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ABSTRACT 
For understanding of seed germination, the ecology of weeds can 

assist in predicting their potential distribution and in developing their 
effective management strategies. In this experiment, the effects of 

various environmental factors on seed germination of Cucumis melo var. 
(agrestis) were investigated under laboratory and greenhouse conditions 
during 2009, in the department of Agronomy, University of Agriculture, 

Faisalabad, Pakistan. The treatments comprised of different temperature 
regimes (25, 30, 35, 40 and 45°C); salinity levels (0, 25, 50, 75, 100, 
125 and 150 mM of NaCl); osmotic stress (0, -0.2, -0.4 and -0.6 MPa) 

and seed sowing soil depths (0, 1, 2, 4 and 6 cm). Results revealed non-
significant effects of temperatures on germination and germination time 
whereas significant effects on seed germination index (8.39) at 25°C. 
Seed germination at 25 mM to 100 mM salinity was statistically similar 
to control treatments; whereas, the 150 mM salinity showed maximum 
reduction in seed germination and seed germination time, and minimum 
in seed germination index. The -0.4 MPa osmotic potential had reduced 

the seed germination of C. melo up to 25% and seed germination of C. 
melo was completely inhibited at -0.8 Mpa osmotic potential. Osmotic 
stress at -0.6 MP showed maximum reduction in seed germination and 
minimum in seed germination time and the germination index. Seedling 

emergence was 57.50 to 62.50% at seeding depths of 0 to 1cm but 
decreased as the soil depth increased. Maximum MGT and GI was 
recorded when seeds were planted at 1.0 cm soil depth. Below and 

above this depth, the seeds showed decrease in emergence. Seed 
germination of C. melo was delayed in respect of time to start 
germination and time to 50% germination (except in drought osmotic 
stress and soil sowing depth) with increased temperature, salinity, 
osmotic stress and sowing depth. 

 

Keywords: Cucumis melo, emergence, germination, light, osmotic 

stress, salinity, temperature. 

 

INTRODUCTION 

Cucumis melo L. probably originated in East African countries 

(e.g. Sudan, Ethiopia, Eritrea, Somalia, Uganda and Tanzania) where 

its wild populations are still present. Cucumis melo was domesticated 
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in the eastern Mediterranean region and West Asia ca. 4000 years ago 

and subsequently spread into whole Asia. During the long spread of 

cultivation many types developed with many fruit shapes. 

Cucumis melo belongs to cucurbitaceae family. It is a branched 

prostrate annual and/or perennial herb mostly infesting pearl millet, 

sorghum, maize, cotton and range lands. Its seed emergence is one of 

the most critical phases in plant development at which the weed can 

compete for an ecological niche (Forcella et al., 2000) and is mediated 

by various environmental factors such as temperature, light, soil pH, 

osmotic and salt stress (Rao et al., 2008; Chauhan and Johnson, 2009; 

Kegode et al., 2010). Temperature and light are considered to be the 

most important environmental factors regulating seed germination, 

species distribution and ecological interaction (Chauhan and Johnson, 

2008). Temperature is major determinant of seed germination when 

other factors (soil moisture, soil salinity and acidity) are not limiting 

(Martinkova and Honek, 1997). Temperature is variable for species 

within genera (Van-Assche et al., 2003) and may also differ between 

genotype within species (Debeaujon et al., 2000). Many plants require 

light for germination, some are insensitive to light and others are 

inhibited by light (Bewley and Black, 1994). Moisture stress may also 

delay, reduce or prevent seed germination and growth of plants 

(Norsworthy and Oliveira, 2006). Soil salinity may affect seed 

germination as it reduces the moisture absorbtion of seeds and by 

facilitating the entry of ions in higher amounts that effect seed health. 

The level of salinity at which seed germination is reduced varies with 

species, genotype, environmental conditions, osmotic potentials and 

specific ions (Ungar, 1991; Gomez et al., 2008). Increasing salinity 

delayed the beginning and ending of germination and reduced final 

germination percentage of Limonium emarginatum and inhibiting 

germination completely above 2% salinity (Gomez et al., 2008). 

Germination and seedling growth decline with drought stress that is 

perhaps one of the important abiotic stresses that limits number of 

seedlings and seedling growth (Kaya et al., 2006). Seed burial depth 

affects the germination and seedling emergence by influencing the 

availability of moisture, temperature and light exposure (Chachalis and 

Reddy, 2000). Weed seedling emergence has been reported from a 

wide range (0-15cm) of soil depths (Balyan and Bhan, 1986). 

Biological and ecological information specifically germination ecology of 

a specific weed is necessary to optimize weed control and maximize 

the efficiency of management tactics (Bhowmik, 1997). In Pakistan, 

most soils are saline with limited water availability and the average 

summer temperature range from 30-45°C. Seedbed for summer crop 

is prepared with conventional cultivator which goes up to a depth of 10 

cm. So, in order to understand the expansion of the geographic range 
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of C. melo in Pakistan, we need to learn how their seeds respond to 

varied climatic factors. To date, no research on seed germination 

ecology of C. melo has been conducted. The objectives of this study 

are to determine the effects of different temperature regimes, light, 

soil salinity and osmotic stress, and burial depth in soil on seed 

germination, seedling emergence and growth performance of C. melo. 

 

MATERIALS AND METHODS 

Seed germination test 

 Experiments were conducted at the Department of Agronomy, 

University of Agriculture Faisalabad, Pakistan under laboratory and 

greenhouse conditions during 2009. Mature fruits of C. melo were 

collected from several farmers field culivated with cotton at District 

Layyah (30º N, 70° E), Punjab, Pakistan during 2009. Seeds were 

removed from the fruits by cutting them into two parts. The seeds 

were cleaned and dried for seven days at room temperature (25ºC) 

and then stored in paper bags until used in the experiments. 

Seed germination was determined by placing 20 seeds evenly 

in a 9 cm diameter Petri plates containing filter paper Whatman No. 10. 

The control treatment was moistened with 5 mL distilled water and the 

other treatments solution. Seeds of C. melo were surface sterilized by 

soaking in 10% sodium hypochlorite (NaOCl) for 5 min followed by five 

rinses with distilled water before the trail conduction. All Petri palates 

were sealed with Para film to minimize evaporation. All the 

experiments (except temperatures one) were conducted under 35 (min) 

and 38°C (max) temperatures and at 10 h photoperiod. The 

germinated seeds (i.e., with radicle at least 2 mm long) were counted 

and removed daily for a period of three week. For the seed burial 

depth experiment, the seeds of C. melo were placed in 10 cm diameter 

plastic pots at different soil depths. 

Temperature regimes setting 

 Seeds of C. melo were incubated at temperature of 25 to 45 °C 

with an interval of 5°C for 3 weeks period. These temperatures were 

maintained constant.  

Adjustment of salt stress 

 Seeds of C. melo was incubated in sodium chloride (NaCl) 

solution of 0, 25, 50, 75, 100, 125, 150, mM to examine the effect of 

salt stress on germination.  

Osmotic stress setting 

 Cucumis melo seeds were germinated in aqueous solution with 

osmotic potential of 0, -0.2, -0.4, -0.4, -0.6, and -0.8 MPa. Osmotic 

potentials were prepared by using Polyethylene glycol1 (PEG 6000) in 

distilled water. The following equation (Michel and Kaufmann, 1973) 
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was used for calculation of water potential from known concentration 

of PEG 6000.  

 

Water potential = - (1.18 × 10-2) C - (1.18 × 10-4) C2 + (2.67 × 10-4) 

18CT + (8.39 × 10-7) C2T 

 

Where C is the concentration of PEG (g kg-1 distilled water) and 

T is temperature (°C) 

Setting the burial depth on seedling emergence 

 The effect of seed burial depth on seedling emergence was 

studied in green house. Twenty seeds of C. melo were placed on the 

soil surface or covered with soil (30% clay, 30% silt and 40% sand) to 

depth of 1, 2, 4, 6 and 8 cm in 15 cm diameter plastic pots. Pots were 

left opened and watered as needed to maintained adequate soil 

moisture. Seedlings were considered emerged when a cotyledon was 

visible at the soil surface. 

 The time taken by 50% seed germination or emergence (T50 or 

E50) was calculated according to the formula of Coolbear et al. (1984).  

 

 
 

Where N is the final number of germinated or emerged seeds 

and nj and ni are the cumulative number of seeds germinated by 

adjacent counts at times tj (day) and ti, (day) respectively, when ni < 

N/2 < nj.  

 Mean germination or emergence time (MGT or MET) was 

calculated according to the equation of Ellis and Roberts (1981). 

 

 
 

Where n is the number of seeds that had germinated on day D and D 

is the number of days counted from the beginning of germination. 

 The germination/emergence index (GI or EI) was calculated as 

described by the Association of Official Seed Analysis (1983). 
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Statistical analysis 

 A completely randomized design with four replications was used 

in all experiments. Data were subjected to analysis of variance 

(ANOVA) using SAS (2002) computer software package. The model 

structure of ANOVA was  

 

Where Yij is the observed response variable,  is an overall 

mean, is the explanatory variable and  is the error. The 

significant difference among treatment means were identified by using 

Fisher, LSD at P<0.05 (Steel et al., 1997). A square-root arcsine 

transformation was used to stabilize the variances for percentage data 

before analysis (Bartlett, 1947). Nonlinear regression analysis was 

used to determine how NaCl, osmotic stress or burial depth affected 

percentage germination or emergence. Germination (%) values at 

different concentrations of NaCl and osmotic potential were fitted to a 

functional three-parameter logistic model using Sigma Plot 2008 

(version 11.0). The model fitted was G (%) = Gmax/[1+(x/x50)
Grate], 

where G is the total germination (%) at concentration x, Gmax is the 

maximum germination (%), x50 is the NaCl concentration or osmotic 

potential for 50% inhibition of the maximum germination and Grate 

indicates the slope. A three parameter logistic model [E (%) = Emax 

/[1+(x/x50)
E
rate] was fitted to the C. melo seedling emergence (%) 

obtained at different burial depth of 0 to 8 cm, and where E is the total 

seedlings emerged (%) at burial depth x, Emax is the maximum 

seedlings emerged (%), x50 is the burial depth for 50% inhibition of  

seedlings emerged and Erate indicates the slope.  

Sources of materials 
 1Polyethylene glycol (PEG) 6000, Panreac Quimica SA E-08110 

Montcada i Reixac (Barcelona) Espana. 

 

RESULTS AND DISCUSSION 

Effect of temperatures 

 Temperatures had non-significant effect on seed germination, 

seed germination initiation and mean seed germination time of C. melo. 

(Table-1 and Figure 1). Time to 50% seed germination of C. melo was 

slightly increased with increased in temperature having maximum at 

45oC and minimum at 25oC. Maximum seed germination index (8.39) 

of C. melo was at 25oC and statistically at par with those at 30, 35 and 

40oC, while 45oC temperature resulted in minimum seed germination 

index of C. melo (Table-1). Increase in temperature had caused 

significant reduction in seed germination index. Seed germination of C. 

melo under a wide range of temperature in our study is supported by 
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the findings of Sobrero et al. (1993). They stated that seeds of Typha 

subulata exhibited a high potential for seed germination (88 to 98%) 

in a wide range (10 to 35°C) of continuous temperatures. Similarly 

Portulaca oleracea L. showed insignificant seed germination at 

temperatures between 10-40°C (Singh, 2006). 

Effect of salt stress 

 The maximum seed germination (80%) of C. melo was 

obtained in the controlled (distilled water) treatment followed by 25, 

50, 75 and 100 mM NaCl solution (Figure 2). The minimum seed 

germination (15%) was observed at 150 mM NaCl solution. A three 

parameter logistic model {G = 76/[1 + (x/123)8.22], R2= 0.98} was 

fitted to germination (%) of C. melo obtained at different 

concentration levels (Figure 2). The logistic model showed that C. melo 

seed germination had decreased by 50% of the maximum seed 

germination under NaCl concentration of 123 mM. Cucumis melo seed 

had spent maximum time to start germination and the 50 % 

germination at 150 mM NaCl and the minimum was found in control 

treatment (Table-1). Maximum seed germination time (6.02 days) of C. 

melo was recorded at 125 mM NaCl solution which was statistically at 

par with 100 and 150 mM NaCl solution. Minimum MGT was observed 

with distilled water treatment which was statistically at par with 25 

and 75 mM NaCl solutions. Maximum seed germination index (9.71) 

was observed with distilled water which was statistically similar with 

25 mM and 50 mM NaCl solutions (Table-1). Minimum seed 

germination index (0.22) was observed with 150 mM NaCl solution. 

Seed germination index of C. melo had decreased with increase in the 

concentration of NaCl solution.  

Similar effects of salt stress on seed germination of Campsis 

radicans was reported by Chachalis and Reddy (2000). Our results are 

also in line with that of Chauhan et al. (2006a) who reported that seed 

germination of little mallow (Malva parviflora) was greater (i.e., 58%) 

at 0 mM NaCl and less (i.e., 2%) at 160 mM NaCl. Seed germination of 

C. melo up to 150 mM had demonstrated its high genetic potential for 

salinity tolerance during germination (Pedro et al., 2004). Substantial 

delay in seed germination with an increase in NaCl to 150 mM level is 

supported by the findings of Al-Khateeb (2006) in Paniceean turgidum 

and Gorai and Neffati (2007) in Reaumuria vermiculat. 

Effect of osmotic stress 

 A three parametric logistic model {G= 68/[1 + (x/-0.35)5.5], 

R2= 0.99} was fitted to germination (%) of C. melo obtained at 

different osmotic potential (Figure 3). Seed germination had 

significantly decreased with increase in osmotic potential. There was 

no significant change in seed germination up to an osmotic potential of 

-0.2 MPa. 
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Figure 1. Effect of temperature (°C) on seed germination of C. 

melo. The vertical bars represent ± SE of the data 

means.  

 

Maximum seed germination (70%) of C. melo was attained 

under the control treatment followed by th drought stress level of -0.2 

Mpa (i.e., 65% seed germination). Lowest seed germination (2.5%) 

was recorded at -0.6 Mpa osmotic stress. Seed germination of C. melo 

was completely inhibited at -0.8 MPA. Model described that osmotic 

potential for 50% inhibition of the maximum germination was -0.35 

MPa (Figure 3). The significantly maximum time to start germination 

and time to 50 % germination was recorded at -0.4 MPa (Table-1). 

Maximum germination time (3.22 days) of C. melo was recorded with 

control treatment followed by 2.18 and 2.46 days at -0.2 and -0.6 MPa 

drought stress levels were statistically at par with one another. 

Maximum germination time (3.22 days) of C. melo was recorded with 

control treatment followed by 2.18 and 2.46 days at -0.2 and -0.4 

osmotic stress levels, respectively. Significantly minimum MGT (0.75days) 

was recorded at -0.6 MPa (Table-1). Maximum germination index (11.11 

days) was recorded in C. melo with control treatment while significantly 
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minimum germination index (0.083 days) was recorded at -0.6 MPa 

drought stress level followed by -0.4 MPa (1.60 days). 

 

 
Figure 2. Effect of NaCl concentration (mM) on seed 

germination of C. melo. The bold line represent a 

three-parameter logistic model fitted to the seed 

germination of C. melo and the dotted lines show 

confidence intervals (at 95% level). The vertical 

bars represent ± SE of the data means.  

 

The results suggested that with increase in drought stress level 

seed germination of C. melo had decreased. Decrease in water 

potential gradient between seed and surrounding media adversely 

affected seed germination probably due to the conditions with water 

deficit decreased germination by inadequate water uptake by seeds 

(Dodd and Donovan, 1999). Similar results were observed by Nandula 

et al. (2009) for Lolium multiflorim where seed germination was 

reduced from 79 to 80% when drought stress was increased from 0 to 

-0.8 Mpa. Taisan (2010) reported that PEG decreased and delayed 

seed germination of Pennisetum divisum and increase in drought 

stress from 0 to -0.8 MPa decreased seed germination to 10% only. 

Chauhan et al. (2006b) reported that seed germination of three horn 

bedstraw (Galium tricornutum) decreased linearly as osmotic potential 
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increased from 0 to -0.8 MPa. Tingle and Chandler (2003) reported 

that smellmelon (C. melo Naud. Var. dudaim) seed germination 

reduced from 81 to 61%, 48 and 7% with increase in osmotic stress 

from -0.2 MPa to -0.4 and at -0.6 MPa, respectively.  Increase in 

drought stress from 0 to -08 MPa resulted in gradual decrease in seed 

germination of Carthamus oxyacantha (Tanveer et al. 2012). 

 

 
Figure 3. Effect of osmotic potential (MPa) on seed germination 

of C. melo. The bold line represent a three-parameter 

logistic model fitted to the germination of C. melo and 

dotted lines show 95% confidence intervals. Vertical 

bars represent ± standard error of the mean.  

 

Effect of burial depth on seedling emergence 

 A three parametric model {E = 56/[1 + (x/6.1)3.51], R2= 0.74} 

was fitted to seedling emergence of C. melo at different burial depth 

(Figure 4). Seed placed at soil surface or buried up to a depth of 1 cm 

showed similar emergence. After this depth, emergence steadily 

decreased with increase in burial depth.  According to fitted model, 

depth for 50% inhibition of the maximum emergence was 4.8 cm 

(Figure 4). Minimum emergence was observed at 2 and 6 cm which 

was statistically at par with that of 4 cm sowing depth. Seeds of C 

melo sown at 6cm depth took maximum time to start emergence, time 
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to 50 % emergence and were at par with that of 4 cm depth (Table-1). 

Minimum mean emergence time (2.34 days) of C. melo was attained 

at 2 cm sowing depth while maximum mean emergence time (7.87 

days) was attained at 0 cm which was statistically similar with 

7.21days at 1 cm sowing depth. Significantly maximum emergence 

index of C. melo (10 days) was attained at 1 cm sowing depth while 

minimum emergence index (1.96 days) was attained at 6 cm sowing 

depth. Generally emergence index decrease with increase in sowing 

depth (Table-1). 

These results are in line with those of Singh and Achhireddy 

(1984) who reported decreased emergence due to increased planting 

depth in milkweedvine (Morrenia odorata Lindl.). Our findings are also 

supported by Mohler and Galford (1997), who recorded that seedling 

emergence decreased with increasing sowing depth.  

 

 
Figure 4. Effect of burial depth (cm) on seed germination of C. 

melo. The bold line represent a three-parameter 

logistic model fitted to the germination of C. melo and 

dotted lines show 95% confidence intervals. Vertical 

bars represent ± standard error of the mean.  
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Table-1. Effect of temperature, salinity, osmotic stress and 

seeding depth on different seed germination traits of 

Cucumis melo. 

Treatments 
Time to seed germination 
initiation (days) 

T50 or E50  
(days) 

MGT or 
MET (days) 

GI or EI 

Temperature (°C) 

25 1 1.40 c 2.64 8.39 a 

30 1 1.73 bc 3.10 8.13 ab 

35 2 1.86 bc 3.54 7.48 ab 

40 2 2.10 b 3.89 6.89 ab 

45 2 5.44 a 3.22 5.03 b 

LSD NS 0.511 NS 3.252 

NaCl concentration (mM) 

0 (Control) 2.00 c 1.36 c 2.08 c 9.71 a 

25 2.25 c 1.56 bc 3.36 bc 9.27 a 

50 2.25 c 1.70 bc 4.58 ab 7.24 ab 

75 3.00 bc 1.70 bc 3.22 bc 5.52 bc 

100 3.00 bc 2.32 b 5.54 a 5.00 c 

125 3.50 b 4.50 a 6.02 a 2.92 c 

150 5.50 a 5.00 a 5.34 a 0.22 d 

LSD 1.088 0.847 1.508 2.648 

Osmotic potential (MPa) 

0 (Control) 1.00 b 0.98 ab 3.22 a 11.12 a 

-0.2 1.00 b 1.42 ab 2.18 a   6.75 b 

-0.4 1.00 b 1.75 a 2.47 a   1.61 c 

-0.6 1.75 a 0.63 b 0.75 b   0.08 c 

-0.8 NG NG NG NG 

LSD 0.738 0.863 1.085   1.903 

Burial depth (cm) 

0 1.25 b 5.38 a 7.21 a   6.83 b 

1 1.00 b 5.13 a 7.87 a 10.50 a 

2 1.00 b 0.81 c 2.35 c   4.82 c 

4 2.75 a 2.60 b 4.45 b   3.85 c 

6 3.25 a 3.29 b 4.45 b   1.97 d 

LSD 0.584 1.085 1.349   1.028 

The means followed by different letters are significantly different at P < 0.05.  

T50 or E50 = time to obtain 50% seed germination,  
MGT or MET = mean seed germination or emergence time,  

GI or EI =germination or emergence index 

NG = No (seed) germination. 
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Seeds germinated well at 1 cm sowing depth because of 

sufficient moisture and less energy required by seeds to come out on 

the surface, while at 0 cm depth germination was less because less 

moisture was available for seeds to germinate.  Ghorbani et al. (1999), 

and Penny and Neal (2003) reported maximum emergence of hairy 

nightshade and mulberry weed seed with planting depths of 2 cm or 

less and on the soil surface, respectively. Hussain et al. (1993) stated 

that seed germination of Zizyphus nummulara got delayed and 

decreased with increased sowing depth. 

 

CONCLUSION 

This study concludes that C. melo is capable of emerging in a 

range of environmental conditions. Cucumis melo germinated at 

constant temperature between 25 and 40 °C. Similarly, C. melo is 

capable of germinate under considerable saline conditions. Cucumis 

melo seed was sensitive to osmotic potential and its spread could be 

restricted to moist soils. This study will be helpful in predicting suitable 

environment for germination of this weed and then it would be lot 

more easier to control it from spreading into new areas. 
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