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Seed Pre-soaking on Gibberellic Acid (GA3) Enhance Growth,
Histological and Physiological Traits of Sugar Beet (Beta vulgaris
L) under Water Stress

Enas Safaa Azab*
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Ismailia, Egypt.

HE PRESENT study aimed to evaluate the effect of three levels of gibberellic acid solutions

(50, 100 and 150 mg/L) on two sugar beet cultivars. (Farida and Sultan) under three field
capacity (50, 75 and 100%). This experiment was carried out at the Experimental Farm, Faculty
of Agriculture, Suez Canal University, Ismailia, during the two growing successive seasons of
2013/14 and 2014/15. Results showed that all GA3 tested treatments statistically improved
growth parameters, i.e., number of leaves, fresh and dry weights of leaves/plant, as well as, root
yield, sucrose%, photosynthetic pigments (chlorophylls a, b and carotenoids), relative water
content (RWC), leaf osmotic pressure (LOP) and the studied anatomical characters (thickness
of mysophyll, thickness of midrib, thickness of palisade tissue, thickness of spongy tissue,
average number of xylem vessels/vascular bundle, thickness of vascular bundle, thickness of
collenchaymatous tissue and upper epidermis). Conclusively, this study indicates that, soaking
seeds in GA3 solutions especially at 150 mg/L can decrease the effects of drought on growth

and yield of sugar beet.
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Introduction

Sugar beet (Beta vulgaris L) is the second main
source of sugar after sugar cane in the world.
In Egypt, sugar beet cultivated area have been
increased to 423,000 faddan in 2014. It produced
53.1% of the total amount of sugar production.
This means that sugar beet has become the first
source of sugar production compared to other
sugar cane (Egyptian Society Sugar Technologists
and Sugar Crops Research Institute, 2014).

Gibberellins (GAs) are plant phytohormones
that regulate growth and effect various
developmental  processes, including stem
elongation, germination, flowering, sex
expression, and enzyme induction as o- amylase.
Leopold & Kriendemann (1978)showed that
GA3 has the capability of modifying the growth
pattern of treated plants by affecting the DNA
and RNA levels, cell division, cell expansionand
biosynthetic pigments.

Exogenous application of gibberellic acid
(GA3) in cotton plants cultivated under drought

alleviated the effect of drought by improving the
relative water content of leaves (Renu et al., 2004).
Ghasempour et al. (2001) recorded that exogenous
application of GA3 improved the protoplasmic
drought tolerance of Sporobolus stapfianus
cell under suspension culture. Moreover, GA3
improved tolerance under abiotic stress as drought
by induction and increasing the endogenous levels
of salicylic acid (Alonso-Ramirez et al., 2009).

Drought is one of most problems for agriculture
in arid and semi-arid zones, which determines the
success or failure of plants establishment (Gamze
etal., 2005). Water stress affects on different levels
of plant growth (morphologically, physiologically
and histologically) and induces changes as, reduce
germination, aerial organ growth reduction,
decrease in dry biomass and growth rate (Huang,
1997). Under drought, photosynthetic efficiency
is decreased as stomatal closure which restricts
CO, uptake (Pantin et al., 2013 and Flexas &
Medrano, 2002). Association of the photosynthetic
activity a decrease of chlorophyll concentration as
a consequence of membrane disturbances in the
mesophyll cells (Cornic & Masacci, 1996).
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Extreme drought stress reduces the expression
of genes that are important in protein synthesis and
plant growth regulators. The proteins which are
made in the plant will be disintegrate into amino
acids during the drought stress, these amino acid
lead to increase the concentration of substances
in the plant, so the plant resistance against water
stress increases (Kafi and Damghani, 2007). In
general, plant hormones such as gibberellin lead
to a change, release or probably produce regulator
protein and as a result, the activity of this protein is
only found in Aleurone cells which have received
the hormonal message(Taiz & Zeiger, 2005).

The present paper aimed to study the effect of
pre- soaking of seed with GA3 and water deficit on
some growth characters, photosynthesis pigments
(Chl. a, Ch. b and carotenoids), anatomical
characters and yield of two sugar beet cultivars.

Materials and Methods

Two field experiments were conducted during
the winter seasons of 2013/14 and 2014/15 at
Experimental Farm, Faculty of Agriculture,
Suez Canal University, Ismailia, Egypt to study
the effect of GA3 on behavior of two sugar beet
(Beta vulgaris L) cvs, Farida and Sultan. Seed
of both cultivars were obtained from Sugar Crops
Institute Research, Agriculture Research Center,
Giza, Egypt. Seeds were soaked for 10h in 50,
100 and 150mgL' of GA3 and distilled water
(control treatment) as four treatments. Irrigation
treatments application were imposed using 100%,
75% and 50% of the amount of daily irrigation
were calculated by CROPWAT software version
7.0 (Smith, 1991) from agro-meterological
data of the studied area, Eto (the reference
evapotranspiration (mm/day) ) and Kc (the crop
coefficient). From this method, the amount of
water that equivalent to 100%, 75% and 50%
are 2059, 1544 and 1029m’, respectively. The
experimental sub-sub plot consisted of 5 ridges
5m in length and 60cm in width (area =15m?) .

Growth characters

At 120 days after sowing, ten plants were
taken randomly to record: Fresh and dry weights
of shoot/plant (g) and number of leaves/plant.

Photosynthesis pigment content

The photosynthesis pigments (Chl. a, Chl.
b and carotenoids) were determined in the 3
leaf of sugar beet after 120 days from sowing.
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Every sample of leaves was collected and put
it in ten ml acetone 85% in a dark bottle, and
left to stand for 15h at room temperature, the
sample was then filtered on glass wool into a
100ml volumetric flask, and made up to volume
by 85% acetone solution. The optical density of
the sample was then measured at wave length
440.5, 644 and 662nm using a Beckman DK-2
Spectrophotometer.

Chlorophyll a = (9.784 x E 662) — (0.99 x E 644)
=mg g'D.Wt.

Chlorophyll b=(21.426 x E 644) — (4.65 x E 662)
=mg g'D.Wt.

Carotenoids = (4.695 x E 440.5) — 0.268
(chlorophyll a+b) = mg g'D.Wt.

E = Optical density at the wave length indicated
(Wettstein, 1957 and Fadl & Sari El- Deen ,
1978).

Leaf osmotic pressure (LOP)

It was measured via two steps:

Firstly: Sample of leaves were taken randomly
from each sub —sub plot and put in desiccators
contains concentrated nitric acid and covered for
Smin.

Secondly: The samples were squeezed to
obtain the cell sap on the manual refractometer
to determine total soluble solids (T.S.S). Osmotic
pressure was calculated with the following
formula according to Gosav (1960):

O.P=T.S.5.x1.013

Relative water content (RWC) of leaves

Leaf relative water content (RWC) was
proposed as a better indicator of water status.
RWC, through its relation to cell volume,
may more closely reflect the balance between
leaf water supply and transpiration rate.
RWC was determined according to Schonfeld
et al. (1988) for combined analysis for
both seasons using the following equation:

Fresh weight - dry weight o
Turgid weight - dry weight

RWC %= 100

Histological characters
Some characters of transverse sections of the
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leaf were estimated in the second season (2014-
15) such as, thickness of mysophyll, thickness of
midrib, thickness of palisade tissue, thickness of
spongy tissue, average number of xylem vessels/
vascular bundle, thickness of vascular bundle,
thickness of collenchaymatous tissue and upper
epidermis. All measurements estimated in my.

Killing and fixation of leaf sample in
70% formalin acetic acid (F.A.A.) solution,
dehydration and clearing with ethyl-alcohol
and xylene, infiltration and embedding in pure
parafine wax (M. P. 56-58°C) were carried out
as described by Nassar & El-Sahhar (1998).
Using a rotary microtome, sections of leaf
(15n) were obtained and stained with safranin
and light green. Sections, in such cases were
microscopically examined and analyzed with the
image processing program Image. Anatomical
examination and measurements were achieved
using a Leica light Research Microscope model
PN: DM 500/13613210 supplied with a digital
camera.

Root and sugar yields/faddan (ton)

Root yield of each sub- sub plot was
determined then root yield per faddan (ton)
was calculated. sugar yield was calculated by
multiplying sucrose% of each treatment by
root yield per faddan. Sucrose percentage was
determined by propol automatic polar meter
on lead acetate extract of fresh macerated roots
according to the method of Le-Docte (1927).

Statistical analysis

This study was analyzed by using appropriate
analysis of variance (ANOVA) for three factorial
experiments in split — split plot design with three
replications. Whereas, water stress treatments
were allocated in the main plot, while varieties
in the sub plots and GA3 treatments in the sub-
sub plots. Statistical analysis was done using the
COSTAT programe for Window, version 6.311
(Cohort Software, Berkeley, CA, USA). The
differences between means were compared using
the least significant difference test (L.S.D) at 5%
levels according to Snedecor & Cochran (1980).

Results and Discussions

Data in Tables 1, 2 and 3 showed that
increasing drought stress (water regime) from
100 to 50% FC significantly decreased both fresh
and dry weights of shoot/plant (FW, DW) as well

as number of leaves/plant and that was true in
both seasons. FW of leaves/plant decreased by
20.4% and 28.8% in 1% season and by 22.3% and
37.4% in 2™ season under drought treatments
100% (control treatment) compare to 75 or 50%
FC, respectively. DW of leaves/plant decreased
by 17.7% in 1* season and by 40.3% in 2™
season as water stress increased to 75% or 50%
compared with control treatment. Also, number
of leaves/plant decreased by 14.7% and 35.4% in
the 1* season and by 32.2% and 49.1% in the 2™
season when drought treatments extended to 75%
or 50% FC.

Farida cv. significantly surpassed Sultan
cv. in FW and DW of leaves/plant as well as
in number of leaves/plant and that was true in
the two growing seasons (Tables 1, 2 and 3). It
meaning that drought tolerant associated with
genetic structure of plants and deferred according
to varieties and cultivars.

Increasing GA3 level from 50mg/L to
100mg/L or 150mg/L significantly increased FW
and DW of leaves/plant as well as number of
leaves per plant. Also, all examined levels of GA3
superposed the control treatment that held true
under both sugar beet cultivars in the two growing
seasons (Tables 1, 2 and 3). However, FW treated
by 150mg/L GA3 and exposed to drought 50%
FC accumulated about (448g and 593g for Farida
cv. 385¢g and 535g for Sultan cv. in 1% and 2™
seasons, respectively) surpassed the FW of either
those plants which accumulated under 50mg
GA3 and 75% FC treatment (395g and 483g for
Farida cv. and 350g and 448g for Sultan cv. in the
successive seasons, respectively) or those plants
which untreated by GA3 and 100% FC (410g and
503g for Farida cv. and 287g and 450g for Sultan
cv. in the two seasons, respectively).

DW of leaves/plants under 50% FC and
treated with 150mg/L GA3 (66.7g and 71.7g for
Farida cv. and 53.3g and 60g for Sultan cv. give
equaled or superposed values of DW than those
100% FC and untreated with GA3 or those under
75% FC and treated with 50mg/L GA3 and true
in the two growing seasons. On the other hand,
number of leaves/plant which irrigated every 15
days and treated with 150mg/L GA3 recorded
values equaled or surpassed those under 75% FC
and untreated with GA3 and that was true for both
sugar beet varieties in the seasons.

Egypt.J Agron. 40, No.2 (2018)
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The previous results were agreed with,
Mohammadian et al. (2005) who reported that
water stress affected root DW more than shoot
DW in sugar beet. Also, Wu et al. (2014) found
that drought reduced shoot FW and water content.
Abbas (2013) show that GA3 increased shoot
DW of Dill (4nethum graveolens L). Moreover,
Kaya et al. (2006) stated that water stress reducedt
he leaf dry weight, in maize. Shreelalitha et al.
(2015) found that the GA3 acid enhanced the
shoot growth and shoot DW in corn. Bayomi
(2002) found that leaf growth was more sensitive
to soil water deficit, which lead to regression of
top yield in sugar beet.

Photosynthetic pigments concentration (mg/g
DW)

It is clearly evident from Data illustrated in
Fig 1, 2 and 3 that exposed plants to high level
of drought (75 and 50%) reduced the amount of
chlorophyll a, b (Chl. a, b) and total carotenoids
and this result held result held true for both
sugar beet cultivars in the two seasons. Sultan
cv. was more affected by 50% FC (high level of
stress) than Farida cv. concerning these traits.
Increasing levels of GA3 enhanced the levels of
photosynthetic pigments under the three FC levels
compared with the 100% FC (control). These
results were coordinated with Shaddad et al.
(2013) who obvious that GA3 treatments improved
the photosynthetic pigments and consequently
the crop yield of two wheats cultivars. Cornic
& Masacci (1996) explained that reduction soil
water content caused stomatal closure which
leading to a lower internal CO, concentration, as
a result it limited the photosynthesis efficiency.
Kaya et al. (2006) stated that water stress reduced
chlorophyll concentration in maize and GA3
improved the water stress tolerance in maize
plants by maintaining the membrane permeability,
enhancement the chlorophyll concentration. In
addition, Shreelalitha et al. (2015) found that the
GA3 acid enhanced the carotenoids in the corn
plants. Using of plant growth regulators as GA3
and cytokinin, stimulate increasing synthesis of
photosynthetic pigments (Salehi Sardoei, 2014).

Relative water content (RWC) and leaf osmotic
pressure (LOP)

Relative water content (RWC) and leaf
osmotic pressure (LOP) were determined to give
indication about the plant water status for the three
factors of the experiment. Figure 4 and 5 showed
significant differences between the sugar beet

cultivars in RWC and LOP, whereas Farida cv.
surpassed Sultan cv. in both traits. RWC reduced
by increasing drought levels, but enhanced by
increasing GA3 levels under drought stress. Wu
et al. (2014) found that drought reduced water
content.

Farida cv. maintained higher RWC under
stress conditions results demonstrated that
Farida was more drought tolerant than sultan cv.
Moreover, it can be concluded that Farida cv. may
tend to arise its RWC, by higher accumulation
of solute and osmotic metabolites. Therefore,
osmotic adjustment raises the RWC of plant under
drought mentioned by Ritchie et al. (1990).

In contrast trend, osmotic pressure (Fig. 5) was
increased by increasing drought levels and reduced
by increasing GA3 levels under drought stress.
These results are in harmony with those obtained
by Kafi & Damghani (2007) and Ashraf & Iram
(2002). Kusvuran (2012) cleared that osmotic
potential and leaf water potential were decreased
with drought stress. Kaya et al. (2006) stated that
water stress reduced leaf (RWC) in maize and
GA3 improved the water stress tolerance in maize
plants by maintaining membrane permeability,
and improve the (RWC) in leaves.

Root and sugar yields/faddan (ton)

Data in Table 3 showed that lengthen of water
stress levels (from 100% to 75% or 50% FC)
lead to significantly decrease in root yield/fad.
Decreasing of root yield was by 23% and 40% in
the 1 season and by 21.2% and 33% in the 2™
season, respectively.

Increasing of GA3 level from 50 to 150mg/L
GA3 gave significant increment of root yield/fad.
Increment of root yield in Farida cv. was 30 to
74.3% in the first season and 11.2 to 59.9% in
the 2™ season, respectively. Also, Sultan cv. in 1%
season by 37.3% to 64.4% in the first season and
by 4.5 to 29.3 in the second one compared with
control.

Farida cv. surpassed Sultan cv. in root yield/
fad by 18.3% in 1% season and by 13.5% in the
2, Data of sugar yield (ton/fad) gave the same
trend of root yield/fad as affected by water stress,
GA3 levels and varietal differences of sugar beet
(Table3). The results were agreed with other
(Caro & Cucci, 1986 and Sayfzadeh & Rashidi,
2010) who found that water stress in the early

Egypt.J Agron. 40, No.2 (2018)



® 50 % FC

2014 -15

T 100% FC BETFS5%FC

These declines were depending on the duration of

accumulation, root yield, top yield, sugar yield.
drought. Increasing of drought period, increased
have increased as result of decreasing of water

content in the roots. But sugar yield was more

affected by root yield which more sensitive to
drought (Javaheri et al., 2006 and Hoffmann,

stress severity. Physiologically, sucrose % may
2010)

stress caused significant declines in dry matter
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® 50 % FC

w75 % FC

2013 -14

= 100% FC

stage of sugar beet growth reduced root yield.
Shaddad et al. (2013) found that GA3 treatments

improved the crop yield in wheat. Carter et al.
compatible solutes in the storage root of beets

under drought affected the sucrose content.
Entessar & Abbas (2013) found that drought

soil water deficit decreased sugar yield and sugar
(2010) concluded that the accumulation of

(1980) and Mahmoodi et al. (2008) found that
concentrations in sugar beet. While Hoffmann
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Fig 5. Effect of GA3 and FC% on treatments leaf osmotic pressure (LOP) of two sugar beet cultivars (Farida and
Sultan) at 120 days from sowing during 2013/14 and 2014/15 seasons.
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Anatomical characters

Measurements as, average of palisade tissue
thickness and average of spongy tissue thickness,
midrib (um) average of midrib thickness, number
of xylem vessels/main vascular bundle, thickness
of collenchymatous tissue and upper epidermis
and thickness of vascular bundle were illustrated
in Table 4 and Plate 1, 2. Sugar beet (Farida
and Sultan cvs.) grown under normal conditions
(100%) gave the maximum values of mesophyll,
midrib, thickness of collenchymatous tissue
and thickness of vascular bundle. In contrary,
increasing of water stress reduced all previous
traits. On the other hand, number of xylem
vessels/main vascular bundle (um) was increased
with lengthen drought levels. GA3 treatments (50,
100 and 150mg/L) was increased all anatomical
measurements compared to control (untreated
treatment) in both cultivars. Increasing of GA3
level to 150mg/L gave an increase palisade tissue
by 48% and 33% in spongy tissue by 47.8% and
by 39%, in midrib thickness by 32% and 11.9%
in number of xylem vessels by 11% and 31.5%
in thickness of collenchymatous tissue by 29%
and 14.2% in thickness of vascular bundle by
33% and 20.1% compared with control for Farida
and Sultan cvs., respectively. Briefly, 150mg/L
GA3 treatment gave 100% FC approximately the
same results at control treatment and sometimes

superposed in some values as number of xylem
vessels/main vascular bundle which is the one of
important character related with drought tolerant.
In this regard, Aldesuquy (1992) reported that
GA3, had special effects on leaf anatomy and
chloroplast structure in wheat. However, Abbas
(2013) illustrated that GA3 decreased significantly
vascular bundles thickness and vascular units
diameter of Dillplant (Anethum graveolens L)
under water stress. Also, Agamy (2004) and Xu et
al. (2008) investigated the effect of some growth
regulators on the anatomical characters of several
plants and found a pronounce effects on thickness
of epidermis and cortex and number and diameter
of vascular bundles in sweet fennel. Under water
stress, Bahrami et al. (2013) illustrated that
the leaves thickness and xylem width could be
considered key structural features of leaves that
manage the ability of a safflower genotype to
tolerate water deficit stress. Zhang et al. (2014)
reported that drought stress reduced mesophyll
cells and the cells in vascular structure in sugar
cane plants. Sankar et al. (2013) showed that
water deficit was very much reduced the thickness
of the leaf, upper and lower epidermis and the
number of cells per unit area in the palisade and
spongy regions. The palisade and spongy layers
of mesophylls were well-differentiated, and the
cells are wide and long on peanut plants.

TABLE 4. Effect of GA3 and FC% treatments on anatomical characters of two sugar beet cultivars ( Farida

and Sultan) during 2014/ 15 season.

Average of palisade tissue

Average of spongy tissue

Average of midrib thickness

thickness (um) thickness (um) (pm)
Var GA3
. mg/L 100% 75 50% 100% 75 50% 100% 75 50%
FC %FC FC M pc orc FC MM pc  opc pc  Mean
Control 137 127 103 122 93.0 65.0 50.0 69.0 1027 1060 853 980.0
50 120 130 116 122 73.0 70.0 77.0 73.0 1086 1107 950 1047
. 100 143 137 120 133 103 90.0 63.0 850 1186 1297 1040 1174
Farida
150 210 150 183 181 130 90.0 87.0 102 1307 1347 1240 1298
Mean 152 136 130 139 100 79.0 69.0 82.0 1151 1202 1020 1124
Control 130 120  83.0 111 70.0 70.0 430 61.0 1147 1037 990 1058
50 150 120 110 127 83.0 70.0 57.0 70.0 1190 1053 1020 1087
100 140 130 113 128 97.0 83.0 60.0 80.0 1267 1090 1033 1130
Sultan
150 160 160 123 148 103 90.0 63.0 850 1300 1133 1120 1184
Mean 145 132 107 128 88.3 783 558 740 1226 1078 1040 1114
Mean 149 134 118 942 787 624 1188 1140 1030

LSD FC%=23,GA3=22,Var=1.03; LS.D FC%=1.7, GA3=1.3, Var=0.68;
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LS.D FC%.=13,GA3=1.5, Var. = 0.63.
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TABLE 4. Cont.

Number of xylem vessels/main Thickness of collenchymatous Thickness of vascular bundle

Var. GA3 vascular bundle (um) tissue and upper epidermis (nm)
mg/L (um)
100% 75 50% Mean 100% 75 50% Mean 100% 75 S50% Mean
FC %FC FC FC %FC FC FC %FC FC
Control 150 19.0 19.7 179 363 290 223 292 243 212 200 218
Farida 50 16,0 19.0 207 186 300 310 260 290 300 226 210 245
100 173 200 210 194 310 347 275 310 300 260 220 260
150 180 200 21.7 199 440 353 340 377 310 280 280 290
Mean 16.6 195 20.8 758 353 325 274 317 288 244 227 253
Control 183 193 193 190 333 320 300 317 223 210 210 214
Sultan 50 19.7  21.0 21.7 208 350 323 310 327 250 223 210 228
100 200 213 21.7 210 380 332 310 340 250 230 220 233
150 237 253 260 250 397 350 340 362 310 240 222 257
Mean 204 21.7 222 215 365 331 315 336 258 226 215 233
Mean 185 206 215 359 328 294 273 235 221

LSD FC%=6.4,GA3=4.5,Var=25; LSD FC%=0.13,GA3=0.16, Var=0.08; L.S.D FC%=1.77,GA3=2.18, Var.=1.36.

50 mg/l at 75% FC 50 mg/l at 50% FC

50 mg/l at 100% FC

100 mg/I at 50% FC

150 mg/l at 100% FC 150 mg/l at 75% FC 150 mg/I at 50% FC

Plate 1. Cross sections of leaves of sugar beet Farida cv. under GA3 and FC% treatments during 2014/2015
season. A: Palisade tissue thickness (um), B: Spongy tissue thickness (um) and C: Midrib thickness (um).
Bar=100pm.
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50 mg/l at 100% FC

—

150 mg/l at 100% FC

150 mg/l at 75% FC

150 mg/l at 50% FC

Plate 2. Cross sections of leaves of sugar beet Sultan cv. under GA3 and FC% treatments during 2014/2015 season.
D:Thickness of collechymatous tissue and upper epidermis (um) and E: Thickness of vascular bundle (pm).

Bar=100pm.

Conclusion

It could be concluded that pre-soaking of seed of
Beta vulgaris cvs. Farida and Sultanin with GA3
solutions enhanced plant growth parameters,
photosynthetic pigments, anatomical characters
and yields of root and sugar. Moreover, 150 mg/L
GA3 treatment gave the best results under normal
and drought conditions.
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