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ABSTRACT 
Drought stress is becoming an intimidating obstacle to global agriculture in the 21st century, creating major 
food security challenges. Drought-sensitive crops, in particular, to which pumpkin and basils belong, reduce 
yield potentials. Lack of water can inhibit germination of sown seeds and manipulate germination 
parameters. An experiment was conducted to investigate the effect of drought stress, induced by 
(polyethylene glycol) (PEG), on some germination parameters (germination percentage, germination energy, 
germination rate index, mean germination time and root elongation) of pumpkin (Cucurbita pepo L.) and 
basil (Ocimum basilicum L.). The PEG concentration in both species was (2.5%) along with a control 
treatment (nutrient solution), on both species in three replicates of every treatment. Germinated seeds were 
counted every day at the same time, and the daily associated root elongation was measured by using a regular 
ruler. Each stage was considered finished when the average hypocotyl of the control treatment reached 3 cm 
long. Pumpkin took nearly 7 days to reach maximum root elongation, whereas basils took 8 days but failed to 
reach around 1.5cm root length and died. The results showed that basil seeds were extremely sensitive to 
water deprivation and could not germinate in 2.5% PEG solution, whereas pumpkin seeds germinated well in 
2.5% PEG solution. It was found that the PEG treatment reduced germination by 25% in the case of 
pumpkin, whereas basils could not germinate well and the PEG treatment reduced germination by 75%. It 
demonstrates that pumpkins can withstand drought stress better than basils.  
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INTRODUCTION 

Climate change will inevitably show its consequences all over the globe as a result of 
global warming. Temperature rises and shifting weather patterns are likely to exacerbate 
already-existing water shortages in certain areas. The incidence and intensity of droughts 
and floods is estimated to adjust, which can lead to a severe death and property loss across 
Europe (ÖZDEN ET AL., 2008). 

Drought is one of the most serious environmental stresses, limiting crop yields in many 
parts of the world, especially in hot and dry regions. (PORUDAD AND BEG, 2003). 
Precipitation and water scarcity are the first thoughts that come to mind when drought is 
discussed. (KULAÇ ET AL., 2010). Drought, which is deteriorating by the day, and thirst as a 
result of it, have devastating consequences in green fields, as well as in other aspects of our 
lives. Roots are the first organ in plants to detect drought stress (DAVIES ET AL., 2002; 
WILKINSON AND DAVIES, 2002), and as a result, plants can form fine roots that can invade 
smaller soil pores and increase water absorption to some degree (OH AND KOMATSU, 2015; 
KOMATSU AND HOSSAIN, 2013). 
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Various methods are used to identify species' drought resistances. One of these methods is 
to apply polyethylene glycol PEG to the seed’s nutrient solution in various concentrations. 
PEG applications have been used in many species to identify drought resistance, with very 
positive results (BAHRAMI ET AL., 2012; MUJTABA ET AL., 2007). 

Pumpkin seeds are used for the curing of various illnesses, and the herbal drugs are used 
for medicinal care individually or combined. The pumpkin is the famous food plant used to 
cure various food illnesses and phytochemical compounds (YADAV ET AL., 2010). Despite 
these facts, it is considered as drought tolerant crop (SEYMEN ET AL., 2019). 

Sweet basil is known as a crucial fresh vegetable and a different medicinal herb. Basil 
plants include antibacterial, antioxidant, antimicrobial, anti-inflammatory and several other 
positive consequences for consumer health based on previous study findings (TANRIKULU 

ET AL., 2018; JULIANI ET AL., 2002). The aim of this experiment was to investigate the 
effects of artificial of (in laboratory drought stress caused by PEG on germination 
parameters of Pumpkin and Basil. In this research, the water stress resistance of pumpkin 
and basil was also identified. 

 

MATERIALS AND METHODS 

The experiment was performed at the Debrecen University Institute of Crop Sciences in 
2021. Two distinct species were used to compare germination parameters: Pumpkin 
(‘Curcubita pepo L') (120 seeds) and Basil (‘Oscimum basilicum L’) (120 seeds). 

Pumpkin and basil seeds were hand-selected based on standardized seeds size that were 
surface sterilized with 6% (v/v) H2O2 for 20 minutes, then rinsed four times with distilled 
water and germinated geotropically between moisten filter papers at 22oC. The control 
medium was the nutrient solution (NS) medium (with the addition of the required amount 
of sterile distilled water). The nutrient solution consisted of the following components:2.0 
mM Ca(NO3)2·4H2O, 0.7 mM K2SO4, 0.5 mM MgSO4·7H2O, 0.1 mM KH2PO4, 0.1 mM 
KCl, 0.5 µM MnSO4·4H2O, 0.5 µM ZnSO4·7H2O, 0.2 µM CuSO4.5H2O and 0.1 µM 
H3BO3. Iron was provided in the form of 104 M Fe-EDTA. Polyethylene glycol (6000 
PEG) (VWR International bvba Geldenaaksebaan, Leuven, Belgium) was used at a 
concentration of 2.5 % to induce water stress. In case of pumpkin, 20 disinfected seeds 
were placed on each roll for each treatment, and experiments were carried out in 
triplicate while 20 sterilized seeds on each roll in case of basils in 3 replications. Seed 
germination was monitored for 7 days and the parameters of germination were assessed 
accordingly. Seeds were considered germinated when the radicle had protruded 2 mm 
across the coat of the seed. Each stage was declared complete when the average hypocotyl 
of the control treatment reached 3 cm in length. 

Six different germination parameters were assessed. The methodology of calculations of 
parameters 1, 2, 3 and 4 followed (AL-MUDARIS, 1998), parameter 5 followed (AOSA, 
1983), parameter 6 followed (CZABATOR, 1962). 
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1. Final germination percentage (G) = the total seeds germinated at end of 
trial/number of initial seeds used 100 times. 

2. Mean germination time (MGT) = ΣFx/ΣF; where F is the number of seeds 
germinated on day x. 

3. Germination index (GI) = G1/1+G2/2+.... +Gi/i; where G1 is the germination 
percentage on day 1, G2 is the germination percentage at day 2; and so on. 

4. Coefficient of velocity of germination (CVG) = N1+N2+...+Ni/100 x 
N1T1+...+NiTi; where N is the number of seeds germinated every day and T is the 
number of days from seeding corresponding to N. 

5. Seed Vigor Index (SVI)= [(mean root length + mean shoot length) × 
%germination] 

6. Speed of germination (GS)=∑(ni/ti) 

At the end of the study, the effect of PEG application on the germination percentage, mean 
germination time, coefficient of velocity of germination, germination index, speed of 
germination and seed vigor index were analyzed using the Sigma plot program. For 
statistical analysis Sigma Plot 14 for Windows (Systat Software) was used. During the data 
analysis, one-way ANOVA method was used. 

 

RESULTS 

The results of the mean value, +standard error are given in Table 1. There was a 
statistically significant difference between control (NS) and polyethylene glycol 
(PEG)with regards to all germination parameters studied (Table 1). Based on the results of 
germination parameters, we found a significant difference between the pumpkin and basils 
was recorded (Table 1). Drought stress affected the root length of basil seeds more than 
pumpkin seeds, according to the results of the germination parameters. Drought-stressed 
pumpkin seeds had higher values for the number of roots and root length as compared to 
basils. In case of pumpkin, GP of control (NS) was (91.6±1.666,) but only (83.3±1.666) 
under drought stress conditions. Comparing between pumpkin and basil values of GP were 
(63.3±1.66) and (50±2.88) in control and PEG treatment respectively. Basils were (13%) 
under drought stress. The study's analysis indicated the impact of drought stress on basil 
germination characteristics. The MGT of basil was significantly greater than that of 
pumpkins. It indicates that pumpkin seeds could germinate faster than basils. MGT of 
pumpkin seeds was reduced by 12.6 % compared to basils under PEG (Figure 1.b). 
The lowest germination index (GI) was obtained in the stressed group in the case of 
pumpkin and basil rather than the control group, even when the values between pumpkin 
and basils are compared (Table 1). The GI value of basil was significantly lower by 20% in 
the control. Under PEG conditions, the value of basil was significantly reduced by 40.6%. 
This shows that the 2.5 % concentration of PEG had no influence on the germination 
properties of pumpkin, but had a deleterious impact on basils. 
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There was a significant difference in the co-efficient of germination velocity between 
pumpkin and basil when they were subjected to water stress. When treated with PEG, the 
average coefficient of germination velocity for pumpkin was (22.658±0.445) and for basil 
was (19.656±1.111). It was clearly found that pumpkin had a substantially greater SVI 
value than basils. In pumpkin, the difference between the two treatments was 27.7%. 
Basils, on the other hand, had (75.7%) difference. Pumpkins had a substantially higher 
germination speed (GS) than basils; under non-stressed conditions, GS was (2.714±0.0824) 
and (1.761±0.047) for pumpkin and basils, respectively. Under stressful conditions, the 
value of pumpkin and basils was (2.333±0.047) and (1.4761±0.095), respectively. 
 
Table 1. Values of the germination parameters (Germination percentage GP%, mean 
germination time MGT; day, germination Index GI; day, co-efficient of germination 
velocity CVG; seeds day -1, seed vigor index SVI; day, and germination speed GS; day)of 
Pumpkin (Cucurbita pepo L) and Basil (Ocimum basilicum L) under control (NS) and PEG 
(drought stress), (n=3, ±s.e.) 
 

      G% MGT(day) GI (day) 
CVG(seeds 
day-1) 

SVI (day) 
GS(day) 

   
   

 B
as

il
s 

 
  

CONTROL  63.3±1.66 4.30±0.16    4.32±0.15 23.62±0.546 206.6±7.85 1.76±0.047 

PEG  50±2.88  5.05±0.33 2.43±0.41 19.65±1.111     50.6±3.614 1.48±0.095 

   
   

   
  

P
um

pk
in

 CONTROL 
PEG 
 

 91.6±1.666 3.49±0.179 5.51± 0.12 28.78±1.445 414.0±2.76 2.71±0.082 

 83.3±1.66 4.41±0.085 4.18±0.242 22.6±0.445           299.3±5.04 2.33±0.05 
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Figure.1 Germination parameters of pumpkin and basil under control (no-drought) and 
2.5% PEG (drought stress) condition: (a) Germination percentage, (b) Mean Germination 
Time, (c) Germination index, (d) Coefficient of velocity of germination, (e) Seed vigor 
index, (f) Germination speed, (n=3, ±s.e.), Significant differences were 
signed***(p<0.001).         
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DISCUSSION 

Drought stress has been the subject of several research. Despite the fact that pumpkins can 
withstand drought (MUSA SEYMEN ET AL., 2019). All of the germination parameters for 
pumpkin and basil have been determined. Because PEG had a higher influence on basil 
root length and morphological and physiological characteristics, it was determined that 
basils are drought sensitive. It has been demonstrated by (ALI REZA ET AL., 2014). We 
discovered a substantial difference in the germination percentage of basils and pumpkins in 
this study. The pumpkin and basil germination rate was 83.3% and 50.3% respectively 
under PEG condition. Water deprivation has been found to affect all basil germination 
parameters more than pumpkin. The germination parameters of basils have been 
considerably affected by the water shortage. Compared with basil, we found no change in 
the pumpkin germination parameters. 

CONCLUSION 

In conclusion, while pumpkin seeds germination percentage was higher under relative 
drought stress conditions. Germinated Basil seeds showed zero ‘tolerance; the roots were 
unable to go deeper in order to meet more potential water levels. The root length had a 
notable impact on germination parameters, and it would most likely affect the plant's future 
growth, which will be very important to examine in order to understand the potential 
consequences of drought stress on the physiological traits during the later vegetative and 
reproductive periods of the Basils 
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