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Introduction

Watermelon, Citrullus lanatus (Thumb.) Matsum. and 

Nakai, from the family Cucurbitaceae, is one of the most 

economically important and widely cultivated fruit vegetable 

crops. Watermelons have many nutrients containing diverse 

vitamins, lycopene, antioxidants and amino acids and these 

therapeutic compounds attract consumers (Perkins-Veazie, 

2009).

Watermelon is cultivated in most regions of Korea. In 

2016, the growing area of watermelon was 13,440 ha and its 

yield was estimated as 4,242 ton/ha (KOSIS, 2017). 

Nowadays new types of watermelon have been developed in 

response to the market demand for fruits with a smaller size, 

healthful ingredients and high quality (Galdeano-Gomez et 

al., 2017). Particularly, small-sized watermelons, which 

weights range from 3 to 5 ㎏, have become more and more 

popular, because they have attributed the convenient 

transport and attracted consumers due to the increase of 

single-person households and nuclear families. Lifestyle 

changes have also generated new consumption patterns, 

which facilitate the development of new small-sized 

watermelon cultivar (Park and Cho, 2012).
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Fruit quality and productivity of watermelon are affected 

by water management and agronomic practices (Proietti et 

al., 2008). Especially an adequate supply of water is 

essential for high productivity (Desai and Patil, 1984; 

Elmstrom et al., 1981; Singh and Singh, 1978). But large 

quantities of water are wasted by conventional irrigation 

method during the early and middle stages of growth 

(Srinivas et al., 1989). Most growers tend to reduce slightly 

the water supply during the flowering phase to enhance the 

fruit number and yield, but without measuring the soil or the 

plant water status (González et al., 2009). Crop growth and 

development usually depend on irrigation, but inappropriate 

irrigation practice may result in water stress, which leads to 

the reduction of plant growth and yield (Hartz, 1997; Jaimez 

et al., 1999; Kirnak et al., 2002). Water stress may induce 

the limitation of leaf growth and increase of stomatal 

resistance, which are associated with a decrease of water 

and mineral nutrition flow from roots. It affects net 

assimilation, and decreases the production and allocation of 

carbohydrates to the epigenous plant parts, including fruits 

(Shaw et al., 2002).

However, many recent reports have shown that the 

maintenance of a slight water deficit can improve the 

partitioning of carbohydrates to reproductive structures 

such as fruit and control excessive vegetative growth, which 

was called ‘regulated deficit irrigation’ (Chalmers et al., 

1986). This technique can result in more efficient water 

consumption and improve product quality (Kirnak et al., 

2002; Şimşek et al., 2004). Similar results were also reported 

in watermelon and mini-watermelon. Regulated deficit 

irrigation could regulate the distribution of photosynthesis 

products and ratio between root and shoot, and balance the 

relationship between vegetative and reproductive growing 

of watermelon and mini-watermelon in greenhouse 

(González et al., 2009; Zheng and Jian, 2009).

In these studies, we tried to investigate the effect of 

different soil moisture contents affected by irrigation 

starting point on growth, yield and physiological responses 

of small-sized watermelon, and find the optimum irrigation 

condition for the favorable plant growth and marketable 

fruit production of small-sized watermelon.

Materials and methods

1. Plant materials, cultivation and treatment

Breeding line producing small-sized watermelon, SWM2, 

which was grafted onto bottle gourd (Lagenaria siceraria) 

rootstock, was cultivated at greenhouses in Watermelon 

Research Institute of Chungcheongbukdo Agricultural 

Research and Extension Service. These plants were 

transplanted on 4 April 2018, and ripe fruits were harvested 

on 5 July 2018. Each plant had three main shoots and two 

fruits, which were set between the 14th and 21st nodes. The 

experiment was arranged in a randomized complete block 

design with three replications. Each experimental block 

took up an area of 15 m2 and 18 plants were planted with 

30 × 250 cm spacing in each block. 

Irrigation was respectively controlled at 5 different levels 

of soil moisture content (-10, -20, -30, -40 and –50 kPa) as a 

starting point using soil moisture sensor (NetaSense, 

NETAFIM, Israel), and adjusted at 60 minute intervals with 

irrigation controller (NMC-PRO, NETAFIM, Israel). 5 

levels of soil moisture content contained the soil matric 

potential (SMP) values between well-watered status and 

water deficit status of clay loam soil on which watermelons 

are conventionally cultivated in a greenhouse.

These treatments were also compared with the periodic 

irrigation as control, which supplied water every two to 

three days. The control of irrigation was initiated after 14 

days of transplanting and stopped at 7 ～ 10 days before 

harvest. Soil water content was consistently monitored at 60 

minute intervals in each block during the growth period. 

The changes of daily air temperature and relative humidity 

in greenhouse were measured at minute intervals using 

Humidity and Temperature Data Logger (TR-72wf, TandD, 

Japan). The mean day and night temperature were 17.2 ± 1.

3℃ and 12.0 ± 1.2℃, and the mean day and night relative 

humidity were 65.7 ± 4.2 % and 68.0 ± 3.8 % during the 

cultivation period (Fig. 1). 

2. Measurement of plant growth parameters

After 90 days of transplanting, the characteristics of plants 

and fruits were investigated. 30 plants and their fruits were 

measured in each treatment. The stem diameter, internode 

length, leaf length, leaf width, leaf number, root length, root 
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diameter, root number and dry weight were measured. The 

fruit set rate, fruit weight, fruit length, fruit diameter, soluble 

solids, marketable fruit yield were also examined.

3. Measurement of leaf photosynthesis

After 70 days of transplanting, the photosynthetic 

characteristics of plants were examined. 30 plants were 

measured in each treatment. Leaf gas change was measured 

on a clear day using a portable open photosynthesis system 

(LI-6400, LI-COR, USA). All measurements were taken 

when leaf temperature was maintained at 20℃, relative 

humidity was adjusted between 50% and 65%, and vapor 

pressure deficit (VPD) was controlled between 0.8 and 1.2 

kPa. CO2 concentration within the chamber was maintained 

at 370 μmol·mol-1, and light intensity was also maintained at 

800 μmol·m-2·s-1. 

4. Assay of proline content

Proline analysis was performed according to the method 

described by Bates et al. (1973). 250 mg of leaves were 

homogenized in 3 mL of 3% aqueous sulfosalicylic acid and 

the residue was removed by centrifugation. 2 mL of the 

homogenized supernatant was reacted with 1 mL of 

acid-ninhydrin and 1 mL of glacial acetic acid for 1 hour at 

100°C. The reaction mixture was extracted with 2 mL 

toluene, mixed vigorously and left at room temperature for 

30 minutes. 1 mL of upper phase was warmed to room 

temperature and its absorbance at 520nm was determined 

with a spectrophotometer (SoftMax Pro, Molecular Device 

Co., USA).

5. Determination of abscisic acid (ABA) content

250 mg of leaves were extracted in 2 mL of 80% methanol 

containing 250 mg of insoluble PVP according to Kobashi et 

al. (2001) and Heidari and Moaveni (2009). After homo-

genizing, the extracts were incubated at 4℃ under darkness. 

Centrifuged supernatant was passed through a Sep-pak C18 

cartridge. After removal of methanol through reduced 

pressure, the residues were taken up in TBS-buffer (Tris- 

buffered saline; 150 mM NaCl, 1 mM MgCl2, 50 mM Tris, 

pH 7.8) and applied to an immunological ABA assay 

(ELISA) using Phytodetek Immunoassay Kit (AGDIA, 

USA). 

6. Determination of total phenolic content

Total phenolic content was determined using the Folin- 

Ciocalteu method according to Chun et al. (2003). Total 

phenolics were extracted by homogenizing about 500 mg of 

leaves in 2 mL of 95% methanol. Gallic acid was used as a 

standard phenolic compound. 1 mL of the filtered extracts 

was mixed with 2.5 mL of 10% Folin-Ciocalteu reagent. 

After 5 minutes, 2 mL of saturated sodium carbonate (75 mg

‧L-1) was added and the solution was incubated for 90 

minutes at 30℃, The absorbance at 765 nm was measured 

with a spectrophotometer (SoftMax Pro, Molecular Device 

Co., USA).

7. Quantification of citrulline content

Citrulline in leaves was extracted by homogenizing about 

500 mg of leaves in 2.5 mL of methanol-chloroform- water 

(12 : 5 : 3 in volume) according to Kawasaki et al. (2000). 

After centrifugation, the supernatant was removed, and then 

3 mL of H2O and 2 mL of chloroform were added to the 

extracts and mixed vigorously. The aqueous phase was 

removed and the organic phase was re-extracted with an 

Fig. 1. The changes of daily mean air temperature and relative humidity 

in greenhouse during the cultivation of small-sized watermelons.
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additional 5 mL of H2O. The aqueous extracts were 

evaporated to dryness at 40℃ and dissolved in 1 mL of H2O. 

These extracts were measured with High-Speed Amino 

Acid Analyzer (L-8900, Hitachi, Japan).

8. Statistical analysis

Data from each experiment were subjected to Duncan`s 

multiple range test using SAS program (Version 6.21, SAS 

Institute Inc., Cary, NC, USA). 

Results and Discussion

1. Shoot and root growth characteristics of small-sized 

watermelons under different soil moisture contents 

affected by an irrigation starting point

Table 1 showed the effect of different soil moisture 

contents affected by irrigation starting point on the shoot 

growth characteristics of small-sized watermelons. The 

lowest soil moisture condition (-50 kPa) significantly 

retarded the overall shoot growth in comparison to the plants 

under control and higher soil moisture conditions. 

Widaryanto et al. (2017) indicated that reducing the water 

supply to 50% in the vegetative stage gave a negative effect 

on the growth and yield of melon. Under the deficit 

irrigation regime, the yield and growth were also 

considerably reduced in eggplants and tomatoes (Kirnak et 

al., 2001; Pulupol et al., 1996). 

Growth and morphological characteristics of roots were 

also affected by irrigation regimes (Table 2 and Fig. 2). 

Lower soil moisture conditions increased root dry weight 

percentage as well as its length and diameter, but decreased 

the root number. It could be conjectured that watermelon 

plants would elongate their main roots and develop root 

distribution against soil water stress. Pandey et al. (1984) 

and Sponchiado et al. (1980) showed that plants could 

change root distribution to avoid drought stress. Soybean 

(Hoogenboom et al., 1987) and sorghum (Merrill and 

Rawlins, 1979) appeared to grow with deeper root systems 

when available water decreased. The root/shoot ratio of 

eggplants increased when the applied amount of water 

decreased (Kirnak et al., 2001). The deposition of suberin in 

exodermis and endodermis cells of roots as well as the root 

growth for an escape from drying soil were also reported in 

Table 1. Influences of different soil moisture contents affected by irrigation starting point on the shoot growth characteristics of small-sized watermelons. 

Irrigation starting 

point

Stem diameter

(mm)

Stem length

(cm)

Internode length

(cm)

Leaf length

(cm)

Leaf width

(cm)

Leaf 

number

Dry matter

(%)

Control 14.2 az 365.0 a 10.4 a 26.5 a 25.2 a 35.0 b 13.1 a

- 10 kPa 14.2 a 368.3 a 10.7 a 26.3 a 25.4 a 37.1 a 13.0 a

- 20 kPa 14.0 a  358.6 ab 10.6 a  25.3 ab  24.7 ab 37.6 a 13.3 a

- 30 kPa 13.8 a 348.3 b 10.3 a  24.4 bc 24.3 b  36.6 ab 12.5 b

- 40 kPa  13.5 ab 337.2 c  9.2 b  24.0 bc 22.8 c 34.7 b 12.0 c

- 50 kPa 12.8 b 332.4 d  9.0 b 23.3 c 22.0 d 31.0 c 11.3 d
zMeans followed by the same letter within columns are not significantly different at the 5% level of significant using Duncan’s multiple range test.

Table 2. Effect of different soil moisture contents affected by irrigation starting point on the root growth characteristics of small-sized watermelons. 

Irrigation starting point
Root length

(cm)

Root diameter

(mm)
Root number

Dry weight

(%)

Control  76.5 ez 1.9 c 14.0 b 16.5 e

- 10 kPa  72.2 f 1.9 c 15.2 a 16.1 e

- 20 kPa  83.0 d 2.0 c 12.9 c 17.0 d

- 30 kPa  98.4 c 2.4 b 10.3 d 18.6 c

- 40 kPa 109.0 b 2.6 a  8.7 e 19.3 b

- 50 kPa 115.8 a 2.6 a  7.6 f 20.1 a
zMeans followed by the same letter within columns are not significantly different at the 5% level of significant using Duncan’s multiple range test.
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wild olive plants under severe water stress (Lo Gullo et al., 

1998; Rodriguez Dominguez and Brodribb, 2020).

Oliveira et al. (2012) reported that the maintenance of an 

adequate water content in the soil enabled a greater water 

and nutrient absorption, which is responsible for increase of 

the photoassimilates translocated from the leaves to 

reproductive organs. Water deficit affects negatively the 

rates of photosynthesis due to the decreased CO2 availability 

resulted from stomatal closure (Chaves et al., 2009; Flexas et 

al., 2006), and from changes in photosynthetic metabolism 

(Lawlor, 2002). The root hydraulic conductance during 

water stress can drive an early stomatal closure which affects 

directly transpiration and photosynthesis (Rodriguez 

Dominguez and Brodribb, 2020).

Our results showed that irrigation regimes could 

significantly affect the overall shoot and root growths of 

small-sized watermelon plants, which ability to change their 

root distribution in the soil might be the one of important 

adaptative responses for drought avoidance.

2. Photosynthetic characteristics of small-sized water-

melons under different soil moisture contents affected 

by irrigation starting point

Table 3 showed the effect of different soil moisture 

contents affected by irrigation starting point on the 

photosynthetic characteristics of small-sized watermelons. 

The photosynthetic rates of watermelon plants grown with 

irrigation starting point between -20 and -40 kPa were 

observed to be higher than those of other treatments. 

Particularly, the highest rate was obtained at -30 kPa, it 

increased significantly by 18% as compared to control, and 

by 39% as compared to -50 kPa. On the other hand, the 

photosynthetic rates, stomatal conductance as well as 

transpiration rate of small-sized watermelon plants decreased 

significantly under drought stress (-50 kPa). From these 

results, it was found that an inappropriate irrigation could 

result in water deficit stress of small-sized watermelons, 

which led to the reduction of their photosynthetic activity.

 Environmental stresses have a direct effect on the 

photosynthetic apparatus, essentially by disrupting all major 

components of photosynthesis including the thylakoid 

electron transport, the carbon reduction cycle and the 

stomatal control of the CO2 supply, with peroxidative 

destruction of lipids and water balance disturbance (Allen 

and Ort, 2001). Particularly, water stress reduces the rates of 

photosynthesis because the CO2 assimilation and net 

photosynthesis decrease due to restricted stomatal opening 

(Pirasteh-Anosheh et al., 2016). Drought stress can also 

limit the gas exchange parameters of crop plants, resulting 

from a decrease in leaf expansion, impaired photosynthetic 

machinery, premature leaf senescence, oxidation of 

chloroplast lipids and changes in the structure of pigments 

and proteins (Menconi et al., 1995). The ability of crop 

plants to acclimate to unfavorable environments is directly 

or indirectly related to their ability to acclimate at the level 

of photosynthesis, which consequently affects the growth 

and yield (Chandra, 2003).

3. Fruit characteristics and marketable yield of small- 

sized watermelons under different soil moisture 

contents affected by an irrigation starting point

Fruit characteristics and marketable yield were compared 

under diverse soil moisture conditions (Table 4 and Fig. 3). 

Fig. 2. Morphological comparison of roots under different soil moisture 

conditions affected by an irrigation starting point.
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The highest fruit set rate and marketable fruit yield were 

observed at -30 kPa and -40 kPa, which might lead to the 

favorable reproductive development and growth of 

watermelons. Particularly, marketable yield increased 

significantly by 11 ～ 14% as compared to control, and by 

36 ～ 40% as compared to -50 kPa. On the other hand, the fruit 

weight and marketable fruit yield decreased significantly at 

-50 kPa. The soil moisture conditions controlled between -30 

kPa and -50 kPa considerably induced the increase of soluble 

solids in comparison to the higher soil moisture conditions. 

From these results, it was found that properly controlled 

irrigation treatment could induce the high marketable fruit 

yield and save irrigation water. 

Many studies have reported the effects of irrigation on 

yield and fruit quality characteristics. Water deficit applied 

before and after fruit set decreased fruit number and size 

(Leskovar et al., 1999). Yield and some yield components 

such as fruit height and rind thickness were unfavorably 

affected by deficit irrigation during the cultivation of 

watermelons (Erdem et al., 2001). The decline in marketable 

Table 3. Effect of different soil moisture contents affected by irrigation starting point on the photosynthetic characteristics of small-sized watermelons. 

Irrigation starting point
Pnz

(umol‧m-2‧s-1)

Cs

(mmol‧m-2‧s-1)

Tr

(mmol‧m-2‧s-1)

Control 18.0 cy 359.6 a 4.6 b

- 10 kPa 17.6 c 362.8 a 4.8 a

- 20 kPa 19.4 b 356.2 a 4.5 b

- 30 kPa 21.3 a  349.8 ab 4.2 c

- 40 kPa 19.7 b 337.4 b 3.9 d

- 50 kPa 15.3 d 328.7 c 3.3 e
zPn: photosynthetic rate, Cs : stomatal conductance, Tr : transpiration rate.
yMeans followed by the same letter within columns are not significantly different at the 5% level of significant using Duncan’s multiple range 

test.

Table 4. Effect of different soil moisture contents affected by irrigation starting point on the fruit characteristics of small-sized watermelons. 

Irrigation starting 

point

Fruit set rate

(%)

Fruit weight

(kg)

Fruit length

(cm)

Fruit diameter

(cm)

Soluble solids

(°Brix)

Marketable fruit yield

(kg/10 a)

Control 80.3 bz 3.6 az 26.1 a 18.2 a 11.0 b 4,637 c

- 10 kPa 78.9 b 3.6 a 26.4 a 18.4 a 10.8 b 4,545 c

- 20 kPa 81.1 b 3.6 a 25.8 a 17.9 a 10.8 b 4,876 b

- 30 kPa 84.7 a 3.4 b  25.0 ab 17.0 b 12.3 a 5,305 a

- 40 kPa 85.5 a 3.2 c 24.3 b 16.4 c 12.4 a 5,144 a

- 50 kPa 82.9 b 2.9 d 23.5 c 15.7 d 12.6 a 3,794 d
zMeans followed by the same letter within columns are not significantly different at the 5% level of significant using Duncan’s multiple range test.

Fig. 3. Morphological comparison of small-sized watermelon fruits under different soil moisture conditions affected by an irrigation starting point.
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yield of grafted mini-watermelons resulted from deficit 

irrigation regimes (Rouphael et al., 2008). The highest fruit 

yield of mini-watermelon was recorded at irrigation regimes 

with 1.0 and 0.75 of evaportranspiration (ET) rate, as 

compared to 0.5 ET (Proietti et al., 2008). Furthermore, 

deficit irrigation directly reduced the total marketable yield 

of diploid and triploid watermelons, but fruit growth and 

quality would be less affected in triploid than in diploid 

watermelons (Leskovar et al., 2004). Limited irrigation 

lowered the marketable yield of diploid and triploid 

watermelon by 15 ～ 36%, increasing the yield of small fruits 

(Bang et al., 2004).

 The soluble solids of watermelon pulp decreased and fruit 

skin cracks increased due to the excess of water (Saraiva et 

al., 2017). During the maturation stage, the decrease in the 

amount of irrigated water about 25% to 30% was critical for 

optimizing the fruit soluble solid contents (Sousa et al., 

2011).

4. Comparison of proline and ABA contents of small- 

sized watermelons under different soil moisture 

contents affected by an irrigation starting point

Fig. 4 and Fig. 5 showed the proline and ABA contents of 

small-sized watermelons cultivated under respective soil 

moisture conditions affected by the irrigation starting point. 

Lower soil moisture conditions induced the accumulation of 

proline and ABA in small-sized watermelon plants, their 

highest contents were observed at -50 kPa. Proline content 

of watermelon plants under drought stress (-50 kPa) 

increased significantly by 5.8 ～ 6.5 times and ABA also 

increased by 1.9 ～ 2.0 times as compared to control and –10 

kPa. These results suggested that proline and ABA 

accumulation might be associated with water deficit stress and 

could contribute to adaption and tolerance of watermelon 

plants against environmental stress conditions. 

When plants are subjected to water stress, they have 

evolved complex physiological and biochemical adaptation 

mechanisms. Under drought stress, plants stop growing and 

accumulate solutes in cells for maintenance of cell volume 

and turgor against dehydration, which is referred as osmotic 

adjustment (Nomani, 1998; Patakas et al., 2002). Proline is 

one of the major organic osmolytes that accumulate in a 

variety of plant species in response to environmental 

stresses such as drought, salinity, extreme temperatures, UV 

radiation, and heavy metals. It is thought to have positive 

effects on enzyme and membrane integrity along with 

adaptive roles in mediating osmotic adjustment in plants 

grown under stress conditions (Ashraf and Foolad, 2007).

Endogenous ABA is also known to be rapidly produced 

during drought, and play a role in triggering a cascade of 

physiological responses such as stomatal closure (Behnam et 

al., 2013; Endo et al., 2008: Iuchi et al., 2001; Osakabe et al., 

2014). 

5. Comparison of total phenolics contents of small-sized 

watermelons under different soil moisture contents 

affected by an irrigation starting point

Total phenolics contents of small-sized watermelon plants 

were compared under diverse soil moisture conditions (Fig. 

6). Phenolics were gradually accumulated when the soil had 

lower water contents, its highest content was observed at -50 

kPa. It increased significantly by 1.9 ～ 2.0 times as compared 

Fig. 4. Proline contents of small-sized watermelons under different soil 

moisture conditions affected by an irrigation starting point. 

Fig. 5. ABA contents of small-sized watermelons under different soil 

moisture conditions affected by an irrigation starting point.
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to control and -10 kPa. From these results, it was supposed 

that feasible adaptation ability such as accumulation of 

phenolic compounds might be acquired for growth and 

survival under the unfavorable environments in watermelon 

plants. 

In response to stress, the synthesis of phenolic compounds 

is activated in plants (Mandal et al., 2009). They are mainly 

involved in protection against different types of stress, and 

play as an important antioxidant which helps plants to 

survive stress conditions (Ayaz et al., 2000; Mittler, 2002).

6. Comparison of citrulline contents of small-sized 

watermelons under different soil moisture contents 

affected by irrigation starting point

Fig. 7 showed the citrulline contents of small-sized 

watermelons cultivated under different soil moisture 

conditions affected by an irrigation starting point. It was 

found that citrulline content also increased significantly 

when soil moisture content got lower. The highest content 

was recorded at -50 kPa, and it increased considerably by 

10.3 ～ 10.7 times as compared to control and -10 kPa. 

Citrulline is a non-essential amino acid first identified 

from the juice of watermelon (Wada, 1930). It has also been 

isolated in other cucurbitaceous fruits including bitter 

melon, cucumber, muskmelon, pumpkin, bottle gourd, 

dishrag gourd, and wax gourd (Rimando and Perkins- 

Veazie, 2005). The accumulation of citrulline in response to 

drought stress in wild watermelon is a unique phenomenon 

in C3 plants, and it is a novel compatible solute involved in 

the maintenance of cellular osmolarity during abiotic 

stresses (Akashi et al., 2001).

The citrulline amount of melon doubled in the salt tolerant 

variety in comparison to the salt sensitive variety under salt 

stress (Dasgan et al., 2009). Kawasaki et al. (2000) reported 

that ArgE-related polypeptide and citrulline of wild 

watermelon leaves increased by 3.8 ～ 4 times as compared 

to control (well-watered wild watermelons) when watering 

was withheld for 3 days. But they decreased to the level of 

control at 4 days after re-watering. It has been reported that 

side chains of arginine residues in a polypeptide are 

particularly sensitive to oxidation by hydroxyl radicals, 

indicating that citrulline, which is structurally analogous to 

arginine, may also have high reactivity toward hydroxyl 

radicals (Amici et al., 1989). Akashi et al. (2001) and 

Yokota et al. (2002) also reported that the accumulated 

citrulline could contribute to protect green tissues such as 

leaves from the secondary oxidative stress induced under 

drought conditions because in vitro it behaves as a more 

potent hydroxyl radical scavenger than compatible solutes 

like mannitol, proline and glycinebetaine.

From these results, it was found that citrulline accumu-

lation might help small-sized watermelon plants adapt to 

water stress conditions for growth and survival. 
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Fig. 6. Total phenolics contents of small-sized watermelons under 

different soil moisture conditions affected by an irrigation starting point.

Fig. 7. Citrulline contents of small-sized watermelons under different 

soil moisture conditions affected by an irrigation starting point.
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소형 수박 시설 재배 시 관수개시점에 따른 토양수분 함량별 생육, 수량 

및 생리적 반응 특성 구명

허윤선1*ㆍ김은정2
ㆍ노솔지2

ㆍ전유민2
ㆍ박성원2

ㆍ윤건식2
ㆍ김태일3

ㆍ김영호4

1충청북도농업기술원 작물연구과 지방농업연구사, 2충청북도농업기술원 수박연구소 지방농업연구사, 
3충청북도농업기술원 수박연구소 지방농업연구관, 4충청북도농업기술원 작물연구과 지방농업연구관

적  요. 본 연구는 시설 내 소형 수박 재배 시 관수개시점에 따른 토양수분 함량별 생육, 수량 및 생리적 반응 특성의 

차이를 구명하고 소형 수박 생산에 유리한 관수조건을 구명하고자 수행하였다. 토양수분 센서를 이용하여 정식 후 

14일부터 수확 7 ~ 10일 전까지 관수개시점별 5처리(-10, -20, -30, -40, 50 kPa)를 두어 관수하였다. 토양수분 함량이 

가장 낮은 개시점-50 kPa 처리에서 전반적인 지상부 생육특성은 저조하였으나, 근장 및 뿌리 건물율은 증가하였다. 

광합성률, 기공전도도 및 증산율 비교 시, 관수개시점-50 kPa 처리에서 가장 낮았고, -20 kPa ~ -40 kPa 처리 시 광합

성률은 높게 조사되었다. 착과율 및 총 상품수량은 -30 kPa 및 -40 kPa 처리에서 각각 84.7 ~ 85.5%, 5,144 ~ 5,305 

kg/10a으로 유의하게 증가하였다. 식물체의 외부환경 관련 스트레스 지표 물질로 알려진 프롤린, ABA, 총 페놀 및 

시트룰린의 함량은 토양수분 함량이 낮아질수록 증가하였으며, 특히 관수개시점-50 kPa 처리에서 가장 높게 조사

되었다. 따라서 이와 같은 결과를 종합해 볼 때, 시설 내 안정적인 소형 수박 생산을 위하여 관수개시점을 -30 kPa ~ 

-40 kPa 수준으로 조정하여 토양수분 함량을 조절하는 것이 수박 생육 향상 및 상품수량 증대에 가장 유리한 것으로 

판단되었다. 

추가 주제어: 상품수량, 소형 수박, 수분스트레스, 시트룰린, 앱시스산, 프롤린, 페놀화합물 


