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RESPONSE OF SNAP BEAN PLANTS TO FOLIAR
APPLICATION OF GIBBERELLIN AND ZINK

P

SALLY A. MIDAN
Faculty of Agricnlture, Minufiya University

ABSTRACT

Snap bean plants were grown to study the effect of gibberellin
and zinc sulphate spraying at such concentrations on plant
behaviour. '

Gibberellin, at all tested concentrations (20, 40 and 60 ppm),
linearly increased free water,. transpiration rate and coefficient
hydric in plant leaves, but reduced bound water. Zinc sulphate
spraying (100 and 200 ppm) increased bound water and reduced
transpiration and coefficient hydric. .

Photosynthetic pigments and total soluble sugars in plant leaves
positively responded to GA; and Zn spraying that also increased
amino acids content.

The effect of studied treatments on Mn, Zn and Fe in plant
leaves as well as on yield components was also studied.

GA; and Zn exerted, in general, increases in total green pods
yield, but GA; reduced the early yield while Zn increased it.
Protein, fats and total soluble sugars in dry seeds in relation to
applied treatments were also studied.

Several interactions between GA; and Zn were recorded.

Key words: Gibberellins, Zinc sulphate, Coefficient hydric.

INTRODUCTION _
Gibberellin was frequently reported in the literature to affect
water relations and amino acids synthesis (Midan, 1978) and to
enhance the synthesis of chlorophyll and total sugars in treated
plants (Richard, 1996).

_ Besides, Zinc was reported by Midan et al. (1981) to promote
the synthesis of auxins and to affect several physiological processes
within plant (Richard, 1996).

In addition, both gibberellin and Zinc were reported to improve
ﬂowenng, fruit setting and finally plant production (Iyengar and
Raja, 1988). >
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This investigation was aimed at studying to what extent
gibberellin and Zinc can be used as spraying treatments to improve
the behaviour of snap bean plants.

MATERIALS AND METHODS

Two split plot experiments in a completely randomized design
with four replicates were conducted to determine the effect of
gibberellin and zinc sulphate spraying, along with their interaction,
on the behaviour of snap bean plants.

The experiments were performed in two successive summer
seasons, i.e. 2004 and 2005 at the Experimental Farm, Faculty of
Agriculture, Minnfiya University.

Giza-3 snap bean cv. was used, as seeds were sown in hills 10
cm apart on March 13 and 15, 2004 and 2005, respectively.

Every sub-plot contained six ridges each having 50 cm width
and 5 m long with an area of 15 m®.

Gibberellin at 0, 20, 40 and 60 ppm occupied the main plots, as
zinc sulphate (ZnSO4 — 7H;0) at 0, 100 and 200 ppm was
distributed in sub-plots.

The plants in the two outer ridges were used for the
determination of water relations and chemical constituents. The
green pods of two ridges were picked at four days interval, as the
early, the first three pickings, and total green pods yield were
determined. The later ridges were left to determine the dry seeds
yield.

Plants were sprayed with gibberellin 35 days from sowing, as
zinc sulphate was sprayed 10 days later.

All agricultural practices were performed as recommended by
Ministry of Agriculture

Ten days from zinc sulphate spraying, randomized plant
samples, five plants each, were collected from each sub-plot to
determine free and bound water as well as to calculate co-efficient
hydric in leaves and to determine chlorophyll content, total soluble
solids and total free amino-acids. Zn, Mn, Fe were also determined
in the plants of these samples.

Free and bound water content were determined in fresh leaves
under laboratory light and temperature conditions using the methods
of Barrs and Weatherley (1962).

The coefficient hydric was calculated as the poropartion of total
water content to leaves dry weight.
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Chlorophyll was determined according to the method of
Wettestein (1957). The method of Dubois et al. (1956) was adopted
to determine total soluble sugars, whereas that of Hais and Macek
(1960) was used for the total free amino zcids determinations.

The total Zn, Mn and Fe in leaves were determined
spectormetrically using Philips PU 900 Atomic spectrometer
according to Doll and Luces (1973).

Transpiration rate was determined for plants in the field, ten days
from zinc spraying using a portable stcady state poromoter (LI-
COR, Model L1 1600).

At the end of experiment, i.e. 115 cays from seed sowing, the
plants had been harvested, as the yield of dry seeds was calculated
as Kg/fed. A random sample of dry seeds were under taken from
each treatment to determine total N as it was utilized in calculating
total proteins (multiplying total nitrogen x 6.25), fats and soluble
sugars (Dubois ef al 1956). All data were subjected to statistical
analysis according to the procedurestANOVA) reported by
Snedecor and Cohran(1980). Treatments were compared using
Duncan's Multiple range test (Duncan,1955).

RESULTS AND DISCUSSION
1- Effect of gibberellin and zinc sulphate spraying on water
relations.
1.1. Free and bound water:

Free and bound water in plant cell affect plant resistance to the
unfavourable conditions specially drought. Besides, free water
content is the most important fraction as it aids in enhancing the
physiological and chemical processes in plant cells. Thus, it was
necessary to determine these water relation parameters in relation to
the applied treatments.

Gibberellin at all tested concentrations linearly increased free
water percentage but reduced bound water (Table 1). The highest
free water content being obtained due to the highest applied
gibberellin concentration that caused the least value of bound water.

Similarly, gibberellin was noticed long time ago by Chirilei et al.
(1964) and Midan (1978) to increase free water and to reduce bound
water in plant cell .

Besides, Zinc spraying increased bound water, as significances
were noticed due to both levels, ie, 100 and 200 ppm, (Table 1).
Zinc spraying have a negative effect on free water percentage, as
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Table (1): The effect of gibbereflin and zine si:lphate épraying, along with their
interactions,on some water relatlons In snap bean leaves.

n' 80,
GA3 4] 100 200 means 0 00 200 means
ppm .
2004 season 2005 geason
1- Free water {g free water/100g leaves F.wt.)
0 9085 | 91.12° | 90.88" | 20.05° | 01.46" | e022° | sose® | soss®
20 91.10"™ | o0.98" | 90.95" | 81.01° | 9167 | 90.64° | 90.42° | sgetc
40 8286" | 91.66" | 91.10” | o0487° | o286" | o4.75" | 00.01° | s1.37°
60 0206" | 92.26" | 9186° | 9236 | 9287" ( 9275° | 9134® { 92367
Means 9194 | 8150 | 9120 9224" | 9122° | 90.43"
2- Bound water (g bound water/100g leaves F.wi.}
o 189" 1.88° 1.92° 190" 186" 192 195 199"
20 a2 | 170% | oz | e | osas® | a7s™ | ager | 4e®
40 133 | ass™ | 160% | 1a9® | 136% | 160® | 1m* | 1s6®
80 1.259 140" | ga5% | 4370 1.22° 1.38° 142° | qa4°
Means 147° | 163" | 1e® 147° | 186 | 172"
3- Coefliclent hydric (% )
0 1062° | 1085 { 41.00" | 1088" | 1198 | 11.86"™ | 1276" | 1199
20 1.42° | 176" | 1248° | 1178" | 14.66™ 1236 | 1286 | 1226
a0 11.88" | 1000 | 1260° | 4242° | 1248" | 1285" | 12477 1212
60 12.26" | 1248 | 1296" | 1288" | 12.44" 12.06" | 1347° | 289"
Means | 11.47° | 1174 | 12.28" 191° | 1283 | 129¢°
4- Transpiralon rate (mg /10 cm’/s)
] ¢.18' 670" | 888® | 659 | 621° | 50" | 852" | eus®
20 672" | 742" | 780° | 741° | 746" | goet 784" | 7.78°
40 759" 7.78° s.00° 806" | 7e8” | 820 | aes 8.28"
0 8.76° 6.04" 9.16" 895" | B18"™ | 6.48" | g8e® | mae®
Means 7.31° 754> | 800" 147° | 774% | 799t

Means followed by the same al

significance .

phabuetical letters are not statistically different at 5% level of
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the highest sprayed concentration gave the lowest free water
content, although significances were noticed in the second season
only. Similar reduction in free water content was noticed by Chaoui
et al. (1995) to follow Zn SO, application on snap bean.

~ Similar results were noticed by Midan (1978) who found an
increase in the viscosity of plant cell protoplasm due to increasing
bound water content of snap bean leaves.

An interactive effect of gibberellin and Zinc treatments was also
noticed, as plants received no gibberellin x that received Zn SOy at
200 ppm exhibited the highest bound water content in both seasons.
However, GA; at 60 ppm x Zn SOj at zero showed the least value
of bound water. In addition, both concentrations of 40 and 60 ppm
GA; were interacted with zero Zn SOy to attain the highest free
water content in plant leaves.

1.2. Coefficient hydric:

Coefficient hydric represent the proportion of total water content
(free and bound) in leaves to leaves dry weight. Thus, increasing
coefficient hydric means a reduction in dry weight of leaves or
increasing in total water content.

Gibberellin at all tested concentrations favourably affected
coefficient hydric (Table 1), as significances were only noticed in
the first season due to all tested concentrations and in the second
one due to 40 and 60 ppm only. Gibberellin was previously noted to
increase free water content, thus it is reasonable to favour
coefficient hydric. ;

Zinc sulphate spraying at all tested levels exerted unsignificant
increases in coefficient hydric in both seasons (Table 1). Zinc
increased leaves dry weight in a high proportion comparing to
increasing total water, thereby, it could increase coefficient hydric.
In conformity with obtained results, Midan (1978) obtained neglible
increases in coefficient hydric due to ZnSOy4 spraying on snap bean.

As for the interaction of gibberellin x Zinc, results indicate that
GA;3 at 60 ppm x ZnSO, at 200 ppm significantly achieved the
highest coefficient hydric value. Besides, plants received neither
GA; nor ZnSQ; spraying showed the least values.
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1.3. Transpiration rate:

Transpiration is an important physiological process in plant as
it related to nutrients absorption and maintaining plant temperature
at normal degree, thus it was important to study the relation of
applied treatments to transpiration rate.

Gibberellin seems to affect transpiration rate in a positive
manner (Table 1). The highest the gibberellin concentration (60
ppm) caused the highest transpiration rate. Results could be easily
explained as gibberellin increased free water, the most easily water
form to be lost by any way. These results agree w1th these reported
by Richard (1996)

As for zinc effect, it was noticed that transplratlon rate was
significantly reduced in the treated plants (Table 1), as the
concentration of 200 ppm gave the least value. Results could be
explained as zinc improved the colloidal status in plant cell,
consequently it could reduce water loss via transpiration. Also, zinc
nutrient could act as a stomatal aperture and in accordingly to
reduce the loss of water through transpiration. Helony et al. (1993)
suggested similar interpretation. Furthermore, reducing water loss
may be a result of Zn effect on biochemical reaction that influences
turgidity the guard cells, this was reviewed by Levitt (1980).
Similar results were obtained by Annanurova er al. (1992) working
on tomato.

As for the interaction effect (Table 1), plants received no zinc
spraying and gibberellin at 60 ppm exhibited the highest
transpiration rate, while, no GAj3 spraying x Zn S04 at 200 ppm
showed the lowest value.

2- Effect of gibberellin and zinc sulphate spraying on some
biochemical constituents in snap bean plant leaves.
2.1. Photosynthetic plgmentS'

With slight exceptions, all determined photosynthetlc pigment
fractions mutually increased with increasing gibberellin
concentrations, although the more pronounced increase was
generally noticed due to 60 ppm (Fig. 1).

Results may be interpreted as GAj activates the synthesis of
chlorophyll. Midan (1978) working on snap bean drawn simifar
conclusion. Additionally, GA; may increase chlorophyll content
through enhancing the accumulation of fresh and dry matter in
treated plants (Poskuta ef al., 1975).
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Further interpretation could be done, as GA; retard chlorophyll foss
in leaves (Richard, 1996) .As regard to zinc, it was found that both
used levels, with some exceptions, increased all photosynthetic
pigment fractions in leaves (Fig. 1).

Zinc may increase chlorophyll content via increasing nitrogen
and Mg uptake, that participate in chlorophyll synthesis. This

- conclusion was previously suggested by Midan et al. (1982).

Zinc was also mentioned by Ramadan (1997) to activate
chlorophyll synthesis. Similar increases in chlorophyll content was
also recognized by Annanurova (1992) to follow zinc sulphate
sprayings on bean plants. As for the interactive effect of GAz and
Zinc sulphate, it was found that GA; at 60 ppm x ZnSQ, at 100
ppm gave the highest chlorophyll a content. Besides, plants
received GA; at 60 ppm and ZnSQ4 at 200 ppm showed superior
chiorophyll b and carotenoids value. GA3 at 20 ppm x zero ZnSO4
exhibited the least record of chlorophyl! a, b and carotenoids.

2.2. Total free amino acids: -

It is evident from data in (Fig. 1) that GA; at all tested
concentrations reduced total free amino acids in plant leaves.
Gibberellin stimulates protein synthesis utilizing free aminoacids, as
units, thus its reduction became expected. Obtained results go along
with those of Midan (1978) on beans.

As for Zinc effect on the total free aminoacids, it was noticed to
be linearly increased in treated plants (Fig. 1). Similarly, Zinc was
also mentioned to stimulate amino acids synthesis (Cakmak er al.,
1989).

The interactive effect of GA; and ZnSQ, spraying on amino
acids content in treated plants was also noticed (Fig. 2). Plants
received no gibberellin in addition to ZnSO,4 at 200 ppm achieved
the highest total free amino acids. The least values being obtained
due to GAj at 60 ppm and no zinc sulphate spraying. It could be
concluded that the presence of zinc in the combination is
responsible for increasing amino acids and vise versa is true in the
presence of GA;.

2.3. Total soluble sugars:

Significant increases in total soluble sugars in plant leaves were
assoctated with GA; spraying at all tested concentrations (Fig. 1).
Gibberellin was also reported by Richard (1996) to stimulate
photosynthesis and photosynthesates accumulation.
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As for sugars response to zinc application, it could be concluded
that zinc sulphate spraying flourished total soluble sugars in treated
plants (Fig. 1). Zinc was reported by Midan (1978) to enbance
photosynthesis, thereby it could increase sugars content. Obtained
results are coincide with those of Midan ef al. (1982) on snap bean.

Gibberellin at 60 ppm x ZnSO4 at 200 ppm exhibited the highest
total sugars content in treated plants. The lowest content of total
soluble sugars was noticed in plants received neither GA; nor
ZnSO4.

3- Effect of gibberellin and zinc sulphate spraying on Mn, Zn
and Fe content in plant leaves. .

It is evident that, with slight exceptions, GA; spraying at all
tested concentrations negatively affected Mn contents in plant
leaves (Fig. 3). In addition, Zn and Fe contents showed a positive
TESponse.

The reduced amount of Mn in plant leaves may be a result of the
dilution effect of increasing growth. Reducing Mn content in plant
leaves was also suggested by Midan ef al (1982) to be a result of the
dilution effect.

Similar reduction in Mn content was also noticed by Omar ef al.
(1988) to follow increasingGA; concentration. They added, with
accordance with obtained results, that GA, application increased Zn

' and Fe concentrations in treated plants. Results could be explained
as gibberellin improved water supplying to plants, thereby it
increased Zn and Fe absorption. -

Zinc spraying, generally, led to increase Mn, Zn and Fe contents
in plant leaves (Table 3). Zinc was previously mentioned by
Boaretto et al (1998) and Mohamed and Fozea (1999) to promote
the absorption of Mn, Zn and Fe by snap bean plants.

Results may be explained due to somehow synmergitic or
antagomsm effect of applied Zn n which such nutrients may
encourage or inhibit the absorption and translocation of others in
plant. Khalil er al. (1988) working on onion drawn similar
conclusion.

The interaction of GA; and Zn caused also a noticeable variation
in Mn, Zn and Fe content in treated plants. Plants received no GA;
or GA; at 40 ppm with ZnSO4 at 200 ppm attained the highest Mn
content in plant leaves (Fig. 3). The lowest value of these
micronutrients being obtained in plants received ne Zinc application
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with GA; at 60 ppm. Besides, Zinc sulphate spraying at 200 ppm
was interacted with GAj at 60 ppm to give the highest Zn and Fe
contents.

4- Effect of gibberellin and Zinc sulphate sprayings on some
yield components. :

Green pods and dry seeds, both as g/plant, and number of
pods/plant were considered in this study as yield components.

Comparing to control, gibberellin at all tested concentrations
significantly increased all of the studied. yield component
parameters (Table 2). Resulis were insistently observed in both
seasons. In this connection, the higher gibberellin concentration, the
larger values of yield components.

Gibberellin stimulates metabolic activities within plant, thereby
it could also enhance the parameters of yield components. In
conformity with this suggestion, Kalloo {(1988) mentioned that GA;
could affect number of flowers and improved fruit set factors that
well known to affect yield components.

Besides, Gibberellin increased plant height (Lalloo, 1986) and
number of internodes (Richard, 1996), thereby it could increase
number of flowers and pods.

Zinc sulphate spraying, at both *=~sted concentrations, caused
significant increases in all studied yic: ! components in both seasons
(Table 2). In this connection, the highest sprayed zinc Jev~i
approved, with slight cxceptxons to be more effective.

Zinc have a key role in plant metabolism and functions as an
activator of certain physiological processes such as production of
auxin, protein and cartbohydrates, thus its favourable effect on some
yield components is quite.expected. Similar conclusion was also
suggested by Richard (1996).

As for the interaction, data in (Table 3y show that GA; at 60 ppm
x ZnSO4 at 200 ppm gave the highest values of dry seeds
weight/plant. In addition, superior green pods weight and number of
pods/plant were noticed in plants received GAj at 60 ppm and zinc
sulphate at 200 ppm at the first season and 100 ppm at the second
one.

5- Effect of gibberellin and zinc sulphate spraying on the early
and total green pods yield as well as on dry seeds yield.

Gibberellin spraying at all tested concentrations exerted, in
general, significant increases in total green pods (ton/fed.) and dry
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Tabie {2): The effect of gibbereliin and zinc sulph:.iz
interactions, on some yield component-

888

spraying, along with their
i snap heans plants.

Means followed by the same alphabetic»!

significance .

n 50, : -
s 0 100 200 means o | 100 200 means
ppm n { ]

2004 genson 2005 geason
o Dry seeds weight {g/plant)
° 1450° | 16707 | 17.50° | 18.00° | 45707 | 1602° | 1570 | 877"
20 16.30% | 17.70° | 17.94° | 47.31° | 186" | 1768 | 17.90° | 1737
40 18.70" | 12.98" | 20.02° | 10.90" | 202.7" ‘19.92" 2070° | 20.20"
60 '19.92' 2030 | 2272* | 2008® | 205" 2244 | 2332° | 2220
Means 17.64° 18.42° 19.55" 18.04" 18.99" | 1g.51°
Green pods weight {(gplany .
0 65.98' | 71.42" | 7548 | 70.96" | ee7s | 708’ | 7319" | 72.48°
20 7292 | 76.65" | so.ag' | 76.69° | Sa.s7' | s26a® | 7426 75.49°
4. 7848 | 8544 | 87.65° | 8366® | 734" | a6t | 77.06" 77.80°
60 81.56° | 23.57° | 9146 |°8653" | 78.60° | 84.08° 8047° | 81.04°
Means 7467° | 10.85" | 8378’ 72.00° 81.25“ 76.46"
* Number of podsiptant
0 2228' | 26.08" | 2882' | 2502° | 2224 28.32° 23.11" 26.22°
20 2647 | 32268' | 3247° | 2040° | 2a65° 30.85° 23.#5“ .21.82°
40 30.26" | 32,867 | 34.26° | 32.46" 2m2a® | 3248 | 3066° | 30.46"
-1 60 30.85° | 34.48° | 34.80" | 33.38" | 327" 3420 | 3270° | 3326"
Moans | 27.49° | 3156 | 32.50° 27.00° | 31.46° | 20.83"

wetters are not statistically different at 5% level of
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Table {3): The effect of gibberellih and zinc sulphate spraying, along with their
interactions, on green peds and dry seeds yield of shap beans .

n S0,
GA3 pm 1] 100 200 means 0 100 200 means
pm
2004 season 2005 season
. Total green pods yield (Tonffed.)
0 5.35% 5.38" 549 540 | sse" .28’ 604* | s.ee”
20 s.88' 5.06" 5.67° 607° | 5887 | sor | 580° | 690°
40 601 | 598? | 67" | 624° | 595" | g28° | c3e® | s2o”
60 8.22° 647" 581" 652" | s.20¢ 630" s | 649
Means 582° | 592" | s.a4" 650° | so1® | g 28
Early green pods yleid (Ton/fed.)
0 2.18° 327" LY 333" | a2e® 276" 382" 162"
20 226" | 305® | 342" | 285° | 307° | 3485 | 3¢ ERT L
40 238 2.48" 28’ 287° | 276" | 288" | 340" | 200°
L 2.2¢0' 238 202° | 230" | 248" | 264° | 283" | 2007
Means 250° | 278® | 304" ; 290° | 310° | 328°
Dry sewds yield (hoHed.}
° es0" sag" 710’ | s80.00° { geo" 670° 716" | ¢82.00¢
20 720° 752¢ ™ | reee® | 7so” 752% 758 | 763.23°
40 782° 704° 785" | 780.33" | et 788° 768° | 786.67"
60 780" 185" 794" nv.@v' 178 784" 793" | 184.00"
Mezns i 723" | 75028 | 7s4* ‘ 738.50" ] 743.50° | 758.28"

Means followed by

significance ,

tha same alphabetical fetters are not slatistically different at

5% level of
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seeds (kg/fed) yield (Table 3). In this connection, gibberellin
application significantly reduced the early green pods yield in both
seasons.

Gibberellin improved number of flowers and fruit set (Richard,
1996), thereby it could increase green pods and dry seeds yield.

The reduction of early green pods yield that noticed to follow
GA; spraying may be a result of increasing vegetative growth that
led to retard flowering,

As fore zinc effect on snap bean yields, it is evident that both
early and total green pods vield positively responded to znc
sulphate spraying at both levels in both seasons, although increases
did not reach the level of significance. Besides, increases in dry
seeds vield were noticed to follow ZnSO, spraying, but
significances were noticed only due to the highest level.

Zinc may exerted its favourable effect via its role in auxin,
protein, carbohydrates and some enzymes synthesis (Midan ef al.
1981).

Similar increases in green pods and dry seeds yield were also
reported by El-Shamaa (1998) and Mohamed and Fozea (1999) on
beans.

The positive response of early yield to applied zinc may be
explained as treatments accelerated flowering (Ramadan, 1997 on
peas). Obtained results agree with those of Hewedy ef al. (2003) on
snap beans. ;

As for the interaction, plants received GAj'at 60 ppm x ZnSO, at
200 ppm attained superiority in total green pods yield (Table 4).
Besides, piants received neither GA3 nor ZnSQ; spraying in the first
season and no GAs spraying with ZnSO4 at 100 ppm in the second
one showed the least values of total green pods yield. However, no
gibberellin spraying x ZnSQO4 at 200 ppm caused superior early
green pods yield in both seasons. The least values, in this
connection, were noticed in plants received GA3 at 60 ppm and no
Zinc spraying.

Dry seeds yield seems also to respond to the interaction, as GA,
at 40 ppm at the first season and 60 at the second one was interacted
with ZnSQ4 at 200 ppm to give superior records. Also, plants
received neither GA; spraying nor ZnSO, showed the least values.
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Table (4): The effect of gibberellin and zinc sulphate spraying, along with their mteract:ons on some.
 biochentical constituents of dry seeds in snap bean ieaves.

znso‘ 0 100 . 200 Moeans
GA3 pm Protein| Fats i:g‘:; Protein| Fats iﬁ;’:r': Protein | Fats ssz"::: Protein Fats i::;':::
-7 0 <l

Fpm (%j (%) : (%) (%} { /°) _(%} ‘%) ( /") {%) {%) ‘%) (%)

_ 2004 Season
0 22.16° | 1.95" | 1.18> | 22.01°| 1.98* | 4.99* | 22.58° | 1.89% | t.9¢* 22.25° 1.94* | 1.72°
20 (22.85% [ 1.86°7 | 1.26° | 22,96"| 1.76" | 2.10° | 22.47° | 1.78° 1.97° 22,76 | 1.80° | 1.78% |
40 23.18% | 1.75° | 1.66" | 23.98° | 1.85* | 1.98° | 23.18° | 1.9¢* | 201 23.5¢* | 1.86™ | 188°
60 23.98* | 1.75° | 175" | 23.84° | 1.88* | 208° | 23.96° | 1.98* | 2.8 | 23.93* | 187 | 200
Means 23.04° | 1.83° | 1.46° | 23.20° | 1.87% ) 204° | 2305 | 1.99° 2.04

.- 2005 scason

0 21.92" | 183" | 1.25" | 21.38% | 1.92* | 1.40* | 2265 | 1.98* | 1.66™ f 21.98° | 181" | 144°
20 22.16* | 1.85" | 1.18° | 23.42° | 1.85* | 1.76™ | 22.78° | 86" 1.85% 2279 | 185 | 1.80°
40 21.95° [ 1.72° | 1.46° [ 23.86° | 1.80° | 1.88% | 23.958" | 1.858" | 1.96° l 2325 | 1.79° | 177* !
60 23.32° | 1.74° | 1.55% | 22,48 | 1.76° | 201" | 23.93" | 1.82° 1.98° 23.24* | 177 | 185" |
Means Lzz.u" | 1.79° | 1.36° | 2279° | 1.84* | 176" | 23.33° | 1.88° 1.86% J

Means followed by the same alphabetical letters are not statistically different at 5% level of significance .
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6- Effect of gibberellin and zinc sulphate spraying on protein,
fats and soluble sugars in dry seeds,

An increase in protein and soluble sugars in dry seeds were
noticed to follow gibberellin spraying, although significances were
only noticed due to 40 and 60 ppm. (Table 4). Besides, fats content
showed negative response to all applied GA; concentrations,
although significances were only noticed due to the lowest applied
concentration in the first season and to 40 and 60 ppm in the second
one.

Gibberellin is well-known to activate amino acids synthesis
(Richard, 1996), the base unit of protein formation, thus its
favourable effect on protein content became expected.

Furthermore, gibberellin stimulates photosynthesis (Richard,
1996), thereby it could increase sugars accumulation in different
plants. Obtained results agree with those of El-Sayed (1991) who
found an increase in sugars content of dry seeds in snap bean due to
GA; spraying.

The negative response of fats to GA; may be explained as a
result of increasing lipases enzymes, Farghal and Tantawy {1990),
working on cucumber, drawn similar conclusion.

Zinc sulphate spraying caused unsignificant increases in protein
and fat contents in_the first season and fats content only in the
second one (Table 4). Besides; Zinc treatment achieved significant
increases in total soluble sugars,

Zinc was frequently reported to encourage protein (Helal, 1995)
and fats (Kalloo, 1988) synthesis and to promote photosynthesis
and sugars accumulation (Ramadan, 1997), thus its favourable
effect on these chemical compounds became logic. .

Plants sprayed with GA; at 60 ppm companied with no zinc
spraying showed the highest protein value in dry seeds, indicating
that GA; was more effective on protein synthesis. However, GA; at
40 ppm and 60 ppm with ZnSO4 at 100 ppm and 200 ppm achieved
superior record in fats content. Besides, GAs at 60 ppm x ZnSO, at
200 ppm caused the highest soluble sugars content.
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