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ABSTRACT

A study was carried out to determine the effect of different concentrations of
sucrose because of its great importance in supplying plants with their needs of
carbon and energy.From this study it was shown that the extent of its effect on
the efficiency of the construction process photosynthesis and the consequent
increase in the content of starch and soluble proteins in the wheat plants.
Furtrhermore, it was found that adding sucrose to the nutrient medium at a
concentration of 15% had a very significant effect in improving the content of
optical pigments from chlorophyll a (0.72 mg g* FW), chlorophyll b (0.56 mg
g FW) and carotenids (1.27 mg g* FW). It had also a great effect on starch
and protein content 147 mg g* FW and 118 mg g* FW respectively when
measured in seedlings of wheat plants at the age of 21 days compared to the
control.

(Triticum aestivum L.) zedll <Ois sais i) e 5 <) il
Dfadl Al &

opaidl adal

el sl Cndlodn 3 et 3 (Traticum aestivum L ) el Ol sés o) e 598010 b
Jaor 5580 &Sy ¢ By 05, S oa LBl bl L sl (3 358 2l d W 5o S e w815 100

40 e .8 EENEES

L pop § ey SLARL ] 5o S BLaY ol el S5 3 ¢ U s 3 o gl aadl Slogd)
@l e 23 e (o by el elid) Bdes 38 e 59, Sl b (sa Lo Bhak iyl odg L3 a1 104
e 5B OTYTS S SLAM damy 1) 55, S 3L OF bargy ool Ol @ 2 Syl Ladl (5522
s el N ke (1.27) s Sy (0.56) < 5 (0.72)1 J,5l8" r apiall Lot o2 g 3 T
wld e Ul e (D iy ol IS pnbe) 118 5147 cgpdly Ladh g2 e 55 136 J OSLST.

Al degel Bylis Uy 21 e e el oBL5 oM 3

INTRODUCTION

respiration, developmental processes and acts as a storage
compound and helps to maintain the osmotic pressure in

Sucrose is one of the important sugars, and is the major
carbon form translocated in higher plants. It has multiple

the cytosol, especially during stress (Rita, 2005). Sucrose
plays an important role during germination and seedling
development, where it is transferred to the roots and plant

functions such as regulating my process photosynthesis,
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growth promotion (Eastmond, 2006). Seed germination is
a basic factor which contributes for the crop yield. In
addition, seed germination stage is the initial and delicate
stage in the plant life cycle. It is greatly influenced by
any external addition as well as environmental factors
(Soltani et al., 2008).

Wheat (Triticum aestivum L.) is an important cereal crop
used as staple food in many parts of the world and is
a moderate salinity tolerance crop. Wheat is an essential
food for humans, and it is one of the most important
sources of carbohydrates in most parts of the world. It is
involved in many food industries and wheat ranks first
among other crops (rice, corn and potatoes) in terms of
area and production at the global level (MOA, 2013).

Hence, this study was conducted to determine the optimal
seed germination by assessing the role of sucrose in
germination and seedling development by investigating
some of the physiological and biochemical characteristics
of wheat tissues.

MATERIALS AND METHODS

Plant Materials

The wheat seeds used in this study were purchased from
local market in Al Bayda — Libya. The seeds were
identified and authenticated as Triticum aestivum by
Botanists in Department of Botany, Faculty science,

Omar Al-Mukhtar University, Al Bayda — Libya.
Sterilization and germination

Mature seeds of Triticum aestivum were sterilized
according to Khadija and Rabha (2017). Sterilized seeds
were placed on half basal of MS medium (20 ml) with 0.1
g I*myo-inositol, 5 g I'* agar and deferent conentrations
of sucrose (5, 10,15,20, 25, and 30 g I'Y) were tested for
in vitro condition. Culture medium without sucrose as
control than the pH of the culture media was adjusted to
5.8. Six seeds were grown in glass culture vessels and all
cultures were incubated under a 16/8 h light \dark at a
temperature of 25+1C°.

Estimation of photosynthetic pigment contents

The photosynthetic pigment was extracted from the
Triticum aestivum plant Leaves (0.2 g) disks using the
Hiscox and Israelstam (1979) procedure. Each disc was
cut into smaller pieces and placed in a test tube containing
10 mL of dimethyl sulfoxide (DMSO). All samples were
incubated at 70°C for 30 min. Extract was centrifuged at
5,000 rpm for 15 min and absorbance was recorded at 646
and 663 nm for chlorophyll (a and b) estimation and at
470 nm for carotenoids. Pigment content was calculated
according to the following formulae as reported by
Lichtenthaler and Wellburn (1983):

Chlorophyll a=12.25 Aeeg —-2.79 A646
Chlorophyll b=21.21 Asss — 5.1 Asss

Carotenoids = (1000 A4z — 1.8 Chl a — 85.02 Chl
b) /198

Extraction and estimation of starch

Estimation of starch was carried out following by
McCready et al., (1950) method. Sample (0.1 g) from
dried sugar free pellet following by Angelov et al., (1993)
method were suspended in 2.5 ml of distilled water and
subsequently 3.5 ml of 52% (v/v) perchloric acid (PCA)
was added to the residue after stirring the mixture, the
content was centrifuged for 15 min at 4,000 rpm. The
supernatant was decanted, collected and the whole
procedure was repeated twice. Supernatant of each step
was then hydrolysied poured and the total volume was
made up to 15 ml with distilled water. After filtration, 1.0
ml of the aliquot of this filtrate was analyzed for starch
content following the same procedure as that of total
soluble sugars. Quantity of starch was calculated in terms
of glucose equivalent. The quantity of starch was
expressed mg glucose/g DW.

Estimation of total soluble proteins

The total soluble protein measurement was conducted
according to the method described by Hartree (1979).

Statistical analysis

The test of least significant using difference (L.S.D) at the
level of 0.05% significance was used to examine
differences among treatment means and interactions.
Data were statistically analyzed using MSTAT-C
software package according to the method described by
Freed et al., (1989).

RESULTS AND DISCUSSION

Changes in photosynthetic pigments

The content of photosynthetic pigments (chlorophyll a, b
and carotenoids mg g* FW) in Triticum aestivum leaves
were significantly higher with different concentrations of
sucrose compared to control (Table 1). Sucrose-treated
plants (15%) caused a high significant increase in
photosynthetic pigments compared to untreated plants
(72 and 56 mg g'* FW chlorophyll a, b, respectively). The
recorded data indicated that the use of sucrose with
different concentrations had been successful in improving
the content of pigments in plant leaves. The recorded data
in Table 1 showed that the application of sucrose
enhanced the biosynthesis of carotenoid in the treated
plants and this increment was greater at plants treated
with 15% of sucrose (1.27 mg g* FW).

Changes in starch contents

The changes of starch contents of
Triticum aestivum shoots of regenerated plantlets are
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shown in table 2 . High significant correlation had been
showed between the photosynthetic pigments content and
carbohydrate fractions (total starch). However, cultured
medium amendment with 15 and 20% of sucrose
enhanced the synthesis of soluble sugars, which lead to
increase in starch content. On the other hand, increasing
of sucrose in the culture media up to 30% significantly
reduced the tested carbohydrate fractions referred to
control.

Changes in total soluble protein

The effect of various concentrations of sucrose on the
total soluble protein of Triticum aestivum plantlets leaves
is represented in table 2. The results indicated that the
high concentrations of sucrose (25 and 30%) caused high
significant decrease in the total soluble proteins content
of plantlets shoots below those of untreated ones (28.09
and 31.07 mg g!' FW). On the other hand, the low
concentration of sucrose (10 and 15%) caused opposite
pattern of change in shoot of Triticum aestivum plantlets.

Table 1: Effect of exogenous different consternation of sucrose (%)
to MS culture media on photosynthetic pigments
chlorophyll a, chlorophyll b and carotenoids of leaves of
Triticum aestivum regenerated plantlets at two weeks
harvesting time after application.

Parameters L
Photosynthetic pigments (mg g** FW)
consternatioq of Chlorophyll a | Chlorophyll b | Carotenoids
sucrose (%)
control 0.20e 0.11d 0.35f
5 0.42d 0.28c 0.61d
10 0.25e 0.16d 0.45e
15 0.72a 0.56a 1.27a
20 0.70a 0.49b 1.11b
25 0.66b 0.32¢ 0.70c
30 0.59c 0.30c 0.65cd
LSD at 5% 0.62 0.064 0.085

Means having the same letters in a column were not significantly
different at p<0.05

Table 2: Effect of exogenous different consternation of sucrose (%)
to MS culture media on starch and total soluble proteins (mg
g-1 FW) of leaves of Triticum aestivum regenerated
plantlets at two weeks harvesting time after application.

Parameters
: starch proteins
consternation o ose
(%)
control 72.50c 99.03c
5 62.17d 87.32¢
10 55.07e 118.12a
15 147.67a 118.22a
20 101.51b 112.21b
25 72.50c 28.09d
30 60.18d 31.71f
LSD at s% 0.44 0.1

Means having the same letters in a column were not significantly
different at p<0.05

DISCUSSION

Sucrose plays a role as a signaling molecule that regulates
a variety of genes operating in the photosynthetic system
and the building blocks of many compounds such as
amino acids and proteins (Koch, 2008). An increase in the
content of photosynthetic pigments leads to an increase in
the rate of photosynthesis in plants, which is attributed to
the role of sucrose in modifying the plasma membrane
(Jang, 1997), and thus increases the absorption of
nutrients, as well as improving metabolic activities
(Araki, 2001).

The effects of sucrose on germination differ according to
the concentration and the genotype of the plants, as low
concentrations had a weak effect while medium
concentrations succeeded in promoting germination, and
on the contrary, high concentrations negatively affected
the germination process and its delay, indicating that
sucrose promote or prevent healthy germination
depending on Focus This is what our study and many
other studies confirmed. The 15% concentration of
sucrose was significantly better at improving the
efficiency of photosynthesis and the content of starch and
protein pigments. In contrast, elevated levels of sucrose
(25 and 30%) in the nutrient medium impeded hypocotyl
elongation in the dark (Jang et al., 1997) and induced light
in Arabidopsis seedlings (Dijkwel et al., 2010; Jang et al,
2012). Application of Sucrose medium concentrations
(15 and 20 %) of the concentrations used increased the
total chlorophyll contents and its fractions in Brassica
juncea (Goren et al., 2011). Previously Fujii et al., 2010
also reported that photosynthetic pigments in Hibiscus
sabdariffa were increased by sucrose. In addition,
Sucrose was protected pigment-protein complexes
resulting in decreased degradation of chlorophyll.
However, sucrose treatments with high concentration in
vitro Triticum aestivum plantlets resulted in Significant
decrease in chlorophyll a, b and carotenoids content
compared to the control. The main functions of soluble
polysaccharides are osmotic regulation and carbohydrate
storage and polysaccharides can cause cell membrane and
protein stability. This can be done by forming hydrogen
bonds between carboxylic protein groups and the polar
sugar chain (Koster and Leopold, 1988). It was found that
the sucrose content increased in tomato (Solanum
lycopersicum) under salinity due to the increase in the
activity of sucrose phosphate synthase, hence the
efficiency of sugars in protecting plants under
physiological stress (Gao et al., 2018). The positive
impact of the Sucrose on the production and metabolism
of carbohydrates is quite well known in plants (Vardhini
et al., 2011 and Agami, 2013). The results presented in
this study indicate an increase in the Photosynthetic
pigments starch and total soluble proteins content in shoot
and root in vitro plantlets under Sucrose application,
which might be caused by an enhanced photosynthetic
capacity of tissues account by elevated photosynthetic
pigments contents. The results presented in this study
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indicate an increase in the starch content in shoot in vitro
plantlets under sucrose application, which might be
caused by an enhanced photosynthetic capacity of tissues
account by elevated photosynthetic pigments contents. In
accordance the previous study performed by Vardhini and
Rao (2002) which revealed the ability of BR to increase
content of carbohydrates fractions. sucrose treatments
cause enhancement in soluble protein levels in in vitro
plantlet shoot in comparison with non-treated which may
be due to sucrose function in accelerating cell division
and cell elongation commitments to their specific
enzymes synthesis superior levels were recorded in
shoots (table 2). In accordance with the present study, the
profound increase in soluble protein contents reported in
many plants under the influence of sucrose application: in
Pisum and Raphanus sativus (Mahesh et al., 2013).

CONCLUSION

We have concluded through our study that it is necessary
to add sucrose in medium concentrations because of its
great importance in promoting and stimulating the
germination process of Triticum aestivum plants through
large increase in the content of starch and protein and
increasing the efficiency of the photosynthesis process.
Hence, the plants germination and stimulation enhanced
with the addition of sucrose and could be possible way
growth for wheat seedlings in vitro condition.

ACKNOWLEDGEMENT

AUTHOR WISH 10 THANK BOoTANY DEPARTMENT
FROM OmMAR AL-MUKHTAR UNIVERSITY, AL
BAYDA - LIBYA FOR ME SUPPORT.

REFERENCES

Agami RA (2013) Alleviating the adverse effects of NaCl
stress in maize seedlings by pretreating seeds with
salicylic acid and 24-epibrassinolide. Afr J Bot,
88: 171-177.

Angelov, M.N. Byrd, G.T. Brown, R.H. Black, C.C.
(1993) Novel characteristics of cassava, Manihot
esculenta Crantz, a reputed C3-C4 intermediate
photosynthetic species. Plant Growth Regul,
38:61-72.

Araki, T. (2001) Transition ~ from  vegetative to
reproductive phase. Curr Opin Plant Biol 4:63-68.

Dijkwel P.P, Huijser C,  Weisbeek P. J,Chua N
H, Smeekens SCM. (2010) Sucrose control of
phytochrome A signaling in Arabidopsis. Plant
Cell 9:583-595.

Eastmond, P.J. (2006) Susgar-dependent encodes a
patatin domain triacylglycerol lipase that initiates
storage oil breakdown in germinating arabidopsis
seeds. The Plant Cell, 18, 665-675.

Freed R, Einmensmith SP,Guetz S,Reicosky D,Smail
VW,Wolberg P (1989) User's guide to MSTAT-
C. An analysis of agronomic research
experiments. Michigan State Univ. USA.

Fujii, S., Hayashi, T., and Mizuno, K. (2010). Sucrose
synthase is an integral component of the cellulose
synthesis machinery. Plant Cell Physiol. 51, 294—
301. doi: 10.1093/pcp/pcpl90.

Gao Z, Sagi M, Lips SH (2018) Carbohydrate metabolism
in leaves and assimilate partitioning in fruits of
tomato (Lycopersicon esculentum L.) as affected
by salinity. Plant Sci, 135 (2): 149-159.

Goren, S., Huber, S. C., and Granot, D. (2011).
Comparison of a novel tomato sucrose synthase,
SISUS4, with previously described SISUS
isoforms reveals distinct sequence features and
differential expression patterns in association with
stem maturation. Planta 233, 1011-1023. doi:
10.1007/s00425-011-1356-5.

Hartree, E.F. (1979) Determination of protein—
Modification of Lowry method that gives a linear
photometric  response. Anal.  Biochem. 1972;
48:422-427. doi: 10.1016/0003-2697(72)90094-
2.

Hiscox, J. D. ISRAELSTAM, G. F. (1979) A method for
the extraction of chlorophyll from leaf tissue
without maceration. Canadian Journal of Botany,
v.57,n. 12, p. 1332-1334, 1979.

Jang JC, Le6n P, Zhou L, Sheen J (2011) Hexokinase as
a sugar sensor in higher plants. Plant Cell 9:519.

Khadija, M. and Rabha, M. (2017 ) Impact of gibberellic
acid (GA3) on growth and physiological activities
of Lepidium Sativum L. in vitro www.gsj-
pub.com Global Journal of Plant Science 2 (2017)
16-2.

Koch, K.E. (2008) Carbohydrate-modulated gene
expression in plants. Annu Rev Plant Physiol
Plant Mol Biol 47:509-540.

Koster KL, Leopold AC (1988) Sugars and desiccation
tolerance in seed. Plant Physiol, 96: 302-304.

Lichtenthaler, H. Wellburn, A. (1983) Determinations of
total carotenoids andchlorophylls a and b of leaf
extracts in different solvents. Bio Soc Trans, 11:
591-592.

Mahesh K, Balaraju P, Ramakrishna B, Ram Rao S
(2013) Effect of sucrose on germination and
seedling growth of Radish (Raphanus sativus L.)
under PEG-6000 induced water stress. Amer J
Plant Sci, 4: 2305-2313.

McCready, R.M. Guggloz, J. Silviora, V. Owens, H.S.
(1950) Determination of starch and amalyase in
vegetabless. Application to peas. Anall Chem, 29:
1156-1158.

MOA. (2013) Pocket Book on Agricultural Statistics,
Ministry of Agriculture, Department of Agriculture
and Cooperation, Government of India, New Delhi
(http://eands.dacnet.nic.in).

Rita. T. (2005) Modified sucrose, starch, and ATP levels
in two alloplasmic male-sterile lines of B. napus.
Journal of Experimental Botany, 56(414), 1245-1253.

Soltani, E. Akram, F. Maemar, H. ( 2008). The effect of
priming on germination components and seedling

Libyan Journal of Ecological & Environmental Sciences and TeChnologY .......ccocveevevevveieeieveieeeieieeeeee e 28


http://en.wikipedia.org/wiki/Raphanus
http://www.gsj-pub.com/
http://www.gsj-pub.com/
http://eands.dacnet.nic.in/

Influence of Sucrose On Germination and Seedling Growth of Wheat (Triticum aestivum L.) In Vitro Condition

growth of cotton seeds under drought. J Agricul Sci ~ Vardhini BV, Sujatha E, Rao SSR (2011)

Nat Res 2008; 14(5): 9-16. Brassinosteroids: Alleviation of water stress in certain
Vardhini BV, Rao SSR (2002) Acceleration of ripening enzymes of sorghum seedlings. Plant Phytol, 3(10):
of tomato pericarp discs by brassinosteroids. 38-43.

Phytochemistry, 61:843-847.

Libyan ]ourna/ ofEco/ogica/ & Environmental Sciences and Teclmo/og ................................................. 29



