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Introduction                                                                   

Climate change is now undeniable and causes 
harsh environmental stresses for plants. One of 
the drastic consequences of the climate change is 
cold temperature during winter. Cold temperature 
is one of the most critical abiotic types limiting 
plant growth and productivity causing significant 
crop losses (Xin & Browse, 2000 and Lesk et al., 
2016). Cold stress-induced injury in plants may 
appear after 48 to 72 h of stress exposure (Yadav, 
2010). Generally, exposure of plants to extreme 
waves of cold stress causes severe damage to 
plant cell membrane, leading to solutes leakages 
and then cell death (Steponkus, 1984). Also, it 
causes a significant reduction in net photosynthesis 
through decreasing the yield of photosystem II 
(Fv/Fm), efficiency of photosystems I and II 
(PIABS) as well as content of total chlorophyll 
a and b (Hajihashemi et al., 2018). In addition, it 
causes changes in metabolism of the carbohydrates 
(Frankow-Lindberg, 2001) and causes oxidative 
stress by increasing the accumulation of reactive 
oxygen species (ROS) (Dreyer and Dietz, 2018).
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THE MAIN aim of the current study was to investigate the effect of yeast extract (YE) 
and glycinebetaine (GB) on mitigation of the low temperature stress in tomato plants cv. 

Basha 1077 F1 during the winter season. Sixteen treatments, four YE (0, 3, 6 and 9 g/L), four 
GB concentrations (0, 5, 10 and 15 mM) and their interaction, were applied and arranged in a 
randomized complete block design with a split plot arrangement with three replicates. The study 
results indicated that tomato plants positively responded to the foliar applications of YE and 
GB. It showed that increasing of foliar application of YE concentrations up to 9 g/l increased 
the vegetative traits (shoot fresh and dry weights, and root fresh and dry weights), yield traits 
(fruit weight, fruit weight per plant, total yield and marketable yield) and fruit quality traits 
(total sugars, TSS, vitamin C, carotenoids and lycopene content). Also, foliar application of GB 
at 5 mM significantly increased the vegetative growth, yield and fruit quality traits compared to 
the control and other GB treatments. Furthermore, foliar application of YE at 9 g/L along with 
foliar application of GB at 5 mM resulted in the highest values of the above mentioned traits. 
Moreover, this combination of treatments significantly increased the total chlorophyll content 
as well as peroxidase and catalase activity. The results of this study suggest use of YE and GB 
in commercial production of tomato where low temperature is likely.
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There is a solid confirmation that cold 
stress negatively affects all phases of plant 
development, including seed germination, 
vegetative growth, flowering and yield stages 
through controlling numerous biochemical, 
molecular and metabolic modifications such 
as the structure, catalytic properties, function 
of enzymes and membrane metabolite 
transporters (Kubien et al., 2003 and Yadav, 
2010). Particularly, it decreased the uptake of 
mineral nutrients, leading to a restriction in 
the vegetative growth of three passion fruit 
cultivars (Menzel et al., 1987). Also, it has 
several major impacts on reproductive organs 
such controlling flowering time and defects of 
male and female gametes, which is thought to 
be one of the main elements accountable for the 
reduction in yield of crops (Suzuki et al., 2008, 
Zinn et al., 2010 and Albertos et al., 2019). In 
addition, it was reported that low temperature 
adversely reduced grain yield of wheat by 
23.8% to 76.6% (Liu et al., 2019). 
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Tomato (Solanum lycopersicum L.) is a 
common and important vegetable crop over 
the world due to its nutritional, economical 
and medicinal values. It is highly sensitive to 
low temperature (Weiss and Egea-Cortines, 
2009). Tomato plants show signs of injury upon 
exposure to temperature below 10-15°C (Guy, 
1990). Several aspects of tomato development 
are negatively affected by cold temperature. For 
instance, cold temperatures inhibit tomato seed 
germination (Foolad and Lin, 2000, 2001), disrupt 
the vegetative growth by defecting the water 
status and photosynthesis (Venema et al., 2005). 
In addition, reproductive development in tomato 
is adversely influenced by low temperature, where 
it causes a reduction of anther fusion rates by 
60%, consequently decreases fruit set (Fernandez-
Munoz et al., 1995 and Lozano et al., 1998). 
Moreover, mature fruits suffer from chilling 
injury at temperatures below 12°C (Jackman et 
al., 1988). Thus, the search for tools to regulate 
tomato growth, development and productivity 
under cold temperature is important.

When plants encounter a kind of abiotic 
stresses, they rapidly amassed high concentration 
of osmo-protectants (Xing and Rajashekar, 
2001). Generally, these osmo-protectants are 
low molecular weight, easily water-soluble 
compounds that are mostly safe at high cellular 
concentrations. Among several types of osmo-
protectants is glycinebetaine, a quaternary 
organic compound, which plays an important role 
in plants under various types of environmental 
stress, such as high levels of salts and high or low 
temperature (Sakamoto & Murata, 2002 and Giri, 
2011). Glycinebetaine (GB) protects plants from 
stress through direct and indirect mechanisms, 
including stabilizing the structure and efficiency 
of PS-II, inducing the gene expression, adjustment 
of cellular osmotic, inhibition of reactive oxygen 
species, protection of membrane stability, and 
enhancing  antioxidant enzymes activity (Ashraf 
& Foolad, 2007 and Chen & Murata, 2008, 2011). 
Particular, GB successfully mitigated several kind 
of biotic stress such waterlogging (Rasheed et al., 
2018), cold and chilling (Park et al., 2006 and 
Karabudak et al., 2014), salinity (Manaf, 2016 
and Youssef et al., 2018), high temperature (Li et 
al., 2011), and drought (Rezaei et al., 2012 and 
Ragab et al., 2015).

Yeast extract (YE) is a natural source of many 
growth substances such as vitamins, cytokinins 
and nutrient elements as well as organic 

compounds i.e., protein, carbohydrates and lipids 
(Barnett et al., 1990 and Nagodawithana, 1991). 
Yeast extract was applied in agricultural sector 
since long time ago and many helpful effects have 
been reported such as enhancement of growth 
and yield (Lonhienne et al., 2014 and Uysal 
et al., 2014). Yeast extract has been utilized to 
animate the vegetative growth and yield of potato 
(El-Tohamy et al., 2015), enhance antioxidant 
enzyme activity (Maqsood and Abdul, 2017), 
improve tolerance to abiotic stress such as salinity 
and drought (Darwesh, 2013, Hammad & Ali, 
2014, Mostafa, 2015 and Nassar et al., 2016), 
improve nutrient uptake (Hammad and Ali, 2014, 
Lonhienne et al., 2014) and control postharvest 
pathogen (Ferraz et al., 2016). It was suggested 
that yeast extract participate a beneficial role 
during stress by promotion of the cytokinins 
content and photosynthetic pigments, crude 
protein, total phenols, total free amino acids, total 
carbohydrates and, antioxidant enzyme activity 
(Barnett et al., 1990, Hammad & Ali, 2014, 
Nassar et al., 2016 and Maqsood & Abdul, 2017).

The present study mainly emphases on 
investigating the physiological response of 
tomato plants grown under open field condition 
in the winter season to foliar applications of yeast, 
glycinebetaine and their interaction. 

Materials and Methods

Experimental site and plant materials
Two field experiments were performed at the 

Agricultural Research Farm of the Faculty of 
Agriculture, New Valley University, New Valley 
Governorate, Egypt during the two successive 
winter seasons of 2016/2017 and 2017/2018. 
Tomato plants cv. Basha 1077 F1 were used in this 
study. 

Yeast extract and glycinebetain preparation 
The pure dry yeast, Saccharomyces cerevisiae, 

was obtained from El-Gomhoria Company for 
chemicals in Egypt. Yeast extract (YE) was 
prepared according to protocol of Spencer et al. 
(1983) with some modifications as follow: 0, 3, 6 
and 9 gram dry yeast was dissolved in one liter of 
warm water (35°C) and then sugar, as source of 
carbon, was added by 1:1. The solutions directly 
were kept for 24 hours in an incubator (30°C) to 
permit the yeast cells multiplication, which helps 
in production of beneficial carbohydrates, sugars, 
proteins, amino acids, fatty acids and hormones. 
Later, the prepared solutions were subjected to 
one round of freezing for 12 hours and then stored 
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in 8°C till application. Four concentrations of GB 
were prepared (0, 5, 10 and 15 mM) by dissolving 
GB in distilled water.

Experimental design and treatments 
Sixteen treatments, four YE, four GB 

concentrations and their interactions were 
applied and arranged in a randomized 
complete block design (RCBD) with a split 
plot arrangement with three replicates. The YE 
concentrations were considered the main plot 
and the GB levels were considered the sub-
plots. The experimental unit area (plot) was 5 
m x 3 m in size and contained 5 ridges (with 
3 m in length and 1 m in width for each ridge) 
and included 30 plants. In both seasons, YE 
and GB treatments started after 30 days from 
transplanting date (20th October 2016 and 23rd 
October 2017) with 15 days intervals. The YE 
and GB treatments were given to tomato plants 
8 times for each through the whole life of the 
plants on the whole foliage in the morning 
(9–11 a.m.) with a manual sprayer. Each 
plot received 0.5 – 2.5 liter solution of each 
treatment according to the age of the plant. 
The untreated plants were sprayed with only 
distilled water. For the interaction treatments, 
the GB treatments were given in the next day 
for YE treatments.

Soil analysis and metrological data
Soil texture was sandy, with pH 8.11, EC 

1.09 dS m-1, available N 51.3 mg/kg, available 
P 5.48 mg/kg, available K 141.3 mg/kg, Ca+2 
1.13 meq/100g, Mg+2 0.79 meq/100g, Na+ 
3.37 meq/100g, K+ 0.29 meq/100g, HCO3-1.29 
meq/100g, Cl-  3.15 meq/100g and SO4

-2 1.14 
meq/100g and CO3

-2 0.00 meq/100g, organic matter 
0.55 %. These physical and chemical properties of 
the experimental soil were the average of the two 
growing seasons and determined according to the 
methods of Jackson (1973), Chapman and Pratt 
(1978) and Klute (1986). The meteorological data 
of the experimental site during the two growing 
seasons are given in Table 1.

Cultural practices 
After soil clearing and ploughing, 30 m3 organic 

manure, 350 kg of calcium superphosphate (15% 
P2O5) and 50 kg sulpher per fadden were added. 
Tomato transplants, at 45 days after sowing, were 
transplanted at 50 cm apart on one side of ridge. 
Later, 300 kg of ammonium nitrate (33.5% N), 
200 kg of potassium sulphate (48% K2O), and 10 
kg magnesium sulphate/fadden were added on 
four doses. The control of insects and pests were 
performed according to the instructions of the 
Egyptian Ministry of Agriculture.

TABLE 1. Monthly meteorological data of the experimental site for New Valley Governorate (El-Kharga station) 
during the growing seasons.

Month

Maximum temperature
(oC)

Minimum temperature
(oC)

Relative humidity
(%)

2017 2018 2017 2018 2017 2018

November 30.0 27.5 16.0 12.9 40.3 44.0

December 22.0 24.8 8.7 11.9 51.0 46.3
January 21.9 22.2 6.9 6.4 48.0 49.3
February 24.5 28.8 7.3 11.8 44.3 40.0
March 27.4 34.0 11.1 14.7 40.0 29.6
April 34.1 35.6 18.0 17.7 29.0 26.0

Data recorded 
The following data were recorded during the 

plant growth and at the harvesting time (April) in 
both seasons.

Vegetative growth traits
After 75 days from transplanting, five plants 

were randomly selected from each experimental 
unit to estimate the following vegetative traits: 

shoot fresh and dry weights, and root fresh and 
dry weights. 

Yield traits
At the harvesting time, the fruits of each 

plot were harvested and the following data were 
recorded: number of fruit per plant, fruit weight, 
fruit weight per plant, marketable yield/fadden, 
and total yield/fadden. 
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Quality traits
At the maturity stage (April) in both seasons, 

ten mature fruits per experimental unit were 
selected and used to measure of the following 
data:
•	 Total sugars content: It was determined 

according to methods of Sadasivam and 
Manickam (1992).

•	 Total soluble solids (TSS): It was measured 
according to the method described by A.O.A.C. 
(1975).

•	 Ascorbic acid: It was determined by titration 
with 2.6 diclorophenol indophenol blue dye 
according to the method reported in A.O.A.C. 
(1975).

•	 Lycopene content: It was measured according to 
according to the method described by Ranganna 
(1977).

•	 Carotenoid content: It was measured according 
as described by Wellburn (1994).

Biochemical analyses
The following biochemical analyses were 

assessed in the full expanded fifth leaf from 
the top of the plants at the age of 75 days after 
transplanting. Three samples were collected from 
each experimental unit to record:
•	 Total chlorophyll content: it was assessed 

according to Lichtenhaler and Wellburn (1983).
•	 Proline content: It was measured using a 

ninhydrin colorimetric method (Bates et al., 
1973) 

•	 Peroxidase activity: It was measured estimated 
according to Osswaldi et al. (1992). 

•	 Catalase activity: It was analyzed as described 
by Osswaldi et al. (1992). 

Statistical analysis
All statistical analyses of the recorded data 

were performed using R 3.5.1 software (R, 2013). 
The analysis of variance was performed and 
subjected to two-way analysis of variance by a 
completely randomized design statistical model. 
Mean values among treatments were compared 
by Duncn’s tests at the 5% level of significance 
as implemented in agricolae R package (de 
Mendiburu and de Mendiburu, 2017).

Results                                                                            

Effect of foliar application of YE and GB on 
growth parameters

Results presented in Table 2 represent the 
effect of YE and GB and their interaction on 
fresh weight of shoot and root as well as dry 
weight of shoot and root of tomato plants. It 
is evident that both YE and GB significantly 
enhanced growth parameters as compared to the 
control (untreated plants). Foliar applications 
of YE showed significant increments in all 
growth parameters compared to the control 
plants. However, the plants treated with YE 
at 9 g/l have achieved the highest significant 
values for all studies traits. Also, Table 2 
generally shows that foliar application of GB 
increased the vegetative growth traits above the 
control. It also shows that there were significant 
differences among GB treatments, where the 
treatment of GB at 5 mM recorded the highest 
value of vegetative growth and it was followed 
by 10 mM and 15 mM, respectively, in both 
seasons. It is clear that foliar application of YE 
at 9 g/L with 5 mM GB achieved maximum 
fresh and dry weights of shoot and root above 
the rest of treatments.

Effect of foliar application of YE and GB on yield 
parameters

Data illustrated in Table 3 display the effect 
of YE and GB and their interaction on yield 
parameters. It is evident that both YE and GB 
treatments led to significant increments in all 
yield parameters except number of fruits per 
plant. The general inclination of the all yield 
parameters except number of fruits was to 
increase with increasing YE concentration 
(Table 3). However, the maximum values of 
mean fruit weight, yield per plant, marketable 
yield and total yield per feddan were recorded 
in plants treated with by YE at 9 g/L in both 
seasons. Also, GB treated plants achieved high 
values of all yield parameters except number 
of fruits per/plant compared to the control 
plants. The GB treated plants at 5 mM gave the 
maximum values of mean fruit weight, yield 
per plant, marketable yield and total yield per 
feddan in both seasons compared to the control 
and other GB treatments. Meanwhile, there 
was no significant difference between the GB 
treatments at 5 and 10 mM in both seasons. 
Table 3 also shows that the treated plants by 
YE at 9 g/L and GB at 5 mM recorded the 
maximum values for mean fruit weight, yield/
plant, marketable yield/feddan and total yield/
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feddan (76.85 g, 2.29 Kg, 16.38 ton/feddan 
and 18.41 ton/feddan, respectively) in the first 
season.

Effect of foliar application of YE and GB on fruit 
quality parameters

Data represented in Table 4 show the effect of 
foliar applications of YE, GB and their interaction 
on fruit quality parameters. It shows that the foliar 
application of YE and GB improved all quality 
parameters in the tomato fruits in both seasons. 
Data indicated that application of YE at 3, 6 and 
9 g/L recorded significant increases in content 
of total sugars, TSS, vitamin C, carotenoids and 
lycopene. However, the highest increment in these 
traits was recorded with treatment of YE at 9 g/L 
in both seasons. As for YE application, it is clear 
that GB supplementation improved all fruit quality 
parameters in 1st and 2nd seasons. Meanwhile, 
there were no significant differences among GB 
treatments for all fruit quality parameters in both 
seasons except vitamin C and lycopene content in 
season 2017 and 2018, respectively. Regarding 
the interaction between YE and GB, Table 4 
shows that this interaction was significant. It is 
clear that applications of YE at 9 g/L along with 
GB at 5 mM in both seasons led to a significant 
increases in content of total sugars, TSS, vitamin 
C, carotenoids and lycopene in the first season 
(58.89 %, 21.40 %, 8.65%, 48.88 % and 32.04%, 
respectively) than the control plants, and also in 
the 2nd season the same trend was observed. 

Effect of foliar application of YE and GB on 
biochemical constituents

The effect of exogenous applications of 
YE and GB individually or in interaction on 
biochemical constitutes of fifth leaf of tomato is 
presented in Table 5. It shows generally that all 
biochemical studied constitutes were significantly 
increased at all YE treatments than the control 
plants except proline. Where, the treatment of YE 
at 9 g/L followed by YE at 6 g/L had recorded 
the lowest significant of proline content and 
highest significant of total chlorophyll content, 
peroxidase and catalase activity (Table 5). In the 
same regard, GB treatments also improved all 
biochemical studied constitutes except proline 
content. However, not all GB treatments have 
increased significantly the studied biochemical 
constitutes than the control plants. Obviously, 
it could be observed that only plants treated 
with 5 mM GB have the highest significant total 
chlorophyll content as well as peroxidase and 
catalase activity as compared with the other GB 

treatments but they have the lowest proline content 
(Table 5). The highest significant content of total 
chlorophyll, peroxidase and catalase activity were 
recorded with plants treated with YE at 9 g/L and 
GB at 5 mM, but this combination of YE and GB 
had the lowest proline content in both seasons.

Discussion                                                                            

Worldwide, tomato is one of the most popular 
and economically significant vegetable crops. 
Egypt is ranked fifth in worldwide tomato 
production, with an annual production of 7, 
297,108 tons from around 182,444 hectares 
(FAO, 2017). Like other plants, temperature 
profoundly influences the metabolism of tomato 
plant and thus is a key factor determining the 
growing season and geographical distribution of 
tomato (Chinnusamy et al., 2010) Unfortunately, 
tomato is highly sensitive to low temperature, 
which is expected to be increased in near future 
as a consequence of climate change, and shows 
symptoms of injury upon exposure to low 
temperature 10-15°C (Guy, 1990, Hopkins, 1999 
and Weiss & Egea-Cortines, 2009). Thus, the 
aim of the current study was to investigate the 
potential of YE and GB, as an environmentally 
safe, non-toxic and cost-effective, in alleviation 
or at least decreasing the harmful effect of low 
temperature on vegetative growth, yield and fruit 
quality of tomato plants grown under the open 
field condition during the winter season.

The current study generally showed that foliar 
application of YE and GB increased vegetative 
growth, yield and fruit quality parameters of 
tomato cv. Basha 1077 F1 grown at low temperature 
during the winter season. When the YE and GB 
were foliarly applied on tomato, all growth, yield 
and fruit quality parameters were enhanced except 
number of fruit per plant (Tables 2, 3 and 4). For 
instance, the total yield increased by 66 % and 
66.8 % when the plants treated with YE at 9 g/L 
and GB at 5 mM compared to the untreated plants 
(Table 3) in 1st and 2nd seasons, respectively. In this 
respect, the YE exogenously applied increased 
the development and yield of some plant species 
subjected to abiotic stress such as salinity and 
drought (Hammad and Ali, 2014, Mostafa, 2015, 
Nassar et al., 2016). Moreover, fruit yield of tomato 
was increased by 29-39 % under heat and salt stress 
when GB was applied during the mid-flowering 
stage (Mäkelä et al., 1998). Also, GB enhanced 
the growth and developments of tomato plants 
grown under waterlogging, high temperature and 
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drought stress (Li et al., 2011, Rezaei et al., 2012 
and Rasheed et al., 2018), leading to improvement 
of plant growth and development.

It was previously reported that cold stress 
caused a significant reduction in photosystem II 
efficiency (Kalisz et al., 2016, Hajihashemi et al., 
2018). Results here showed that the advantageous 
impact of YE and GB in tomato plants subjected 
to low temperature, where supplying with YE 
at 9 g/L plus GB at 5 mM enhanced the total 
chlorophyll content by 17 % and 24 % in 1st 
and 2nd season, respectively, compared to the 
untreated tomato plants (Table 5), consequently 
altered their vegetative growth and productivity 
in both seasons. Similar results on increased net 
chlorophyll content in response to YE application 
have been stated with stressed leucaena (Nassar et 
al., 2016), wheat (Hammad and Ali, 2014). Also, 
GB treatment alleviated the inhibitory effects of 
waterlogging and cold stress on photosynthetic 
efficiency, chlorophyll content as well as ratio 
of maximum florescence induction and variable 
fluorescence (Fv/Fm)  in tomato plants (Karabudak 
et al., 2014 and Rasheed et al., 2018). Therefore, 
the increase in the yield of tomato here might be 
attributed to increased photosynthetic pigment.

To minimize the oxidative damage resulting 
from abiotic stresses such as cold stress, plants have 
evolved several enzymatic defense mechanisms 
to detoxify free radicals and reduce the oxidative 
stress. Changes of antioxidant enzyme activities 
are generally correlated with cold stress responses 
(Nourredine et al., 2015). When plants encounter 
abiotic stress such as low temperature, they 
rabidly increase the antioxidant enzymes: catalase 
and peroxidase in order to collect and prevent 
H2O2 from damaging the plant cell. Data recorded 
in Table 5 clearly indicates that the application 
of YE and GB significantly improves activity of 
peroxidase and catalase in tomato leaves during 
the exposure to low temperature of winter season 
and the highest mean values of peroxidase and 
catalase activity were recorded in plants treated 
with yeast at 9 g/L and GB at 5 mM as compared 
with control and other treatments in both seasons. 
These results are in accordance with previous 
findings in several plant species (Park et al., 2006, 
Hammad & ali, 2014, Malekzadeh, 2015 and 
Rasheed et al., 2018). They found the activity of 
antioxidant enzymes (eg. peroxidase, catalase, 
superoxide dismutase) was increased in response 
to the exogenous supplementation of YE and GB 

in the leaves of wheat, tomato and soybean plants 
exposed to drought, waterlogging and salinity 
stress. The high content of total chlorophyll and 
high activity of peroxidase and catalase indicate 
that the YE and GB had an important role in 
induction of low temperature tolerance in tomato 
plants grown under low temperature during winter 
season compared to control plants. Therefore, the 
explanation to the vegetative and yield increases 
of the stressed tomato plants in present experiment 
after application of YE and GB might lie partly 
on the increased total chlorophyll content and 
antioxidant activity.

The accumulation of soluble proline in leaves 
of many higher plant species could be induced by 
environmental stresses such as light, temperature, 
drought and salinity. Proline is taught to play a 
key role in stabilizing subcellular structures 
(e.g. membranes and proteins), scavenging free 
radicals, and buffering cellular redox potential 
under stress conditions (Iqbal, 2009). Our 
experiment clearly shows that the all YE and GB 
treatments had achieved a reduction in free proline 
concentration in leaves of tomato (Table 5). The 
highest reduction in proline content was recorded 
in the plants treated with YE at 9 g/L and GB at 5 
mM (Table 5). In this concern, it was stated that 
YE and GB treatments significantly improved the 
decrease of proline content in leaves of wheat, 
cowpea and alfalfa subjected to water deficit stress 
(Hammad & Ali, 2014 and Khadouri, 2015). The 
low proline content in tomato leaves treated with 
YE and GB (9 g/L and 5 mM, respectively) may 
indicate that the treated tomato plants is not so 
stressed as the control plants. This result refers 
that the YE and GB have a vital role in induction 
of low temperature tolerance in tomato plants.

It is realized from result of our experiment 
that all morphological, yield and fruit quality 
and biochemical traits with exception of number 
of fruit per plant and proline content were 
significantly increased with increasing the YE 
concentration. Where, the treatment of YE at 9 
g/L had recorded the highest values for mostly 
of the studied traits (Tables 2, 3, 4 and 5). In the 
same regard, Hammad and Ali (2014) found that 
treatment of YE at 6 g/L was more effective than 
the YE at 3 g/L in terms of improved drought 
tolerance. A possible explanation for such 
promotional effect of YE at 9 g/L is that YE is 
a rich source for vitamins, cytokinins, nutrient 
elements and organic compounds i.e., protein, 
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carbohydrates, nucleic acid and lipids (Barnett et 
al., 1990 and Nagodawithana, 1991). Therefore, 
9 g/L had more beneficial substances more than 
the other treatments (3 and 6 g/L), resulting in 
high vegetative growth and yield and fruit quality. 
On the contrary, the low assigned concentration 
of GB (5 mM) had the most significantly positive 
effect on vegetative growth, yield, fruit quality 
and physiological traits except  number of fruit per 
plant and proline content compared to the other GB 
treatments (10 and 15 mM) and control plants. The 
present findings are generally in contrast with those 
reported by Rezaei et al. (2012) as well as Dawood 
and Sadak (2014), who  reported that the high 
concentration of GB (10 and 20 mM) were more 
effective than the low concentrations in alleviation 
the harmful effects resulting from drought stress in 
canola and tomato. However, the weak effect of high 
concentrations of GB (10 and 15 mM) in the present 
study might be attributed to the deleterious effects of 
GB, which cause a reduction in osmotic adjustment 
when is applied in high concentrations through 
inhibiting the proline and ion accumulation (Heuer, 
2003). Taken together, these results indicate that 
the optimum of GB depends on the plant itself and 
abiotic stress and should be taken into consideration 
in further studies.

Conclusion                                                                     

Low temperature stress is a harsh constraint, 
which negatively affect the tomato productivity. 
However, foliar application of YE and GB may 
be useful approach in reducing the cold-induced 
yield losses in tomato. In this study, potential of 
foliar application of YE and GB in enhancing the 
performance of tomato against low temperature 
stress was investigated. Both YE and GB were 
foliage applied in tomato plants cv. Basha 1077 F1 
grown in the open filed during two winter seasons. 
The foliar application of YE and GB improved 
the total chlorophyll content as well as activity of 
peroxidase and catalase, which resulted in better 
vegetative growth under low temperature, thus 
resulting in better total yield and marketable yield 
per feddan. However, foliage applied YE at 9 g/L, 
and GB at 5 mM was most effective than the other 
concentrations of these stimulators. 
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ALLEVIATION OF COLD STRESS ON TOMATO DURING WINTER SEASON BY …

مستخلص  إستخدام  طريق  عن  الشتاء  فصل  خلال  الطماطم  على  البرودة  إجهاد  تخفيف 
الخميرة والجليسين بيتايين 

التهامى على أحمد يوسف* و محمد أحمد محمد على ** 
* قسم البساتين – كلية الزراعة – جامعة قناة السويس – الاسماعيلية و** قسم البساتين – كلية الزراعة – جامعة 

الوادى الجديد – الوادى الجديد – مصر.

كان الهدف الرئيسي من الدراسة الحالية هو دراسة تأثير مستخلص الخميرة والجليسين بيتايين في تخفيف إجهاد 
الحرارة المنخفضة في نباتات الطماطم )هجين باشا 1077( خلال فصل الشتاء. تم إستخدام ستة عشر معاملة: 
أربعة تركيزات من مستخلص الخميرة )0 ، 3 ، 6 و 9 جم/لتر( ، أربعة تركيزات  من الجليسين بيتايين )0 ، 5 
، 10 و 15 ملي مول( وكذلك التفاعل بينهما. تم إجراء التجربة في قطاعات كاملة العشوائية مع إستخدام ثلاث 
مكررات لكل معاملة. أشارت نتيجة هذه الدراسة إلى أن نباتات الطماطم إستجابت بشكل إيجابي للرش الورقي 
بمستخلصات الخميرة والجليسين بيتايين في فصل الشتاء. وأظهرت النتائج الزيادة فى كل من الصفات الخضرية 
)الوزن الطازج والجاف للمجموع الخضري، الوزن الطازج والجاف للجذور(، صفات المحصول )متوسط ​​وزن 
من  )المحتوى  الثمار  جودة  التسويقي(، صفات  والمحصول  الكلي/الفدان  المحصول  النبات،  محصول  الثمرة، 
السكريات الكلية، المواد الصلبة الذائبة الكلية، فيتامين C ، الكاروتينات والليكوبين( كانت بزيادة تركيز مستخلص 
الخميرة حتى 9 جم/لتر. وكذلك أدت المعاملة بالجليسين بيتايين بتركيز 5 مل مول إلى زيادة معنوية في صفات 
الثمار مقارنة بالكنترول والتركيزات الأخرى من الجليسين بيتايين.  النمو الخضري والمحصول وكذلك جودة 
بالإضافة إلى ذلك أدت المعاملة بكلاً من مستخلص الخميرة بتركيز 9 جم/لتر والجليسين بيتايين بتركيز 5 مل 
مول إلى تحقيق أعلى قيم فى صفات النمو الخضري  والمحصول وجودة الثمار المذكورة أعلاه. علاوة على 
ذلك ، فإن تلك المعاملة أدت إلى زيادة معنوية فى محتوى الكلوروفيل الكلى وكذلك نشاط إنزيمى البيروكسيديز 
والكتاليز. تشير نتائج هذة الدراسة إلى إمكانية أستخدام الخميرة والجليسين بيتايين فى الإنتاج التجارى للطماطم 

بالمناطق ذات الحرارة المنخفضة.


