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Abstract

Golubinova, I. (2020). Effects of drought stress in genotypes Sorghum vulgare var. technicum [Körn.] by using su-
crose in laboratory condition. Bulg. J. Agric. Sci., 26 (1), 61–69

The effect of sucrose on the induction of water stress on germination and the initial development of five genotypes (variet-
ies and local populations) Sorghum vulgare var. technicum [Körn.] was determined under laboratory conditions at the Institute 
of Forage Crops, Pleven. In order to simulate the water deficit induced by osmotic stress, different concentrations (0.08%; 
0.16%; 0.32%; 0.64%; 1.25%; 2.5%; 5.0%; 7.5%; 10.0%; 12.5%; 15.0%; 17.5% and 20.0%) of water soluble sucrose were 
used in the study. 

It was found a specific variety reaction with regard to the effect of different sucrose concentration on seedling growth (cm) 
and fresh weight of seedlings (g) in the tested genotypes Sorghum vulgare var. technicum (Körn.). With low coefficients of 
tolerance, i.e. the high sensitivity of drought conditionally, can be determined the genotypes Szegedi 1023 and AS17P (STI is 
from 2.9 to 4.6). Genotypes GL15A, G16V and MI16N showed better performance in drought conditions in the early drought 
stages of development (BBCH 09-10) (STI average varied from 2.1 to 3.9). Due to their drought tolerance properties these 
genotypes will be used in future breeding program for producing drought tolerant genotypes.
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Introduction

Plant growth and productivity is affected by many bi-
otic and abiotic factors (Al-Rifaee et al., 2007; Tawaha & 
Al-Ghzawi, 2013; Barłóg et al., 2016; Bazitov et al., 2016; 
Bozhinova, 2016; Shafea & Saffari, 2016; Al-Tawaha et al., 
2017). Drought stress is the most prevalent environmental 
factor limiting crop productivity (Bray, 1997), and global 
climate change is increasing the frequency of severe drought 
conditions (Dai, 2012). Plant abiotic stresses such as drought 
stress threaten global food availability as the increase in 
world population and per capita food consumption (Qadir 
et al., 2015). Drought severely affects plant growth and de-
velopment with substantial reductions in crop growth rate 
and biomass accumulation (Farooq et al., 2012). Drought 
disrupts major metabolic, physiological and biochemical 

processes (Pustovoitova et al., 1996; Chaves et al., 2003). It 
is very important to understand the physiological, biochemi-
cal, and ecological interventions related to these stresses for 
better management of agroecosystems (Fahad et al., 2017). 
Drought tolerance is important trait related to yield. To im-
prove this trait, breeding requires fundamental changes in 
the set of relevant attributes, finally emerging as something 
named drought tolerance (Maleki et al., 2013). A better un-
derstanding of plant responses to these stresses gives an op-
portunity to determine specific response and tolerance to 
drought in early growth stages of development in a number 
of agricultural crops (Alexieva et al., 2003; Borrell еt al., 
2014; Tsago et al., 2014). Plant response to drought stress 
generally varies from species to species depending on plant 
growth stage and other environmental factors (Demirevska 
et al., 2009). 
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Sorghum species are a multiuse crop grown for feed, food 
and with a huge potential for bioenergy. It can be cultivated 
in numerous environments due to its wider adaptation prop-
erty (Bazitov and Kikindonov, 2016). As compared to other 
cereal crops Sorghum species considered to be more toler-
ant to different stresses including drought, heat, flooding and 
salinity (Ejeta and Knoll, 2007; Ali et al., 2011; Bazitov et 
al., 2017). The crop requires relatively less water than other 
important cereals such as maize and wheat. Yield potential 
of the Sorghum species is requiring relatively less water 
than other important cereals such as maize and wheat. How-
ever, yield potential of the crop is significantly limited due 
to drought and heat stresses necessitating sorghum breeding 
for drought tolerance and productivity (Krupa et al., 2017). 
There are a number of physiological indicators of tolerance 
that show genotypic variation especially at the vegetative 
stage of growth, for drought resistance (Alhamdani et al., 
1991). For that reason, evaluating germplasm from differ-
ent region of Bulgaria can be useful in discovering tolerant 
genotypes for drought resistance in the early growth stages.

Materials and Methods

The experiment was conducted under laboratory condi-
tions at the Institute of Forage Crops, Pleven. 

Plant materials: The experiment was carried out with 
five broomcorn genotypes (Sorghum vulgare var. technicum 
(Körn.) with different origin from work collection in Insti-
tute of forage crops, Pleven (Table 1). In order to establish 
the influence of water deficit at the initial growth stages and 
development were used adapted method Chaniago et al. 
(2017). 

Two factors have been studied: Factor A – genotypes of 
Sorghum vulgare var. technicum (Körn.) (broomcorn), and 
Factor B – sucrose concentrations.

Factor A: a1 – Szegedi 1023 (Hungarian variety); local 
varieties from the region of Central Northern Bulgaria: a2 – 
AS17P; a3 – GL15A; a4 – G16V; a5 – MI16N.

Factor B: b1 – 0.0% (control); b2 – 0.08%; b3 – 0.16%; 
b4 – 0.32%; b5 – 0.64%; b6 – 1.25%; b7 – 2.5%; b8 – 5.0%; 

b9 – 7.5%; b10 – 10.0%; b11 – 12.5%; b12 – 15.0% b13 – 17.5% 
and b14 – 20.0%.

Technique of bioassay: Two hundred seeds from tested 
genotypes broomcorn were germinated on two layers of filter 
paper Filtrak 388 in Petri dishes with diameter 140 mm and 
distilled water at a ratio of 1:2.5 to the mass of the seeds. 
The prepared samples were placed in an incubator at 48 h 
at 23°С ± 2°С. Seeds were considered as germinated if they 
exhibited radicle extension by more than ≥ 3.0 mm.

Successively, twenty germinated seeds of each genotypes 
Sorghum vulgare var. technicum (Körn.) (according Factor 
A) were placed between filter paper Filtrak 388, in the Petri 
dishes for all tested concentrations sucrose. From all con-
centrations of sucrose (Factor B) in the petri dishes, 5 ml 
of solution was pipetted. The prepared samples were placed 
in an incubator at 22 ± 2°C in the dark for five days. Each 
treatment consisted of six replicates, including the control 
treatment.

Effect assessment: For assessing experimental results, 
the following characteristics were determined:

Biometric parameters: root, shoot and seedling length, 
cm; fresh biomass weight per seedling, g. Length was mea-
sured using graph paper and weight on an analytical balance. 
Mathematical-statistical evaluation and calculated formulas:

Inhibition rate (IR) was determined by the equation (1) 
(Ahn et al., 2005):

IR% = [(C – T)/C].100 (1)

where C – characteristic in the control treatment; Т – char-
acteristics in each treatment. Positive values “+” show in-
hibition effect, while negative “–” values show stimulation 
effect.

Stress tolerance index was determined by the equation 
(2) (Fernandez, 1992):

          YP * YSSTI = ––––––– (2)
               Y–2

P

where YS is the parameter of cultivar under stress, YP – the 
parameter of cultivar under irrigated condition, Y–2

P is the 
mean parameter of all variants under stress conditions.

The estimates obtained by application of the program 
product TRIMED SPEARMAN KARBER METOD, VER-
SION 1.5 were used to determine effective median lethal 
concentration, LC50 (abbreviation for “lethal concentration, 
50%”) for inhibition of germination and 95% confidence in-
tervals for different sucrose extracts in genotypes Sorghum 
vulgare var. tehnicum were calculated according to Hamilton 
et al. (1978). 

Statistical analyses: Statistical processing of the experi-
mental data was conducted after preliminary transformation 

Table 1. Genotypes broomcorn (Sorghum vulgare var. 
technicum) 
№ Genotypes Methods of creation Country
1. Szegedi 1023 Variety Hungary
2. AS17P Local population Bulgaria
3. GL15A Local population Bulgaria
4. G16V Local population Bulgaria
5. MI16N Local population Bulgaria
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of the percentage of germinated seeds using the following 
formula: 

                     ––––––                          x%  Y = arcsin√(––––) (Hinkelmann & Kempthorne, 1994).
                       100   

All experimental data were statistically processed using 
the software STATGRAPHICS Plus for Windows Version 2.1.

Results and Discussion

The applied sucrose concentrations (from 0.0 to 20.0%) 
have an inhibiting effect on seed germination in all geno-
types broomcorn (Sorghum vulgare var. technicum (Körn.)). 
The results of Fig. 1 showed that the germination of seeds 
on broomcorn was reduced with the increase in sucrose 
concentrations. The degree of reduction in rate of germi-
nation was not similar for all tested genotypes at moderate 
and higher water deficit stress compared to control treat-
ments. The highest germination percentage was observed at 
the lower (0.08÷0.64%) sucrose concentrations (GS% from 
63.4 to 90.0%) with the lower degree of inhibition (IR% 
is from 0.0 to 16.2%), and the differences from the con-
trol treatment (GS% 64.8%) are not significant (P = 0.05). 
It was found that the seeds germinated more often under 
mild stress (at the 1.25 and 2.50% sucrose) for all tested 
broomcorn genotypes than compared to relatively higher 

concentration from 5.0% the differences being statistically 
significant (P = 0.05) compared to the control treatment. 
A statistically significant decline (at P = 0.05) in the ger-
mination percentage was recorded at 7.5%, indicating this 
sucrose concentration is a threshold value for the germi-
nation seeds of broomcorn. The germination percentage at 
the 10.0, 12.5, 15.0, 17.5 and 20.0% sucrose concentrations 
had lethal effect on germination of seeds for tested broom-
corn genotypes. Therefore, at the 7.5% sucrose concentra-
tion, there is the highest osmotic potential for germinations 
of seeds of broomcorn.

As shown in Fig. 1, an increase sucrose concentration 
of the were found to reduce seed germination of all tested 
broomcorn genotypes, and the IR% values increased from 
0.31 to 85.0% compared with the lowest applied concentra-
tion of sucrose. An exception to the described dependence 
was found in the local population MI16N. There are not 
germinated seeds at the 15.0% sucrose concentration, which 
indicated that 12.5% sucrose concentration is the highest os-
motic potential for the germination local population MI16N, 
which determines it as relatively resistant to drought during 
the early growth stage BBCH 09-10.

The data were analogous when determining LC50 accord-
ing degree of inhibition (IR) depending to seed germination 
at tested broomcorn genotypes. The LC50 values for the test-
ed broomcorn genotypes varied from 1.96 tо 3.93% sucrose 

LSD at the 0.05 probability level A B AxB
GD5% 4.07 6.81 5.46
GD1% 5.38 9.00 7.91
GD0.1% 6.93 11.59 10.59

Fig. 1. Germination in genotypes broomcorn (Sorghum vulgare var. technicum)
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concentrations and could be conventionally grouped in the 
following ascending order: AS17P [1.96 (1.69-2.27)] > Sze-
gedi 1023 [2.73 (2.39-3.13)] > G16V [3.40 (2.61-4.43)] > 
GL15A [3.95 (3.52-4.44)] > MI16N [3.95 (3.08-5.01)]. The 
differences in the LC50 values form broomcorn genotypes 
could be explained by genetic differences with genetic dif-
ferences, as comparisons were made under controlled labo-
ratory conditions (Fig. 2).

The extracts from different concentration of sucrose in-
hibited growth of root, shoot and seedlings of all broomcorn 
genotypes (Tables 2 and 3). Differences in the root, shoot and 
seedling values under different level of drought are indicator 
for the level of drought tolerance. The present study revealed 
differences in plant performance between the different char-
acteristics of the tested genotypes broomcorn. 

The effect of drought stress induced by sucrose on the 
seedling length (cm) on the tested broomcorn genotypes is 
presented in Table 2. Length of shoot in all genotypes of 
broomcorn vary at rates between 0.00% and 95.31%, com-
pared to the control treatment, the differences being statisti-
cally proven at Р = 0.01. 

Shoot length decreased as the concentrations of sucrose 
increased and the greatest inhibition was observed at the 
7.5% (IR% is from 90.88 to 95.61%) (Table 2). The inhibi-
tion rate (IR) is 100.00% in the highest concentrations of 
sucrose (from 10.0 to 20.0%). In the local variety MI16H 
inhibition rate (IR%) reached 100.0% at a sucrose concentra-
tion of 12.5%. An exception was found for GL15A in which 
0.64% sucrose concentrations indicated a statistically proven 
stimulating effect on shoot and seedling growth. In the geno-
type MI16N a lethal effect was found at a higher sucrose 
concentration of 12.5%.

The growth of root, shoot and seedling indicated that all 
genotypes broomcorn in early growth stage (BBCH 09-10) 
after treatments the seeds with sucrose concentrations in the 
diapason from 1.25 to 7.5% suffered significant physiologi-
cal stress despite the proven drought resistance of the tested 

genotypes. There was a specific reaction in different variet-
ies with regard to the effect of sucrose concentrations on the 
growth on seedling. Seedlings length at broom corn local va-
riety GL15A was increases intensively (from 13.38 to 15.75 
cm) when exposed sucrose concentration in diapason from 
0.08 to 0.64% and formed the longest seedling after treat-
ment, compared to the control treatment (13.34 cm).

Relatively long seedling was formed in local varieties 
G16V (from 12.56 to 16.64 cm), MI16N (from 10.75 to 16.53 
cm) and Szegedi 1023 (from 13.18 to 16.36 cm) while values 
of the control treatments are as follows G16V (14.78 cm), 
MI16N (15.30 cm) and Szegedi 1023 (14.32 cm). Seedlings 
length at the local variety AS17P was significantly different 
to other local varieties and ranges from 9.06 to 13.10 cm, 
compared to the control treatments (12.50 cm). Therefore, 
depending on the intensity of the growth of the seedlings, 
only the local variety AS17P can be identified as susceptible 
to drought stress.

Therefore, the observed differences in the studied gen-
otypes when the growth of the seedlings from broomcorn 
with regard to the osmotic stress after application sucrose of 
sucrose could be explained by genetic differences, because 
experiment was performed under controlled laboratory con-
ditions. Reducing fresh biomass of root, shoot and seedling 
is common the response of crop plants when subjected to 
moisture deficiency (Munamava & Riddoch, 2001; Gill et 
al., 2003; Ambika et al., 2011). 

The dynamics of accumulation of fresh biomass (shoot, 
root and seedling) in the early stages of the growth of tested 
broomcorn genotypes depends on genotypes, applied su-
crose concentration and observed dependence on seedlings 
length (Table 3). The drought stress induced by the applica-
tion of sucrose had a depressing effect (IR% is from 16.7 
to 59.1) on the formed fresh biomass of the root, shoot and 
seedlings at the tested genotypes broomcorn. With increas-
ing concentrations (from 0,32 to 7.5%) of sucrose the sup-
pressive effect on the growth of the seedlings increased from 
1.2 to 1.8 times as the differences were statistically signifi-
cant (P = 0.05).

In the broomcorn genotypes GL15A and MI16N with 
the increasing concentration of sucrose (from 2.5 to 12.5%) 
accumulation of fresh biomass (g for one seedling) remains 
relatively constant compared to the control treatments and 
the differences are statistically insignificant (Р = 0.05) which 
can be explained by their tolerance to drought in the early 
growth stages of development (BBCH 09-10) (Table 4).

A high negative correlation was detected between ap-
plied sucrose concentration and: germination of seeds (r 
from -0.923 to -0.948), length of the root (r from -0.805 to 
-0.937), length of the shoot (r of -0.820 to -0.870), length 

Fig. 2. Values of lethal dose (LD 50) in different  
genotypes broomcorn Sorghum vulgare var. technicum
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of the seedling (r of -0.901 to -0.947), fresh biomass (g) per 
root (r from -0.806 to -0.917), fresh biomass (g) per shoot (r 
of -0.838 to -0.877) and fresh biomass (g) per seedling (r of 
-0.900 to -0.941) for the genotypes of broomcorn.

The quantitative changes in the parameters correspond 
to the defined stress tolerance index (STI) (Table 2 and 3). 
The genotypes GL15A, G16V and MI16N are with rela-
tively good tolerance to drought stress which is possible to 
determine (STI average varied from 2.1 to 3.9). With high 
coefficients of STI, i.e. the high sensitivity of drought in the 
early growth stages of development (BBCH 09-10) were the 
Szegedi 1023 and AS17P genotypes (STI varied from 2.9 to 
4.6) (Table 2 and 3).

On the basis of the values of the analyzed quantitative 
signs, hierarchical cluster analysis was performed for group-
ing the genotypes of a technical broom as the result of the 
analysis is presented as dendrograms (Fig. 2). The Euclidean 
distance is used as a measure of distance. 

The genotypes GL15A, G16V and MI16N stand out with 
the best combination of a set of quantitative signs. The clus-
ter analysis provides significant additional information and 
can be used to schedule parent parenting combinations in 
breeding programs. The most remote genotypes may be use-
ful for creating starting material.

Dispersion analysis was made to determine the hierar-
chical distribution of factors determining osmotic stress 
on the tested broomcorn genotypes induced by the addi-
tion of different concentration of sucrose (Table 4). Dis-
persion analysis was hewed that Factor A (genotypes) (η2 
varied from 0.1 to 0.4) and interaction AxB (η2 from 1.0 

Fig. 3. A dendrogram from cluster analysis based on 
the quantitative parameters in genotypes broomcorn 

(Sorghum vulgare var. technicum)
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to 1.3) were within the limits but Factor B (sucrose con-
centration) (η2 from 64.3 to 69.0) had the strongest sta-
tistically significant (P = 0.05) effect for the root, shoot 
and seedlings length. Regarding weight parameters root, 
shoot and seedlings weight, Factor A (genotypes) had to a 
statistical significance (η2 from 1.9 to 54.5), followed by 
Factor B (sucrose concentration) (η2 from 11.3 to 83.7). 
Interaction of the genotypes (Factor A) and applied con-
centration (Factor B) had a relatively high proportion of 
total variation of η2 from 7.8 to 32.2 and had statistical 
significance regarding formed fresh biomass of root, 
shoot and seedlings.

Conclusion

The drought tolerance in five genotypes Sorghum vulgare 
var. technicum (Körn.) in the early growth stages and devel-
opment BBCH 09-10 was evaluated through artificially cre-
ated water stress by sucrose in laboratory conditions. There 
was a specific variety reaction with regard to the effect of 
different sucrose concentration on seedling growth (cm) 
and fresh weight of seedlings (g) in the tested genotypes 
Sorghum vulgare var. technicum (Körn.). The germination 
percentage at the 10.0, 12.5, 15.0, 17.5 and 20.0% sucrose 
concentrations had lethal effect on germination of seeds for 
tested broomcorn genotypes.

It is found a high negative correlation between applied 
sucrose concentration and: germination of seeds (r from 
-0.923 to -0.948), length of the root (r from -0.805 to -0.937), 
length of the shoot (r of -0.820 to -0.870), length of the seed-
ling (r of -0.901 to -0.947), fresh biomass (g) per root (r from 
-0.806 to -0.917), fresh biomass (g) per shoot (r of -0.838 
to -0.877) and fresh biomass (g) per seedling (r of -0.900 to 
-0.941) in the Sorghum vulgare var. technicum (Körn.) geno-
types.

The LC50 values for the Sorghum vulgare var. technicum 
(Körn.) genotypes varied from 1.96 tо 3.93% sucrose con-
centrations and could be conventionally grouped in the fol-
lowing ascending order: AS17P [1.96 (1.69-2.27)] > Szegedi 
1023 [2.73 (2.39-3.13)] > G16V [3.40 (2.61-4.43)] > GL15A 
[3.95 (3.52-4.44)] > MI16N [3.95 (3.08-5.01)]. 

With low coefficients of tolerance, i.e. the high sensitiv-
ity of drought conditionally can be determined the Szegedi 
1023 and AS17P genotypes (STI average varied from 2.9 
to 4.6). Genotypes GL15A, G16V and MI16N showed bet-
ter performance in drought conditions in the early drought 
stages of development (BBCH 09-10) (STI average varied 
from 2.1 to 3.9). Due to their drought tolerance properties 
these genotypes will be used in future breeding program for 
producing drought tolerant genotypes.  

Aknowledgements
The publishing of the present scientific paper is co-fi-

nanced by “Scientific Researches” Fund Contract № 01/19 
from 23.08.2017. 

References

Ahn, J. K., Hahn, S. J., Kim, J. T., Khanh, T. D., & Chung, I. M. 
(2005). Evaluation of allelopathic potential among rice (Oryza 
sativa L.) germplasm for control of Echinochloa crus-galli P. 
Beauv in the field. Crop Protection, 24, 413–419.

Alexieva, V., Ivanov, S., Sergiev, I., & Karanov, E. (2003). Inter-
action between stresses. Bulgarian Journal of Plant Physiol-
ogy, Special Issue, 1-17.

Ali, M. A., Abbas, A., Awan, S. I., Jabran, K., & Gardezi, S. D. 
A. (2011). Correlated response of various morphophysiological 
characters with grain yield in sorghum landraces at different 
growth phases. Journal of Animal and Plant Sciences, 21(4), 
671-679.

Al-Rifaee, M. K., Al-Yassin, A., Haddad, N., & Al-Tawaha, A. 
M. (2007). Evaluation of chickpea breeding lines by examining 
their responses to sowing date at two Mediterranean climatic 
locations. American-Eurasian Journal of Sustainable Agricul-
ture, 1(1), 19-24.

Al-Tawaha, A. R., Aziz Turk, M., Abu-Zaitoon, Y. M., Aladai-
leh, S. H., Al-Rawashdeh, I. M., Alhamdani, S. H., Murphy, 
J. M & Todd, G. W. (1991). Stomatal conductance and CO2 as-
similation as screening tools for drought resistance in sorghum. 
Canadian Journal of Plant Science, 71(3), 689-694.

Alnaimat, S., Al-Tawaha, A. R. M., Alu’datt, M. H., & Wedyan, 
M. (2017). Plants adaptation to drought environment. Bulgar-
ian Journal of Agricultural Science, 23(3), 381–388.

Ambika, R., Rajendran, A., Muthiah, R., Manickam, A., Shan-
mugasundaram, P., & Joel, A. J. (2011). Indices of drought 
tolerance in Sorghum (Sorghum bicolor L. Moench) genotypes 
at early stages of plant growth. Research Journal of Agriculture 
and Biological Sciences, 7(1), 42-46.

Barłóg, P., Grzebisz, W., Pepliński, K., & Szczepaniak, W. 
(2016). Sugar beet response to balanced nitrogen fertilization 
with phosphorus and potassium. Part III. Dynamics of white 
sugar yield development. Bulgarian Journal of Agricultural 
Science, 22, 197-204.

Bazitov, R. & Kikindonov, Tz., (2016). Evapotranspiration of Su-
dangrass grown as secondary crops on irrigation. Rastenievad-
ni nauki (Bulgarian Journal of Crop Science), 53(5-6), 85–89 
(Bg).

Bazitov, R., Mihaylova, M., & Enchev, St. (2017). Productive 
capacity of sudan grass grown as secondary crop on irriga-
tion. Rastenievadni nauki (Bulgarian Journal of Crop Science), 
54(5), 30-35 (Bg).

Bazitov, R., Кoteva, V., Bazitov, V., & Gospodinov, I. (2016). The 
water deficiency effect over maize yield cultivated for grain 
without irrigation in the region of South-Central Bulgaria. Bul-
garian Journal of Agricultural Science, 22, 245-249.

Borrell, A. K., Mullet, J. E., George-Jaeggli, B., E. J. van 
Oosterom, Hammer, G. L., Klein, P. E., & Jordan, D. R. 



69Effects of drought stress in genotypes Sorghum vulgare var. technicum [Körn.] by using sucrose...

(2014). Drought adaptation of stay-green sorghum is associated 
with canopy development, leaf anatomy, root growth, and water 
uptake. Journal of Experimental Botany, 65(21), 6251–6263.

Bozhinova, R. (2016). Heavy metal concentrations in soil and to-
bacco plants following long-term phosphorus fertilization. Bul-
garian Journal of Agricultural Science, 22, 16-20. 

Bray, E. A. (1997). Plant responses to water deficit. Trends in Plant 
Science, 2(2), 48–54. 

Chaniago, I., Syarif, A., & Riviona, P. (2017). Sorghum Seedling 
Drought Response: In Search of Tolerant Genotypes. Interna-
tional Journal on Advanced Science, Engineering and Informa-
tion Technology, 7(3), 892-897.

Chaves, M. M., Maroco, J. P., & Pereira, J. S. (2003). Under-
standing plant responses to drought – from genes to the whole 
plant. Functional Plant Biology, 30, 239-264.

Dai A. (2012). Increasing drought under global warming in obser-
vations and models. Nature Climate Change, 3, 52–58. 

Demirevska K., Zasheva, D., Dimitrov, R., Simova-Stoilova, L., 
Stamenova, M., & Feller, U. (2009). Drought stress effects on 
Rubisco in wheat: changes in the Rubisco large subunit. Acta 
Physiologiae Plantarum, 31, 1129–1138.

Ejeta, G. & Knoll, J. E. (2007). Marker-assisted selection in sor-
ghum In: R. Vashney and R. Tuberosa (Eds), Genomic Assisted 
Crop Improvement: Vol 2, Genomic Applications in Crops, 
Springer-Verlag, Berlin. pp. 187-205.

Fahad, S., Bajwa, A. A., Nazir, U., Anjum, S. A., Farooq, A., Zo-
haib, A., Sadia, S., Nasim, W., Adkins, S., Saud, S., Ihsan, M. 
Z., Alharby, H., Wu, C., Wang, D., & Huang, J. (2017). Crop 
Production under Drought and Heat Stress: Plant Responses 
and Management Options. Frontiers in Plant Science, 8, 1147. 

Farooq M., Hussain, M., Wahid, A. & Siddique, K. H. M. (2012). 
Drought stress in plants: An Overview. In: Plant Responses to 
Drought Stress (Ed. R. Aroca), Springer Press, Berlin - Hei-
delberg 

Fernandez, G. C. J. (1992). Effective selection criteria for as-
sessing stress tolerance. In: Kuo C.G. (Ed.), Proceedings of 
the International Symposium on Adaptation of Vegetables and 
Other Food Crops in Temperature and Water Stress, Publica-
tion, Tainan, Taiwan.

Gill, P. K., Sharma, A. D., Singh, P., & Bhullar, S. S. (2003). 

Changes in germination growth and soluble sugar contents 
of Sorghum bicolor (L.) Moench. seeds under various abiotic 
stresses. Plant Growth Regulation, 40, 157-162.

Hamilton, M. A., R. C. Russo & R. V. Thurston, (1978). Trimmed 
Spearman-Karber Method for Estimating Median Lethal Con-
centrations in Toxicity Bioassays, Environ. Sci. Technol., 12(4), 
417.

Hinkelman, K., & Kempthorne, O. (1994). Design and analysis 
of experiments. Volume I: Introduction to experimental design. 
New York: John Wiley and Sons, Inc. 495 pp.

Krupa, K. N., Dalawai, N., Shashidhar, H. E., Harinikumar, K. 
M., Manojkumar, H. B., Bharani, S., & Turaidar, V. (2017). 
Mechanisms of Drought Tolerance in Sorghum: A Review, Int. 
J. Pure App. Biosci. 5(4), 221-237.

Maleki. A., Naderi, R., Naseri, A., Fathi, A., Bahamin, S., & 
Maleki, R. (2013). Physiological Performance of Soybean 
Cultivars under Drought Stress. Bulletin of Environment, Phar-
macology and Life Sciences, 2(6), 38-44.

Munamava, M. & Riddoch, I., (2001). Response of three sor-
ghum (Sorghum bicolor L. Moench) varieties to soil moisture 
stress at different developmental stages, South African Journal 
of Plant and Soil, 18(2), 75-79.

Qadir, M., Qadir, M., Bibi, A., Bibi, A., Tahir, M. H. N., Saleem, 
M., & Sadaqat, H. (2015). Screening of sorghum (Sorghum 
bicolor L) genotypes under various levels of drought stress. 
Maydica, 60(4), M35.

Pustovoitova, T. N., Zhdanova, N. E., Zholkevich, V. N., Ere-
min, G. V., & Rassvetaeva, E. G. (1996). Drought resistance, 
recovery capacity, and phytohormone content in polyploid 
plum leaves. Russian Journal of Plant Physiology, 43, 232-235.

Shafea, L. & Saffari, M. (2016). Evaluation of grain filling rate 
and path analysis in different combinations of nitrogen and 
zinc in maize. Bulgarian Journal of Agricultural Science, 22, 
60-64.

Tawaha, A. M. & Ghzawi, Al-A. A. (2013). Effect of Chitosan 
coating on seed germination and salt tolerance of lentil (Lens 
culinaris L.). Research on Crops, 14(2), 489-491. 

Tsago, Y., Andargie, M. & Takele, A. (2014). In vitro selection of 
sorghum (Sorghum bicolor L.) for polyethylene glycol (PEG) 
induced drought stress. Plant Science Today, 1(2), 62-68.

Received: December, 20, 2018; Accepted: January, 4, 2019; Published: February, 29, 2020


