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Grafting using a pumpkin (Cucurbita sp.) rootstock is an effective way to improve cucumber 
(Cucumis sativus) resistance to a combination of chilling and salinity stresses. We evaluated the 
tolerance of 15 pumpkin cultivars to chilling, salinity, and combined stresses at the germination 
and seedling stages. Selected plant characteristics, including germination rate, germination 
potential, germination index, plant height, stem thickness, fresh weight, and dry weight, were 
analyzed. We used the unweighted pair group method with arithmetic mean for cluster analyses 
to determine the stress tolerance levels of the pumpkin cultivars. The 15 cultivars were divided 
into three clusters: tolerant, moderately tolerant, and susceptible to stress treatments. The 
stress tolerances of all cultivars were variable in the germination and seedling stages, and most 
cultivars were not tolerant to individual treatments of chilling or salinity stresses at both stages. 
These results suggest that identifying suitable cultivars for use as rootstock during cucumber 
grafting should involve the evaluation of stress tolerance during different growth stages. 
Additionally, cultivars tolerant to chilling stress may not be tolerant to salinity stress; therefore, 
the choice of pumpkin rootstock should depend on where the grafted plant will be grown. 
Cultivars tolerant to a combination of chilling and salinity stresses may be useful as rootstock 
for cucumber grafting. Our findings may serve as reference material for choosing appropriate 
pumpkin rootstocks for cucumber grafting.
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Introduction

Cucumber (Cucumis sativus L.) is an important vegetable, susceptible to chilling, salinity, and alkalinity 

stresses (Baysal and Tipirdamaz, 2007; Li et al., 2008; Huang et al., 2009; Li et al., 2013). In China, 

cucumbers are mainly cultivated in glasshouses from fall to spring; seedlings are sown in mid-to-late 

September, transplanted in mid-to-late October, and harvested by early-to-mid June the following year 

(Wang and Yu, 2013). The long growth cycle spans several seasons; therefore, cucumber plants can 

experience chilling injuries during winter and early spring, suppressing their physiological functions and 

reducing the cucumber yield and quality (Wang, 1990). A history of inappropriate and/or excessive 
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fertilization has resulted in highly saline glasshouse soils in some sites, causing root damage and accelerated aging in plants, 

which has ultimately decreased cucumber production. 

Many studies have concluded that grafting may help cucumber plants to withstand adverse conditions such as low 

temperatures and saline environments (Zhu et al., 2008; Colla et al., 2010; Huang et al., 2011; Rouphael et al., 2012; Falic and Ilic, 

2014; Li et al., 2015; Xing et al., 2015). The tolerance level of grafted plants to abiotic stresses is usually an intermediate of that 

of the scion and the rootstock, weighted towards the rootstock phenotype (Schwarz et al., 2010; Huang et al., 2013; Li et al., 

2015); therefore, choosing a rootstock that is highly resistant to abiotic stresses is critical for the generation of cucumber grafts 

more tolerant to chilling and salinity stresses.

The number of pumpkin species accepted by different specialists varies from 13 to 30 (Family: Cucurbitaceae; Genus: 

Cucurbita), representing a large germplasm resource for important traits such as adaptability, storage longevity, and tolerance to 

abiotic stresses. Pumpkin is also closely related to cucumber; therefore, pumpkin species that are highly tolerant to various 

stresses are usually selected as rootstocks for cucumber grafting (Li et al., 2008; Huang et al., 2013; Li et al., 2014a). Li et al. 

(2014b) analyzed the genetic diversity of 47 pumpkin cultivars commonly used for cucumber grafting by screening 63 

morphological markers and 144 pairs of simple sequence repeat markers. Ferriol et al. (2004) investigated the diversity of 47 

pumpkin cultivars collected from Central America, South America, and Spain, using sequence-related amplified polymorphism 

and amplified fragment length polymorphism markers. Li et al. (2013, 2014a) and Sun et al. (2013) evaluated the resistance of 

pumpkin rootstocks to chilling, heat, and salinity stresses at the germination and seedling stages. 

Crops may be exposed to multiple concurrent stresses during cultivation. The combined effects of chilling and salinity 

stresses have considerable effects on seed germination and seedling growth under field conditions, with saline conditions 

exacerbating the effects of chilling stress (Mahajan and Tuteja, 2005). Thus, the use of genetic resources that address a single 

stress may not have any practical application in improving crop production. Determining the germination success of seeds and 

the success of seedlings in stress conditions is a convenient and efficient way to assess crop tolerance, potentially providing 

biologically, agriculturally, and ecologically useful information (Levitt, 1980; Scott and Jones, 1985; Schachtman, 2000; 

Homeijer et al., 2008). In the present study, we investigated the effects of chilling and salinity stresses alone or in combination at 

the germination and seedling stages of 15 pumpkin cultivars commonly used as cucumber rootstocks. We aimed to identify 

pumpkin rootstocks that are tolerant to a combination of chilling and salinity stresses, which may be useful for cucumber 

grafting.

Materials and Methods

Plant Material

A total of 15 pumpkin cultivars commonly used as rootstocks in cucumber grafting were selected (Suppl. Table 1s). 

Germination experiment

Pumpkin seeds of uniform size (90 per cultivar) were soaked in warm water (55°C) for 20 min and scrubbed to remove 

potential germination inhibitors. The seeds were then soaked in 25°C water for 10 h and placed on filter paper in Petri dishes, 

with 30 seeds on each of the three Petri dishes per treatment. The samples were incubated in a growth chamber (RXZ-430B, 430 
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L; Ningbo Jiangnan Instrument Factory Inc., Ningbo, China) for germination at either 26°C or 15°C (Li et al., 2013) on filter 

paper soaked with either distilled water or 125 mM NaCl (Sun et al., 2013). The seeds were germinated in the dark at a relative 

humidity of 80%.

The number of germinated seeds was counted daily until no additional seeds germinated. Germination was considered to 

have occurred when a 2-mm or longer radicle emerged from the seed, measured using a ruler from the top of the seed to the top 

of the bud. The germination rate, germination potential, germination index, and vigor index were calculated as described by 

Schwarz et al. (2010).

Seedling Experiment 

Seeds germinated in control conditions (26°C in distilled water) were transplanted into 15-cell polystyrene trays (54 × 28 × 6 

cm) filled with commercial organic substrates (vinegar waste compost:peat:vermiculite at a 2:2:1 ratio; Zhenjiang Beilei 

Technology Development Co., Ltd, Zhenjiang, China). Four trays were used for each cultivar, with 15 plants per tray. Plants 

were grown in a growth chamber (RXZ-1000B, 1000 L; Ningbo Jiangnan Instrument Factory Inc.) with a 25/15°C (14-h day/10-h 

night) cycle, under a light intensity of 400 µmol·m-2·s-1 and a relative humidity of 70%. At the two-true-leaf stage, the seedlings 

were divided into four groups and grown in separate growth chambers. Two chambers had a 25/15°C (day/night) cycle, while the 

other two were set at 15/5°C (day/night). One growth chamber for each of the temperature conditions was irrigated with distilled 

water, while the other was irrigated with 80 mM NaCl. The other environmental conditions were as described above. 

After 15 d, the plant height, stem thickness, fresh weight, and dry weight of the surviving plants under each treatment were 

measured. The seedling index (Li et al., 2013; Shah et al., 2015) was calculated using the following formula: 

seedling index = (stem thickness/plant height) × dry biomass.

Statistical Analysis

Cultivar variability was discounted by normalizing the values for treated samples with those of the controls; therefore, indices 

were calculated as a relative value:

Relative value (%) = (value under stress/control value) × 100. 

Analysis of variance was performed at p ≤ 0.05 using SPSS (IBM Analytics, Armonk, NY, USA). A cluster analysis was 

performed using the unweighted pair group method with arithmetic mean (UPGMA) algorithm, from which dendrograms 

depicting similarities among cultivars were drawn and plotted using NTSYSpc (Pal et al., 2013). The degree of consistency was 

determined based on the matrix correlation (r), which was calculated between germination and seedling stages based on the 

average distances of morphological indices following stress treatments using the Mantel test (Mantel, 1967) in NTSYSpc. 

Excellent consistency was defined as r ≥ 0.9, moderate consistency occurred when 0.8 ≤ r < 0.9, low consistency was indicated 

by 0.7 ≤ r < 0.8, and poor consistency was observed when r < 0.7 (Lapointe and Legendre, 1992). Cultivars were defined as stress 

tolerant only if tolerance was observed during both the germination and seedling stages. 

Results

Stress Tolerance at Germination
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The germination characteristics of the 15 pumpkin cultivars treated with chilling stress, salinity stress, and a combination of 

chilling and salinity stresses are displayed in Table 1. There were significant variations (p ≤ 0.05) in the relative values for 

germination rate, germination potential, germination index, and vigor index in each treatment. The germination rates and 

germination indices of all cultivars during exposure to chilling stress relative to the control conditions were less than 100%. The 

only characteristics over 100% of the control values during chilling stress were relative germination potential for cultivars 5, 9, 

and 12, and the relative vigor index in cultivars 9 and 10. The dendrogram generated based on the germination indices revealed 

three major clusters for the 15 cultivars following chilling stress treatment (Fig. 1A): tolerant, moderately tolerant, and 

susceptible. Cluster I (tolerant cultivars) included cultivars 1-5, 7, 9, 10, and 12, cluster II (moderately tolerant cultivars) consisted 

of cultivars 11 and 13-15, and cluster III (susceptible cultivars) comprised cultivars 6 and 8.

Accession Relative germination rate Relative germination potential Relative germination index Relative vigor index
C S C+S C S C+S C S C+S C S C+S

1 72.64 bcdez 101.40 b 67.22 d 58.35 c 93.68 b 86.03 d 43.05 de 68.96 d 46.01 e 49.95 ef 35.66 ef 6.39 de
2 49.07 fg 89.09 e 73.53 c 58.77 c 76.42 c 185.71 a 52.80 cd 57.48 f 70.01 a 85.43 c 36.80 de 25.19 a
3 78.68 abcd 74.42 f 84.74 b 66.07 c 61.17 de 109.05 c 54.17 cd 34.68 h 52.20 c 62.50 def 17.59 h 17.39 b
4 77.40 abcde 83.78 e 82.95 b 69.93 c 59.63 de 79.23 de 43.57 de 42.73 g 49.25 d 40.66 f 14.87 h 13.26 c
5 97.77 a 89.44 de 52.30 f 108.35 a 76.31 c 28.91 i 67.57 c 56.55 f 26.63 g 87.24 c 32.48 ef 4.26 e
6 30.43 g 144.70 a  -y 7.33 e 100.48 a  - 13.15 f 84.35 c  - 8.50 g 38.49 de  -
7 73.01 bcde 88.54 de 40.96 g 78.68 bc 90.63 b 27.18 i 67.25 c 96.15 ab 20.15 h 59.37 def 83.03 a 3.10 ef
8 44.07 fg 101.30 b 69.66 cd 22.64 de 100.82 a 59.94 g 26.09 ef 90.99 b 51.77 c 14.08 g 41.44 d 17.50 b
9 90.36 ab 90.47 de 37.17 g 114.07 a 89.68 b 66.24 fg 94.79 a 100.44 a 25.89 g 235.09 b 61.52 b 6.37 de
10 86.37 ab 100.96 bc 97.38 a 94.07 ab 100.17 a 105.00 c 70.05 bc 92.34 b 71.00 a 302.01 a 49.05 c 26.51 a
11 54.78 ef 86.98 de 62.91 e 32.16 d 86.65 b 45.52 h 42.23 de 61.42 e 35.24 f 71.12 cde 27.05 g 5.24 de
12 82.53 abc 66.80 f 97.66 a 101.21 a 55.07 e 78.82 de 89.13 ab 60.49 ef 52.93 c 72.95 cd 35.07 ef 11.95 c
13 82.53 abc 93.92 cd 98.61 a 67.98 c 89.64 b 72.94 ef 48.08 cd 83.87 c 67.22 b 46.73 f 27.76 fg 14.76 bc
14 62.07 bcde 100.30 b  - 15.12 de 100.18 a  - 35.37 de 85.94 c - 57.24 def 49.65 c  -
15 58.07 def 84.26 e 94.99 a 67.75 c 64.48 d 128.49 b 56.66 cd 60.11 ef 69.71 a 47.72 f 32.73 ef 7.99 d
 Average 69.32 93.06 64.01 64.17 83 71.54 53.6 71.77 42.53 82.7 38.88 10.66
Standard Deviation 21.04 17.9 31.95 33.93 17.17 48.27 23.58 20.48 23.31 78.4 16.37 8.33
Variable Coefficient 30.36 19.23 49.91 53.02 20.69 67.47 44.64 28.54 54.81 92.19 42.1 78.14
zDifferent lowercase letters within a column indicate significant differences at p ≤ 0.05, as determined by a Duncan’s multiple range test.
y‘-’means that stresses treatment resulted in seed not germination, data not measured, which identified as stresses susceptible species.

Table 1. Relative values of the pumpkin characteristics at the germination stage following treatment with chilling stress (15°C; C), salinity stress (125 mM NaCl; S), 
or a combination of chilling and salinity stresses (15°C + 125 mM NaCl; C+S). All values are given as a percentage of the value in the control conditions. 

Accession
Relative plant height Relative stem thickness Relative fresh weight Relative dry weight Relative seedling index

C S C+S C S C+S C S C+S C S C+S C S
1 87.49 bcdz 49.54 d 45.59 fg 102.49 a 84.60 b 84.73 cd 108.28 bc 54.46 de 41.98 cde 124.02 b 71.17 bcd 56.81 cde 125.83 b 110.88 ab
2 113.26 a 49.16 d 64.30 bc 72.80 c 93.24 ab 93.14 ab 75.59 cd 63.19 cde 60.35 ab 87.63 cd 50.24 de 66.67 bcd 48.07 de 96.53 abc
3 88.24 bcd 46.66 d 42.68 g 106.50 a 87.00 ab 68.13 e 116.66 b 55.47 de 33.53 ef 99.65 bc 48.87 e 44.43 ef 140.65 b 75.88 cde
4 108.50 abc 59.60 cd 63.26 c 96.38 ab 89.18 ab 92.40 abc 76.55 cd 61.01 cde 68.54 a 81.00 cd 51.90 de 85.87 a 63.45 cde 89.73 bcd
5 85.14 cd 51.04 d 48.07 efg 102.58 a 89.07 ab 80.16 d 162.74 a 57.02 de 35.00 e 157.73 a 47.28 e 50.82 def 199.02 a 68.50 de
6 105.66 abc 56.38 cd -y 75.28 c 91.83 ab - 78.72 cd 69.34 bcde - 71.07 cde 67.15 bcde - 56.02 de 118.61 a
7 78.94 d 49.44 d 70.48 b 98.34 ab 92.80 ab 97.08 a 78.49 cd 52.57 de 59.23 ab 79.46 cd 59.33 bcde 67.60 bcd 101.55 bc 109.84 a
8 - 59.79 cd 76.98 a - 92.84 ab 90.48 abc - 82.52 bc 51.84 bcd - 63.54 bcde 63.39 cd - 98.11 abc
9 107.28 abc 43.56 cd 53.32 de 82.38 bc 80.58 b 86.67 bcd 106.58 bc 58.28 de 62.03 ab 91.14 bcd 68.30 bcde 83.49 ab 81.70 cd 117.44 a
10 93.24 abcd 45.63 d 58.55 cd 80.04 bc 91.10 ab 81.02 d 98.49 bc 61.32 cde 53.26 bc 96.52 bc 58.62 bcde 68.45 abcd 85.04 cd 96.59 abc
11 95.68 abcd 110.67 b - 82.74 bc 90.42 ab - 51.46 d 74.11 bcd - 39.01 e 78.38 ab - 44.01 de 69.72 de
12 110.84 ab 60.39 cd 60.51 c 67.44 c 101.83 a 98.49 a 50.83 d 60.84 de 50.87 bcd 58.46 de 60.33 bcde 71.55 abc 31.03 e 99.66 abc
13 - 63.87 cd 41.91 g - 92.41 ab 67.89 e - 45.75 e 21.13 f - 57.10 cde 37.02 f - 73.99 cde
14 - 79.93 c 59.88 cd - 81.42 b 78.55 d - 90.78 b 38.07 de - 75.86 abc 51.18 def - 76.57 cde
15 - 138.49 a 49.77 ef - 94.88 ab 81.33 d - 116.22 a 57.28 ab - 91.17 a 74.78 abc - 52.13 e
Average 71.62 64.28 49.02 64.46 90.21 73.33 66.96 66.86 42.21 65.71 63.74 54.8 65.09 90.28
Standard Deviation 45.9 32.27 21.99 41.8 11.71 30.62 51.11 23.94 21.79 50.21 16.62 26.64 60.47 22.59
Variable Coefficient 64.09 50.2 44.86 64.85 12.99 41.76 76.33 35.8 51.62 76.41 29.07 48.61 92.9 25.02
zDifferent lowercase letters within a column indicate significant differences at p ≤ 0.05, as determined by a Duncan’s multiple range test.
y‘-’ means that stresses treatment resulted in seedling plant death, data not measured, which identified as stresses susceptible species.

Table 2. Relative values of the pumpkin characteristics at the seedling stage following treatment with chilling stress (15/5°C; C), salinity stress (80 
mM NaCl; S), or a combination of chilling and salinity stresses (15/5°C + 80 mM NaCl; C+S). All values are given as a percentage of the value 
in the control conditions.
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Following treatment with saline conditions, the relative vigor indices of all cultivars were less than 100% of the control. The 

majority of the other measures of germination success decreased following exposure to salinity stress, except for the relative 

germination rate of cultivars 1, 6, 8, 10, and 14, the relative germination potential of cultivars 6, 8, 10, and 14, and the relative 

germination index of cultivar 9. Similar to that of the chilling stress experiment, the dendrogram based on the germination 

indices for the cultivars treated with salinity stress contained three major clusters (Fig. 1B); cluster I (tolerant cultivars) consisted 

of cultivar 6, cluster II (moderately tolerant cultivars) comprised cultivars 7-11, 13, and 14, while the susceptible cultivars (cluster 

III) were cultivars 1-5, 12, and 15.

The values for the four germination characteristics decreased following the combined stress treatment, with all relative 

values for germination below 100% of the control, except the relative germination potential of cultivars 2 3, 10, and 15. The 

dendrogram generated according to the germination indices for the cultivars treated with chilling and salinity stresses contained 

three clusters (Fig. 1C); cluster I (tolerant cultivars) consisted of cultivar 2, cluster II (moderately tolerant cultivars) comprised 

cultivars 1, 3-5, 7-13, and 15, and cluster III (susceptible cultivars) included cultivars 6 and 14.

Fig. 1.  Dendrogram of the pumpkin cultivar stress tolerances at the germination stage, generated using germination success 
characteristics. (A) Chilling stress (15°C). (B) Salinity stress (125 mM NaCl). (C) Combination of chilling and salinity stresses 
(15°C+125 mM NaCl). The 15 stress-treated cultivars were grouped into three clusters: tolerant (I), moderately tolerant (II), 
and susceptible (III).
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Stress Tolerance of Seedlings 

The seedling characteristics of the 15 pumpkin cultivars exposed to chilling stress, salinity stress, and a combination of 

chilling and salinity stresses are displayed in Table 2. There were significant variations in the values of plant height, stem 

thickness, fresh and dry weight, and seedling index in the plants that underwent the stress treatments, relative to the control. The 

values for the seedling characteristics for most cultivars decreased following chilling stress treatment, except for the relative 

plant height of cultivars 2, 4, 6, 9, and 12, the relative stem thickness of cultivars 1, 3, and 5, the relative fresh weight of cultivars 

1, 3, 5, and 9, the relative dry weight of cultivars 1 and 5, and the relative seedling index of cultivars 1, 3, 5, and 7. A dendrogram 

based on the seedling indices for the cultivars treated with chilling stress defined three major clusters (Fig. 2A); cluster I (tolerant 

cultivars) contained only cultivar 5, cluster II (moderately tolerant cultivars) consisted of cultivars 1-4, 6, 7, and 9-12, and cluster 

III (susceptible cultivars) included cultivars 8 and 13-15. 

The values of the seedling characteristics for the majority of cultivars decreased under salinity stress conditions compared to 

Fig. 2. Dendrogram of the pumpkin cultivar stress tolerances at the seedling stage, generated using seedling growth 
characteristics. (A) Chilling stress (15/5°C). (B) Salinity stress (80 mM NaCl). (C) Combination of chilling and salinity stresses 
(15/5°C+80 mM NaCl). The 15 stress-treated cultivars were grouped into three clusters: tolerant (I), moderately tolerant (II), 
and susceptible (III).
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the control, except for the relative plant height of cultivars 11 and 15, the relative stem thickness of cultivar 12, the relative fresh 

weight of cultivar 15, and the relative seedling index of cultivars 1, 6, 7, and 9. A dendrogram based on the seedling characteristics 

of the 15 cultivars treated with salinity stress contained three main clusters (Fig. 2B); cluster I (tolerant cultivars) contained only 

cultivar 15, cluster II (moderately tolerant cultivars) included cultivars 11 and 14, and cluster III (susceptible cultivars) 

contained cultivars 1-10, 12, and 13.

Fig. 3. Matrix comparison based on the average distances of germination and seedling morphological indices according to the 
Mantel test. (A) Chilling stress. (B) Salinity stress. (C) Combination of chilling and salinity stresses. The correlation coefficients (r) 
for chilling stress, salinity stress, and combined chilling and salinity stresses between the germination and seedling stages were 
0.26 (p > 0.05), 0.16 (p > 0.05), and 0.17 (p > 0.05), respectively.
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The values for seedling stage characteristics decreased following exposure to chilling and salinity stresses except for the 

relative seedling index of cultivars 1, 4, 9, 12, and 15. The generated dendrogram for the seedling characteristics of the 15 

cultivars exposed to the combined stress treatment contained three major clusters (Fig. 2C); cluster I (tolerant cultivars) 

comprised cultivars 1-5, 7-10, 12, and 15, cluster II (moderately tolerant cultivars) included cultivars 13 and 14, and cluster III 

(susceptible cultivars) contained cultivars 6 and 11.

Tolerance Consistency between Germination and Seedling Stages

The correlation coefficients (r) for chilling, salinity, and combined stresses between the germination and seedling stages were 

0.26 (p > 0.05), 0.16 (p > 0.05), and 0.17 (p > 0.05), respectively (Fig. 3). These results indicate there was no statistically significant 

correlation between the two stages for the rootstock pumpkin cultivars. 

Comparison and Analysis of Identified Stress Tolerance

The tolerance of the various cultivars is presented in Table 3. Cultivars 1-5, 7, and 9-12 were tolerant to chilling stress at the 

germination and seedling stages, while cultivars 11 and 14 were tolerant to salinity stress, and cultivars 1-5, 7-10, 12, 13, and 

15 were tolerant to the combined stress treatment. None of the cultivars were tolerant to all three stress conditions for both 

growth stages. Cultivar 11 did not exhibit tolerance to the combined stress treatment even though it was tolerant to the 

individual stress treatments (i.e., chilling and salinity stresses) at the germination and seedling stages. 

 

Discussion

Screening plants based on morphological characteristics is a viable method for cultivar selection, although the optimal 

procedure is still under debate (Li et al., 2013). Shah et al. (2015) and Kuk and Shin (2007) identified stress-tolerant cucumber 

Cultivar
Chilling tolerance appearance Salt tolerance appearance Combined stresses tolerance appearance

germination seedling
Both germination 
and seedling stage

germination seedling
Both germination 
and seedling stage

germination seedling
Both germination 
and seedling stage

1 √z ○y ★v ×x × ☆w ○ √ ★
2 √ ○ ★ × × ☆ √ √ ★
3 √ ○ ★ × × ☆ ○ √ ★
4 √ ○ ★ × × ☆ ○ √ ★
5 √ √ ★ × × ☆ ○ √ ★
6 × ○ ☆ √ × ☆ × × ☆
7 √ ○ ★ ○ × ☆ ○ √ ★
8 × × ☆ ○ × ☆ ○ √ ★
9 √ ○ ★ ○ × ☆ ○ √ ★
10 √ ○ ★ ○ × ☆ ○ √ ★
11 ○ ○ ★ ○ ○ ★ ○ × ☆
12 √ ○ ★ × × ☆ ○ √ ★
13 ○ × ☆ ○ × ☆ ○ ○ ★
14 ○ × ☆ ○ ○ ★ × ○ ☆
15 ○ × ☆ × √ ☆ ○ √ ★
z√: high tolerance;
y○: moderate tolerance; 
x×: low tolerance; 
w☆: low tolerance at the germination and seedling stages; 
v★: high tolerance at the germination and seedling stages. 

Table 3. Appearance of rootstock cultivars at the germination and seedling stages. Cultivars were considered stress tolerant only if tolerance was 
observed at the germination and seedling stages. 
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cultivars according to their germinability and morphological traits in particular conditions, such as plant growth and leaf area. In 

the present study, we evaluated the relative plant stress tolerance of 15 pumpkin cultivars used as rootstocks in cucumber grafts, 

calculating various growth and development indices. Most relative values were highly variable, and overall cultivar performance 

varied depending on the trait that was investigated; for example, cultivar 11 was tolerant to salinity stress at the seedling stage and 

had high values for relative plant height and fresh weight, but a low relative seedling index value. In contrast, cultivar 12, which 

was susceptible to chilling stress at the seedling stage, had high relative plant height values. Our results confirm the findings of 

Kuk and Shin (2007), who reported that the evaluation of a cultivar using a single characteristic is unreliable. 

The UPGMA (Relethford, 1985) is a common method of cluster analysis that enables the consideration of multiple indices. It 

may be useful for identifying plant resistance while avoiding the problems associated with using a single index (Peeters and 

Martinelli, 1989). Borowski and Michalek (2014) evaluated six Polish soybean (Glycine max) cultivars and two Canadian 

soybean cultivars using the UPGMA. They focused on physiological and morphological characteristics at the germination and 

seedling stages to identify two resistant cultivars, ‘Jutro’ and ‘Nawiko’, as well as one susceptible cultivar, ‘Aldana’. Shahzad et 

al. (2012) evaluated the salinity tolerance of 129 Pakistani and 58 foreign wheat (Triticum aestivum) cultivars using agronomic 

traits at the germination and seedling stages, dividing the cultivars into three clusters. These previously reported experiments 

effectively evaluated the tolerance of crops to chilling and salinity stresses, and identified cultivars with practical applications. 

We also used UPGMA cluster analyses to evaluate tolerance to chilling, salinity, and combined stresses, dividing the cultivars by 

their tolerance levels for the three stresses at the two growth stages into three groups; tolerant, moderately tolerant, and susceptible. 

Our findings may be useful as reference material for choosing environment-appropriate pumpkin rootstocks for cucumber 

grafting.

Germinating and young seedlings are extremely susceptible to diverse environmental stresses (Çavusoglu and Kabar, 2010). 

Their physiological changes resulting from exposure to stress can be analyzed accurately and quickly (Sivritepe et al., 2003); 

thus, the germination and seedling stages can be useful indicators of stress tolerant cultivars. These studies of early plant 

development do not always identify the most stress-tolerant cultivars, however; salinity tolerance during the germination stage 

was not significantly related to the decreasing seedling growth rate observed in Australian and Chinese barley (Hordeum 
vulgare) cultivars (Tajbakhsh et al., 2006), and a study of salinity tolerance in Phaseolus (bean) species during germination and 

early seedling growth showed that tolerant seeds may not produce tolerant adult plants (Bayuelo-Jimenez et al., 2002). Similarly, 

there was no relationship between salt tolerance at the germination and seedling stages in a comprehensive study involving over 

6,000 barley cultivars from diverse regions (Mano et al., 1996). There were similar problems with chilling stress studies in early 

plant development; no correlation was observed between the germination and seedling stage in rice (Oryza sativa) and tomato 

(Solanum lycopersicum) under cold stress (Wang et al., 2011; Ranawake et al., 2014; Liu et al., 2016). In contrast, Liu (1994) 

concluded that the degree of chilling tolerance during germination was consistent with that at the seedling stage. 

Mantel tests are used routinely to assess the significance of the association between two matrices of phenotypic or genetic 

distances. They are also extensively used to assess how a matrix of genetic or phenotypic distances relates to a matrix of 

geographical distance. In the present study, a Mantel test revealed the lack of consistency between the germination and seedling 

stages for all stress treatments, indicating that cultivars that germinate well in stress conditions may not be tolerant at the seedling 

stage. There are a number of developmental stages plants must complete throughout their lifecycle (i.e., germination, seedling, 

adult-plant, flowering, and fruiting stages); therefore, stress tolerance at each stage is crucial. For example, cultivar 15 was tolerant 

to salinity stress at the seedling stage, but was susceptible during germination; consequently, the use of cultivar 15 must be 
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considered carefully in crop production because while the seedlings may be able to grow in saline environments, its poor 

germination rates will decrease crop yields considerably. Although cultivar 6 may germinate well in saline soils, the poor 

tolerance of the seedlings to salinity stress means that crop yields will also likely be low if this cultivar is used for commercial 

crop production. 

Stress tolerance is developmentally regulated and stage-specific in many plant genera; therefore, tolerance at one 

developmental stage may not be correlated with tolerance at other stages (Yildirim and Güvenç, 2006). To identify cultivars 

suitable for commercial crop production, it is important that stress tolerance at different stages is evaluated. Our results revealed 

that it is insufficient to use a single stage. Cultivars 1-5, 7-10, 12, 13, and 15 were tolerant to a combination of chilling and salinity 

stresses at both stages, suggesting that these cultivars may be viable options for crop production. Because of a lack of stress 

tolerance consistency between the germination and seedling stages, the use of the other cultivars for crop production should be 

carefully considered. 

The physiological basis of chilling stress tolerance involves stabilizing the cell membrane and maintaining membrane lipids 

in their unsaturated state, as well as preserving the viscosity and fluidity of the cytoplasm (Parkin et al., 1989). The physiological 

basis of salinity stress tolerance is mainly associated with salt exclusion mechanisms, osmotic adjustment, and ion 

compartmentalization (Glenn and Brown, 1998; Jumberi et al, 2002). Because of these mechanistic differences, cultivars may 

exhibit different levels of tolerance to various stresses. Our results indicate that most pumpkin cultivars were not consistently 

tolerant to individual treatments of chilling or salinity stresses; therefore, the choice of pumpkin rootstock should depend on 

where the grafted plant will be grown. Rootstocks tolerant to chilling stress should be used in areas that experience low 

temperatures, while rootstocks tolerant to salinity stress may be suitable options in salinized regions.

Crops are usually exposed to multiple stresses either simultaneously or successively. Alexieva et al. (2003) reported that there 

are two types of responses to multiple stresses: cross-synergism and cross-adaptation. Cross-synergism refers to the fact that 

plants are more adversely affected when encountering different stresses simultaneously or successively than when they 

encounter only one; for example, the combined adverse effects of SO2 and NOx on plants are greater than the effects of only one 

compound because SO2 may inhibit the nitrate reductase activity that detoxifies NOx (Whitmore and Smith, 1982). In our study, 

cultivar 6 exhibited poor chilling and salinity tolerance, and was susceptible to the combined stresses. Additionally, cultivar 14, 

which was tolerant to salinity stress but susceptible to chilling stress, was also considered susceptible to the combined stresses. 

Cross-adaptation refers to the fact that when plants encounter a specific continuous or intermittent non-fatal stress, their 

tolerance to that stress will increase, but their tolerance for other stresses will also increase; for example, exposure to salinity 

stress may increase tolerance to chilling stress in potato (Solanum tuberosum) and spinach (Spinacia oleracea; Ryu et al., 1995), 

and ultraviolet-B radiation treatment may increase tolerance to chilling stress in cucumber (Caldwell, 1994). In our study, 

cultivars 13 and 15 were tolerant to the combined stresses, although they exhibited poor chilling stress tolerance and salinity 

stress tolerance, respectively. Cross-adaptation appears to be based on some physiological effects induced by particular stresses 

enhancing tolerance to other stresses locally or systematically; however, it is a very complex system with overlapping networks 

involving a series of environmental stimuli, extracellular signals, membrane receptors, intercellular signals, gene expression, 

and protein and molecular activities (Balagurova et al., 2000; Bowler and Fluhr, 2000; Mallick et al., 2000). The accurate 

determination of plant characteristics is therefore crucial when screening for cultivars with good tolerance to combined stresses. 

In the present study, we evaluated pumpkin cultivars for tolerance to combined stresses and determined that cultivars 1-5, 

7-10, 12, 13, and 15 were tolerant to chilling and salinity stresses. These pumpkin cultivars may be appropriate as rootstocks for 
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cucumber grafting, with practical applications in large-scale crop production; however, cultivars tolerant to combined stresses 

are very limited, indicating the importance of collecting, generating, and using germplasms with tolerance to multiple stresses.

Literature Cited

Alexieva V, Ivanov S, Sergiev I, Karanov E (2003) Interaction between stresses. Bulg J Plant Physiol Suppl 1:1-17

Balagurova NI, Akimova TV, Titov AF (2000) The effect of local cooling of cucumber and wheat seeding on various kinds of stress 
resistance of their leaves and roots. Russ J Plant Physiol 48:95-99. doi:10.1023/A:1009010917390

Baysal G, Tipirdamaz R (2007) The effect of salt stress on lipid peroxidation and antioxidative enzyme activities in two cucumber 
cultivars. J Biol Chem 33:119-129. doi:10.17660/ActaHortic.2007.729.31

Bayuelo-Jimenez JS, Craig R, Lynch JP (2002) Salinity Tolerance of Phaseolus Species during Germination and Early Seedling Growth. 
Crop Sci 42:1584-1594. doi: 10.2135/cropsci2002.1584

Borowski E, Michalek S (2014) The effect of chilling temperature on germination and early growth of domestic and Canadian soybean 
(Glycine max (L.) Merr.) cultivars. Acta Scientiarum Polonorum Hortorum Cultus 13:31-34

Bowler C, Fluhr R (2000) The role of calcium and activated oxygens as signals for controlling cross-adaptation. Trends Plant Sci 5:241 
-246. doi:10.1016/S1360-1385(00)01628-9

Caldwell CR (1994) Modification of the cellular heat sensitivity of cucumber by growth under supplemental ultraviolet-B radiation. 
Plant Physiol 104:395-399

 avusoglu K, Kabar K (2010) Effects of hydrogen peroxide on the germination and early seedling growth of barley under NaCl and 
high temperature stresses. Eurasian J Biosciences 63:205-224. doi:10.5053/ejobios.2010.4.0.9

Colla G, Rouphael Y, Leonardi C, Bie ZL (2010) Role of grafting in vegetable crops grown under saline conditions. Sci Hortic 127:147-
155. doi:10.1016/j.scienta.2010.08.004

Falic E, Ilic Z (2014) Grafted vegetables-the influence of rootstock and scion on postharvest quality. Folia Hortic 26:79-90. doi:10.1016/
j.scienta.2010.08.004

Ferriol M, Pico B, C rdova PF, Nuez F (2004) Molecular diversity of a germplasm collection of squash (Cucurbita moschata) determined 
by SRAP and AFLP markers. Crop Sci 44:653-664. doi:10.2135/cropsci2004.6530 

Glenn E, Brown J (1998) Effects of soil salt levels on the growth and water use efficiency of Atriplex canescens (Chenopodiaceae) 
varieties in drying soil. Am J Bot 85:10-16. doi:10.2307/2446548

Homeijer SJ, Olszta MJ, Barrett RA, Gower RA (2008) Growth of nanofibrous barium carbonate on calcium carbonate seeds. J Crysta 
Growth 310:2938-2945. doi:10.1016/j.jcrysgro.2008.02.009

Huang Y, Bie ZL, Liu P, Niu ML, Zhen A, Liu ZX, Lei B, Gu DJ, Lu C, Wang BT (2013) Reciprocal grafting between cucumber and 
pumpkin demonstrates the roles of the rootstock in the determination of cucumber salt tolerance and sodium accumulation. Sci 
Hortic 149:47-54. doi: 10.1016/j.scienta.2012.04.018

Huang Y, Bie ZL, Liu ZX, Zhen A, Jiao XR (2011) Improving cucumber photosynthetic capacity under NaCl stress by grafting onto two 
salt-tolerant pumpkin rootstocks. Biol Plant 55:285-290. doi:10.1007/s10535-011-0040-8

Huang Y, Tang R, Cao QL, Bie ZL (2009) Improving the fruit yield and quality of cucumber by grafting onto the salt tolerant rootstock 
under NaCl stress. Sci Hortic 122:26-31. doi:10.1016/j.scienta.2009.04.004

Jumberi A, Oka M, Fujiyama H (2002) Response of vegetable crops to salinity and sodicity in relation to ionic balance and ability to 
absorb microelements. Soil Sci Plant Nutr 48:203-209. doi:10.1080/00380768.2002.10409192

Kuk YI, Shin JS (2007) Mechanisms of Low-temperature Tolerance in Cucumber Leaves of Various Ages. J Am Soc Hortic Sci 
132:294-301Lapointe FJ, Legendre P (1992) Statistical significance of the matrix correlation coefficient for comparing 
independent phylogenetics trees. Systematic Biol 41:378-384. doi:10.2307/2992574

Levitt J (1980) Responses of plants to environmental stresses. Academic Press, New York, USA, pp 200-202

Li H, Guo SR, Gao P, Xing WW, Shu S, Sun J (2014a) Identification for the Thermotolerance of Rootstock-used Pumpkin Germplasms 
and Selection for the Morphological Indexes. J Plant Genet Resources 15:1239-1247. (in Chinese with English abstract) 
doi:10.13430 /j.cnki. jpgr. 2014. 06. 011

Li H, Guo SR, Shu S, Du NS, Sun J (2013) Analysis of Chilling-Tolerance in Cucumber (Cucumis sativus L.) Rootstocks. J Shenyang Agric 
Univ 44:609-615. doi: (in Chinese with English summary)

Li H, Guo SR, Shu S, Xu Y, Sun J (2014b) Germplasm Resources Analysis of Rootstock-used Pumpkins by Phenotype and SSR. Acta 
Hortic Sin 41:1379-1390. doi:10.16420/j.issn.0513-353x.2014.07.012 (in Chinese with English summary)

Li JY, Tian HX, Li XG, Meng JJ, He QW (2008) Higher Chilling-Tolerance of Grafted-Cucumber Seedling Leaves upon Exposure to 
Chilling Stress. Agric Sci China 7:570-576. doi:10.1016/S1671-2927(08)60054-1

Li Y, Tian XM, Wei M, Shi QH, Yang FJ, Wang XF (2015) Mechanisms of tolerance differences in cucumber seedlings grafted on 
rootstocks with different tolerance to low temperature and weak light stresses. Turk J Bot 39:606-614. doi:10.3906/bot-1404-115

Liu MC (1994) Improving Chilling of Cucumber Seedlings Resistance by Seed Hardening. Acta Agric Boreali-Sin 9:23-26. doi:10.3321/
j.issn:1000-7091.1994.04.005



Resistance of Cucumber Grafting Rootstock Pumpkin Cultivars to Chilling and Salinity Stresses

Horticultural Science and Technology 231

Liu Y, Zhou TX, Ge HY, Pang W, Gao LJ, Ren L, Chen HY (2016) SSR Mapping of QTLs Conferring Cold Tolerance in an Interspecific 
Cross of Tomato. Int J Genom 2:1-6. doi: 10.1155/2016/3219276

Mahajan S, Tuteja N (2005) Cold, salinity and drought stresses: An overview. Arch Biochem Biophys 444:139-158. doi:10.1016/
j.abb.2005.10.018

Mallick N, Mohn FH (2000) Reactive oxygen species: Response of algal cells. J Plant Physiol 157:183-193. doi:10.1016
/S0176-1617(00)80189-3

Mantel N (1967) The detection of disease clustering and a generalized regression approach. Cancer Res 27:209-220

Mano Y, Nakazumi H, Takeda K (1996) Varietal Variation in and Effects of Some Major Genes on Salt Tolerance at the Germination 
Stage in Barley. Breed Sci 46:227-233

Pal D, Malik SK, Kumar S, Choudhary R, Sharma KC, Chaudhury R (2013) Genetic variability and relationship studies of mandarin 
(Citrus reticulate Blanco) using morphological and molecular markers. Agric Res 2:236-245. doi:10.1007/s40003-013-0072-8

Parkin KL, Marangoni A, Jackman RL, Yada RY, Stanley DW (1989) Chilling Injury. A Review of Possible. J Food Biochem 13:127-153. 
doi:10.1111/j.1745-4514.1989.tb00389.x

Peeters JP, Martinelli JA (1989) Hierarchical cluster analysis as a tool to manage variation in germplasm collections. Theor Appl Genet 
78:42-48. doi:10.1007/bf00299751

Ranawake AL, Manangkil OE, Yoshida S, Ishii T, Mori N, Nakamura C (2014) Mapping QTLs for cold tolerance at germination and the 
early seedling stage in rice (Oryza sativa L.). Biotechnol Biotechnol Equip 28:989-998. doi: 10.1080/13102818.2014.978539

Relethford JH (1985) Cluster analysis for researchers. By H.C. Romesburg. Belmont, CA: Lifetime Learning Publications. 1984. xiii + 
334 pp., figures, tables, appendices, answers, glossary, references, index. $36.00 (cloth). Am J Phys Anthropol 66:457-458

Rouphael Y, Cardarelli M, Rea E, Colla G (2012) Improving melon and cucumber photosynthetic activity, mineral composition, and 
growth performance under salinity stress by grafting onto Cucurbita hybrid rootstocks. Photosynth 50:180-188. doi:10.1007
/s11099-012-0002-1

Ryu SB, Costa A, Xin ZG (1995) Induction of cold hardiness by salt stress involves synthesis of cold- and abscisic acid-responsive 
proteins in potato (Solanum commersonii Dun). Plant Cell Physiol 36:1245-1251. doi: 10.1093/oxfordjournals.pcp.a078882

Schachtman DP (2000) Molecular insights into the structure and function of plant K+ transport mechanisms. Biochim et Biophys Acta 
1465:127-139. doi:10.1016/S0005-2736(00)00134-6

Schwarz D, Rouphael Y, Colla G, Venema JH (2010) Grafting as a tool to improve tolerance of vegetables to abiotic stresses: Thermal 
stress, water stress and organic pollutants. Sci Hortic 127:162-171. doi:10.1016/j.scienta.2010.09.016

Shah SN, Gong ZH, Arisha MH, Khan A, Tian SL (2015) Effect of ethyl methyl sulfonate concentration and different treatment 
conditions on germination and seedling growth of the cucumber cultivar Chinese long (9930). Genet Mol Res 14:2440-2449. 
doi:10.4238/2015.March.30.2

Shahzad A, Ahamad M, Iqbal M, Ahemd I, Ali GM (2012) Evaluation of wheat landrace genotypes for salinity tolerance at vegetative 
stage by using morphological and molecular markers. Genet Mol Res 11:679-692. doi:10.4238/2012.March.19.2

Sivritepe N, Sivritepe HO, Eris A (2003) The effects of NaCl priming on salt tolerance in melon seedlings grown under saline conditions. 
Sci Hortic 97:229-237. doi:10.1016/S0304-4238(02)00198-X

Sun HZ, Li H, Guo SR, Sun J, Chen LY (2013) Identification of saline resistant pumpkin germplasms. Jiangsu Agric Sci 41:112-116. 
doi:10.15889/j.issn.1002-1302.2013.03.115 (in Chinese with English abstract)

Scott SJ, Jones RA (1985) Cold tolerance in tomato. I. Seed germination and early seedling growth of Lycopersicon esculentum. Physiol 
Plant 65:487-492. doi:10.1111/j.1399-3054.1985.tb08678.x

Tajbakhsh M, Zhou M, Chen Z, Mendham NJ (2006) Physiological and cytological response of salt-tolerant and non-tolerant barley to 
salinity during germination and early growth. Aust J Exp Agric 46:555-562. doi:10.1071/EA05026

Wang CY (1990) Chilling injury of horticultural crops. CRC Press, Florida, USA, 230-233

Wang SK, Yu EC (2013) The senilism symptom, reasons and solutions of winter-spring cucumber cultivation in solar greenhouse. 
North Hortic 22:209-210 (in Chinese with English abstract)

Wang ZF, Wang FH, Zhou R, Wang JF, Zhang HS (2011) Identification of quantitative trait loci for cold tolerance during the 
germination and seedling stages in rice (Oryza sativa L.). Euphytica 181:405-413. doi: 10.1007/s10681-011-0469-z

Whitmore ME, Smith PH (1982) Growth effect of SO2 and/or NO2 on woody plants and grasses during spring and summer. Nature 
300:55-57. doi:10.1038/300055a0

Xing WW, Li L, Gao P, Li H, Shao QS, Shu S, Sun J, Guo SR (2015) Effects of grafting with pumpkin rootstock on carbohydrate 
metabolism in cucumber seedlings under Ca(NO3)2 stress. Plant Physiol Biochem 84:124-132. doi:10.1016/j.plaphy.2014.12.011

Yildirim E, G ven   (2006) Salt tolerance of pepper cultivars during germination and seedling growth. Turk J Agric For 30:347-353

Zhu J, Bie ZL, Huang Y, Han XY (2008) Effect of grafting on the growth and ion concentrations of cucumber seedlings under NaCl 
stress (Plant Nutrition). Soil Sci Plant Nutr 54:895-902. doi:10.1111/j.1747-0765.2008.00306.x




