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ABSTRACT

Background: This study was aimed at evaluating the growth, yield, and carbohydrate content in the whole Allium hookeri plant
with shading treatment in hot summer.

Methods and Results: Different shading rate, including 0 (control), 35 or 55%, was employed from the June 21* to August 31°.
Daily average air and soil temperature, which were approximately 2.5 C and 3.8 ‘C lower, respectively, were observed with both
35% and 55% treatments in July and August, with no significant difference in daily maximum air temperature. Dry weights were
high, approximately 40% and 48% for the shoot and 20% and 12% for the root, with the 35% and 55% treatments, respectively, 8
weeks after shading. Division number was increased by 13% and 19.8% with the 35% and 55% treatments, respectively. The mor-
tality rates of 150 plants were 9.1%, 4.0%, and 1.3% with the 0 (control), 35% and 55% treatments, respectively. At 4 weeks after
shading, the highest and lowest sucrose levels in both shoot and root were observed with the 35% and 55% treatments, respectively.
At 8 weeks after shading, there was no significant difference in the sucrose content in the shoot among the treatments.
Conclusions: The highest plant growth rate and yield with the 55% treatment may be related with the decrease in both air and soil
temperatures, resulting in reducted leaf respiration and thus compensate net photosynthesis.
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M A H913 (Bae and Bae, 2012), 7154 A2ZA o]&71x7}

=of AuHAe] F7F=E T} (You and Kim, 2013). g

A (22K, Allium hookeriy= M3} (Liliaceae) Allium oA Al x| 7ol 390l A2ste] X+ -2] dlo] w2

o] thdA AERE A oldd] AYQ QE, 2RIl A EYol $4H7] A 119 sTE 129 2% EYl

meknl 9 F=3 GA R Solt} (Ayam, 2011). B} Qlake]  sE ® F9 o]Eal 3ol Melwk kit 2y oldzt

Uhﬂr H|Szelohal bl R) ol E2)7|% sfal B 220 ) A A A Zdejage] A4St B el AAY atRE
3 gntolgls Al 7EA] gt wiiEe] AR(ER) Bt stk sk AAelt)h (Oh er al., 2014).

(Park and Yoon, 2014). ARl P olE e He 7, 89 et o] v

A= Allium % *ﬁ‘%oﬂ F2 FEe] AE methyl  FHof o] ATVt rlEs YEVES (leaftip burn) ©]

sulfonyl methane (MSM) ©| F5-st] &d5 B37F A5 YERE AiAY ALsAl Hof o] dAsHA ames 4

olN

*Corresponding author: (Phone) +82-2-3668-4635  (E-mail) ch0097 @knou.ac.kr

Received 2017 September 11 / 1st Revised 2017 October 9 / 2nd Revised 2017 November 3 / 3rd Revised 2017 November 14 / Accepted 2017

November 15

This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work
is properly cited.

397



28| - g

o]t} (Oh et al, 2014).

2EoqA o] B B &&, a4 T Tl JITL
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7] f18te] ARgAIE =AY sk Wl A 23S A
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B4 F 68 200704 T (FA) AMHAL 69 21
dell & 1 3 g A Axsted 84 3197t
A % 10 7+ 2 AF s,

ﬂ%‘%‘ A EAEE 7 (Ze] 200 cm) 100 71E A3
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T+ THE § 237 (Dongwon Co., Daegu, Korea) 35%
¢} 55%= AX|sAct 2RFEAIE Ao 7123 A2 Hlo]
E|Z7 (HOBO data logger, Onsest Computer Corporation,
Bourne, MA, USA)E o83l 43513t}
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Dionex, Sunnyvale, CA, USA), Detector (Shodex RI-101,
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71719] 28 &5 70CE FA5

2 BFEEFS glucose (= 98%, Junsei Chemical Co.,
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=o|7] 938 3 2} FFE |VE 0.5 md/min] SR 52
5 elen, el s FAFS 10 ew AAsi
FHFELS 2PAZEY O] (Chromeleon 6.0 Chromatography
Data System Software, Dionex, Sunnyvale, CA, USAYE ©]
B3kt
6. SAEM
FAEAME SAS X Z % (statistical analysis system,
SAS Institute Inc., Cary, NC, USA)e.2 3}9jom HaF 7+
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FE, A BAF, AsH BAF, A =%, At
B ARE, AP AP F 4 FA 78 180 HE AF
d gHoR % 5 3o AF Al daly 1 g 10 )
AR dsted F 30 S AR JAL S 7 1049
A Gy 1 R 10 AR sk F 30 HE 1

XOL b

A=}

3] ZAREIT B S BALS 2t 5 F o A 2
MAR AAste] 1 3] Gt feld BAe 253 5 4
FAQl 79 1893 253 Al 8 F 39 8¢ 169 2 3

1. A el 2224 gt

2RA1AA U] a7l FAE] WE2F)E 5, 6, 7, 8
Aol zkzt 20.5, 22.8, 26.0, 27.0C, 35% 2F7E= 6, 7, 84
o 24z} 204, 24.6, 26.7C, 55% AFFTE 6, 7, 84l zHzt
20.3, 24.6, 26.8C St} 6€ell 35% Aol iR ETh
2.6C, 55% 7ol 32T 7ad A3E Ao 793 8¢
o= 2RgAE e} a2t 7+ Al 25C 222t WARE o
3 Al HA 2Ee A 7F zfolE HolA] §9ktt (Fig. 1).

QISR

>
DQT

U

399

o o = =
= 7‘:' Iél' %Ot H|_—<2|'
34 :
% (4) May —8-CONT
30
E 28
)]
HE
I ou
£ n
20
18
16 +
14 L S S S S S S R S S S S S
012345678 91011121314151617181920212223
Hours
M4
1 (B) June —M-CONT —4-35% —4—55%
30
g 28
E 2
£
f 22
S
20
18
16
14 — :
01234567 8 91011121314151617181920212223
Hours
34
2 (C) July —-CONT —4-35% —&55%
30
28
£
£ 2%
g
£ 2
2
b
< 2
18
16
14 L
012345678 91011121314151617181920212223
Hours
34
- (D) August
30
E 28
¥
E 2
& 2.
-
g 24
5 22
<
20
18
16 —-CONT —4—35% —&55%

012345678 91011121314151617181920212223
Hours

Fig. 1. Changes of hourly average air temperature
at May (A), June (B), July (C) and August (D)
under the different shading rate, 0 (Cont.),
35 or 55%.

ZRGAIA W Fe] HaAl S tiRTolME 5, 6, 7, 890
7Z}7F 30,0, 29.2, 30.5, 31.1C QaL, 35% =pPFTlA] 6, 7,
8ol zHzb 25.8, 26.6, 27.7C, 55% XFETNA 6, 7, 880l
47} 247, 258, 272C ATk (Fig. 2). 62 35% xFZol
Al &R 34T, 55% 2RgrellA] 4.5C Hasict. 79
ol 35% AgolA tiRTFRT 3.9TC, 55% gelAe
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Table 1. Length and width of leaf, fresh weights of shoot and root, dry weights of shoot and root, and tiller number of Allium hookeri grown
for 8 weeks after shading under the different shading rate, 0 (Cont.), 35 or 55%.

Shading Leaf Leaf Shoot fresh Root fresh Shoot dry Root dry Tiller number
Weeks rate length width weight weight weight weight (ea)
(%) (cm) (cm) © (8 (® (®
Cont 35.01° 1.55 74.29° 21.66% 1.41° 5.582 -
4 35 33.90° 1.50% 63.03" 20.98° 1.142 4.17° -
55 38.72° 1.392 99.232 26.62° 1.18 5.36a" -
Cont 32.08° 1.64% 77.60° 17.21° 5.37° 2.09 -
5 35 37.13? 1.77° 99.82° 21.22° 6.58° 2.61° -
55 39.12° 1.71 107.44° 20.94 6.19% 2.37% -
Cont 27.46P 1.51° 61.49° 19.38% 4.64° 2.11° -
6 35 34.80° 1.66 88.59? 19.41° 5.94% 2.202 -
55 35.47° 1.68" 100.98° 18.98° 7.49? 2.192 -
Cont 29.72° 1.58 68.83° 12.41° 4.87° 1.48 -
7 35 38.24° 1.38" 169.22° 19.97° 11.02° 2.612 -
55 38.59° 1.38" 166.25 20.28° 9.79° 2.26° -
Cont 32.10° 1.40 116.15¢ 20.50° 19.39° 2.29b 14.13°
8 35 39.62° 1.36% 180.32" 27.30° 27.17° 2.73° 16.40%
55 42.74 1.38° 205.56° 27.11° 28.63° 2.56%® 17.63°

Means values from thirty plants of randomized three block designs are shown. *Means with difference letters are significantly different at p <

0.05 by Duncan’s Multiple Range Test (DMRT).

2. A2l w2 2k EMo| Bigt

A A7 5 2 1086l Bt B FAE Tl
1,129 W/ni/s Q437, 35% A3 e 57%, 55% A=
et 68% HAETE 25 4]0 Bt FF FA| oA
1,148 W/ni/s 913, 35% &= 57%, 55% AET= 67%
43Tt (Fig. 3).

2k4 5 F & PAR 2 2,000 pmol/ni/s F-E] 1,500,
1,000, 500, 250, 120, 60 umol/ni/s 7}R] E=2FH 082 44T
o 3988 =743 A3 PAR 120 - 500 pmol/ni/s 8 9]ollA
FIEL 35%> FAE >55% o2 E=UTH (Fig. 4A).
PAR 1,000 - 2,000 pmol/ni/so| A= Fx2]eb 35% g2
2to)7h GIAIL 55% grellA 7 Tk 2R 55% A2
= PAR 1,000 umol/ni/s S<=ollA] FEAdEC] Hdlo| =EF
= Faxsio] veht 5 7] 2R3 717 53t Aes o
o Z& & F AN (Fig 4).

=AM 7 doll SHE 2R3A -] PAR HeI7F
& g 300 - 700 pmol/ni/sZ FA 2T (700 - 1,373 pmol/ni/s)
of Hl3] 50-70%= FAst AoE Ho (AIE v|AE) PAR
120 - 500 pmol/ni/s M LIeA F3H3& A7t <In7t = A
o2 AZEL F4H-S PAR 60- 1,000 umol/ni/s ¥ 9]olA
35% > FA2] >55% =02 EAL 1,000 - 2,000 pmol/ni/s H
e e TAA AR AT (Fig. 4B). A AtellA
2RgEo] E57E FPEES SAheol gt Anket
YUX]E T} (Yoon, 2001).
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Table 2. Sucrose, glucose and fructose contents of Allium hookeri
shoots grown for 4 and 8 weeks after shading under the
different shading rate, 0 (Cont.), 35 or 55%.

Weeks Shadingrate  Sucrose Glucose Fructose

(%) (%) (%) (%)

Cont 2.63% 3.99? 5.69

4 35 3.322 3.08° 4.60

55 1.71° 3.67% 5.70°

Cont 2.882 5.142 5.52°

8 35 2.76% 5.752 5.80°

55 2.422 5.232 5.79%

Means values from triplicate separated experiments are shown.
*Means with difference letters are significantly different at p < 0.05
by Duncan’s Multiple Range Test (DMRT).

3. AHx2lol W2 ASMs S
APFE F A AT 2RE 4 F F 55% gl A
FrolHom 7 = A 5 F TRE 7 7R AT
oA FA2] Bt o2 =QITh (Table 1). AV 2 A
S AESTE 2% 5 F F FE 8 FUA AEelA =9k
ok AP AETS AR 8 F F 35% ARETellA FART
HU} 40.14%, 55% AP&TollA 47.69% ooz E9kal
2 A 7F FelAe It A AEee A4 8 T
2 35% POl 19.50%, 55% XPETOlA 11.94% £-9)
Ao =gkt
FEE 2R 5 F FHE 2R AT B folF e
EUAL 359F 55% A 7 Rk ISl 982 2B

3T A1

AISMS EM H|R

=



Mortality incidence (%)
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Cont. 35%

Fig. 5. Incidence of plant mortality. One hundred fifty
plants for each treatment were measured at 5 weeks
after shading under the different shading rate, 0O
(Cont.), 35 or 55%.

o

8 F T 35% ZFollA 23.42%, 55% xFETlA 33.12%
=3Th 9F2 A2 7F E AL itk B9 2R 8
I Foll FATA Ha 14 7] A3, 35% 2Tl A
BT} 13%, 55% ZFFTolA 19.8% Foldez =9uch
2ulEsol IAEEE 2L 5 F 5 FAEA F 150
T F W+t 137 F7F ZARF 9.1%9] IARES HAAL,
35% ZFFTA 6 F7F ARSI 4.0%2] IAREO] e,
55% XpgTolA 233 F7F AAKSE 13%E UERstth wet
A AR A 55% 2RgellA] AAE] gk As g1l
g 4 AU (Fig. 5).

TR ellA AR 9 Aol AEFe] 34
A o 7)o Aol vl FHoR Ee 7
Loz eld] TFo] F7HE AdE dEnh B Aol
S EES SR LUARE FA Tl 27]d 7]
7} R Lo] A&H o7 34T o]} EQlona 35 =7l
T E AR AEA ] Yokl Zo=E Hth
Aol ofshH xpgol o)st 2=AEF F BIIE
< =90 st 2x AujellA] 27 xgs Ax|st
o 718 GEHFoEN FIEC] 305 50% ARGl F
Ag)+ Bt o =8kt (Lee er al, 2015).

=

pu—

=i
=

L

8] Had
&

)

Z

o B O rfo rir
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2 e F

4, Rl w2 X2, Klokeel & ekt Wt

A5 A1 (sucrose) TS ZF 4 F F 35% 2F
Al AT HUh 26.54% =93 55% ARGl 31.55%
skt 2Rg 4 F & A sucrose Tl 35% 2Rgol
AV e Ade 2R 5 F 5 3T 2% PAR
120 - 500 pmol/ni/s MLl A FFAEC] 7P =AU Ao}

Y=L sucrose THC] 55% ATl 7Y e Ax A}
F 5 F T FEAHE /M Eud Ao dx "ok
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Table 3. Sucrose, glucose and fructose contents of Allium hookeri
roots grown for 4 and 8 weeks after shading under the
different shading rate, 0, 35 or 55%.

Weeks Shading rate  Sucrose Glucose Fructose

(%) (%) (%) (%)

Cont 1.90% 1.072 3.312

4 35 2.00° 0.84% 2.68"

55 1.58" 0.80" 2.41°

Cont 2.14 0.62° 1.232

8 35 2.18% 0.57" 1.242

55 1.43P 0.87° 1.29%

Means values from triplicate separated experiments are shown.
*Means with difference letters are significantly different at p < 0.05
by Duncan’s Multiple Range Test (DMRT).

(glucose)?t G (fructose) TS 7P Skl F-xj ] ol A
glucose &Fol 7FF =QuTh X 8 F F A sucrose,
glucose, fructose - =]E] 7+ F2lxp7| §IST} (Table 2).

A3 (BE]) sucrose FHS AF 4 F T AGE
sucrose S A9 YAste] 2RF 35% A FollA TP =
AL 55% 2FTA 7P ST FA TS glucose®t
fructose o] frolFo=w 7P =Stk 2B 8 F & As)
5 sucrose THE 55% AFFTOlA FAZ R 33.4% Sk
AL 35%%F - 7+ Frelxke /I Glucoses= 55% A&
TollA thE 7 AR} Fo2 02 E9kTE Fructoses *E
4 F F Bt} FHz), 35, 55% 23l 247 628, 537,
46.4% FAEJL AT ZF FolxF ek 2B 8 F §
APFE sucrose T A 7F FRPE QI WA 2B 8
F B3] sucrose= 55% ATl 7P WAL glucose=
7V ==l ole AREAEE 71 3 Aol Yol iy
2 sucrose AFEO] FAET 35% HTF E3L glucoseR 7l
3lo] X8 Zo 7 e} (Table 3).

o] AFE xBF 55% M7t A Tl 7P 384
& F k. A2 F5S 9% FEE

90% =gl eJal AEade] a7t AN
2z} gARE 247} 60, 40% A ASo] S
stk &9tk (Kim and Lee, 2009). AHlse] Z$-% 50%
o] XpgEo] 303 80%2] xXF&EC] Hlal Aseo] 7P 3
Ao g VERITE (Park and Bae, 2012). £ AFo)A 75%
AFES AEEHS W 2 ok &l AFe e AEFol
55% 2R3 Hp B Ags Bt (RFE RAA).

B3 32719 55% 2% M7t FAE Hoh 2 A
of Aoz AeH e PO V| Ag Yol F
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