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rought is one of the factors that inversely affect the growth of plants. The present 
study aimed to determine the differential interactive effects of Ca/Mg quotient under 
PEG-induced drought in the Prolin variety of Sorghum bicolor L. at the vegetative stage. 

Sorghum bicolor L. variety Proline was obtained from Persabaq Nowshera, and was sown in 
earthen pots (lower inside diameter, 18cm upper inner diameter, 20 cm height and 2 cm 
thickness) filled with 2kg of air-dried soil and silt (2:1) having pH, moisture content and field 
capacity in triplicates in the greenhouse, provide with Ca/Mg solution properly. The designed 
experiment contained seven treatments each having three replicates, among these treatments 
first three were controlled, and the other six were treated with Ca/Mg quotient 4+PEG(0.6 
MPa), Ca/Mg quotient 4+PEG(0.2 MPa), Ca/Mg quotient 2+PEG(0.6 MPa), Ca/Mg 
quotient 2+PEG(0.2 MPa), Ca/Mg quotient 0.18+PEG(0.6 MPa), and Ca/Mg quotient 
0.18+PEG(0.2 MPa) respectively with three replicates. After 4 weeks of growth plants were 
then given the PEG solutions in different concentrations. It was observed in the results that 
in normal conditions (Control set) the selected plant gave good results however in the 
treatments the PEG-induced drought affected the plant growth there was a reduction in the 
agronomy i.e. leaf area, leaf fresh and dry weight, and the similar reduction also occurred with 
all other (root shoot) vegetative parts which gave minimum results as compared to the control 
and more reduction occur as to increase the PEG amount (0.6MPa) while in all treatment 
presence of Ca/Mg quotient reduce the effect of PEG by giving the plant nutritive strength. 
The biochemical characteristics like chlorophyll, sugar, and protein are also reduced in PEG 
treatment. Finally, it was concluded that the presence of Ca/Mg quotients combats the 
induced drought stress by PEG in the protein variety of Sorghum bicolor L. 
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Introduction: 

Sorghum bicolor and its various varieties, belonging to the Poaceae family, are widely 
used as a staple food and harvested for multiple purposes [1]. Over time, numerous genotypes 
and hybrids have been developed to address food security challenges. Sweet sorghum, 
originating from America and Europe, yields the best production [2]. It is considered to be 
well suited for hot and dry countries like Nigeria India, or Mexico [3]. As a highly efficient 
energy plant, sweet sorghum is increasingly chosen as a bioenergy crop [4] [5] [6]. 

Various environmental conditions such as drought can impact the growth and 
development of plants, acting as limiting factors [7] [8] [9]. The dry season or drought mainly 
depends on several factors including rainfall, rate of evaporation, and soil moisture [10]. 
Sorghum is a potential substitute for liveliness [1][11], which requires regular water supply. 
Disruption in water supply and its ultimate shortage can have detrimental effects on the regular 
production of plants contributing to the rising temperature of the earth [12]. This situation of 
water is extremely imperious for the development of proper plant crops [13][14][15][16], 
leading to many physio-biochemical changes [6][17]. Water scarcity can lead to activation of 
Responsive Oxygen Spp. Subsequently causing lipid peroxidation in plants [17], protein 
degradation or sleazing [18], and eroded nucleic drawbacks [19]. The various sorghum cultivars 
and varieties require soil pungency [20]. Dry spell genotypes have high epi-cuticle waxy layers 
over leaves to combat transpiration and infrared radiations and enable plants to withstand 
harsh conditions [21]. Twisting or serpentine soils impose more restrictions on plant growth 
and development due to their low levels of Ca/Mg nutrients, lessening the water holding 
capacity and reducing natural matter substance [22].  

The presence of sufficient amounts of Ca/Mg nutrients in the soil helps plants 
maintain their life vitality under drought conditions  [23]. In the present study, we selected the 
proline variety of sorghum to grow under polyethylene glycol drought stress conditions while 
properly providing the Ca./Mg nutrients continuously. 
Objectives of the Study: 

In the present study cereal crop Sorghum bicolor variety Prolin was selected to test 
against PEG-induced drought stress. The plant is provided with Ca and Mg nutrients to check 
the intensity of drought in the agronomic and physiologic characteristics of the crop. There is 
little literature available about the PEG-induced drought stress in Sorghum bicolor.  
Materials and Method: 
Plant Material and Growing Conditions: 

The practical experiment was conducted in greenhouse conditions using seeds of the 
protein variety sorghum bicolor, which was obtained from peersabaq turned Peshawar. The 
seeds were sown in earthen pots with 20cm height with 18cm overall diameter, soil and sand 
ratio was 2:1. A Coplete randomize design (CRD) was used for this experiment. Plant pots 
were protected from intense sunlight, warm wind, and rainfall. A total of six treatments were 
applied,  with each treatment replicated three times. Throughout the experiment, no pest or 
disease issues were observed and the plant pots were watered as needed. Moreover, the 
experiment ran for eight weeks. Seeds were sterilized using Clorox(10%) and ethanol (90%) 
for 5mins. Ca/Mg quotients: for the effective growth of plants, three types of Ca/Mg 
quotients 4, 2, and 0.18 were prepared. 
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Flow diagram of a methodology 
Preparation of Ca/Mg Quotient: 

• During experimental work, the Ca/Mg quotient was prepared. The Ca/Mg quotients 
are three types, 4, 2, and 0.18 for effective results. 

• For 4 quotients we took 90 mg of MgSO4 and 429 mg of Ca(NO3)2 dissolved in 1000 
ml of water and prepared a solution. 

• For 2 quotients we took 90 mg of MgSO4 and 246 mg of Ca(NO3)2 dissolved in 1000 
ml of water and prepared a solution. 

• For the 0.18 quotient, we took 90 mg of MgSO4, 62 mg of Ca(NO3)2, and 260 mg 
Mg(NO3)2 dissolved in 1000ml of water and prepared a solution. 

• 2 weeks After Germination Ca/Mg quotient was given to the plants and then 1 week 
after giving Ca/Mg quotient was given to PEG stress and then after 3 days, the plants were 
harvested. 
Preparation of PEG: 

26 mg PEG was dissolved in 1000 ml of distal water which made a potential 0.6 MPa 
and 8.6 mg PEG was dissolved in 1000 ml of distal water which made a potential 0.2 MPa. 

Table 1. Treatments Detail. 
No. Treatment Detail No. Treatment Detail 
T1 Control T5 2 quotient +PEG0.2 MPa 
T2 4 quotient +PEG0.6 MPa T6 0.18quotient+PEG0.6 MPa 
T3 4 quotient +PEG0.2 MPa T7 0.18quotient+PEG0.2 MPa 
T4 2 quotient +PEG0.6 MPa   

Agronomic Parameters to Study: 
For agronomic characteristics, the plant was harvested and various parameters such as 

fresh weight of leaves, shoot and root, shoot and root dry weight were measured. Plants were 
dried after being weighed fresh, and then the dry weight of leaves, roots, and shoots was 
calculated. The relative water content of all three parts was determined using the method of 
(Garcıa-Mata and Lamattina, 2001). By using the following formula and computing the RWC, 
RWC (%) = (FW-DW) / (TW-DW) * 100 
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Physiological Parameters to Study: 
Leaf Protein Content: 

Protein content was determined using the fresh plant leaves which were crushed and 
added with a phosphate buffer solution of pH 7.5. The crushed sample was then centrifuged 
and absorbance of supernants was recorded after 30 mins of incubation at 650nm by 
spectrophotometer. Bovine serum albumin (BSA) was used as a standard to determine the 
unknown protein content. 
Sugar Estimation: 

Fresh leaves were crushed in distilled water using a pestle and mortar, and the mixture 
was centrifuged for 5 minutes.  To 0.1 mL of the supernatant, 1 mL of phenol was added, 
followed by the addition of sulfuric acid. The absorbance was then measured at 420 nm. 
Glucose was used as the standard for determining the concentration [24]. 
Chlorophyll Content of Leaves: 

Fresh leaves were mixed with 4ml of acetone and centrifuged for 5 min at 2000rpm. 
Supernant was collected and used for chlorophyll determination. The absorbance of 
‘chlorophyll a was measured at 645nm and ‘chlorophyll b’ at 663nm using a spectrophotometer 
[25]. 
The following formula was used to measure the total chlorophyll content [26]. 
Total chlorophyll (mg/g) = (20.2 x A645) + (8.02 x B663)  
Results: 
Effects of Ca/Mg Quotient on Agronomical Parameters of Sorghum Bicolor Variety 
Prolin Nder Peg Induced Drought Stress 

The results indicated that the leaf fresh weight in T1 (control) was the highest 
compared to the treated sets. Minimum leaf fresh weight was recorded in the T2 set (Ca/Mg 
quotient 4 + PEG 0.6MPa). It indicated that the negative effect of PEG negative effects was 
reduced by the Ca/Mg quotient in other treatments which showed moderate effects. The 
highest amplitude for leaf dry weight was recorded in the T1 set and the lowest was in PEG-
induced stress sets (T5). However, the moisture content of the Leaf was highest in the T3 set 
and lowest in the T4 set. Results are presented in Table 2. 

Table 2. Effect proline variety of Sorghum bicolor L. 
Treatment Leaf fresh weight Leaf dry weight Relative water content 

T1 1.45±0.12a 0.51±0.03a 0.52±0.10a 
T2 0.69±0.09ab 0.34±0.09ab 0.36±0.13a 
T3 1.01±0.47b 0.26±0.15b 0.63±0.42a 
T4 0.89±0.20b 0.22±0.04b 0.36±0.05a 
T5 0.71±0.09b 0.21±0.02b 0.44±0.11a 
T6 0.90±0.36b 0.27±0.18b 0.40±0.20a 
T7 1.21±0.47ab 0.34±0.10ab 0.45±0.11a 

The results highlighted that maximum root fresh weight in a variety of Proline 
(P>0.05) was reported in T1 (control), while minimum root fresh weight was observed in T4 
(Ca/Mg quotient 2+PEG 0.6 MPa). Whereas; the highest amplitude for root dry weight has 
been reported in T1 (control), while the lowest amplitude was reported in Prolin in T5 (Ca/Mg 
quotient 2+PEG 0.2 MPa). Additionally, the highest root moisture content was observed in 
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T7 (Ca/Mg quotient 0.18 + PEG 0.2 MPa), while the least root moisture content was noted 
in T4 (Ca/Mg quotient 2 + PEG 0.6 MPa), as shown in Table 3.  

Table 3. Effect proline variety of Sorghum bicolor L. 

Treatment Root fresh weight Root dry weight Relative water content 
T1 0.95±0.15a 0.53±0.09a 0.24±0.05a 
T2 0.36±0.06b 0.33±0.09ab 0.30±0.49a 
T3 0.30±0.20b 0.17±0.24b 0.22±0.24a 
T4 0.40±0.18b 0.26±0.09ab 0.10±0.04a 
T5 0.23±0.05b 0.16±0.12b 0.23±0.10a 
T6 0.53±0.45b 0.32±0.06ab 0.18±0.07a 
T7 0.47±0.26b 0.41±0.24ab 0.48±0.39a 

The results showed that maximum shoot fresh weight at P>0.05 was reported in T1 
(control) along with minimum shoot fresh weight in T2 (Ca/Mg quotient 4+PEG 0.6 MPa). 
However, the highest amplitude for shoot dry weight has been reported in T1(control) along 
with the lowest amplitude reported in T2 (Ca/Mg quotient 4+PEG 0.6 MPa). 

The highest root moisture content was observed in T2 (Ca/Mg quotient 4 + PEG 0.6 
MPa), while the lowest root moisture content was recorded in T1 (control), as shown in Table 
4.  

Table 4. Effect proline variety of Sorghum bicolor L. 
Treatment Shoot fresh weight Shoot dry weight Relative water content 

T1 6.06±0.12a 0.87±0.03a 7.38±0.10b 
T2 2.97±0.09b 0.32±0.09b 11.52±0.13a 
T3 4.45±0.47ab 0.61±0.15ab 8.71±0.42ab 
T4 3.80±0.20ab 0.52±0.04ab 8.37±0.05ab 
T5 4.48±0.09ab 0.61±0.02ab 7.83±0.11ab 
T6 4.46±0.36ab 0.53±0.18ab 9.49±0.20ab 
T7 5.21±0.47ab 0.66±0.10ab 8.53±0.11ab 

Effect of Ca/Mg quotient on the physiological characteristic of protein variety of Sorghum 
bicolor L. under simulated stress. 
Effect on Chlorophyll “a” Content (µmg/g) of Proline Variety of Sorghum Bicolor L: 

Figure 1 shows that the maximum chlorophyll “a” content was reported at P>0.05 in 
quotient 2 under drought stress 0.2 MPa. Whereas; minimum chlorophyll “a” content was 
reported at P>0.05 at quotient 0.18 under drought stress 0.6 MPa. 

 
Figure 1. Effect on chlorophyll “a”  content (µmg/g) of protein variety of Sorghum bicolor L. 
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Effect on Chlorophyll “b” Content (µmg/g) of Protein Variety of Sorghum Bicolor L: 
Figure 2 clearly shows that the maximum chlorophyll "b" content was observed in the 

control group, with statistical significance at P>0.05. Whereas; minimum chlorophyll “b” 
content was reported at P>0.05 in quotient 0.18 under drought stress 0.6 MPa. 

 
Figure 2. Effect on chlorophyll “b” content (µmg/g) of protein variety of Sorghum bicolor L. 
Effect on carotenoid content (µmg/g) of protein variety of Sorghum bicolor L: 

As shown in Figure 3, the highest carotenoid content was recorded in the control 
group, with a significant difference at P<0.01. The minimum carotenoid content showed a 
significant difference of P<0.01 in quotient 0.18 under drought stress 0.6 MPa. 

 
Figure 3. Effect on carotenoid content (µmg/g) of protein variety of Sorghum bicolor L. 

Effect on Sugar Content (µmg/g) of Protein Variety of Sorghum Bicolor L: 
Figure 4 indicated that the maximum sugar content was reported nearer to  P <0.05 

in the control. The lowest sugar content was observed in the Ca/Mg quotient 4 under drought 
stress (0.6 MPa), with a significant difference at P<0.05.  

 
Figure 4. Effect on sugar content (µmg/g) of protein variety of Sorghum bicolor L. 
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Effect on protein content (mg/g) of protein variety of Sorghum bicolor L. 
Figure 5 illustrates that the maximum protein content was reported at a significant 

difference of <0.05 in the control. However, the minimum protein content had a significant 
difference of P<0.05 in quotient 4 under drought stress 0.6 MPa. 

 
Figure 5. Effect on protein content (mg/g) of protein variety of Sorghum bicolor L. 

Discussion: 
In addition to various abiotic factors that stress the sorghum plant, certain nutrient 

deficiencies can also act as stressors. For instance, insufficient calcium and magnesium levels 
can reduce the plant's vigor and its ability to withstand drought conditions. Drought is a 
significant challenge that affects plant growth seriously. There are two primary types of 
drought including terminal and intermittent drought. In case of terminal drought, soil moisture 
decreases toward the end of the season, while intermittent is based on varying intervals of 
rainfall. A current study revealed that PEG-induced drought reduces fresh and dry weight, 
moisture content, root shoot ratio, and leaf area. While plant having Ca/Mg nutrients have 
sufficient fresh and dry weight, root shoot ratio, and moisture content because they provide 
support for plants to withstand the prevailing drought conditions of the PEG.  The results of 
this study align with the research of Tourian et al., [27] and many others. 
Agronomic Parameters: 

This research illustrated that shoot length, fresh weight, and dry weight of the Prolin 
variety of Sorghum bicolor remarkably reduced due to drought stress at the vegetative stage. 
The results are consistent with the findings of Thakur and Rai [28], who reported that drought 
stress leads to a reduction in shoot length and fresh weight in the crops studied. The current 
study also demonstrated that increasing levels of drought stress result in decreased root fresh 
and dry weight, supporting similar observations made by Krouma [29]. While some researchers 
reported that due to water scarcity root length increases [30]. This might be in the case of arid 
or xeric plants. 

The current study showed that high quotients of Ca/Mg produce high shoot fresh and 
dry weight and reduced root fresh and dry weight. Reducing the Ca/Mg quotient while 
increasing the PEG concentration caused a slight decrease in shoot weight and a slight increase 
in root weight.  At this stage, our study is in agreement with Salehi-Eskandari et al., [31]. PEG-
induced osmotic stress showed undesirable growth of root and shoot, while its effect was 
more noticeable at high concentrations. 
However, it becomes moderate with high ratios of CA/Mg. Similar results were presented by 
Salehi, et al., [10]. 
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Physiological Parameters: 
As the drought affects the growth and development of the Prolin variety of Sorghum 

bicolor, so this morphological hindrance is the indication of physiological stress of the plant 
where harmful activity was initiated and causes growth in stress. The present experiment 
demonstrated that as drought stress duration increased during the vegetative stage, there was 
a noticeable decline in total chlorophyll content. Both chlorophyll a and b were negatively 
affected, indicating that prolonged drought stress significantly impairs the photosynthetic 
capacity of the plant. This decrease in the chlorophyll content occurs due to the inhibition of 
the biosynthesis of precursors for chlorophyll due to reduced moisture content as reported by 
Makhmudov [32]. Similar findings were also reported by Anjum et al., [33], highlighting that 
the reduction in chlorophyll is dependable. 

The results of this study follow the plant physiologist who revealed that carbohydrates 
play a positive role in plant resistance to drought stress [34]. Similar results were reported by 
Jnandabrahim and Sailen [35]. 
Conclusion: 

The present study showed that the presence of proper nutrients plays a vital role in 
combating any kind of stress faced by plants from the environment. Ca/Mg quotients 
withstand the plant with prevailing PEG-induced drought stress. High ratios of PEG reduce 
the vegetative growth but high quotients of Ca/Mg reduce its effect in the treatment sets.  
References: 
[1] M. . and E.-K. N. H. Abdalla, “The Influence of Water Stress on Growth, Relative Water 
Content, Photosynthetic Pigments, Some Metabolic and Hormonal Contents of two Triticium 
aestivum cultivars,” J. Appl. Sci. Res., vol. 3, no. 12, pp. 2062–2074, 2007, [Online]. Available: 
https://www.aensiweb.com/old/jasr/jasr/2007/2062-2074.pdf 
[2] A. and M. R. H. Almodares, “Production of bioethanol from sweet sorghum: A review,” 
African J. Agric. Res., vol. 4, no. 9, pp. 772–780, 2009, [Online]. Available: 
https://academicjournals.org/article/article1380976619_Almodares and Hadi.pdf 
[3] A. W. and S. A. F. Anjum, M. Yaseen, E. Rasool, “WATER STRESS IN BARLEY 
(HORDEUM VULGARE L.) II. EFFECT oN CHEMICAL COMPOSITION AND 
CHLOROPHYLL CONTENTS,” Pak. J. Agri. Sci, vol. 40, no. 1–2, 2003, [Online]. Available: 
https://scispace.com/pdf/water-stress-in-barley-hordeum-vulgare-l-ii-effect-on-4nayick89u.pdf 
[4] M. C. and W. L. Anjum Shakeel Ahmad, Xie Xiao-yu, Long-chang Wang, Saleem 
Muhammad Farrukh, “Morphological, physiological and biochemical responses of plants to 
drought stress,” African J. Agric. Res., vol. 6, no. 9, pp. 2026–2032, 2011, [Online]. Available: 
https://academicjournals.org/article/article1380900919_Anjum%2520et%2520al.pdf 
[5] Daniel I. Arnon, “Copper Enzymes in Isolated Chloroplasts. Polyphenoloxidase in Beta 
Vulgaris,” Plant Physiol., vol. 24, no. 1, pp. 1–15, 1949, doi: https://doi.org/10.1104/pp.24.1.1. 
[6] E. Kazakou, G. C. Adamidis, A. J. M. Baker, R. D. Reeves, M. Godino, and P. G. 
Dimitrakopoulos, “Species adaptation in serpentine soils in Lesbos Island (Greece): Metal 
hyperaccumulation and tolerance,” Plant Soil, vol. 332, no. 1, pp. 369–385, Feb. 2010, doi: 
10.1007/S11104-010-0302-9/TABLES/6. 
[7] H. A. Begum et al., “Effects of UV Radiation on Germination, Growth, Chlorophyll 
Content, and Fresh and Dry Weights of Brassica rapa L. and Eruca sativa L.,” Sarhad J. Agric., vol. 
37, no. 3, pp. 1016–1024, 2021, doi: 10.17582/JOURNAL.SJA/2021/37.3.1016.1024. 
[8] T. H. H. C. W. P. Chen, P. H. Li, “Glycinebetaine increases chilling tolerance and reduces 



                       International Journal of Agriculture and Sustainable Development 

May 2025|Vol 07 | Issue 02                                                                             Page |190 

chilling-induced lipid peroxidation in Zea mays L.,” Wiley, 2001, [Online]. Available: 
https://doi.org/10.1046/j.1365-3040.2000.00570.x 
[9] G. Cornic and A. Massacci, “Leaf Photosynthesis Under Drought Stress,” Photosynth. 
Environ., pp. 347–366, 1996, doi: 10.1007/0-306-48135-9_14. 
[10] M. G. and H. T. N. Ashok Surwenshi, V P Chimmad, B R Jalageri, Vinod Kumar, 
“Characterization of Sorghum Genotypes for Physiological Parameters and Yield under Receding 
Soil Moisture Conditions,” Res. J. Agric. Sci., vol. 1, no. 3, pp. 242–244, 2010, [Online]. Available: 
https://www.researchgate.net/profile/Vinod-Kumar-
256/publication/267801850_Characterization_of_Sorghum_Genotypes_for_Physiological_Para
meters_and_Yield_under_Receding_Soil_Moisture_Conditions/links/554b33960cf29752ee7c40
84/Characterization-of-Sorghum-Geno 
[11] M. Farooq, M. Hussain, A. Wahid, and K. H. M. Siddique, “Drought Stress in Plants: An 
Overview,” Plant Responses to Drought Stress From Morphol. to Mol. Featur., vol. 9783642326530, pp. 
1–33, Oct. 2012, doi: 10.1007/978-3-642-32653-0_1. 
[12] H. Hagar, N. Ueda, and S. V. Shah, “Role of reactive oxygen metabolites in DNA damage 
and cell death in chemical hypoxic injury to LLC-PK1 cells,” Am. J. Physiol., vol. 271, no. 1 PART 
2, 1996, doi: 10.1152/AJPRENAL.1996.271.1.F209;WEBSITE:WEBSITE:APS-
SITE;PAGEGROUP:STRING:PUBLICATION. 
[13] A. L. K. Muhammad Hamayun, Sumera Afzal Khan, Zabta Khan Shinwari, “Effect of 
polyethylene glycol induced drought stress on physio-hormonal attributes of soybean,” Pakistan 
Journal of Botany. Accessed: Mar. 02, 2025. [Online]. Available: 
https://www.researchgate.net/publication/230845375_Effect_of_polyethylene_glycol_induced
_drought_stress_on_physio-hormonal_attributes_of_soybean 
[14] A. L. K. Muhammad Hamayun, Sumera Afzal Khan, Zabta Khan Shinwari, “Effect of 
polyethylene glycol induced drought stress on physio-hormonal attributes of soybean,” Pakistan J. 
Bot., vol. 42, no. 2, pp. 977–986, 2010, [Online]. Available: 
https://www.researchgate.net/publication/230845375_Effect_of_polyethylene_glycol_induced
_drought_stress_on_physio-hormonal_attributes_of_soybean 
[15] J. Z. Mingyi Jiang, “Effect of Abscisic Acid on Active Oxygen Species, Antioxidative 
Defence System and Oxidative Damage in Leaves of Maize Seedlings,” Plant Cell Physiol., vol. 42, 
no. 11, pp. 1265–1273, 2001, doi: https://doi.org/10.1093/pcp/pce162. 
[16] S. P. B. Jnandabhiram Chutia, “Water Stress Effects on Leaf Growth and Chlorophyll 
Content but Not the Grain Yield in Traditional Rice (Oryza sativa Linn.) Genotypes of Assam, 
India II. Protein and Proline Status in Seedlings under PEG Induced Water Stress,” Am. J. Plant 
Sci., vol. 3, no. 7, 2012, doi: 10.4236/ajps.2012.37115. 
[17] K. S. Satoshi Kidokoro , Kyonoshin Maruyama , Kazuo Nakashima , Yoshiyuki Imura , 
Yoshihiro Narusaka , Zabta K. Shinwari , Yuriko Osakabe , Yasunari Fujita , Junya Mizoi, “The 
Phytochrome-Interacting Factor PIF7 Negatively Regulates DREB1 Expression under Circadian 
Control in Arabidopsis,” Plant Physiol., vol. 151, no. 4, pp. 2046–2057, 2009, doi: 
https://doi.org/10.1104/pp.109.147033. 
[18] ABDELMAJID KROUMA, “Plant water relations and photosynthetic activity in three 
Tunisian chickpea (Cicer arietinum L.) genotypes subjected to drought,” Turkish J. Agric. For., vol. 
34, no. 3, 2010, [Online]. Available: https://journals.tubitak.gov.tr/agriculture/vol34/iss3/9/ 
[19] G. Legwaila, T. Balole, and S. Karikari, “Review of sweet sorghum: a potential cash and 
forage crop in Botswana,” UNISWA J. Agric., vol. 12, no. 1, pp. 5–14, Aug. 2003, doi: 
10.4314/UNISWA.V12I1.4631. 



                       International Journal of Agriculture and Sustainable Development 

May 2025|Vol 07 | Issue 02                                                                             Page |191 

[20] J. S. Andrew Lorrey, Anthony M. Fowler, “Regional climate regime classification as a 
qualitative tool for interpreting multi-proxy palaeoclimate data spatial patterns: A New Zealand 
case study,” Palaeogeogr. Palaeoclimatol. Palaeoecol., vol. 253, no. 3–4, pp. 407–433, 2007, doi: 
https://doi.org/10.1016/j.palaeo.2007.06.011. 
[21] G. R. Marcello Mastrorilli, Nader Katerji, “Productivity and water use efficiency of sweet 
sorghum as affected by soil water deficit occurring at different vegetative growth stages,” Eur. J. 
Agron., vol. 2, no. 3–4, pp. 207–215, 1999, doi: https://doi.org/10.1016/S1161-0301(99)00032-5. 
[22] P. . C. J Mwanamwenge, S.P Loss, Siddique, K.H.M, “Effect of water stress during floral 
initiation, flowering and podding on the growth and yield of faba bean (Vicia faba L.),” Eur. J. 
Agron., vol. 11, no. 1, pp. 1–11, 1999, doi: https://doi.org/10.1016/S1161-0301(99)00003-9. 
[23] B. K. N. X. Nxele, A. Klein, “Drought and salinity stress alters ROS accumulation, water 
retention, and osmolyte content in sorghum plants,” South African J. Bot., vol. 108, pp. 261–266, 
2017, doi: https://doi.org/10.1016/j.sajb.2016.11.003. 
[24] S. Ramanjulu and C. Sudhakar, “Drought tolerance is partly related to amino acid 
accumulation and ammonia assimilation: A comparative study in two mulberry genotypes differing 
in drought sensitivity,” J. Plant Physiol., vol. 150, no. 3, pp. 345–350, 1997, doi: 
https://doi.org/10.1016/S0176-1617(97)80131-9. 
[25] M. H. A. S. K. ATIF RIAZ, ADNAN YOUNIS, “MORPHOLOGICAL AND 
BIOCHEMICAL RESPONSES OF TURF GRASSES TO WATER DEFICIT 
CONDITIONS,” Pak. J. Bot, vol. 42, no. 5, pp. 3441–3448, 2010, [Online]. Available: 
https://mail.pakbs.org/pjbot/PDFs/42(5)/PJB42(5)3441.pdf 
[26] B. Salehi Eskandari, S. M. Ghaderian, and H. Schat, “The role of nickel (Ni) and drought 
in serpentine adaptation: contrasting effects of Ni on osmoprotectants and oxidative stress 
markers in the serpentine endemic, Cleome heratensis, and the related non-serpentinophyte, 
Cleome foliolosa,” Plant Soil, vol. 417, no. 1–2, pp. 183–195, Aug. 2017, doi: 10.1007/S11104-017-
3250-9/METRICS. 
[27] M. J. Salinger, M. V. K. Sivakumar, and R. Motha, “Reducing vulnerability of agriculture 
and forestry to climate variability and change: Workshop summary and recommendations,” Clim. 
Change, vol. 70, no. 1–2, pp. 341–362, May 2005, doi: 10.1007/S10584-005-5954-8/METRICS. 
[28] M. R. and B. R. J. U K Shanwad, B N Aravindkumar, U K Hulihalli, Ashok Surwenshi, 
“Integrated nutrient management (INM) in Maize-Bengal gram cropping system in Northern 
Karnataka,” Res. J. Agric. Sci., vol. 1, no. 3, pp. 252–254, 2010, [Online]. Available: 
https://www.researchgate.net/profile/Aravinda-Kumar-Baburai-
Nagesh/publication/215447416_Integrated_Nutrient_Management_INM_in_Maize-
Bengal_gram_Cropping_System_in_Northern_Karnataka/links/59da5806aca272e6096be826/In
tegrated-Nutrient-Management-INM-in-Mai 
[29] G. A. Smith and D. R. Buxton, “Temperate zone sweet sorghumethanol production 
potential,” Bioresour. Technol., vol. 43, no. 1, pp. 71–75, 1993, doi: https://doi.org/10.1016/0960-
8524(93)90086-Q. 
[30] J. L. Smith et al., “Structure of the allosteric regulatory enzyme of purine biosynthesis,” 
Science (80-. )., vol. 264, no. 5164, pp. 1427–1433, 1994, doi: 
10.1126/SCIENCE.8197456;PAGEGROUP:STRING:PUBLICATION. 
[31] G. R. P. Steduto, N. Katerji, H. Puertos-Molina, M. U¨nlu¨, M. Mastrorilli, “Water-use 
efficiency of sweet sorghum under water stress conditions Gas-exchange investigations at leaf and 
canopy scales,” F. Crop. Res., vol. 54, no. 2–3, pp. 221–234, 1997, doi: 
https://doi.org/10.1016/S0378-4290(97)00050-6. 



                       International Journal of Agriculture and Sustainable Development 

May 2025|Vol 07 | Issue 02                                                                             Page |192 

[32] K. A. Rafi Ullah, Nasrullah Khan, “Which factor explains the life-history of Xanthium 
strumarium L., an aggressive alien invasive plant species, along its altitudinal gradient?,” Wiley, 
2022, doi: https://doi.org/10.1002/pld3.375. 
[33] J. Wery, S. N. Silim, E. J. Knights, R. S. Malhotra, and R. Cousin, “Screening techniques 
and sources of tolerance to extremes of moisture and air temperature in cool season food 
legumes,” pp. 439–456, 1994, doi: 10.1007/978-94-011-0798-3_26. 
[34] T. T. I. Yordanov, V. Velikova, “PLANT RESPONSES TO DROUGHT AND STRESS 
TOLERANCE,” BULG. J. PLANT PHYSIOL, pp. 187–206, 2003, [Online]. Available: 
http://www.bio21.bas.bg/ippg/bg/wp-content/uploads/2011/06/03_essa_187-206.pdf 
[35] Y. An, Z. Liang, R. Han, and G. Liu, “Effects of soil drought on seedling growth and 
water metabolism of three common shrubs in Loess Plateau, Northwest China,” Front. For. China, 
vol. 2, no. 4, pp. 410–416, Oct. 2007, doi: 10.1007/S11461-007-0065-5/METRICS. 
 

 

Copyright © by authors and 50Sea. This work is licensed under 
Creative Commons Attribution 4.0 International License.  

 

 


