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Abstract 
The combination effects of light and air temperature, which were expressed as photothermal ratio 
(PTR), on the growth and sex expression of three monoecious cucumbers (Cucumis sativus L. cv. 
“Xintaimici”, “Jinyan 3” and “Jinyan 4”) were studied with hydroponics in this research. The results 
showed that with the increase of PTR, different growth responses were observed in the three cu-
cumber cultivars. In contrast, high PTR (H-PTR, 0.86 mol∙m−2∙degree-day−1) significantly increased 
the total number of female nodes and decreased the total number of male nodes of the three mo-
noecious cucumber cultivars compared with cucumbers grown under low PTR (L-PTR, 0.64 
mol∙m−2∙degree-day−1). More photoassimilate was partitioned to fruits of three cucumber cultivars 
with the increase of PTR, indicating that PTR-mediated femaleness of monoecious cucumber 
might be attributed to the enhancement of photoassimilate translocation from source organs to 
sink organs. 
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1. Introduction 
Flowering may be the most important developmental transition in the lifespan of higher plants and is a key stage 
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that directly affects crop yield [1]-[3]. Cucumber (Cucumis sativus L.), a representative of the Cucurbitaceae 
family, is one of the most important horticultural crops in the world. It can show every type of sex expression 
including androecious (male flowers only), andromonoecious (staminate and bisexual flowers on the same plant), 
gynoecious (female flowers only), hermaphroditic (perfect flowers only), monoecious (both male and female 
flowers on the same plant) and trimonoecious (male, female and bisexual flowers on the same plant) [4] and is 
thus considered as a model crop for plant sex expression research.  

Genetically, three major loci are involved in the sex expression of cucumber plants. They are named as F, M 
and A [5]. Briefly, the F gene can stimulate femaleness of cucumber, while the M gene determines whether flowers 
are unisexual. Recent studies have shown that the F locus is responsible for a 1-aminocyclopropane-1-carboxylate 
(ACC) synthase and the ETHYLENE-INSENSITIVE3 gene may be located in the M locus [6]-[8]. The epistasis 
has been reported between the A locus and the F locus and, therefore, the A gene is another key factor for the 
femaleness of cucumber [9]. Environmental factors such as photoperiod, temperature, nitrogen application and 
mechanical stress can also be involved in the regulation of sex expression of cucumber [10]-[15]. For example, 
the number of pistillate flowers is increased under short photoperiod in monoecious cucumber [12] and in an 
androecious cucumber [16]. However, Cantliffe [17] reported that photoperiod has no effects on sex expression 
in cucumber and gherkin. Low temperature conditions can promote femaleness of cucumber [17]-[19], while 
high temperature can facilitate maleness of cucumber [20]. 

Monoecy is the most common type of sex expression in cucumber and has been well studied under various 
environmental conditions in the past decades [20]-[23]. However, the majority of these reported results are ob-
tained under a single environmental variation, which is quite different from the environmental conditions under 
greenhouse or field. For example, low temperature is often accompanied by short photoperiod or low light in-
tensity, and temperature can be increased at the same time when photoperiod becomes longer or light intensity is 
enhanced when crops are grown under greenhouse or field conditions. It is thus necessary to clarify how sex ex-
pression of monoecious cucumber responds to the combined changes of both or more environmental factors. 
Here we reported the combination effects of light and air temperature, which were expressed as photothermal 
ratio (the ratio of radiant energy [moles of photosynthetic (400 nm to 700 nm) photons m−2] to thermal energy 
(degree-day), PTR) [24], on growth and sex expression of three monoecious cucumber cultivars.  

2. Materials and Methods 
2.1. Plant Materials and Culture Conditions 
Three monoecious cucumber cultivars, “Xintaimici” (kindly offered by Xintai Cucumber Research Institute, 
Shandong, China), “Jinyan 3” and “Jinyan 4” (purchased from Tianjin Cucumber Institute, Tianjin, China) were 
used in this experiment, which was carried out in the growth chambers of Shandong Agricultural University, 
China, from May to August in 2012. Seeds were sown in the plastic box containing substrates and kept in the 
SANYO incubator (MIR-553, SANYO Electric Co. Ltd, Japan) at 28˚C for germination after sterilization. At 3 
days after sowing (DAS), germinated cucumbers were transferred to the growth chambers (Table 1). At 21 DAS, 
cucumber seedlings were transplanted to plastic pots containing rock wool and treatments were started (Table 2). 
Over experiment course, cucumbers were irrigated with a complete cucumber nutrient solution every other day 
[25]. At 49 DAS, four plants per cultivar per treatment were sampled for determination of growth parameters 
and sex expression.  

2.2. Determination of Growth Parameters and Sex Expression 
Plant height and internode length were measured from the node of cotyledon to the top of the main plant stem. 
Leaf area was determined with LI-3100 Area Meter (LI-COR., USA). The number of nodes, female and male  
 
Table 1. Description of environmental conditions in growth chambers before treatment.                                                                                    

Environmental conditions PPFD1 (μmol∙m−2∙s−1) 
Air temperature (˚C) 

CO2 concentration (μmol∙mol−1) RH2 (%) 
Day Night 

 350 20 20 1000 70 
1Photosynthetic photon flow density. 2Relative humidity. 
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Table 2. Description of the different treatments for observation of sex expression of three cucumber cultivars during the 4- 
week treatment course. CO2 concentration and RH were set as 1000 μmol∙mol−1 and 70％, respectively, during treatment 
period.                                                                                                      

Treatment 
Air temperature (˚C) Daily average air 

temperature (˚C) Photoperiod (h) PPFD1 
(μmol∙m−2∙s−1) DLI2 (mol∙m−2∙d−1) PTR3  

(mol∙m−2∙degree-day−1) Day Night 

L-PTR 25 22 23.5 12 350 15.12 0.64 

H-PTR 25 20.4 23.5 16 350 20.16 0.86 
1Photosynthetic photon flow density. 2Photo thermal ratio. 3Daily light integral. 

 
nodes was counted and recorded on each plant, respectively. Dry weight (DW) of roots, stems, leaves and fruits 
was determined after oven drying. 

2.3. Statistical Analysis 
The results were subjected to one-way analyses of variance (ANOVA) and LSD test with SAS software (Statis-
tica version 6.1, StatSoft, St. Tulsa, OK, USA) and presented as means ± standard error (SE) of four replicates.  

3. Results and Discussions 
Different growth responses were observed in the three monoecious cucumber cultivars with the increasing of 
PTR. With respect to cucumbers grown under L-PTR treatment, plant height tended to decrease for three cu-
cumber cultivars under H-PTR (Figure 2(A)). The number of nodes tended to decrease for “Xintaimici”, whe-
reas to increase for “Jinyan 3” and “Jinyan 4” with the increasing of PTR (Figure 2(B)). Internode length of 
three cucumber cultivars under H-PTR was lower than those under L-PTR (Figure 2(C)). Previous study sh- 
owed that light source can influence cucumber internode length and the lower internode length has been observed 
in cucumbers grown under fluorescent lamps than those grown under natural light conditions [11]. The decrease 
tendency of internode length under artificial light conditions may be due to the great difference of spectral dis-
tribution between solar irradiation and fluorescent lamps in this research (Figure 1). Compared with cucumbers 
grown under L-PTR, leaf area of cucumbers decreased for “Xintaimici” and “Jinyan 3” under H-PTR conditions, 
while the increase tendency in leaf area was observed for “Jinyan 4” under H-PTR treatment (Figure 2(D)). 
These results suggest that PTR could influence the growth of monoecious cucumber in a cultivar-specific manner. 

The total number of female nodes is very important for fruit set and final yield of cucumber and can be influ-
enced by light and air temperature [26]. We here analyzed sex expression of the three monoecious cucumber 
cultivars under different PTR treatments. The results showed that with the increasing of PTR, the total number  

 

 
Figure 1. Spectrum distribution of sun light in the field (A) and fluorescence lamp used in this study (B). R/FR and B/R 
were defined as the ratio of radiant energy of 600 nm - 700 nm to 700 nm - 800 nm and the ratio of radiant energy of 400 nm 
- 500 nm to 600 nm - 700 nm, respectively.                                                                   
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Figure 2. Effects of photothermal ratio (PTR) on plant height (A), number of nodes (B), internode length (C) and 
leaf area (D) of three monoecious cucumbers. Cucumbers of “Xintaimici”, “Jinyan 3” and “Jinyan 4” were 
growth under 0.64 mol∙m−2∙degree-day−1 of PTR (L-PTR) and 0.86 mol∙m−2∙degree-day−1 of PTR (H-PTR) from 
21 days after sowing (DAS) to 49 DAS, respectively. Error bars represent ± standard errors of the means (n = 4).   

 
of female nodes per plant was significantly increased, while the total number of male nodes per plant was sig-
nificantly decreased for three cultivars (Figure 3), demonstrating that light and air temperature might be co-in- 
volved in the regulation of sex expression in monoecious cucumber. Previous studies suggested that sugar is a 
positive regulator for femaleness and fruit development of cucumber [20] [27] [28]. Competition for photoassi-
milate between source organs and sink organs is considered as a key reason for sex alterations and fruit abortion 
in cucumber (27). Therefore, the alleviation of this competition might significantly increase the number of fe-
male flowers and reduce fruit abortion in cucumber production. In order to clarify whether the increasing of 
PTR could alleviate the competition for photoassimilate between vegetative organs and reproductive organs of 
cucumbers, we determined the dry weight of different organs at the end of treatment course. We found that there 
were no significant differences in dry weight of roots, stems and leaves for three cultivars under L-PTR and 
H-PTR (Table 3). In contrast, the increasing of PTR was significantly increased the total dry weight of fruit per 
plant for three cultivars (Table 3). This evidence indicates that the combination effects of light and air tempera-
ture on sex expression of monoecious cucumber might be attributed to the alleviation of the competition for 
photoassimilate between vegetative organs and reproductive organs.  

4. Conclusion 
PTR is positively involved in the femaleness of monoecious cucumber and its effects on the growth of monoe-
cious cucumber are shown in a cultivar-specific manner. 
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Figure 3. Effects of photothermal ratio (PTR) on the 
number of female and male nodes in three monoecious 
cucumbers. Cucumbers of “Xintaimici”, “Jinyan 3” and 
“Jinyan 4” were growth under 0.64∙mol∙m−2∙degree-day−1 

of PTR (L-PTR) and 0.86 mol∙m−2∙degree-day−1 of PTR 
(H-PTR) from 21 days after sowing (DAS) to 49 DAS, 
respectively. Error bars represent ± standard errors of the 
means (n = 4). Different letters indicate significant dif-
ference between the treatments at 0.05 level.                                             

 
Table 3. Dry weight of root, stem, leaf and fruit of three monoeciuos cucumber cultivars grown under different PTR.                   

Treatment 

“Xintaimici” “Jinyan 3” “Jinyan 4” 

Root dry 
weight 

(g∙plant−1) 

Stem dry 
weight 

(g∙plant−1) 

Leaf dry 
weight 

(g∙plant−1) 

Fruit dry 
weight 

(g∙plant−1) 

Root dry 
weight 

(g∙plant−1) 

Stem dry 
weight 

(g∙plant−1) 

Leaf dry 
weight 

(g∙plant−1) 

Fruit dry 
weight 

(g∙plant−1) 

Root dry 
weight 

(g∙plant−1) 

Stem dry 
weight 

(g∙plant−1) 

Leaf dry 
weight 

(g∙plant−1) 

Fruit dry 
weight 

(g∙plant−1) 

L-PTR 1.56 ± 0.08 3.46 ± 0.07 9.10 ± 0.13 14.23 ± 0.24 1.32 ± 0.06 2.51 ± 0.06 6.81 ± 0.13 13.76 ± 0.13 1.77 ± 0.10 2.92 ± 0.07 7.24 ± 0.14 14.58 ± 0.22 

H-PTR 1.52 ± 0.05 3.34 ± 0.07 8.90 ± 0.13 16.72 ± 0.15 1.36 ± 0.09 2.46 ± 0.06 6.62 ± 0.10 15.99 ± 0.21 1.72 ± 0.10 3.08 ± 0.07 7.36 ± 0.12 16.98 ± 0.19 

    *    *    * 

Note: All data are the means ± standard error (SE) of 4 replicates. *represents that the values in the same column have significant differences at 0.05 level. 
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