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Abstract. This study was conducted in an indoor cultivation room and chamber where environmental control is
possible to investigate the effect of temperature and irrigation interval on photosynthesis, growth and growth analysis
of potted seedling cucumber. The light intensity (70 W-m™) and humidity (65%) were set to be the same. The
experimental treatments were six combinations of three different temperatures, 15/10°C, 25/20°C, and 35/25°C, and
two irrigation intervals, 100 mL per day (S) and 200 mL every 2 days (L). The treatments were named 15S, 15L, 258,
25L, 35S, and 35L. Seedlings at 0.5 cm in height were planted in pots (volume:1 L) filled with sandy loam and treated
for 21 days. Photosynthesis, transpiration rate and stomatal conductance at 14 days after treatment were highest in 25S.
These were higher in S treatments with a shorter irrigation interval than L treatments. Total amount of irrigation water
was supplied evenly at 2 L, but the soil moisture content was highest at 15S and lowest at 25S > 15L > 25L, 35S and
35L in that order. Humidity showed a similar trend at 15/10°C (61.1%) and 25/20°C (67.2%), but it was as high at
35/25°C (80.5%). Cucumber growth (plant height, leaf length, leaf width, chlorophyll content, leaf area, fresh weight
and dry weight) on day 21 was the highest in 25S. Growth parameters were higher in S with shorter irrigation intervals.
Yellow symptom of leaf was occurred in 89.9% at 35S and 35L, where the temperature was high. Relative growth rate
(RGR) and specific leaf weight (SLA) were high at 25/20°C (258, 25L), RGR tended to be high in the S treatment, and
SLA in the L treatment. Water use efficiency (WUE) was high in the order of 25S, 25L > 15S > 15L, 35S, and 35L. As
a result of the above, the growth and WUE were high at the temperature of 25/20°C.

Additional key words: leaf area ratio, relative growth rate, soil water content, specific leaf area, water use efficiency,
yellow symptom leaf
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(Lee %, 2007; Seo =, 2008; Oh2} Koh, 2004).

20l ThE A 2ol HIE}o] ] 96%
{AET} 2 2Rgo|t) - Fo] Ak Aol A 2
Al Aol 583k 8 8Rlog o] BEshH Aso]
S5 EaL e8leo] 7451 EHtiOkunlola 5, 2015).
kg Aol Qlo &2 7] G ol A7 1= 8, Y
ol F 7= &l BTG 71 Al m EAE A S
of| Qlo] T a3k P @ avo|th o) 2Ado] Ut A
ol A= o A, 5o 7HA, U3] Flek 5o B 24
= “&oto] i Wf A ek fAlskaL Hakse 24,
T 5 SIS, oo I, A s sk
H 5= 20|, BErE S| L7 Afjufjof| A = Harskar QlrK(Park
5, 2003; Ohkawa®2} Hayashi, 1996). 3R]t A]d &7 AYjuj
ol A= Al et vl wste] B A, 714, a5 A4
A= Foll wheh EoFe] s §i3) 2o Atk Kim 5(2009)
2 AMFE(sandy loam), &AL E(loamy sand), 9FE(loam)
3552 ol 20eme] 7470 2 A7) HHTE o] el
S ] SFUSHAF E 0 e o W St miAe o
RHES] 751 4b Spako] wigtow] B k) HE/H2 A
o8 Eop S4do] uhE ek ) Aol Musier)

Al B7 Afufol| A a2 it B drollvh o)Esto]
of 517] wjZof] A= Aol B agh 453 A Alof| Hpdl=
A ko] Faslct 2021 7] AR Aful HA
53,239hao|w, 7 Aufj7} 48,968ha, =3 A|Hl7} 4,271ha
2 R Eo] EAof A Al =1L QTHKOSIS, 2022). vij5= &
73 Aol A 7haoll FAEL FAF STk, A4,
RS- ANYAE As) 52 Hilsh= 5 Al o] uk=
o) Ae) A, FefA] HalE rgstr] fish A sl Al
3] So] o] 85|31 QItKim &, 2017; Lee 5, 2015). 3}4]
gk A B7 Ajufoll A 2o EoF hprede] E5A Q1 Aul
ol oJgt 2HE o] A ] Bk, el 4] w3t Sofl thet A=
njH|gk Aolck

wEba], 2 Atolils B S Yo sho] =9
T 70 g 2o]9] FHY, A, ol 8 aES 57
SlaL S AR o] 8 A EAITHe] S 2o T 27
7} Aol B A= PaFE ol 1A} stk

Mz 2 9
Ade o] 2dEe Adddisk W Al A

[3.1(W) % 3.4(L) x 2.4(H)m] 2} A8 2H(501PL, Sejong
Scientific Co., Korea) ol A =35} T}. 3-A] #8-2 Wit}ch
7] AlZ-2] <o}r|o} -2’ (Asia Unchun, Asia Seed, Korea) 2
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O)(Cucumis sativus L) & AFESIITE Q0] ZAEAET 2=
Z1E 32+ Ejo] Efo]of 2021 3Y 31 Y ukg-53ich o
offl Qo]= 25°C A AufdollA SHSFAL, 2ol
0.5cm, <7120 o) 220 T FLE E(Up o: H: Low o = 13:
11.5:8.5cm)of] A3 FAALE 1LE 211 FH3] 3245t
T &A Ak

AY A= 3570l wheh Qe = ot 25
15/10°C(15), 25/20°C(25)%) 35/25°C(35)= 34 2)at 1,
7t 2= T 2715 v Y 100mL(S) et A 200mL(L) =
2] Fasks AE 2yl F 642(15S, 15L, 258,
25L, 358, 35L)5}o] 4 132 A4 5 327} 2=35}ich

Al B 70 Wem?E A LED(ZVAS, Sunghyun
Hightech Co., Ltd., Korea)& AR5 11, FF7]= S0zt
16/8 A|7FO] QAT A5 e+= 65% = 5 U5HA A5kl om,
2= AR g AR Eo] 2P = lck Ao o, 2=
QL A5 == Watchdog H|©]€] Z7|(Model 1650, Spectrum
Technologies Inc., USA)2} 3341 A(#36701, Spectrum Tech-
nologies Inc., USA)E A 2|3t T 102 712 0 2 =74 A=
ARE S B AR gk,

B A2 31t ERE 2mm 5 v 4] A& ARE-Sto
AE F =5 At o) Eof Aol &dto] AT
(RDA, 2000). ;2E 0] AME-H B¢ HIFARAAH o= 574
St At = wihglo] $2 FEAME(R ) 78.3%, 1Al 18.4%,
A 3.3%) = eIt AR v|A|A)). EFO pHRFEC= &
A RS Tt 1:59] vlgR 23}sto] pHe} EC meter
(HI 9813-6, Hanna Instruments, Romania) 2 =735}3ith
2] A EQkS-pH 4.9, EC 0.64dS-cm™, §-7] & 15.63g-kg™,
FEQAH198.96mg ke, X$HA ol ZE, L, vk
&YW YUES ke 74710.27,2.50, 0.572 0.07cmol kg™ €1
ZHlet EO| AT AR H|AK). = sFstdo] Hol 2kE A
£ ERAlIA O] Pt B €47t R A
£ Q0] "jeF}(NO;-N 13, NH5-N 1, P 3, K 6, Ca 7, Mg 4,
SO4-S 4me-L )2 EC 2.5dS- m™, pH 6.0 0.2 2A|5}] 9.4
9~ 104] Afolo] 19 F=29] 77 0. 2 Bea}oic

e 717F 52t F S 2L 2 5 B = A2 30
= ol 47]0] ZE A vl H F EFS SAsto] 17 2E
o] ujlgko g Skt & A ol sdsk
2w EFo|ct u|HE(DR, drainage ratio, %)-2 v B/t
T x 100 0.2 Alebstelet. EoF o8- Fo-8-FDR AllA
(WT1000N, Mirae-Sensor, Korea) & A& 2] 10437} 14Y
7 2tk

P B4 Fofg 339 27971(LI-6400XT, Li-COR,
Lincoln, NE, USA)= AM&5}0] 2] 1407 yoas
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B 397 U oS e s FAAAE, 7eAEE, S4t
& % 919 57U E S 4 27102 F=(PPFD
1,000umol~m'2-s'1, CO, 400pumol-mol™, flow meter 400m-s™
Z2 513l om, e W) 25 ZF A2t Al 22 AAgskSick

248, ZAH= 3121 21 Q) AR RO AR ) ol
Ao, Qg S L A 2 glo] Zojot Z& 2419
11919 JE A FHSPAD, SPAD-502, Minolta, Japan),
17ko] A1EA0] AHA(Li-3100c, Li-cor Inc., USA)-S =413}
Ak Z1Zbe] A=A 2] AAIS(CUWA20HX, CAS Corporation,
Korea)S =45}, 80°C 32 A=X7|(OF-22GW, JEIO
TECH, Korea)oll 4 48417} 12  AB5-S 243tk

21 5-0] AR} 31492 $1a) AT AAE(RGR, relative growth
rate) ¥} H]H=(SLA, specific leaf area) Q A5} 7|7+ = E017F
B9 S4sto] el gk 4208 aE&(WUE, water
use efficiency) o}gfje} o] A=&5FTtHCho 5, 2008; Lee
5, 2012; Burnett2} van Iersel, 2008).
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RGR (g'g"day”) =% - (1)
: LeafA
SLA (em*g) = T )
. w
WUE (g'L) = T 3

o] m, Leaf A(cm®)= GHZ], W(g)= A1EA9] AES,

- olg¥ - 719

Leaf W(g)= o =5, di(days)= A2 717k, dw(g)= A2
T AEFOIA A2l | es W EE S7FS TUL)= AHl
717t 5 2ot F FlolA F uli ke A 2Rt EFeltk

A ] o R] 40ke0 = ShQink SAlEAS SAS
package(Statistical Analysis System, version 9.4, SAS
Institute Inc.)E o]-&3}o] §-2)4F p < 0.05904, A&
ANOVA E-A(analysis of variance)¥} Duncan’s multiple
range test(DMRT) 2 AA|3}4 ]

el 1447 o)o] Fod 54 A -2 eof et g7
&, 7|3 AEE 9 ZA1ES.25/20°C, 42279 =135/25°C
oA mokom, T 7o wEt FHAE, 7 s 2 S
AFRFE S, 57194 A = Lol =90t E3dE, S4keat
7|18 EE=258, A5 W 57| YR =35 oA 7P =9k
tH(Table 1). MoonI} Yu(2013)& A& Eo] F=31H wh
A7tz EdE £017] Y8l 715 27 =L, Al Y CO,
= SR Za| = G gl s Hrkar Barst
=T, 2 A E 31221 355} 35L oA FIAIE, 71
AL oL FAkg o] Worom =57 R ot a1 A 2
TrollA] =0 53l Al o= A7) o] v Aule]l
A EQarRo] S AH(OmL-d ' -plant™)E Ao A 3F
FEo] oF 6.5umol'm™s” mgko 2 Fhpfo] wke(500
mL-d"-plant”') X|2]E} oF 3.5u) Wekel Av} ke A}
o|thKim £, 2017). €7} =9kE 3589} 35L o)A EOF &

Table. 1. Effects of temperature and irrigation intervals on photosynthesis (Pn), stomatal conductance (Sc), transpiration rate (Tr) and leaf'to air vapor
pressure deficit (La VPD) of pot-grown cucumber seedlings at 14 days after treatment.

Temperature Irrigation Pn Sc Tr La VPD
(day/night, °C) intervals® (umol CO,m?s™) (mol H,O-m™s™) (mmol HO'm?s™) (kPa)
S 123 ab’ 020 b 4.9 be 26 ¢
15/10
L 8.3 bc 0.14 b 31c 23 cd
S 162 a 0.56 a 84 a 19d
25/20
L 1.1 b 024 b 5.0 be 25 ¢
S 8.9 be 0.18 b 62 b 38 b
35/25
L 57 c 0.09 b 4.0 bc 44 a
Significance™
Temperature (A) sk sk Kk seokok
Irrigation intervals (B) ok ok ok *
(A) x (B) ns * ns ok

“S: 100 mL per day, L: 200 mL every 2 days.

YMeans with different letters in each column are significantly different by DMRT at p < 0.05 (n = 4).
*Probability of significant F values: ns, *, ** *¥**: non-significant or significant at p < 0.05, 0.01, or 0.001, respectively.
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2w P 277 0o] EE wo| FHAH, A% LAY HA WAL 9T

TE8014.3%213.1%2 o Wekom, A3 50] 8.9915.7 ZrAaE o JH 31 11, @ u|x| 3t Fo| 50kPa 2] 2ol

umol-m™ s WQIth 2201 ISLA o= BFAAE, 718 A 7PE9ka1 40, 30, 10kPa 5=0 2 Eokg=Ko] Wil )g]
Ar, AR, S718APF f-9402 k=], Seo & of 4] Sekrhal H 18kl =T|(Seo 5, 2015), H AFoA =

(2008)2] Hato| A= ele} 2 0]9] 3FeHd 5ol 15°CA A1291 15/10°C =]l A B e=rdo] &8ker 7| e4=
2lofl A AASHA 4ok E At Ak Mielke 5(2003)2  =oF SAkEo] Yot R st

A4 5 IR Bl ABAY SR AEd T ok He] 2194 o] Ho| A% B4 L MAES 2%
B 7| BAEES} FAE D, 713 ATt SEEe] BAkge] ATk 24, 9 A, AuA, AAE D AEFE2520°C

Table 2. Effects of temperature and irrigation intervals on total drainage amount (TDA), water consumption amount (WCA) and drainage ratio of
cucumber seedlings grown in soil pot for 21 days after treatment supplied total 2 L per plant.

Temperature Irrigation TDA WCA Drainage ratio
(day/night, °C) intervals® (mL-plant™) (mL-plant™) (%)
S 857.5 1142.5 429 a
15/10
L 765.0 1235.0 383 b
Mean 811.3 1188.8 40.6
S 522.5 1477.5 26.1 d
25/20
L 797.5 1202.5 399 ¢
Mean 660.0 1340.0 33.0
S 50.0 1950.0 25 f
35/25
L 387.5 1612.5 194 ¢
Mean 218.8 1781.3 11.0

’S: 100 mL per day, L: 200 mL every 2 days.
YMeans with different letters in each column are significantly different by DMRT at p < 0.05 (n = 4).

Table 3. Effects of temperature and irrigation intervals on growth characteristics of cucumber seedlings grown in soil pot at 21 days after treatment.

Tempe.raturi ?rrigatiorzl . Plant Length \;ff;; Area I.Jresh .Dry SPAD s:;l;l)?c;:]n
(day/night, °C) intervals height (cm) (cm) (cm) () weight (g)  weight (g) (value) leaf (%)
S 5.5 be’ 9.8 b 150b 4178 ¢ 331¢c 47 ¢ 60.0 a 00b
15/10 L 48 ¢ 100 b 13.5 be 319.6 ¢ 226 cd 33d 53.6 a 00b
Mean 52 9.9 143 368.7 279 4.0 56.8 0.0
S 57.6 a 16.8 a 214 a 1958.5 a 1033 a 9.6 a 532 a 00b
25/20 L 538 a 156 a 203 a 1796.1 b 90.4 b 83 Db 492 a 00b
Mean 55.7 16.2 20.8 1877.3 96.9 9.0 51.2 0.0
S 99 b 88D 105 d 2538 ¢ 19.7 d 4.1 cd 308 b 89.7 a
35/25 L 6.7 be 90 b 115 cd 2825 ¢ 183 d 33d 246 b 90.1 a
Mean 83 8.9 11.0 268.2 19.0 3.7 27.7 89.9
Significance™
Temperature (A) skekok ks skokk skokok skekok kskesk ok skokk
Irrigation interval (B) * ns ns ns * ok ns ns
(A) x (B) ns ns ns ns ns ns ns ns

“S: 100 mL per day, L: 200 mL every 2 days.
YMeans with different letters in each column are significantly different by DMRT at p < 0.05 (n = 4).
*Probability of significant F values: ns, *, ** *¥**: non-significant or significant at p < 0.05, 0.01, or 0.001, respectively.
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(25S9}25L) A 7ol A =9ka1, 35/25°C(35S2}35L) % &]o
Ae G54 gefo] Wokom QlEo| &5kt yebtal, d=
F710) whef Sof| A 24, AAIFH AEF0] =T Table 3,
Fig. 1). T}3Z8]7} 857] 23°C & 2ol 15°C}31°C R} %
3, Al AEsol s=okthal B gk Aak 2R Ak 258
9} 25L Aol 4] A50] =UTHCho -5, 2016). A& H 8
&2 oh= A4 2= W7t et ol s A2 527122
—28°C, o}7F 15— 18°C & 35°C o|A}e] 11.2.3} 5°C 0]5}2]
Aol A AL0] A EE= o2 HIAEITHRDA, 2018).
2 A 1582} 15L, 3582351 A 2ol A= 0] S 42
R AL ol ASo] A xsinh L3 Ajufoll A A5 A
22125°CHT}2.5°CL}5°C W2 Aol A 27, 37, d
o} A o] FAsH AL, g A SAol 7 o, i
= Aol Al BE7]2-0] 10°CHE T} 5°Cof|A] 7]7ko] 5, 104,
15U ZAojA4pg FH o] AKo] A xstqickal B astg |
ZAAE & A= #2201 1588} ISLof A ASo] 2k
(Park 5, 2014; Lee 5, 2011). t7] =K} 4°Ce}7°C 2o
A 2ol A vfjS=2] o] Agkom, Hak AJuj ] 11-2(30°C)
Aol A FARF SR Qlste] EF R 549
o] A= aL, A= 9lo] Bz A4 12 Aol 571
Akl B skl 2 Ao = S H2kot =9d
35/25°C(3582}35L) Al = Fgo] Wokom,
E4 9FFo] WokaL, 90% o4k Eo| ntE= st ihAgst
Atk Lee S, 2015; Lee =, 2007).

Table 2= A3 7|7 538 5 s, & Av|eF Y vfjolEo]
o} A2 7175t 7L Aol S5 F w2 2L = 5 U5t
oL}, Hit vl E0] 35/25°C o) A= 11.0%, 25/20°C o)) A]
1-33.0%, 15/10°ColA1=40.6% 2 & =7} WFSa= =9k},
ol= 87| A oA & 2Tt FEE v dgFo] S7ts)
P A e Avtg 257 15/10°C A 2ol v s

. 7o .
=%

s
o
T

b

N

of

o] ot Ao A= kS Folof T A 0 & 7Pt Lee
5 2020). Oh£} Lee(2000) 7} =24 WH-2f 7]2-0] F4hakat
o] ATHR?=0.49)0] AUt Hislged| 257} ot
A4E A S22 A= k= S50 Woklth & A2 1=
o] YT oA 27t obAeE = atsko] ol
T Bkl Wit s Usto] 2T =SS i Eo| W
ko m, erFol A uij gk S W F o] 8RR 27 =
35/25°Co| 4] 1.8L-plant 2 =9}tk

EQF a2 15804 7P 29501, 358 35Lof A &
UL, T 710 Wt 15/10°C2E25/20°C ol A= SollA] =
UAIRE35/25°Col| A= 20| 7} § A ThFig. 2). 2.of Al Al
oA A F30 - 40U = EF FTES 10— I5%E
A|&k= Ao AgFsirial #alE|$lH Z(Hyun 5, 2011) 2k 2
o] 4] & 1093} 14Yof| 743 Hot EGorEo] 158,
15L3} 258 A 2ol A= 10% o)At 9l o1t 251, 3589} 35L
Ael= B 0] 5% olot= B o] HE313l 4
21 25Lof|A] EFFEo] Fd A2 =717
RO & 25/20°C 2] A8 2200 4] == F27]+= S7F A @ksh
20 2 UpElTh 1129135891351 A 2o A= Bk g
0] 5% o]tz ui- FUH A J1esto] HH 27 =2 A
o= i HEo| EAYSHR] He & Ak S S| AU T
T 7715 Eolob T Ao R A7

o] Auj A o] s E ST At 27 =2 Ao
Al 57 =0tth(Fig. 3). 2 AY 2o AR =
H e} Zjuf Aol A g=385}o] 15/10°C 2} 25/20°Cof| A= A7
AHNEETT65£5% E AlofEl= A 0= YEov 227 =
QFE 35/25°C O A=73.3 — 84.1% 2 =9F0 1, o] Q)= A
o]l G =7} EokA)= A& ERIe 4= Jlieh vhdH|
o Ao A Yyt ARG =A P, Y
HE2 Q1 A Afufoll A 1= S ut7] fisf 7] ARt

Fig. 1. Effects of temperature and irrigation intervals on cucumber seedlings grown in soil pot at 21 days after treatment. Irrigation intervals (S: 100

mL per day, L: 200 mL every 2 days).
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ewe} #5717} 90| nE me|
s =7 Heo A "rlJeon 5, 2022). 2 A AL
g YHZ A2 A oM FA3] 27t oA B
TFEo] Ao AN-SHA] Setal EoollA] Fstol €714
o] ZHEslod = A S =7} =olr] Ao 72 A7

A2 21 4A Qo] Ho] A% AT} ol g aES B
(Fig. 49} 5), ANBAERGR) I} H|F(SLA)-S 2559}
25L Aol A =34, L¢ﬂz— 1 of we} S #]2of| 4 RGR, L
A fof A SLAC] = HKFig. 4). sE2ol-8-as
L AHeol 25/20°C(25$, 25L)0ﬂ/\ﬂ AL #4241 15/10°C
(158, 15L)9} 31291 35/25°C(35S, 35L) 0| 4] ol 2x=9] o
& A e Ao E YETh(Fig. 5). 2129125591251
A2 & A 25t # 2ol A RGRO| R 2L 31230k A2 =
o] @o]o] Ao FA7 5191 7] o= Table 19] A}
of| I 230} A2 A 2ol A B /dEo] Roldehd Akeo

A577F 2o} RGRo| S Z 0 & YZHETt Lim 5(2006)->
Qo] ARl A Bt 2ol W} RGR-E 74 9] /o]
ATl B 5=y B Al of| A= 15/10°C(15S, 15L)
ThH=25/20°C(258, 25L) o)A RGRO| &3 212 2= 9

al
K

_&
rJ =)

F =

IS
(=]

L)
(=}
T

Soil water content (%)
= 3

VA
- b
C
B s
. B [ (m=
15/10°C 25/20°C 35/25°C

Treatment

=]

Fig. 2. Effects of temperature and irrigation intervals on soil water
content in pot from 10 to 14 days after treatment. Irrigation intervals
(S: 100 mL per day, L: 200 mL every 2 days).

“Means with different letters on the bars are significantly different
by DMRT at p <0.05 (n=4).
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Fig. 3. Changes in relative humidity by temperature in measured for 10
days after treatment.

MESIAXMEIS|X|, M32F K25 2023

IR B N b
ko uke A o 7 gzbE ) SRRk L) 1 EofsEo]
STl 35/25°C(358S, 35L)0| A= RGRO] Wok=d] 4]
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Fig. 4. Effects of temperature and irrigation intervals on relative growth
rate (RGR) and specific leaf area (SLA) of cucumber seedlings
grown in soil pot at 21 days after treatment. Irrigation intervals (S:
100 mL per day, L: 200 mL every 2 days).

“Means with different letters on the bars are significantly different
by DMRT at p <0.05 (n=4).
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Fig. 5. Effects of temperature and irrigation intervals on water use
efficiency (WUE) of cucumber seedlings grown in soil pot for
21days after treatment (n = 4). Irrigation intervals (S: 100 mL per
day, L: 200 mL every 2 days).

“Means with different letters on the bars are significantly different
by DMRT at p <0.05 (n=4).
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