plant growth thereby leaf expansion. Such
retarding effect can be increased either by high rate of growth retardants
or by water deficit. Thus, it can be concluded that there js a complete

correlation between the regulating effect of growth substances and
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soil moisture levels. Such regulatory effect either stimulation or retarda-

tion was controlled by the soil moisture level.

In this respect, Kramer (1969) concluded that reduced synthesis
of growth regulators such as cytokinins .and gubberellins in the roots
is an important factor in the reduction of growth observed in plants

subjected to water stress.

4.1.3. Dry matter accurnulation :

Dry matter content of different plant organs throughout its
growth cycle can be considered as an indirect indic;;ttion tor the accumu-
lation of minerals and physiological activites of the various tested
parts. In a-ddi‘tion,"- it is one‘of the main excellent expression for plant
growth behaviour. Dry matter accumulation in different soybean plant
organs and periodic increase as well as percentége distribution of such
values with respect to the whole plant as affected by soil moisture
levels and growth regulators throughout its growth cycle is recorded

in Tables (6, 7, 8, 9, 10, 11 & 12).

4.1.3.1. Dry matter of roots :

Root dry matter accumulation started with low values at
earlier periods. A continous increase in dry matter content of root
was observed till the last sampling date .(100 days after sowing). This
trend is quite clear in both seasons of study. The highest rate of dry
matter accumulation of roots falls in the period extended from 30
up to 75 days after sowing. However, at later periods the rate was
found to-be less than any other period of soybean growth. Such findings

can be ascribed  to that most of reserved food is translocated to
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reproductive organs. The above mentioned results are in fine with those

reported by Abbas {1988).

Water regime exhibitsa significant effect on root dry matter
throughout its growth cycle. This trend was found to be true during
the different periods of soybean growth. Increasing water defecit did
result in a significant decrease in dry matter of soybean root. On the
other hand, maximum root dry matter was gained under wet condit jons
Le. 85 % field capacity. However, intermediate values of root dry
matter was observed from the medium soil moisture levels. Such findings
may prove that dry matter accumulation is favoured by abundance
of soil water and plant growth is inhibited under dry conditions. The
previous findings may prove the importance of maintaining soil water
at a high level for maximum accumulation of dry matter in roots.
Such trend can be related to the multiple effects of water stress on

plant growth thereby on dry matter production.

Rggarding the effect of growth substances i.e. C—A3 on.Aiar
on root dry weight results indicate that both substances hac a significant
response on such character during different periods of growth. In other
words, GA3 application seemed to enhance dry matter accumulation
soybean plants treated with GA3 have higher dry matter content compa-
red with the corresponding values of the untreated plants (Control)
through the different periods of growth. The most pronounced con-entra-
tion was found to bz 100 ppm. This concentration gave higher root
dry matter production either over the control or the other GA3 Concent-

ration. In this respect, Goshsh et al. (1963} conciuded that the direct




effect of GA, was its influence on increasing fresh ani dry  weight
of plant tops. Castro (1989) and Faza (1985) concluded that increasing
applied GA? decreased the dry weight of plant srgans comobared with

the lower concentration.

As for Alar, resuits of Table {6) showed that it had a depressive
efect on dry matter of soybean root throughouit its growth cycle. Such
reduction was fouad to be clear with higher conz=ntration (2130 ppm)

than the lower one i.e. 1000 ppm.

These finding can b2 attributed to the retarding effect of
such substances on the growth of plants which was reflected on root

dry matter.

The dry matter of soybean root éeemed to be connacted with
soil moisture levels. It can be rﬁentioned that the stimulating effect
of GA3 was found to be more under high soil moisture levels and decrea-
sed by increasing water deficit. Such pattern may prove that soil water
is an important factor controlling the behaviour of growth promoting
substances. The reverse pattern was found to be true with Alar (growth
retardent). In other words, dry conditions induced the retarding effect
of Alar. In this respect Hubick et al. (1986) concluded that the effect
of drought on GAB and ethylene was minimal, however, abscisic acid

was markedly higher in stressed plants.

4.1.32. Stem dry matter :

Stem dry matter production was lower’ early in the season

when the plants are small, then increased gradually to reach its maximum
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at the age of 100 days. These results were found to be true in both
seasons as well as the mean of them. It is worthy to mention that
the grand period of dry matter accumulation in soybean stem was
found to be from 50 up to 75 days after sowing. At such period about
50 % of total dry matter of stem was gained .Table(7). After that
period, dry matter accumulation was less compared with the former
period. This period can be considered as the elongation period of‘ stem.
Also, the less dry matter accumulation observed in later stages of
soybean growth is mainly related to that the plant directed its effort

for the formation of pods and seed fillings.

As for the effect of soil moisture levels on stem dry mattter,
results showed a similar trend to that observed with root dry weight.
In other words, water deficit has a significant effect on the stem dry
matter of soybean plant during the tested periods of growth. Stem
dry matter showed higher values under wet conditions (high soil moisture
level}) and decreased as soil moisture stress increased. These results
may show that growth of. plants is enhanced by wet conditions and

ceased as soil moisture approached wilting.

Regarding the role of growth substances on stem dry weight,
data showed a trend similar to that observed with root. The use of
(;.AI3 stimulated. significantly the accumulation of dry matter in stem.
Such stimulative affect was obvious under both levels of GA3. However,
| the lower rate was found to be more in this respect. Also, the use
of- Alar seemed to enhance the accurnulation of dry matter in soybean

stem. On the contrary, the higher level of Alar (2000 ppm) seemed




- 54 -

to reduce slightly dry matter accumulation in soybean stem. Such redusz-
tion ray be ascribed to the retarding effect of Alar on growth. The
retarding effect of Alar seemed to be enhanced under dry conditions
rather than under wet soil moisture levels. The previous results indicate
that the promoting effect of GA3 seemed. to be higher under wet

soil moisture level, however, Alar, needs dry conditions to ensure its

effect.

4.1.3.3. Leaf petiol and blade dry matter :

Leaves dry matter values were low then increased till the
last sample (100 days after sowing). Such results were found to be
the same in both seasons. The period from 50 up to 75 days after sowing
seemad to be the greatest period of dry matter accumulation with
respect to periodic increase. After such period the plant directed its
effort to the formation of pods and seeds. This may explain the less

relative increase in such period.

Regarding the effect of soil m-oisture stress on dry matter
accumulation in soybean leaves, data of Tables(8,9) showed a similar
trend to that observed either with root or stem. Dry matter accumulation
was enhanced i)y wet soil moisture levels and decreased significantly

by water deficit.

Concerning the effect of growth regulators on leaves dry
matter, results showed a similar pattern to that observed with root
and stem. The use of GA3 increased dry matter of leaves significantly

over the control or Alar. The most pronounced concentration was 100ppm.
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However, the highest level of GA3 'seemed to decrease slightly dry
matter accumulation in soybean leaves. As for Alar, data of Tables
(8 and 9) indicate that the lower concentration enhanced the dry matter
accumulation in leaves. However, the higher rate seemed to decrease
the vaiues of leaves dry matter. Such reduction was found to be signific-

ant either over the control or the lower rate.

As for the interaction between soil moisture leveis and growth
substances, data indicate that the stimulative effect of GA3 was found
to be higher under wet soil moisture level. However, water deficit
seemd to inhibit such effect. On the contrary, growth retardant behaves

good under dry conditions rather than wet soil moisture.

4.1.3.4. Pod dry matter :

Data of Table (10) indicate that the formation of pods started
after the first sample (50 days after sowing). Pod dry matter increased
till the last sampling date. This is mainly due to the formation

of new pods as well as the accumulation of reserved foods in soybean

seeds.

Soil ‘moisture levels affected the dry matter content of soybean
pods. Such effect was found to be significant. The values of pods dry
matter/plant were higher under high soil moisture levels and decreased
by increasing soil moisture stres-s (prolonged) irrigation intervals. Also,
it can be concluded that soil moisture stress not only affects pod
dry matter but also the proportion of ped productivity during different

periods of growth. The early formation of pods was gained under high
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soil moisture level while with increasing soil moisture stress the early

formation of pods declined.

The use of GA3 seemed to stimulate the _dry matter of pods/
plant. Such stimulative effect was found to be more pronounced at
the rate of 100 ppm. However, the higher rate of G“\3 le. 200 ppm
seemed to be less in this respect. Soil moisture stress interacted with
the promoting effect of GAB’ as this stirr.\‘.!lative effect decreased

with increasing soil moisture stress.

The application of Alar caused a retarding effect on pod dry
matter production. Such retardation seemed to be enhanced by higher
concentration, while the lower rate slightly increased dry matter of
pods/plant. The reta-ding effect following Alar application seemed to be

stimulated by increasing soil moisture stress and disappeared under high

soil moisture level.
It can be concluded that there is an interaction between the

regulating effect of the tested growth regulators and soil moisture
levels, as the effect of growth substances either stimulation or retarda-

tion was controlled by the level of soil moisture.

4.1.3.5. Whole plant dry matter :

Total dry matter accumulation in whole soybean plant under
the various treatments is ﬁresented in Table (11). As a general pattern,
data showed a continous increase in dry matter content from emergence
till the last sample. It is worthy to mention that about 50 % of total
dry matter of whole .soybean plant accumulated through the period

from 50 up to 75 days after sowing { . . Table 11). However
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other periods showed less dry matter accumulation. These resultsindicate
that the period from 50 to 75 days is considered as the grand period

of dry matter accumulation in whole soybean plant.

Soil moisture levels had a significant effect on dry matter
éccumulation by whole soybean plant. Such significant effect was found
to be clear throughout the growth cycle of the crop under study. The
highest dry matter content of soybean plant was produced from the
high soil moisture level followed by the medium water regime. However,
the lowest values of dr)./ matter were gained from the dry treatment
(severe water deficit). These .results may prove the importance of
soil water for the growth of soybean plant thereby dry matter accumula-
tion. It can 'be concluded that the availability of water proves to be
one of cheif constrains on dry matter productivity. It is well known that
total net photosynthesis is determined by the a.vailability of light,
COZ’ water and nutrients, and the growth pattern of the plant that-
determines both photosynthesis rate and the reinvest'ment rate and
the response of the plant to stress. Soybean plant seemed to be grown

well under wet conditions rather than either under moist or severe

water deficit.

Regarding the role of growth substances on dry content of
soybean plant, results of Table (11) showed that it had a significant
response on dry matter accumulation. Such significant effect diffen
according to the role of the used regulater i.e. either promoter or

retardant.
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The use of GA3 with different concentration did result in
a significant increase in dry matter production by soybean plant as
compared with the control. Such tindings showed that growth promoting
substances stimulated the accumulation of dry matter. The most effective
rate was found to be [00 ppm. Such rate enhanced dry matter production
either over the control or the other used level L.e. 200 ppm. In this
connection, Devlin and Witham (1983) concluded that low concentration
of plant hormones .stimulated plant growth. Increasing the rate of applied
hormone resulted in a .similar increase in the sti'mulative effect to
reach a maximum at the optimal level. However, such increase more
than that level reduced t_he induction rate. This induction in the rate
of stimulation does not mean the death of cells but the inhibition caused
by hormone concentration. Thus, the response of plants to hormones
may be a stimulative effect or turning on and inhibiting effect or

turning off.

As for Alar treatments, results gained showed that the lower
rate of Alar (1000 ppm) increased dry matter content of soybean. Such
increase in dry matter was found to be significant compared with control.
This trend was found to be true in the successive periods of growth,

It is worthy to mention that the stimulative effect caused by low rate
of Alar did not reach that caused by G}’\'3 at any rate. On the contrary,
higher level of Alar (2000 ppm) did result in a significant reduction
in dry matter accumulation, compared with the control. Thesefindings
can be attributed to the retarding effect of Alar on the growth of

plants, thereby dry matter accumulation.
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These results were explained >y Devlin and Witham (1983)
who concluded that growth retardants inhibit plant growth through

their interference with the action of Gibberellin more than the inhibition

of biosynthesis of GA3.

Concerning the behaviour of growth substances under different
soil mo;sture levels, different phenomena were observed. Growth promoter
Le. GA3 enhanced dry matter aécumulation more under wet conditions.
However, such promotive effect of GA3 was inhibited under lack of
soil moisture (severe water deficit).-On ‘the contrary, growth retardants
like Alar seemed to work very well under dry condtions rather than

wet soil moisture levels.

41.3.6. Dry matter distribution :

Dry matter distribution of the different plant parts of soybean
Adurin.g its growth cycle under the various treatments, is illustrated
in Table (12). Data showed that leaves (blades + petiols}) comprise the
main dry matter component through the {first 50 days followed by
stem, while root ranked the third in this respect. Moreover, when
plants aged 75 days, stem dry weight was supperior in this respect
as it seemed to have the highest proportio.n followed by leaf blade,
pods and petiols while root was the lowest one. Later on (at 100
days) stem and pods dry weight were the domenant organs followed
by leaf blade, leaf petiol and root was the lowest in this respect.
From the previous results, it can be mentioned that there are a variable
developmental changes in dry matter of individual plant parts and

that affected the final growth changes of the entire plant. Such results
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may be interpreted on the assumption that soybean plant directed
its effort to stimulate leaves in the first growth period (50 days).
Whereas, plant directed its growth ». in building up its stem
through the period extended from 50 up 75 days after sowing. At
lat er stages (100 days), soybean plant tend to build up its reproductive
and storage organ i.e. pods. In other words, dry matter is redistributeq
from leaves eithzr to the developing stem during the second period
(75 days) or to the formation of the reproductive organ (pods) at lat er
periods of growth. Such resuits may be explained on the basis that
there is a regulating mechanism that redistributes dry matter within
plant parts and that depends on the character of vegetative and reproduc-

‘tive growth period.

Regarding the effect of water defecit on dry matter distribution,
data indicate that it regulates the percentage distribution within the
plant organs. It was observed that the proportion of root dry matter
increased with increasing soil moisture stress. However, leaf blade
decreased by water deficit. Such findings can be discussed on the
assumption that under water deficiency, the plant directed its effort
for increasing the proportion of water absorping organ i.e. root and
decreasing the transpiring area i.e. leaf blade. In other words, the
plant regulates ths balance between the different organs according
to the environmental conditions. Undsr water deficit the plant increased
the absorption area as well as decreasing the transpiring area to face

the problem of water shortage.

As for the role of growth substances, it can be mentioned
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that Alar stimulated slightly the proportion of root dry weight compared

with GA, during different periods of growth, while other plant organs

3
were decreased. Such results may indicate that Alar application affected
the percentage distribution of dry matter within plant organs. These
results showed that the retarding effect of Alar on shoot growth did
result in increasing root growth, thereby its dry matter content. On
the cqntrary, GA3 treated plant, showed a slight reduction on percentage
of dry matter of roots on the ‘account of the increase in the other

organs. These results indicate that GA, increased shoot growth of

treated plants than roots.

It is worthy to mention that, the effect of growth substances
on dry matter distribution within different plant organs depends on
the available soil moisture. Growth promoting‘substanées act. very
well under wet conditions,. while retardants needs dry conditions to
affect the growth of treated plants. All of these affect the percentage
distribution of dry matter within different plant' parts. In this connection,
Anton (1991) pointed out that growth substances may affect the nature
of regulating mechanism which finally reflected on the. distribution

of dry matter accumulation.

4.2. Soybean Yield :
4.2.1. Yield component :

Yield component of soybean during the period of study as
affected by soil moisture levels and growth substances are shown in

Table ( 13 ). Mean values of the two seasons were analyzed statistically

and presented in Table ( | 3).
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4.2.1-t. Number of branches/plant :

Number of lateral branches/plant as influenced by soil moisture
levels are presented in Table ( 13 ). Statistical analysis showed that
soil moisture stress had a significant effect upon such character. This
result was found to true in both seasons as well as the combined analysis
of both seasons. Lateral branches/plant decreased by increasing water
deficit. These results indicate that water deficit affected significzintly
the formation of lateral branches. The plants minimized their shoot
system under dry cor;ditions by reducing the transpjring area. Therefore,
they can survive under drought. The previous results are in line with
those reported by Abbas (1988) who concluded that number of branches
increased uﬁder wet conditions and decreased by increasing soil moisture

stress.

The application of GA3 stimulated significantly the formation
of lateral branches, while Alar retarded the formation of branches.
The highest number of branches/plant was gained from planté sprayed

with 100 ppm GA, However, the lowest values were obtained from

3
plants sprayed with 2000 ppm Alar. Accordingly, it can be concluded
that both growth substances controlled the formation of branches

beside their effect on vegetative growth.

It is worthy to mention that soil moisture levels interfer
with the regulating effect of growth substances. The stimulative effect

of GA., or the retardation caused by Alar application on number of

3
branches/plant seemed to be decreased with increasing soil moisture

stress. These results may prove that the regulating effect of growth
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substances can be controlled by the available soil moistufe. In this
connection, Baza (1985) concluded that foliar application of GA3 signifi-

cantly increased number of branches/plant at all growth stages.

4.2.1,2. Number of pods/plant :

The results in Table ( 13 ) indicate that soil moisture levels
affected significantly number of bods/plant. Increasing water deficit
did result ‘in a significant reduction ‘in the formation of pods. Such
character is connected with the growth of the plant. Soil moisture
stress has a great influence on the growth of soybean plant and that
was reflected on the formation of pods. Maximum values of nurﬁber
of pods/plant were gained from wet treatment followed by the medium
level whereas the least values were produced from the dry one. These
results are in full agreement with those reported by Abbas (1988)
who concluded that dry matter accumulation is favoured by wet condi-

tions and consequently increased number of pods/plant.

With regards to growth substances, data of Table ( 13) showed

that GA. stimulated the formation of pods while Alar retards such

3
character. GA3 seemed to stimulate the formation of pods and that

was more pronounced when GA; was used at the rate of 100 ppm
than when api)lied at 200 ppm. These results might be attributed to
the effect of GA3 in decreasing flower shedding {(Huff and Dybing;
1980) and in increasing growth and period of flowering {Castro and
Vello, 1981). The previous results are in line with those pointed out
by Baza (1985) who concluded that number of pods/plant increased

signiﬂca.ritly by foliar application of 50 ppm GA3 and decreased by
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increasing the rate of GAB'

Alar seemed to retard pod formation and this retardation

increased by increasing the rate of application from 1000 up to 2000

ppm.

It is worthy to mention that soil moisture levels affect. the
reéulating action of growth substances either stimulation or retardation
with respect to number of pods/plant. Growth promoter i.e. GA3 needs
wet conditions for enhancing pod formation, while retardants (Alar)
act very well under dry soilmoisfuice levels. In other words, Gl”\3 increa-
sed pod formation under high soil moisture level compared with those
plants impos‘ed to water deficit. However, Alar reduced number of

pods/plant under dry conditions rather than under frequent irrigations.

4.2.1.3. Weight of seeds/plant :

Data in Table (13 ) showed that soil moisture levels had a
significant response on weight of seeds/plant. The highest soil moisture
level produced the maximum values followed by the medium level
and the lowest values were gained from dry treatment (55 % field
capacity). The increasein weight of seeds/plant observed in wet treatment
was found to be significant compared with other irrigation treatments.

Such results are in agreement with those reported by Abbas (1988).

Regarding the effect of growth substances, results showed
a similar trend to that observed with number of pods/plant. GA3 applica-
tion increased the weight of seeds/plant. The most pronounced concent-

ration was found to be 100 ppm. However, more than that level decreases
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the weight of seeds/plant compared with the lower rate but still greater
when compared with the control treatment. These results might be
' attributed to the significant effect of GA3 on the number of pods/plant.

These results are in full agreement with those found by Baza (158 5).

As for Alar, results indicate that t decreased significantly
the weight of seeds/plant. Such reduction was found to be clear with
higher concentration. However, the lower rate of Alar increased slightly
the weight of seeds/plant. Such increase was found to be insignificant
compared with the control treatment. The reduction in weight of
seeds/plant after Alar application might be ascribed to the retarding
effect of such chemical on soybean growth. Also, number of pods/plant
was. less in these treatments which was. reflected on weight of seeds/

plant.

The values of weight of seeds/plant in growth substances
treatment under ~different soil moisture levels behave In a similar

manner to that observed with number of pods/plant.

4.2.1.4. Seed Index :

Data in Table (13) show that soil moisture levels has a signific-
ant effect on weight of 100 seeds (seed index). Maximum seed mass
was scored from high soil moisture levels and lowest value from
the dry treatment whéreas the medium soil moisture treatment falls
in between. These results reveal that increasing soil moisture stress
did result in producing smaller seeds and lighter in their mass. Such

decrease was found to be significant. The previous findings indicate

the importance of soil water for increasing the volume of soybean

e
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seeds and heaviest in their mass. These reults are in full agreement

with those reported by Sherif (198 3) and Abbas (1988).

Foliar application of GA, increased weight of 100 seeds (seed
index) as  compared \Qith the contrcﬁ. The most-pronounced rate was
found to be 100 ppm, while more than that. level slightly decreased
seed mass. Such increase was found to be significant in one season
and insignificant in the second year. These findings can be attributed
to the enhancing eifect of such promoter on fhe accumulation of
dry matter which in turn produced larger seeds and heavier in their

mass. These results had been comfirmed by Baza (1985).

As for the effect of Alar, results showed no effect on seed
index. However, a slight decrease in seed mass was observed by the
application of Alar. The int.eraction between soil moisture: levels and
growth substances was found to be insignificant. These results means

that both factors act independently on weight of 100 seeds {seed index).

4.2.2. Seed yield :

Results of seed yield expressed as Kg./feddan as influenced
by soil moisture levels and growth regulators are presented in Table
(14). Statistical analysis of variance proved that both factors had a
significant response on seed yield of soybean in the two seasons as
well as the combined analysis. The data show that the wet treatment
(irrigated at 85 % F.C.) produced the maximum yield followed by
the medium level (75 % F.C.) and the least production was gained

from the 'dry one (irrigated at 55 % F.C.) The differences between
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the wet treatment and the other two soil moisture lievels was found
to be significant. These results indicate the importance of maintaining
soil water at a high level for maximizing soybean yield. Such findings
may be due to multiple effect of water deicit on soybean growth
which in turn was reflected on seed production. The previous results

are in fy!l agreement with these reported by Sherif (1983) and Abbas

(1988).

In this respect, Dharmasena (1985) pointed out that water
availability affects germination, vegetative growth, and pod-filling.
Water stress during the pod-filling stage may result in higher yield

reduction than stress during harvesting.

Concerning the role of growth substances on soybean yield,
results of Table ( lu-) showed that foliar spray of GA, did result in
a significant increase in seed production. This trend was found to
be clear in the two tested seasons as well as the combined analysis
of the two seasons. These results are expected since GA3 stimulated
the growth of soybean. Also, it has been mentioned previously that

GA. application affected significantly most of the tested yield compon-

3
ent. The increase in soybean yield following GA3 .application could
be explained through its role - on the mobilization of nitrogenous
compounds to the developing seeds, probably through GA3 induced
enzynﬁe systemm and the interaction with cytokinins. It is worthy to
mention that the most pronounced concentration was found to be 100

ppm,. ~ The higher level, decreased seed yield compared with the

lower one. Moreover, the higher level (200 ppm) increased seed yield
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of soybean plant without any significant differences compared with

the control.

Regarding the role of Alar on seed yield of soybean, results
of Table (l4) showed that spraying Alar on,soybean plant failed to
cause any increase in seed yield but significantly decreased it compared
with control. Such reduction in seed yield was found to be obvious
under higher concentration. In other words, the depressive effect follow-
ing Alar application seemed to be clear with higher rate i.e., 2000
ppm rather than the lower used one (1000 ppm). These results can
be ascribed to the retarding effect caused by Alar. It has been found
previously that such growth substance retard the growth behaviour
of soybean plant which was reflected on either the tested yield compon-

ent or final seed yield.

Comparing the combined effect between growth regulators
and soil moisture levels, it can be noticed that the promotive effect

of GA, was found to be very clear under wet and medium soil moisture

3
levels. However, under severe water defixcit, the stimulating efiect
of such substances in seed production was decreased or inhibited.
In -other words, under severe soil moisture stress or dry conditions,
growth promoting substances had a slight enhancing effect on seed
production of soybean. In this connection, Kramer, (1969) concluded
that the reduced synthesis of growth regulators such as cytokinins
and Gibberellins in the root is an important factor in the reduction

of growth observed in plants subjected to water stress. Also, Nowakowski

and Llubanska (1975) pointed out that GA, increased photosynthetic
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intensity of plants under high soil moisture level, while had no effect

at low water level. The same conclusion had been stated by Miseha

(198 3).

However, in case of Alar {(a growth 'retardant) the retarding
effect was found to be clear by increasing water deficit and the rate
of application. In other words, the reduction in seed yield was found
to be greater under high rate of Alar and severe water stress. Such
decrease can be related to the reduced growth of soybean plants by
the two factors. It has been mentioned préviously that both factors
i.e., water deficit and Alar application affect the growth and other

tested yield components of soybean plant.

4.2.3.  Straw yield :

Results of Table (14) showed the straw yield under the various
streatments. The trend of straw yield is identical to that observed
with seed yield. Analysis of variance showed that either irrigation
treatments or growth substances had a significant effect upon straw
production. There was a poisitive association between moisture levels
and straw production of soybean. The wet treatment produced the
maximum values of straw followed by the medium water deficit and
the least straw yield was gained from the prolonged irrigation intervals.
These results demonstrate the importance of soil water for the growth

of soybean thereby straw production.

As for the growth substances, results indicate that GA3 appli-
cation increased straw yield significantly over the control or those

plots treated with Alar. These results may prove that growth promoting
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substances had an additive effect for enhancing the vegetative growth
of - soybean and that was reflected on straw ){ieid. Such stimulation
was found to be more than that observed in case of seed yield. The
rverse trend was found to be true with growth' retardant i.e. Alar.
In other words, the use of Alar decreased significantly straw yield
of soybean. These results can be ascribed to the effect of such chemical

on the growth of plants which was reflected on straw production.

i.2.4. Harvest index :

Data of Table (14) represent the eifect of different treatments
on the harvet index. It is clear that either soil moisture levels or
growth substances had no effect upon such character and the values
are about the same. These findings show that seed yield and straw
yield are proportional to each other. In other words, any increase
in straw yield was followed by a similar increase in seed yield and
the reverse .was true. The results indicate that factors affecting the
growth of soybean plant-either by stimulation or retardation-had the
same effect as yield production, such pattern resulted in no changes

on harvest index.

4.2.5. Oil Yield :
4.2.5.1. Oil content :

Results of Table (15) vepresent the effect of soil moisture
levels and some growth reguiators on soybean content. Statistical
analysis showed that both factors ie., water deficit and growth substan-

ces had a significant effect on oil content of soybean seeds.

The highest values of oil content were scored from the high
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soil moisture level (iirigated at 85 % F.C.) and the least value of
seed oil content was gained from the severe moisture stress (prolonged
irrigation intervals), while the medium water level (iirgated at 70%
F.C.) falls in between. The differences between the wet treatment
and other irrigation levels were found to be significant. This pattern

was found to be true in both seasons under study.

These results may prove the importance of maintaing soil
water at a high level for increasing oil contenf of soybean seeds.
In other words increasing water deficit did result in a significant decrease
in oil content of seeds. These results can be ascribed to the stimulative
effect of wet conditions on the biosynthesis of carbohydrates and

the transformation of sugars to fatty acids in seeds.

These results are in harmony those there reported by Ei-Wakil
(1979), Sherif (1983) and Abbas (1988), who pointed out that seed oil

content increased as soil moisture stress decreased.

With regard to the role of growth substances, results of Table
(15) indicate that GA3 application increased oil content of soybean
seeds significantly over the control. Increasing GA3 concentration
. did result in a significant increase in seed oil content of soybean seeds.
Such trend can be related to the enhancing effect of GA3 on carbohyd-
rate sy nthesis thereby on oil content. These results are in agreement
with those reported by Bdorov, 1973; and Rao, (1975) who concluded
that the application of GA3 increased seed oil content of many treated

plant species.
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As for Alar, data clearly indicate that such chemical seemed
to decrease seed oil content of soybean. Increasing the rate of applica-
tion resulted in a significant decreass in oil content. This trend was
found to be ‘true under the three moisture levels. This phenomeron
can be ascribed to the inhibiting effect of the growth retardant (Alar)
on the growth of plants which was reflected on carbohydrate biosynthesis

and thereby on oil formation.

4.2.5.2. Oil production :

Table {15) demonstrate the effect of soil moisture levels
and growth regulators on oil production by soybean plant. Data clearly
indicate that both factors i.e. soil moisture levels and gro~wth substénces
had a significant response similar to that observed with seed yield.
Oil production increased by high soil moisture level and decreased
by water deficit. The wet treatment produced the highest oil yield
followed by the medium level and lowest oil. production was gained
under dry conditions or prolonged irrigation intervals. This trend is

similar to that observed with seed yield.

As for the role of growth regulators, Gl‘i\3 application enhanced
oil production. The most pronounced concéntration was found to be
100 ppm. The higher rate of GA3 seemed to decrease oil production
compared with the low level. On the contrary, the use of growth retard-
ant (Alar) decreased oil yield and such decrease was increased by

higher rate of Alar.
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4.3. Evapo transpiration :

Evapotranspiration from a' plant-soil is proportional to the
vapour gradient between the surface and free air above the surface
and inversely proportional to the resistance of the diffusion pathway.
The vapour pressure at the plant or soil surface which in turn is a

function of the surface energy budget.

4.3.1. Seasonal values :

Seasonal water consumptive use of soybean plant under the
various treatments during the period of study is presented in Tables
(16 & 17). Results indicate that seasonal evapotranspiration vary widely
between 51.51 and 83.99 cm in the first season, while ranged from
49.57 to 84.09 cm. in the second season, There are a slight variation
in water consumptive use values in the two seasons. Such differences
are mainly due to variations in climatic factors observed in the two
seasons. In this respect, Jensen (1968), concluded that crops would
not necessarly require the same amounts of water when grown under
widely different climatic conditions. Water requirements of a crop
can not be discussed without considering the crop season and potential
evapotranspiration. The above results are in agreement with .those,
reported by Doorenbos and Pruitt (1977), Sherif (1983) and Abbas (1988).
They mentioned that water consumptive use by soybean ranged from

450 - 840 mm and that depends on climate and crop season.

Results of Tables (16 & 17) showed that water consumption

increased as soil moisture stress decreased. The highest evapotranspiration
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rate was brought about under wet conditions (frequent irrigations,
85 % Field capacity), whereas the lowest water use was attained under
prolonged irrigation intervals (55 % field capacity), ‘while under meciium
water supply, the values falls in between. This' trend shows that the
increase in water consumption depends on the available soil moisture
in the root zone As soil moisture was kept wet by frequent irrigations,
maximum water use was attained. This trend can be attributed to
the availability of water to the plants as well as to the high evaporation

opportunity from a wet rather than a dry one.

In this connection, Thronthwaite and Mather (1955) suggested
a linear decline in evapotranspration with increasing soil moisture
tension. Tanner et al. (1960} stated that total evapotranspiration depends
on th.e availability of water for both plants and at the soil surface.
When water is readily available to plants, maximum evépotransPi:ration
obtains. Wiegand (1962) pointed out that the drying rate of a soil
is proportional to the water content and'inversely proportional to
time and a drying front advances into the soil linearly with time.
Also, Shaw and Laing (1965) pointed out that under stress conditions,
transpiration is reduced when water deficit reached a critical value
characteristic for the species, turger induced changes in stomatal
operature which causes an incrase in the resistance to transp iration
in the gaseous phase, the resultant is reduction in transpiration to
prevent or limit dessication rather than to maintain flow at the level
of evaporation demand. Ibrahim (1981) concluded that the increase

in evapotranspiration rate by maintainingsoil moisture at high level
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can be attributed to excess available water in the root zone to be

consumed by plants.

The previous results are in full agreement with those reported
by Sherif (1983), Abbas (1988) and Yousef (1989). Theymentioned that

more frequent irrigation provides a chance for more luxurient use

of water.

In case of growth substances, results recorded in Tables (16, 17)

indicate that GA., application, increased seasonal water consumption

3
by soybean irrespective to the effect of soil moisture level. It is interest-

ing to mention that increasing GA3 rate resulted in' decreasing seasonal
water consumption by soybean compared with the lower rate (100
ppm). However, the higher GA3 rate showed higher evapotranspiration
than the control. Such trend can be explained on the basis that GA3
interactswith cytokinins. The increase in seasonal ET. val'ues.observed
with plants treated with GA3 may be due to its effect on promoting
the growth of soybean plant and increasing the transpiring surface
(leaf area) which was reflected on the values of seasonal water consump-

tion.

In this connection, Livne and Vaadia (1965) concluded that
cytokinins and apparently also Gibberellic acid are unique among the
compounds which affect stomatal opéning in that they simultaneously
promote stomatal opening and other physiological processes. Kinetin

enhances transpiration rate and the opening of stomata.

The above mentioned results are in full agreement with those
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found by Eweida et al (1978), Seif El-Yazal (1983} and Miseha (1983)
who recorded an increase in seasonal evapotranspiration rates by the

application of 2, 4-D and GAB’

In case of Alar, a reverse trend to that observed with GA3
was found with respect to seasonal water consumption by soybean
plant. fhe use of Alar did result in decreasing evapotranspiration
by soybean and the higher the rate of Alar use_cli t_he lower are the
values of ET. This trend of finding may be due to the retarding effect
of such chemical or the growth of treated plants. It has been previously
mentioned that the growth and leaf area of soybean was reduced by
such treatment. Livne and Vaadia (1972) proposed that the increase
in drought tolerance of plants treated with growth retardants might
be related to the interference of those compounds with the biosynthesis
of gibberelié acid. The lower level of GA3 in the treated plants could
reduce stomatal opening and hence lower transpiration. These findings
are in agreement with those reported by Miseha (1983) who found
that seasonal water consumptive use was lower for plants treated

with growth retardants.

It is worthy to mention that the increase or decrease in seaso-
nal evapotranspiration by soybean -plant observed in the plots treated
with growth substances was found to be more under wet conditions
(frequent irrigation) rather than under severe water deficit (prolonged
irrigation intervals). This trend indicatesthat the reflect of soil moisture
stress on transpiration is more pronounced than the role of growth

substances. In other words, water deficit has a considerable effect
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on stomatal behaviour than the modifications, caused by growth regulators

with respect to transp .ration

In this respect, Black (1965) pointed out that the independ-
ance of evapotranspiration and density of vegetation canopy exist
for different reasons where soil is dry than where availability of water
for evaporation and transp ration is unlimited. Under moist soil, the
control is in the atmosphere, under dry conditions the control is in
the soil-under intermediate conditions, the control may be partly in
the soil and partly in the plants. Also, Miseha (1983) concluded that
by decreasing availability of wéter, the plant reduces the stomatal
operature considerably, cutting down transpjration although photosyn-
thesis is also reduced, the proportional drop is probably less‘ than that

for transp jration.

4.3.2. Daily Rates :

A summary of the effect of soil moisture levels and growth
regulators on " daily evapotranspiration by soybzan plant as related
to its growth cycle (as a percentage of growing season) are given
.in Table ( 18 ). Results indicate that the values started with lower
amounts as the plants were small and intercept little of the net radiation.
A gradual increase in the values of water use by soybean plant were
observed as the plants developed. Such pattern of results can be ascribed
to the vigrous growth of so&bean plants. Thereafter, daily rates recorded
its maximum when soybean plants complete 70 % of their growth
period, then declined after that gradually to reach a minimum at

harvest time. These results show that the increase in evapotranspiration
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rate stood parallel to the increase in the percentage of crop cover.

However, the decline in daily raes after reaching a maximum can

be related to maturation.

In this connection, Lemon et al. {1959) reported that the
gradual increase in evapotranspiration from planting to maturity can
be explained on the basis of percent cover. The decrease in evapotrans-
piration after maturation is probably a plant-dependent factor. However,
in many studies soil water is not maintained at a high level after
maturation. Gates and Hanks (1967} concluded that plant factor undoubt-
edly influence evapotranspiration from a crop. The greatest difference
among crops occurs during the growth period when the crop cover
is 50 %. During this time, evapotranspiration of most irrigated
crops is less than where cover is greater because evaporation from

bare soil decreases faster than does transpiration by plant.

The previous.resu!ts are in accordance with those reported
by Sherif (1983), Abbas (1988) and Yousef (1989) who concluded that
daily evaﬁotranspiration rates by soybean were lower early in the
season, and increased as the plants developed to reach a maximum

when plants aged 70-100 days then declined after that.

soil moisture stress had a negative response on daily water
use by soybean. As soil moisture stress increased by prolonged irrigation
intervals a relative decrease in daily water consumption was observed.
The use of growth promoting substance i.e., GA3 did result in an obvious

increase in daily water use by soybean irrespective to water deficit.
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This trend can be related to the enhancing effect of such chemical
on soybean growth as well as on transpiration. On the contrary, when
concerning Alar treatments (a growth retardent), results showed an
obvious decrease in daily evapotranspiration. This pattern may be
due to the reduced growth by Alar beside its effect on theb iosynthesis

of GA, in those plants treated with it. It has been prevously mentioned

3
that soybean plant sprayed with Alar is shorter and less in vegetative

growth. In this connection Gates and Hanks (1967) pointed out that
plant height and size appears to influence evapotranspiration by greater
interception of advected heat. Thus, plant height would affect evapo-

transpiration if the taller plants were isolated in a field,

In this respect, Miseha (198 3) concluded that factors influencing

resistance to evapotranspiration can be grouped into three categories:

. The inftuence of degree of crop cover or canopy that affect diffu-

sive resistance.

2. Maturation of the crop, including the development of seed heads
above a crop can influence evapotranspiration by decreasing the

portion of net radiation converted to latent heat of vaporization.

3. Net soil moisture stress prior irrigation can influence the effective

diffusive resistance.

When considering the data of daily evapotranspiration by
soybean plant, it seems advisable to represent the data as a continous

function. The second class function relating the daily water consumptive
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use of soybean to its growth seasons (represented as a percentage)

was found to be the best type of relation. These functions have the

form
Y - a + bX + CX?
Where :
Y = daily evapotranspiration by soybean plant in mm/day.
X = relative growth period as a percentage.'
a, b, ¢ = are the parameters of the function.

The obtained functions under the three moisture levels i.e.,
85, 70 and 55 % of field capacity as well as the growth regulators

i.e., GA, or Alar are presented in Table (19). The values gained from

3
using these functions are graphed and illustrated in Fig. (2)

These functions demonstrate that

a. Growth cycle of the plant.

b. Net soil moisture prior irrigation.

c. the growth of the plant as modified by the type of growth regulators

used.

each of those factors affect the daily water use by soybean,
The variations observed in the parameters of the obtained functions
(a, b, c) represent the effect of the aforementioned factors on the
daily evapotranspiration of soybean. The period of maximum demand
for water can be obtained by differentiating and equating the derivative

with zero. This period was found to be from 81 - 83 days after sowing.
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433 Crop Coefficient : (K) :

The term crop coefficient has been developed to reflect
the physiology of the crop and the degree of crop cover on potential
evapotranspiration. For determiringcrop coefficient, both actual and
potential evapo.transpiration must be measured. Many workers showed
that modified Penman method gave the most accurate values of potential

evapotranspiration (Miseha, 1983; Abdel-Hamid et al., 1985 and Abbas,

1988).

Crop coefficient of soybean plant throughout its growth cycle
under different treatments is presented in Table { 20 ). Tﬁé values
were calculated according to the daily potential evapotranspiration
estimated by Penman rﬁethod and actual ET. derived from the wet
treatment which produced the highest soybean yield. Crop coefficient
(KC) was very low at earlier stages of growth, then increased graduaily
as the percent of crop cover increased. The values of Kc exceeds
the unit when soybean complete 70 to 80 % of its growth period.
Thereafter, crop coefficient is decreased again when the plant started
to mature. The lower .KC values during the early period of growth
Is mainly due to large diffusive resistance of bare soil. As the percent
of _crop; cover increased the diffusive resistance decreased also, leaf
area increased greatly through this period. When the crop started
to mature, crop evapotranspiratio.n decreased as the effective resistance
to transpiratibn increased which resulted in lower KC values in such
periods. These results are in line with those reported by Burch et
al. {1978) who concluded that the ratio of actual to potential evapotrans-

piration increased from 0.2 early in the season to about 1.2 at later
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stages for well watered plants. The above mentioned findings are in

harmony with those reported by Doorenbos et al. (1979) and Abbas

(1988).

With regard to the effect of growth suﬁstances on K. values,
results indicate that growth promoting substance (GAB) increased such
values. Such effect can be related to the effect of these compounds
on the growth of plants and thereby on water consumption. The transpir-
ing area (leaf area) increased by these chemicals and affect the loss
of water by transpiration. These factors are responsible for the increase
in Kc values compared with the control. On the contrary, the use of
Alar (a growth retardant) caused a decline in the soybean crop coeffici-
ent. Such substance retard the growth of treated plants and increased
the resistance to transpsiration and hence decreased KC values after
application. Thus, it can be concluded that the percent of crop cover
and any modifications .on the growth of plants either by promotion
or retardation affect the crop coeificient. In this connection Miseha
(198 3) concluded that any environmental factor that affect the resistance
to vapour diffusion may result in changes in crop coefficient either
by increasing or decreasing such values. Changes in crop coefficient

(KC) may affect directly the evapotranspiration of a crop in concern.

4.5, Water Use Efficiency :

Water use efficiency has been used ‘to evajybte: various
agronomic practices with respect to water consumption. Water use
efficiency can be increased either by increasing crop production or

by decreasing losses due to evapotranspiration. Crop production can
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be improved by the best choice of high yielding varieties, adaptation
to the particular environment as well as by improvement of water
management, air and nutrient supply to the roots and of light and

C02 to the foliage.

4.4.1. Dry Matter Production :

Water use efficiency expressed as Kg. dry matter produced/one .
cubic m eter of water consucmed for soybean under the different
treatments throughout its growth cycle is recorded in Table { 2] )
Water use efficiency values were low at the first period of growth
(from planting to 50 days) then reached a maximum through the period
from (50 to 75 -days after sowing). Such period is said to be the rapid
vegetative growth period and flowering stage. Thereafter, water use
efficiency values redecreased again (75 - 100 days) to reach a minimum
at the end of the season i.e., from 100 to 130 days. These results
may indicate the importance of adequate water supply through the

period from 50 up to 75 days after sowing as water utilization shows

its maximum rate.

The lower water use efficiency values in the first period
can be ascribed to less vegetable crop cover through this period. In
such period, the plants are small Iand intercept little of the net radiation,
however, evaporation rate is very high from the exposed soil surfaée.
Dry matter production was at a minimum compared with the losses
of water by evapotranspiration process. These factors are responsible
for lower water use efficiency values. The maximum values of water

use efficiency - ~ observed in the second period can be explained
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on the basis that vegetative growth was at a maximum through such
period. It is well known that light interception by plants increased
by the increase in leaf area index. The growth and photosynthesis
are proportional to the amount of net radiation intercepted by the
canopy. On the other hand, evaporation is not proportional to leaf
area index as it occures. from soil andl plant surfaces. Therefore,
dry matter production was higher in relation to water losses through
transpiration and evaporation. All of "these did result in increasing

the values of water use effeciency.

The lower values of water use efficiency gained in the last

period {100 - 130 days) is probably related to crop maturation.

In this respect, Ritchie and Burnett (1971) and Ritchie (1974).
pointed out that water usé efficiency is lower early in the season
in most annual crops due to slow growth rates. They mentioned that
large fraction of the evaporation flux is from soil surface compared
with the amount from plant cover. They added that rapid growth rates
per unit area of land would improve the efficiency of water use. The
previous results are in full agreement with those reported by Miseha

(198 3) and Abbas (1988).

With regard to the effect of soil moisture levels on water
use efficiency values, results recorded in Table (21) showed that under
high soil moisture level, water use efficiency values were higher and
decreaséd as soil moisture level decreased. In other words, increasing

water deficit (prolonged irrigation intervals) did result in a sharp decrease
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in water use efficiency; such trend was found to be true in most of
the growth periods of soybean plant. These results may rprové the
importance of maintainingsoil moisture at a high level for maximum
production of dry matter thereby higher water use efficiency values.
On the contrary, severe water stress, reduced plant growth more than

water consumption which resulted in lower water use efficiency values.

In this connection, Miseha (198 3). concluded that -plants subjected
to severe water'defig:it are smaller t};an those subjected to moist
or moderate water levels. Reduced cell turger is the most important
reason for reduced plant size. Plant turgidity is important in relation
to the opening and closing of stomata. Also, it is important for the
expansion of leaves and movement of water and nutrients to various
parts of the blant. The amount of turgidity may not directly infiuence
the actual exchange of gases required in photosynthesis, but it will
affect net photosynthesis indirectly through regulation of stomatal
opening. All of these reduce dry matter ascumulation in plants subjected
to severe moisture stress per unit of water consumed which resulted

in lower water use efficiency values.

As for the eﬁect‘of growth substances on water use efficiency
by soybean at various growth stages data of Table { 21 ) indicate that
the use of GA3 improved water use efficiency figures. with respect
to control under high or medium soil moisture levels. Howevér, under
prolonged irrigation intervals, no clear trend was observed. In other
words, the'_application of GA3 did result in increasing water use efficiency

values compared with the control. These findings indicate that the
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stimulation effect of GA3 on dry matter production was found to
be more than the increase in water consumption by such chemical.
This phenomeron is the reason for increasing the values of water use
efficiency. It is worthy to mention that the 10\';161' concentration of
GA3 was found to be more pronounced than the higher rate in improving
water use efficiency by soybean plant. Such pattern can be ascribed
to less dry matter produced under the higher concentration of GAB’
As for the role of Alar on water use efficiency reuslts gained from
Table (21 ) showed that this chemical. slightly decreased the values
of water use efficiency compared with the control. Such findings can
be ascribed to less dry matter production by plants treated with Alar.
The higher the cdncentration_s of applied Alar, the lower is the water

use efficiency values.

In this respect, Miseha (1983) pointed out ‘that growth of
plants will be limited by lack of soil moisture thereby dry matter
productivity. Thus the control of evapotranspiration by a crop must
be considered in relation to the effect on photosynthesis or dry matter
productivity. The use of growth promoting substances may increase
dry matter production more than evapotranspiration resulting in our
increase in water use efficiency. Such chemicals can improve the
efficiency of water utilization expressed as dry matter produced per
unit of water consumed under high moisture level but failed to cause

any increase under lack of water.

8.4.2. Marketable Yield :
Table ( 22 ) represents the effect of growth regulators under




80

9% "0 LE°D Zh'0 760 670 760 <€°0 ueapy
L£°0 % "0 ¢ 0 6¢°0 060 LZ°0 1£°0 €¢°0 uesp
$¢°0 ¢¢ 0 1€°0 %€ 0 $Z'0 0Z°0 8Z°0 L7°0 0007 (wdd)
££°0 ££°0 <€ "0 %0 ¢e'0 1£°0 %0 [£°0 0001  Jely
N € "0 €0 6€°0 04°0 €0 620 920 90 [04IUOD
o
6¢°0 €0 6€°0 #1150 €60 0£°0 76°0 [£°0 uesW
6€°0 0h°0 %0 660 €60 0£°0 £€°0 L£°0 007  (wdd)
540 1490 60 €60 hE'0 060 9%0 L0 001 fyo
¢E°0 $Z°0 6¢ 0 00 1€°0 620 82°0 90 [04U0D
6861 uosesg 8861 UOSeI
(*D°d (od (D4 (D'd (D4 (D4
ueapy % €)% 02) % €%) urew % <<} % 0) % €8)
- Aig E:_qu 19M f1g  wnipay 1M S)uBULERl]”

S[3AS] 2Jn3sIoul [10§

S[3AD[ 2INISTOW (10§

(PoWNSUCD J121BM wfspass -3Yy) passatdxs ueaqhos Aq Aduardiffe Isn Jatep

syo1e[n8al Yimoid 3wWos pue S[IAI] IINISTOW [0S AQ paidajje se

2 (Z2) 9dqel




- 103 -

three moisture levels on water use efficiency expressed as Kg of seeds/
m? of water consumed in complete evapotranspiration. Soil moisture
levels induced a great response on water use etficiency by soybean.
The highest water use efficiency values were '$cored from the wet
soil moisture level (irrigated at 85 % F.C.) followed by the medium
level, whereas the least values were produced from the dry one (prolong-
ed irrigation intervals). These results indicate that the relative decrease
in soybean vyield by increasing soil moisture stress was much more
than the decrease in seasonal evapotranspiration. Such pattern of
results may prove the importance of water for higher yield production
thereby more efficient use of water by soybean. Thus, maintainingsoil
water at a f\igh level not only increase crop production but also allow:s
the plants to u-se water more efficiently.In other words, increasing
water deficit did result in decreasing crop yield and in the same time
affects greatly water utilization. These results are in full agreement
with those reported by Abbas (1988) who pointed out that water use

efficieny values decreased by increasing soil moisture stress.

As for the effect of growth substancles on water use efficiency,
results indicate that growth promoting substance i.e. GA3 improved
such values. In other words, the use of GA3 did result in increasing
water use efficiency by soybean. The low rate of G»‘!\3 was found to
be more pronounced in this respect. Such findings mean that the increase
in seed yieid by GA3 was found to be greater than the enchancing
effect on evapotranspiration. All of these are the main reasons of

increasing water use efficiency values by such chemical. In this respect
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Tinus (1974) concluded that water use efficiency improved by optimizing
the factors that promote growth. The above mentioned results are

in full agreement with those reported by Miseha (1983).

Concerning the role of growth retardant (Alar) on water
use efficiency, results indicate that such chemicals seemed to decrease
the efficiency of water utilization. These results reveal that the decrease
in crop production by the use of retardant is some what more than
the reduction in evapotranspiration. It is worthy to mention that the
higher rate of Alar decreased the values of water use efficiency than
the lower one. This means that .the higher the rate of Alar used, the
lower are the values of water use efficiency. Such reduction in water
use efficiency was found to be clear under high soil moisture stress
than wet conditions. In this connection, Miseha, (1983) pointed out
that Alar application did not cause any appreciable increase in water

use efficiency values.

4.5. Water and Soybean Yield Relationship :

It has been mentioned previously that soil moisture levels
comprise the main constrain in soybean production. Thus, for better
understanding such problem, it thought advisable to find out the relation-
ship between water and yield. In other words, at what moisture status
should irrigation be applied in order to obtain the maximum yield 7
or what should be the loss in soybean yield if water application is
inadequate ? Chang (1971) concluded that when the actual evapotranspira-~
tion falls shdrt of the potential, the actual yield will also be less than

the maximum. However, the relationship between evapotranspjration




- 105 -

and yield in the field may or may not be linear as it is between trans-
piration and dry matter production in container experiments. This
is partily because the fraction of evaporation that does not contribute

to plant growth varies throughout the crop cycle.

4.5.1. Actual evapotranspi ration and soybean yield :
The resuits of the two seasons have been amalyzedby plotting
the yield of soybean againest the water consumption. The best description

of the relation was found to be the linear function in the form :

where : y = soybean yield (seed yield, straw yield, biological yield
and oil production) in kg. feddan.

x = actual evapotransplration in cm.

a. Seed yield (yl)
91 = 394.8 + 20.76
Relative contribution

(R.C.) = 7l.44

b. Straw yield (y.)
?2 = =121l + 5367 x

R.C. = 75.69

c. Biological yield {(§,)
9, = -l606 + 7443 x

R.C. 75.74

d.  Qil production (y,)

4
9¢ = -132.7 -+ 5.1835 x

R.C. = 7305
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Such relations were statistically significant and demonstrate

that actual evapotranspiration affected greatly the productivity of

soybean crop.

4.5.2. Soil moisture level and yield :
Data of soybean yield had been plotted against the level of
soil moisture when irrigation water was applied. Statistical analysis

showed that the degree of this relation was a first class function or

linear relationship in the form :

y = a + b x
where :
y = = Soybean yield (seed vyield, straw yield, biological yield and
oil production) in Kg./fed.
X = the level of soil moisture when irrigation water is applied

as a percnt from field capacity.

a. Seed yield (il)
§, = -I8L7 + 1693 x

Relative contribution {R.C.) =  59.53%

b. Straw yield (92)
)72 = =614.4 + 4309 x

R.C. 61.19 %

c. Biological yield (93)
)73= -796.1 + 6002 x
R.C. = 61.76 %
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d  Oil production (§,)
9, = 80.8 + U266 x

R.C. =6l.44 %

The previous relationships were found to be significant. Such
results may prove the importance of available soil water in the produc-

tion of soybean crop.

4.5.3. Actual evapotranspiration, soil moisture level and yield:

It seems advisable to develop the relation between the two
factors i.e. actual evapotrainspiration and soil moisture level and soybean
yield. Such relationship explain that both factors affect the productivity

. of soybean crop. These relations have the form :

y = a + bx! + CXy
where
y = Soybean yield (seed, straw, biological and oil yield) in kg./feddan
X, = Soil moisture level when irrigation water wasapplied as a percent
from field capacity.
Xy = Actual evapotranspiration in cm.
a. Seed yield
Vi = -397.4 - 379.7 X, o+ 24.75 X,

Relative contribution (R.C.) = 71.8

b. Straw yield

|
R.C. = 76.62

§, = -1222 - 1527 x; + €9.7 x,
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c. Biological yield (§ )
§, = -1619 - 1906 x| + 945X,

R.C. = 76.49

d.  Oil production (§,)

y, = -1332 - 78.783 x

y[l' + 6.013 X2

1
R.C. = 73.3

The previous relations showed that the amount of water consum-
ed in 'compiete evapotranspiration by soybean plant or seasonal water
consumption is the main factor determining the crop yields. Such finding
may indicate that any environmental factor affectinz seasonal water

consumption by soybean crop had a great response on its production.

4.6. Chemical Composition :
4.6.1. Soybean Protein :

The nutritive value of edible seeds such as soybean is determin-
ed by their contsat of protein. Protein comectedof soybean seeds is
an important factor affecting its quality. The nutritive value of the
protein is conected with its solubility in the different known solvents.
The amount and quality of protein in seeds may be influenced by soil

moisture levels and growth regulators.

Protein fractions of the defatted soybean.seeds were extractad
as water soluble {albumins like protein); salt soluble (5% ~NaZi, glubulins
tike protein); ethanol soluble (prolamins like protein}, borate biffer
soluble (glublins like protein) and residual insoluble protein and calculated

on dry basis. Such results are presented i1 Tablz {23).
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Results showed that the concentraﬁon of water soluble and
residual non-soluble protein were higher fractions followed by borate
bufer soluble protein. Those fractions comprise about 85 % of the
total protein. However, the least fractions were found to be ethanol
soluble and salt soluble protein. These results may indicate that about

40 % of total amount of soybean protein is said to be non soluble.

As for the effect of soil moisture levels on protein fractions,
results showed that the increase in total amount of protein by water
deficit {prolonged irrigation intervals is restricted mainly through residual
non soluble protein and borate biffer soluble protein. However, other

fractions changed slightly to a less extent.

Regarding the effect of growth regulators, data of table {23)

showed that GA. seemed to reduce the total amount of protein fractions.

3
The most pronounced reduction was found to be in residual non soluble
protein. As for the effect of Alar, it can be concluded that such retard-
ent seemed to increase the total amount of protein. Such increase
was found to be in the most protein fractions especially the non soluble

protein. This type of results may show that growth regulators play

a role in nitrogen metabolism.

In this conection, Thomas et al. (1973) concluded that specific
biosynthesis of protein in the developing seeds may take place in two
ways a) by condensation of amino acids translocated from green leaves
to else where or b) by reaction in which carbohydrate, amids and amonium
salts may part cipate. Also, Abdel-Hamid et al. (1981) pointed out
that growth promoters such as G:~\3 and auxins . seemed to control

protein metabolism.
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4.6.2.  Nitrogen, Phosphorus and Potassium Content :

Results of total nitrogen, phosphorus; and 'potassium contents
in different soybean plant organs throughout its growth cycle as well
as the relative increase under the different treatments are presented
in Tables (27 - 29 ). Also the distribution of the above mentioned nutri-
ents in different plant organs with respect to the total amount in recorded
in table (27-29). The percenf of NPK in the whole soybean planf
throughbut its growth cycle is presented in Table (30).

Nitrogen, phosphorus and potassium content of the various
soybean parts increased gfadually by advancing age up to the last
sample. These results mean that the apsorption of such nutrients continad
up to lat er periods of its growth. Moreover, leaves of soybean always
possesed the higher amounts of NP K during the first and second
periods of growth. However, stem was found to be in the second rank
in this respect, while root contains the least amount of these nutrients.
At lat er periods of growth pods possesed the highest macro-nutrients
followed by the leaves and stem, while the lowest amount was found
to be within roots. These results may lead to the conclusion that the

transiocation of these elements continued to the last period of growth.

Regarding the effect of soil moisture level on the NPK
content, results indicate that the total amount of the tested nutrients
were influenced by .irrigation treatments. The accumulation of such
elements in the various plant organs was decreased by increasing soil
moisture stress. These type of results may prove that the level of soil
moisture affects the absorption of plant nutrients thereby the growth

of soybean. In addition, the availabilty of different nutrients in soil
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Table { 27 ) : Effect of soil moisture levels and some growth reguiaters on nitrogen distribution

at different periods of soybean growth.

Treatment - 50 days 75 days 100 days
Root S5tem L.P. L.B. Root Stem L.P. L.B. Pods Root Stem L.P. L.B. Pods
0 2 115 82 1 I6 6 43 34 2 18 6 33 4l
ca 0 3 14 5 78 2 24 6 B} 30 1 23 6 28 42
300 3 16 6 75 2 23 9 3 35 11z 7 30 S0
S X 3 1 5 78 2 21 7 37 33 118 6 30 45
w
i 1000 3 9 6 82 2 20 7 » 32 116 4 32 47
“ Alar 5000 3 10 8 79 3 16 10 47 24 119 4 R 4y
g X 3 10 6 81 2 17 &8 43 30 2 17 5 32 4y
X 3 12 6 79 2 20 7 40 31 2 18 5 3l 4y
0 3 6 6 77 3 23 g & 17 112 5 37 45
GAL Moo 2z 15 7 76 220 6 40 32 ! 5 24 59
G 200 3 20 8 69 2 31 5 39 23 122 2 22 54
1
® X 3 16 7 74 2 25 6 43 24 1 14 4 26 55
o ‘
s 1000 & ‘16 8 72 2 20 7 45 26 2 10 5 30 53
EAAr 2000 4 18 10 68 307 7 4 24 301l 4 24 58
2
= X 3 17 &8 72 320 8 47 22 2 11 5 30 52
X 3 16 8 73 2 22 6 47 23 2 13 4 28 53
0 3 18 6 73 y 21 7 56 12 2 le 4 25 53
GA, 00 4 17 9 70 2 28 8 45 17 119 4 28 W8
J 3200 3 16 7 74 329 6 52 10 317 6 33 4l
.
* X 4 17 7 72 3 26 7 51 13 y R 5 28 47
‘ﬁ .
o 1000 3 22 7 8 ¢ 21 5 57 13 2 14 5 31 48
EA 2000 7 23 7 3 5 2 5 56 12 313 6 30 48
X 4 21 7 68 4 22 6 56 12 2 15 5 29 49

X 4 19 7 70 4 24 7 53 12 2 16 3 29 43
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Table { 28 ) : Effect of soil moisture lcevels and some growth regulators on phosphours distribution

at different periods of soybean growth.

Treatment 30 days 75 days ‘ : 100 days
Root Stem L.P. L.B. Root Stem L.P. L.B. Pcods Root Stem L.P. L.B. Pods
0 6 42 12 40 2 33 1 12 42 3 33 10 14 40
1000 6 31 & 59 f 39 5 16 39 |27 3 17 52
_SM3200 6 18 7 69 1 45 6 8 40 LB 9 8w
2 X 6 3 &8 56 2 %7 12 40 1337 13 &
f 1000 11 45 3 41 239 6 12 4l 1 34 6 6 53
@ Alar oo 6 33 12 49 3 w1 13 11 32 I 30 6 & 57
&
= X 8 40 9 43 2 3% 10 12 3 2 R 8 9 49
X 7 34 3 51 2 38 8 12 40 yi 33 7 11 47
0 11 5S¢ 10 25 3 59 3 7 28 6 29 3 4 58
Ga 100 8 31 & 57 2 46 4 22 26 2 8 4 17 69
G 20 e 23 9 e2 2 #8515 30 1 43 7 6 43
.
® X 8 35 8 49 2 50 4 15 29 2 30 5 9 54
o
~ 1000 17 26 16 &7 5 33 8§ 7 47 2 24 7 5 62
5 Alar 5600 12 w12 R 7 . 43 10 16 24 3 3l 8 3 55
v
2 X 13 43 11 33 5 44 7 10 3 s 28 6 4 S8
X 1 39 9 4l 3 w7 5 13 32 329 5 7 56
0 21 19 11 49 22 3 4 31 12 2 25 i1 3 59
Ga 100 8 22 5 &5 4 49 10 20 17 2 25 11 359
2200 9 3% 10 45 8 52 16 17 7 3 3% 10 6 47
J -
- X 12 26 & 54 9w 11 22 12 4 27 9 6  S4
& 1000 6 46 14 34 6 4l 12 23 18 2 9 5 17 &5
Wy
w o Alar 5n00 13 25 8 e g 6l 77 17 2 26 10 2 &0
> -
5 X 12 33 il 44 10 46 9 19 16 2 27 9 7 55

X 12 22 10 49 9 44 9 20 18 327 9 7 54




Table ( 29 ) :

at different periods of

Dry (55 % F.C.)

Treatment 50 days 75 days 100 days .
Root Stem L.P. L.B. Root Stem L.P. L.B. Pods Root Stem L.P. L.B. Pods
0 7 33 19 &l 28 1s 17 36 3 25 t6 22 34
ca. 100 7 27 22 4% 39 22 le 28 3 74 & 15 40
P 7 18wl % 21 15 3 2 27 19 18 M
8! -
o X 7 31 20 42 29 20 16 3l 3 25 18 18 %
£
N 1000 35 20 37 29 20 17 30 3 32 14 14 37
i'j Alar 5600 8 28 22 42 28 22 22 23 3029 16 19 13
q
= X 8 32 20 40 28 19 18 31 329 15 18 35
X g 3t 20 &l 29 19 17 3 3 27 16 18 3%
0 3 23 16 53 34 20 21 19 4 21 l6 22 37
GA. 100 25 2w w2 37 17 18 24 3 20 12 15 50
3 3,0 8 % 20 3 9 17 18 2l 5, 29 10 11 48
o -
2 X 8 27 20 45 37 18 19 22 3 24 12 15 46
2 oo 7 3 20 R 37 18 19 22 3 29 16 13 0¥
E Alar 5000 7 27 15 5l 33 20 20 22 4 29 13 1z 42
5 -
2 X 8 28 17 47 35 19 20 21 g 27 15 15 ¥
X 3 28 18 46 36 g 19 22 3 25 1315 uy
0 3 34 20 38 28 2% 27 14 3 21 15 17 uh
ca. 100 12 28 19 &l 9 17 24 14 4 23 15 16 42
3200 11 3 20 37 33 21 23 U 6 21 18 19 3%
X lo 3t 20 ¥ % 20 24 14 4 22 6 17 4l
ioo0 8 % 18 B % 18 23 16 4 25 18zl 32
Alar 5000 8 26 k2 St % 17 25 14 s 24 15 19 B
X 8 32 16 44 34 19 25 15 4 24 16 19 37
X 9 32 18 4l 35 20 25 i3 4 23 16 18 19

Effect of soil moisture level
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solution depend upon the amount of available water .in the soil for
the growth of plants. In other words, the partial absorption of _piant
nutrients depends upon the mass flow of water from the soil to the
plant roots. The higher the absorption of water, the greater is the
accumulation of nutrients in plant tissues. In addition, increasing soil
moisture stress resuited in higher soil solution osmotic potential which
affected the growth behaviour of the plant thereby the uptake of plant

nutrients.

In this respect Vites (1972} concluded that water content
of soil affects nutrient transport to the root surface by affecting the
rate of diffusion and the mass flow of water to the root. In the latter,
ions in solution are simply swept along in the water flow. lons such
as nitrate that are entirely soluble can be completely extracted from

a soil by mass flow.

Barber et al. (1963) stated that mass flow can account for
most of the transport of Ca, Mg and N but is inadeguate to account

for much of the transport of P and K.

Growth promoting substances i.e. GA, increased the amount
of N P K in different plant parts. This trend was found to be true
in most of sampling dates. GA4 treated plants possessed the highest
nutrients compared with the corresponding values of the control treat-
ment. Such pattern of results can be discussed on the basis that growth
promoting substances enhanced the growth of the treated plants and
that increased the absorption of nutrients. These findings may lead

to the conclusion that when growth promoting substances are used,

e



" the application of N.P.K. must be increased to meet the nutrient demand

by plants.

It is worthy to mention that GA, treated plants contain the
highest amount of nutrients compared with the corresponding values
of those sprayed with Alar. Such trend was found to be clear in most
the tested: plant organs. Also, the level of GA, i.e. 100 ppm was found
to be superior in this respect compared with the higher rate (200 ppm).
These findings can be related to the effect of higher rate of GA,
on thé growth of soybean plant thereby on nutrient uptake. It has
been mentioned previously that the effect of higher level of GA3 on
the growth of soybean was less than that observed with lower level.
In addition, increasing the rate of applied Alar did result in a greater
depression in the amount of NP K in the different tested plant parts.
This can be ascribed to the retarding effect of such chemical on the

growth of soybean.

The previous results can be discussed on the basis that growth
substances affect plant growth thereby the nutrient uptake. The absorp-
tion of different nutrients is controlled by the growth behaviour of
the plant and such effect depends upon the type and rate of the growth

substances used.

" Results of Tables ( 24 - 26 ) showed that the promoting or
retarding effect of growth regulators depend upon the level of soil
moisture and that affects thé absorption and accumulation of nu trient
in plant - tissues. The nutrient accumulation in different plant organs

in those plants treated with either promoter (GAB) or retardant (Alar)

of
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‘seemed to be decreased by increasing soil moisture stress. The plants
grown under wet conditions (85 9% F.C.) and treated with both growth
substances posséssed the highest amount of N P K. Increasing soil moisture
stress, such accumulation of nutrients decreased. These results lead
to the assumption that the regulating effect of growth substances
on either plant growth or nutrient uptake depends upon the level of

soil moisture.

Tables(27-29) represent: the proportion of the three macro-
nutrients (N P K) in the whole soybean plant at different stages of
growth. Results indicate that K increased with advancing age. Thus
if can be concluded that the need of soybean to K is relatively higher
and such element must be available for such plant during lat er peri;>ds
of growth. Also, the rate of K absorption exceeds the rate of N or

P absorption especially at lat er periods of growth.

4.6.3. Fe, Mn and Zn Content :

Results of Fe, Mn and Zn contents in different soybean plant
organs, during different periods of growth as well as the relative increase,
as affected by soil moisture and growth substances are presented in
Tables ( 3§ - 3¢ ). Also, the distribution of the above mentioned micro-
nutrients in different plant organs with respect to the total amount  is
recorded in Tables (37-39). The percent of the three micro-nutrients

in the whole plant throughout its growth cycle is presented in Table..(40).

These results indicate a continous absorption of such nutrients

for building up the new developing tissues. These results may show
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Table ( 37) : Effect of soil proisture levels and some growth regulators on Fe. distribution at different

periods of soybean growth.

Treatment 50 days 75 days : 100 days
Root Stem L.P. L.B. Root Stem L.P. LB Pods Root Stem L.P. L.B. Pods
0 b 3w 10 w2 11 36 18 16 19 4 22 23 3 17
ca. 100 10 &4l 7 42 6 49 1s 1119 5 3l 22 10 32
3,00 10 14 l& 62 e % 8 i 3% 6 35 16 1l 3
f_- X 11 27 11 51 7 52 13 14 24 6 30 20 17 27
R 4y 1000 26 17 17 un 3 41 11 17 23 10 12 19 3 20
o 2000 6 10 23 6l 6 28 2 3 8 13 29 & 31 13
§ X 1& 21 17 48 ] 35 19 23 15 9, 20 18 35 18
X 12 2615 49 8 39 6 18 19 7 26 19 26 22
0 14 1 s 58 3 42 g 27 15 5 34 9 22 30
GA. 100 10 45 10 35 7 36 25 10 22 5 32 15 1l 37
u 3500 15 7 1 3 9 44 16 21 10 g 40 13 15 24
1w . -
2 X 12 3] 12 45 2 ] 16 19 16 6 3% 1z 15 31
2 1000 1% 21 & 51 4 29 16 28 23 5 28 I8 7 42
Z  Alar . .
£ 2000 9 % 22 33 16 16 14 45 9 13 %2 5 20 30
E X 1y 23 18 &5 2 30 11 37 14 g 32 ¢ 18 32
X 13 29 13 45 3 35 W 28 15 7 3% 1L 16 32
o 25 25 19 3 9 19 21 42 9 6 M 19 16 25
Ga. 100 22 22 17 ¥ ) 55 e 17 . 3 13 42 17 10 18
- 300 10 23 13 54 9 35 17 - 36 3 18 17 16 34 14
@]
; X 14 24 14 48 8 38 18 31 5 11 3l 48 21 19
S Alar 1000 6 12 24 58 14 28 16 32 10 16 21 6 3l 26
. 2000 19 29 19 33 20 33 25 18 A 6 29 6 24 35
a X 1l 22 22 45 14 27 21 30 8 9 29 10 23 29

X L5 25 20 40 11 33 19 31 6 1o 3 1 21 24
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Table (3 ) : Effect of soil moisture levels and some growth regulators on Mn. distribution at different

periods of soybean growth.

Treatment 50 days 75 days 100 days
Root Stem L.P. L.B. Root Stem L.P. L.B. Pods Root Stem L.P. L.B. Pods
0 27 12 1z 49 11 12 12 19 26 6 32 100 26 26
G, 100 13 23 5 59 11 12 14 15 28 7 49 9 10 25
= 300 14 25 & W7 9 29 1 13 R 12 - 42 13 15 18
J -
- X 17 19 11 53 10 32 12 16 -30 9 42 1 16 22
£
~ Alar 1000 14 21 14 51 12 34 9 15 30 g 25 15 34 17
o0 ar .
= 2000 8 23 12 57 1t 34 16 25 1!l 11 &l 16 11 21
@
= X 15 19 15 51 12 3 12 20 22 9 33 14 24 20
X 16 19 13 S2 11 33 1z 18 26 9 37 13 19 22
0 18 14 23 45 12 32 13 28 15 11 3 109 23 24
ca. 100 3 B’ 13 4l 13 3% 13 1% 24 12 29 1118 30
3 3,00 20 28 16 3% 7 50 7 18 18 g 40 1t 10 31
L
2 %X 17 25 17 4l 11 19 11 20 19 0 34 1 16 29
o
S alar ioog 17 30 13 40 7 45 16 20 12 9 % 11 3 %
g 2000 16 32 26 26 7 so0 12 23 8 20 22 20 14 24
2
= X 18 27 18 ¥ 9 42 s 23 12 1w 3 1 15 28
X 17 26 17 40 10 41 12 22 15 12 3 1r 529
o 21 21 21 % 9 20 23 34 14 10 35 17 15 23
GA. 100 17 26 17 4D 15 49 1219 5 g 3l 13 22 26
3200 L6 37 5 42 12 29 20 32 7 18 33 1 16
8 X 17 22 17 38 13 35 17 25 10 {3 33 13 21 20
® Alar 1000 14 21 1% 5l 12 50 18 1% 6 13 38 g 19 21
w r
©o 2000 17 B9 4y 24 21 12 3% 13 15 33 7 22 23
-2
a ¥ 17 28 11 44 14 13 17 24 12 13 3% i 19 22
X 18 29 12 41 13 33 18 24 12 16 28 13 21 24
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Table ( 39) : Effe.ct of soil moisture levels and some growth regulators on Zm. distribution at different

periods of soybean growth.

Treatment 50 days 75 days 100 days
Root Stem L.P. L.B. Root Stem L.P. L.B. Pods Root Stem L.P. L.B. Pods
o & I8 16 60 2 21 13 33 21 s 28 14 5 45
Ga. lo0 8 1 7 71 ) 24 9 % 23 7 3 10 6 45
3000 7 21 9 63 « 25 8 3 25 e 32 1l 3 48
5 X 7 18 11 64 7029 9 34 21 7 31 12 5 45
< _ _
% 1000 8 40 9 &3 . 6 33 9 27 25 3 28 7 % 26
“ Alar 5000 9 18 9 64 12 23 18 30 17 % 20 ° 10 29 27
§ X g 27 10 55 16 26 13 30 21 7 23 s 34 27
X 7 22 11 60 9 27 11 32 21 6 22 8 34 . 30
0 2 w6 31 4 8 24 1L 4l 16 7 16 7 35 35
ca. 100 9 14 9 68 4 35 7 B 16 4 16 7 37 %
S 3,00 13 21 10 56 6 20 6 51 17 s 19 6 22 u8
[
2 X 9 17 16 58 5 26 7 43 19 7 24 9 4 56
o .
= 1000 11 51 15 23 7 28 6 % 19 7 19 8 26 40
E Marog 7 13 5 75 o 24 18 3L 17 20 16 8 20 3
3.
= X & 23 1l 53 g 25 13 35 19 12 17 &% 2 ¥
X 9 20 15 56 7 - 26 160 3™ 18 3 17 7 29 39
o 1o 20 11 59 16 15 11 48 10 6 17 9 29 3
~ ga, 00 1L 20 g 6l 6 28 7 50 9 6 13 7 28 46
9 3500 11 19 15 55 g ¥ & % 10 w 29 9 S 43
£ ¥ 12 18 12 58 5 32 8 4f 10 7 17 7 30 ¥
uy,
S 1000 1018 2 64 9 3 13 35 13 7 18 9 32 3
Or 2000 1S le6 7 62 19 23 12 .35 1l 118 10 29 32
X 1! 18 9 &2 15 23 12 39 11 8 18 9 30 35
X

12 18 11 59 12 28 9 &1 10 7 18 8 30 37
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that soybean plant must be supplied with these nutrients for better
growth. Zink content showed a continous increase from 50 1o 75 days
after sowing, then a jump in its content was observed at lat er periods
(100 days). Such results were found to be clear under wet and medium
soil moisture level. However, under dry treatment (55 % F.C.) Fe,
Mn and Zn seemed to be increased continously by advancing age but
less than those observed in other soil moisture treatment. Such effect
may be due to the relationship between Zn element absorption as well

as translocation and water deficit.

As for the eiffect of growth substances, results showed that
Fe content of soybean plant increased at the first stage of growth
by higher rate of GA3 (200 ppm). However, Mn and Zn values decreased
from the same treatment. This trend was found to be clear under
wet treatment (85 % F.C.) as well as at latter stages. The use of
_Alar seemed to decrease the absorption of micro-nutrients. Such decrease
was enhanced by higher rate of Alar. This can be related to the retarding
effect of Alar and decreaséd growth. The reduction in growth may

be the cause of the decrease in the content of these element.

It is worthy to mention that under the application of growth
substance a slight inbalance between Macro and Micro nutrients was
observed. Such inbalance can be related to the regulating effect of
these chemicals on the absorption and accumulation of nutrients within
plant tissues . Accordingly, the regulating effect of growth substances
may be due partially to the inbalance of nutrient uptake and accumuia-

tion in soybean plant tissues. Also, soil moisture stress is another factor
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affecting the absorption mechanism of nutrients which in turn affects
plant growth. For acheiving the effect of these substances, the plant
must be supplied with those micro-nutrients if their availability in

the soil are insufficient.




