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Abstract: We investigated the seasonal variations in growth and physiological res-
ponses of the kelp species Ecklonia cava to different nitrogen sources to establish indoor
culture conditions for mass production. Ecklonia cava was cultivated for 10 days in 16
combinations of seawater temperatures (15, 17, 21, and 25°C) and different nitrogen
sources (control; NH-NHs* 100 uM; NO-NO3™ 100 pM; and NHNO-NH4* 50 yM + NOs”
50 uM). The growth and growth rate of the blade were affected by temperature. The
mean fresh weight and area-based daily growth rate were the highest (5.8+0.5 and
6.6+0.5% day™, respectively) at 15°C and the lowest (2.2+0.2 and 3.0+0.3% day™,
respectively) at 25°C. The daily growth rate was the highest in the NH and NO treat-
ments and lowest in the control. The nitrate reductase activity of E. cava varied with
water temperature (season). The highest activity was in the control (1.32+0.10 pmol
NO, g™ dry weight h™") and the lowest was in the NH treatment (0.25+0.02 umol NO2”
g'1 dry weight h™").The photosynthetic pigment concentrations reached a maximum
value in the NHNO treatment and a minimum value in the control. These results showed
that water temperature played an important role in the cultivation of E. cava and that a
single supply of NHs* or NOs™ may induce the accelerated growth of E. cava.The growth
and physiological responses of E. cava to different nitrogen sources during each season
provide valuable information for determining the optimal nitrogen source in E. cava
cultivation under indoor conditions.

Keywords: Ecklonia cava, daily growth rate, different nitrogen source, water tempera-
ture, nitrate reductase activity
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e (Ecklonia cava Kjellman)% A= (Laminariales)
e} (Lessoniaceae) ol &5t= thAAy DX FE §F
= At dEof Bxst= 1-FF 0|t} (Yoshida et al.
2000; Lee and Kang 2001). ©] -2 <5t Za}tolA] 5
THS Toks 78 Fo= Aol mi¢ &L, FA
do] &2 SHFB= AAAL} At ory Sttt o
& 3t (Kang 1966; Ohno 1985; Yokohama et al. 1987;
Tominaga et al. 2004). TEl= FEA a2} ¢ D FI4HE
= HEste] S50yt E2|sd] Exretd 5 oY
= ZStal QoA THHD, HFHD, AR

) VA, G 5 oFE e A &
B2 B7pT Qlrk(Shibata et al. 2007; Heo et al. 2009;
Wijesekara et al. 2010; Li and Kim 2011; Wijesinghe and
Jeon 2012; Koirala et al. 2017). T3+ Zefl= A2}k 242 <F
A A2 Atr g ol §H™ 2 AE, A7He, oJoFE, 5
FE T TRt o] dmE o]-8E] A Ik (Wijesinghe
and Jeon 2012; Hwang et al. 2013a; Lee et al. 2016). |t
HHl= AHEHA B T2 s He =
dote dl F83 six Fo= 25l At (Hong and
Choa 2008; Kang 2011; Kim et al. 2020).

dH el o= dH e 71s0 gdet 84w o
Sff vl-¢- wh=A] F7Fskal Qv 2eu Hele AR
] (Act No. 13495, Presidential Decree No. 29502) ]l
o) Hoth slxfE EREolA dAsHA mEAH
£ g5t Qlof AREARN A F25] TFE A FStal 9l
t}. olof], ZHell AAMNA S BASHY, 359 EddS
sfastr] SoiA A FAlel et A7 3= U
Aefo] i FAS AsiA = wi-eAlo] 2 i, A
A s 20 digt A7 A=l o, frAket f
2 AIE ol-&3t AN HEF FAlol 48 7t
/30l gk A+ == UTH(Wi et al. 2008; Hwang et
al. 2013b). & FA 71N Eol SJsiA siz7 A4
& S7Fe o, 9 2 o] Fa&e] tivt s (59l
I27) 9 2 Aot om A sz IA W S55
| S8 == ZA7F 25T (Bryan and Hummerstone
1973; Schiewer and Wong 1999; Besada et al. 2009). ©| 2]
& wAIE siEstr] sl st A 5 ¢4
Al #AES o] & si2F AU v A+ A

Ak (Kaladharan 2000; Sahoo et al. 2002; Hiraoka and Oka
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2008). AUl BiFeHF oA sz Ao
o] QujA0] b H Q] FHE HT 4
£ o]§s I RIPEA] At o] Shefjet e 7

-i>‘_:L

o, ek} AFAL Az Aol FFS BlAE F
a3t g9loz & At} (Lobban and Harrison 1994;
Dawes et al. 1999; Harrison and Hurd 2001). 9%¥4¥ 5,
28} Q12 S 7 o] A Ao YIS F= Altad]
© 2 289k} (Zimmerman and Kremer 1984; Brzezinski et
al. 2013). =3t AAE oA, Ak} Febd MAaE A4
oh= B2 Q1 @ 40|tk (Lobban and Harrison 1994). ©] &
&AL gFFS TEATIY] SloiA Sl w2 4o A
A5 s ot oot FEie] A [YEE (NH,), 2
A (NO5T), oFEATE (NO, )T 84 (Urea) |15 S37tt
(Turpin 1991; Navarro-Angulo and Robledo 1999; Phillips
and Hurd 2003; Rees 2003). 3l 5= dutdog A4 o0
% NH, & AM8Sh= Aoz dA glov, A4 A
Dr+= xRl os) @2 4 Ut (Lobban and
Harrison 1994; Wiencke and Bischof 2012). |5 °1, Ula
e} Codiume AAYCE NO; Bt NH, " E A55HH
(Kang et al. 2020), Gracilaria cornear= NH," 2} NO3 & &
A5}HA AFH&-2HT} (Navarro-Angulo and Robledo 1999). 12
v, @8 =272 Saccharina japonica®} Nereocystis luetkeana
£ NH, ]| Hef NOs o =2 A EE HTH(Mizuta
and Maita 1991; Ahn et al. 1998; Li et al. 2007; Kang et al.
2011). A= g7l b= thdg oz AE4
Ql JFE vh= Ao R delA Stk (Yokohama et al. 1987;
Kim et al. 2016). THebA], ZHEf o] A4Aat A4 &4 ¢
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13"N, 126°34'04"E) 2] 44 10 mollA AS35H= e &
2to A SCUBA divingS A AIsto] AFE=R sttt
FLE St AEE A sP7] 49 A, A-de] A
2 AN=E QPSR AE A ae ofol2f2of ot
A A= o5ttt A Ales 7HY # 12~16711E
H 20l A=t /AR AT (Kim et al. 2018). Al
=2E o3 siE ol8ste] ol FAgES Al
, 123 BHE o]8sto] et (sorus)©] FAE
7€ FAelA 27 22mm 2719
A AH dAaaE v
7] (MLR-352, Panasonic, Japan) |4 347t =gAIFch &

5717t & HiT1e] 2= AH 1}04%}%*01]/\1 HOBO
A4 (HOBO pendant temperature/light data logger, Onset
Computer Corp., USA)E A|5lo] 104 1HH o= ZH3t
T2 27 (& 17°C, 95 25°C, 7 21°C, A& 15°C)&
FarstA T (Fig. 1). Y719 BEe A=A 574
o A2 E 7|22 100~150 pmol photons m™ s ' 2 A%
stglow BF7)= 12:12h (L:D)&E AA5HAL HloF s
= i 18] webstleh Aol A BE slee
A gl 2F 55 5 T T, 0.22 pm membrane filter
= of¥fsto] ARgSHEoH, RE B oojEzE

Agoted A48 0 2 B71E TR,

Pt e
FP 27 (A4Y R B5)S 2FHA AP
o} A% %

¥

:rL(control), 100 uM NH, % Y2 A+ (NH), 100 uM
NO; & F715t A¥+(NO), 50 uM NH, 2} 50 uM NO3~

%‘ﬂﬂ Li—S— A (NHNO) & A7ste] g3t
Toll A U4t (PO,) F-Foll mhE s x A%
a3ksb7] QIoiAl 2t ARdatol QI4HE 30 uMS
AP AddEz X]EHQOJOU:] 7y ZAnpct
250 mL AZFE kAT o) 247Fst s7he] Zhef 232} 200
mL B FA-E H7 109 Bt vidsal o, v 12

A AR 0 =), AR 4
A
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Fig. 1. Seasonal changes in water temperature at a water depth
of 10 m at Munseom on Jeju Island, Korea.
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=7 2H(G10, Canon, Japan) 2 HFE ©|U|Z]E Image]
program (National Institutes of Health, USA)Z ©]-8-6}¢]
SAstelct. El o] 4 LA (Daily growth; DG) ¥+ 4
875 (Daily growth rate; DGR)-2 H| T 23.9] A&
¥} A o]-g-sto] ofj o] Ao 242} Hi}iste] AlLtstal
T (Yong et al. 2013):

DG=(W,-Wy)/t,

DGR = [(W/Wo)"'~ 1] x 100%

al. (1972)9]' Duncan and arrison(1982)-/] JH% ]%—3
o] S5kt A4 225 dimethyl sulfoxide (DMSO)
ol-§3t9] 523t 12k FE3IAL, 22 F+E2 methanol
o]t 153t WhSAIH T 12 E'% THRT
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Table 1. Photosynthetic pigment concentrations (chlorophyll a, chlorophyll ¢, and fucoxanthin) and total chlorophyll/ fucoxanthin ratio of
Ecklonia cava under four different nutrient conditions. The values are the mean+ SE (n=23-6). Control (no nutrient addition), NH (100 uM

NH4"): NO (100 uM NO3”); NHNO (50 pM NH4™ + 50 uM NO3").

Parameter Treatment Spring Summer Autumn Winter
Chlorophyll a Control 0.1377+0.0142 0.2832+0.0162 0.2590+0.0183 0.2656+0.0159
(mg g™ FW) NH 0.1710+0.01M 0.3254+0.0165 0.3047+0.0169 0.2852+0.0172

NO 0.1722£0.0105 0.3674+£0.0220 0.3238+0.0337 0.3068+0.0113
NHNO 0.1613+0.0085 0.35686+0.0257 0.3303%0.0207 0.3497+0.0165
Chlorophyll ¢ Control 0.0373%£0.0035 0.0712+0.0061 0.0648+0.0040 0.0691+£0.0050
(mg g™ FW) NH 0.0483+0.0036 0.0790+0.0043 0.0755+0.0043 0.0748+0.0037
NO 0.0474+£0.0036 0.0932+0.0057 0.0747 £0.0063 0.0812+0.0021
NHNO 0.0426+0.0020 0.0922+0.0054 0.0846+0.0055 0.0894 +£0.0039
Fucoxanthin Control 0.1063+0.0116 0.2003+0.0152 0.1680+0.0108 0.1548+0.0116
(mg g™ FW) NH 0.1339+0.0072 0.2349+0.0134 0.2192+0.0168 0.1801£0.0094
NO 0.1349+0.0073 0.2649+0.0172 0.2199+0.0150 0.1937+0.0048
NHNO 0.1265+0.0048 0.2623%0.0142 0.2296+0.0174 0.2171+0.0103
Total chlorophyll Control 0.1750+£0.0176 0.3544+0.0222 0.3238+0.0221 0.3347+0.0195
-1
(mg g™ FW) NH 0.2193+0.0146 0.4044+£0.0196 0.3802+0.0209 0.3600+0.0202
NO 0.2196+0.0139 0.4606+0.0272 0.3985+0.0385 0.3879+0.0116
NHNO 0.2040+0.0102 0.4508+0.0309 0.4148+0.0257 0.4390+0.0199
Total chlorophyll/ Control 1.65+0.01 1.78+0.04 1.93+0.06 2.18+0.04
Fucoxanthin ratio NH 1.63+0.02 1.74+£0.08 1.75+0.05 2.00+0.02
NO 1.62+0.03 1.75+£0.07 1.80£0.05 2.00+0.03
NHNO 1.61+0.03 1.72+0.08 1.82+0.04 2.03+0.03
FEtE mgg ! FWZ 37]513th 5. SAIEAM

fo
%
iy

A 2 nitrate reductase activity) =73+
in situ WS -85} (Corzo and Niell 1991). ZAH2}
dar & =] 60 mM KNO3, 2.5%
l-propanolﬂ]‘ 0.1 M KH,POy4 £8.00=2 x4
ok Asterdas S4de
|3 e 235 9 HavkaE
A AL, F-243(30°C) oA 1A17F 53T A3
FRE A4=5to] sulfanilamide2} NED regentS ©]-8-5F
oA (NOyY) B 5 S75H3ith 24 ofl A&
= 7R AlIASHA 60°colA 72A1%F o] x5t
A5 (dry weight; DW)2 S735qleh ditetdaAs &
*éE(y.M NO,~ g_1 dry weight h_l)% HiQF Mt 5Ol NO,”
5 0] 2folE 5ol Al4tetl Tt (Teichberg et al. 2007).
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TF (means) + EFQ 2} (SE) 2 ZEA|5H
Fom, SA AL [BM SPSS Statistics 20.0 (IBM Cor-
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Table 2. Summary of ANOVA results for daily growth (weight, area), daily growth rate (weight, area) and nitrate reductase activity of Ecklo-
nia cava

Parameter Source df MS F-ratio p-value
Daily growth (weight) Temperature (T) 3 323.900 29.026 <0.001
Treatment (Tr) 3 285.398 25.576 <0.001
TxTr 9 27882 2.499 0.014
Daily growth (area) Temperature (T) 3 2832.068 44.292 <0.001
Treatment (Tr) 3 1545.411 24.169 <0.001
TxTr 9 63.941 2.61 0.011
Daily growth rate (weight) Temperature (T) 3 69.460 40.949 <0.001
Treatment (Tr) 3 32.713 19.285 <0.001
TxTr 9 3.958 2.333 0.022
Daily growth rate (area) Temperature (T) 3 75.316 35.840 <0.001
Treatment (Tr) 3 51.852 24.674 <0.001
TxTr 9 3.909 1.860 0.070
Nitrate reductase activity Temperature (T) 3 1.632 33.624 <0.001
Treatment (Tr) 3 5.387 110.664 <0.001
TxTr 9 0.233 4.785 <0.001
25+ A Weight 60 B Area E ﬁ;ntrol
~ ~ % .
T k-]
= e 40
Faad E
E £ 30
£ 10+ 3
- o
g 6 20
o & ﬁ T 10 ’_L .
0 0
15 17 21 25 15 17 21 25
107 C 10 D
o 8- 8
-l -]
2 X
> 6- o 6
< <
£ 4 £ 4
g s i
QO 4. O 2] F _ ﬂ it
0 T T 0 T ’_L‘ T T ’_‘_‘
15 17 21 25 15 17 21 25
Temperature (°C) Temperature (°C)

Fig. 2. Daily growth (A and B) and daily growth rate (C and D) of Ecklonia cava cultured at 15, 17, 21 and 25°C under four different nutrient
conditions based on weight (mg fresh weight) and area (mm?). The experiments were carried out for 10 days. The values are the mean+SE
(n=3-4). Control (no nutrient addition), NH (100 uM NHa*); NO (100 uM NOs™); NHNO (50 pM NHa* 4+ 50 uM NOs”).

TSIt A ARl A= LT (Table 2, Fig. 2A, B). & ™, 21°C2} 25°CO A 7H W A Bl T3 e
B gAl= 2 27 15°CollA 7P =2 %S Hlo A O] A2 v gFH AT 2210 wet {-oJ7k 2ol

d
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Fig. 3. Relationships between the area (mm? and weight (mg fresh weight) of Ecklonia cava blades under different nutrient regimes during
each season. The relationships between the area and weight of the blades were fitted using the equations Y =aX. *p<0.05; **p<0.01;

*%%50.001.

LFEFATH (Table 2, Fig. 2A, B). ZEl G741 NH A 970
A 7V =2 BAL BAS B oy NO AE et F
AR 2tol7t glolom tixolA 7 B2 gho] =
Atk 2 27 15°C2] NHEF NO Aol A Zefe]
Al (HA) A2 22 19.4 mg fresh weight day ' (45.6 mm®
day ™)} 19.0 mg fresh weight day™' (47.6 mm” day ") 2 1}
ERLITE e A1) LYGES LT fARRE
+& Bt (Table 2, Fig. 2C, D). ZHEll A1) A%+ £
) ALYAE2 NHSFNO AP oA ZH2F 4.6+0.5
4+0.5)9 44+0.4% day' (5.4+0.5% day NZ 7P =
of. A E 9] AEd YUYEE-S NHNO A TolA F
b 25(2.940.49F 3.3£0.5% day™') 2|3 R4 7}

o ZH(1.74£0.29F 2.1+0.2% day )2 H ok e Q]
B QYPFEL 15°CollA 1 gh(5.8+0.59 6.6+
0.5% day ")l 0|23 o 25°CollA A L (224022
3.0+0.3% day ') HEFATE

10 3t Hiorsl e A1) FA L AATte] At

A= e 270 wret Aold S et (Fig 3).

o

oo i 32

2.0

l ] Control
I NH
— I NO
= El NHNO
1.5
s 11
@ 1
5
Z 10
S
g i
2
2
g 0514
©
n:
z
0.0 T T -
15 17 21 25

Temperature (°C)

Fig. 4. Nitrate reductase activity of Ecklonia cava grown at 15, 17,
21 and 25°C under four different nutrient conditions for 10 days.
The values are the mean+ SE (n=3-4). Control (no nutrient
addition), NH (100 uM NH,™); NO (100 uM NOz"); NHNO (50 pM
NHa* 450 uM NO3").
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), 17°C (#=0.30)2} 25°C (*=0.15) oA W& AFHAlS
B} T3 T AP0 7]87] G 4ol whEh AF
olstR =, -2 27 17°C2} 25°CollA 71&719] Bt 1
ojgte] 9.0 ™, 21°Cet 15°CollA 7171 1 ol/do] 3Tt

F

B e
g} & 271 21°CofA 7}1* =
.08+0.11 pmol NOZ g_1 dry weight h™ NE Yehdio
%% (0.55+0.05 ymol NO,” g™ dry
welghth e _Hioﬂ‘:} T ARt a 4 ST = ALY
5ol wet FoJRt 2folE H Itk (Table 2, Fig. 4). A4t
FEEA ST dix2TolA 7P =2 24 (1.32+0.10
umol NO, ™ g™" dry weighth™)-& E .01 NH A g ol A]
7 wEe 25 (0.25+0.02 pmol NO,™ g dry weight h™)-&
H 3tk NOCF NHNO A9dollA] Aitgtedas Sd:
= 27} 0.85+0.062} 0.74+0.06 umol NO,™ g™ dry weight
h'E Bl ol2jet Ak BE 2 A ot
A vrebgteh

3. 3y

J;

T

N

£

%,

)

| W3 Ma (A4 a 54

op

A4

EIE,

AFolA 7Y =2 W Eoﬂ‘:}(Tables 1, 3)
FEA g, G54 & FIAH LS di2TollA 42 B+t
0.248, 0.0642} 0.163 mgg ! fresh weight® =4 E o,
NHNO Aol A ZH2F B+ 0.304, 0.0787 0.212mg g '
fresh weight = ZA %)t} Total chlorophyll/fucoxanthin
ratio= 15°COlA 7H &em, 17°CollA 7 Wk
(Tables 1, 3). Total chlorophyll/fucoxanthin ratiot= TFH=
AAdFHEY iz w3ted, iz oo oE Al
AP E= AZ 2ol Ho|x] ¢Sk (Tables 1, 3). Total
chlorophyll/fucoxanthin ratior= TEFoA B 1.92+
0.052 7} &9kom, NHNO AgoA 71 e 7t
(1.80%0.04)S Et.

2o

A AT G AL Boll w11, o
S 7hE] ¥ AEAR] FFE HATH(Kain 1989;
Liining 1993; Miller 2003). TFAAY Z-x7<21 7Hefo] A
A2 A s e] el wet A[714Q1 ApolE BY 4

gloi}, Eeigt A A 4L R ATt (Yokohama et

o

Table 3. Summary of ANOVA results for photosynthetic pigments and the total chlorophyll/fucoxanthin ratio of Ecklonia cava

Parameter Source df MS F-ratio p-value

Chlorophyll a Temperature (T) 3 0.139 59.361 <0.001
Treatment (Tr) 3 0.018 7498 <0.001

TxTr 9 0.002 0.785 0.630

Chlorophyll ¢ Temperature (T) 3 0.008 53.342 <0.001
Treatment (Tr) 3 0.001 8.133 <0.001

TxTr 9 0.0002 1.166 0.326

Fucoxanthin Temperature (T) 3 0.056 52.130 <0.001
Treatment (Tr) 3 0.01 10.406 <0.001

TxTr 9 0.001 0.777 0.638

Total chlorophyll Temperature (T) 3 0.21 61.594 <0.001
Treatment (Tr) 3 0.028 8.079 <0.001

TxTr 9 0.003 0.861 0.563

Total chlorophyll / Fucoxanthin ratio Temperature (T) 3 0.833 51.707 <0.001
Treatment (Tr) 3 0.045 2.801 0.044

TxTr 9 0.009 0.533 0.847

410 ©2020. Korean Society of Environmental Biology.



al. 1987; Serisawa et al. 2003; Kim et al. 2012; Hwang et al.
2013a) Sz AUy AtelA 2 Add= AHHE of

7O AFEN IS AFEA Aol H =2 A
o2 HIE ST} (Stewart 1984; Gal-Or and Israel 2004).
o] Aol A el A O] B2 w2l whet F
SRt Zpol & Holo, vl 7ol the R AT
A LA TEE T o] 2Rt Aih= dgollA] T
e AT A S AL
Bl o] A-S Algtohs 9 22190S 2Jn[3HT} (Kim et al.
2016). & AolA Ao whE FH BFES] ol= A
e iAol A B9 AR AT w7t Q)
Ao g BZYect A sfoat =
0] 20°C °]’¢<¢l 2AFHH Fo Hast
7R AhdRbe @/dste] 2AF Ee] whE
ST A e dFeE M= FAVE EEH
&2 Aoz I Hth(Yokohama et al. 1987; Haroun et al.
1989; Kim et al. 2016). AWollA] Y= vjeF AP A=
e ZAA o] AT LS 7ok Bl 250l o5k
A Zaeshe, o= HiFe W @ Tofl ofsiA 7t
ZSLE T (Gao et al. 2016). T 32 A Q1 P LR 79
0] <] (Undaria pinnatifida) 2] 3= ij AL et st
F2 BT (Gao et al. 2013). o] 2|3t A3b= ZEf7} 11
2Zo A AR A 1 B2 oflv A& Argst
AEAF e g Qs A A8 o

A
, o] 7+

1o

o)
30

=
2
o
fu)
o
o

E b
Nl e 4> rr

7\1_/;\_5:_

A FAC HAe] G WA= R £
2t Aolgt e HAAth 2 15°C 2F 21°CollA
o] A WA 7]&7]= 7]&7] 1 v|vte] gk
o, o]2i’t Aih= e o] FA7t FA RS HA F
7]”5 ol Aol A== A ofnlRitt. 13y + |
= Ato]9] 71&7] 1 ol e = UEhd 17°CeF 25°CollAl &
glo] FAl= HA KRG A S7H Foll Aol dolv=
Ao g2 Abm ek wheba] ol gt o] A% S o8
b, A2 Foll 3 AH GAlelA Bast 5o
= A7IE AAchs ol 8% 118 Aol 2 o=
7] ehgtet.

Aae dixo] A%, Aidat AES Aljtste a9
2 da] &#HF v (Harrison and Hurd 2001; Buschmann et
al. 2004; Gao et al. 2013). & -2 F71o| 4 GA|9] %
E2 HdAE FYSHA 92 tHET (control) H.r} v R

(]
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AA-E Z7FgF NH (100 uM NH, "), NO (100 M NO3")
NHNO A& (50 uM NH,* + 50 M NO3 )l A o =
Zo g WHE QT sz o] A Frad Aad T

of g S5 mWAUZL Zfolof YA sz FE=
o|otA| HH-5-& 4= SIth(Abreu et al. 2011; Pritchard et al.
2015). X oY A] &80l T2 NH, & $AHo 2 5
Fote AR deon), W 4o dAE WeR 5
£ W3ZE2FE NH 9 NOs & B4l A8k 2o
2 A F Tt (Neori et al. 1996; Ahn et al. 1998). 121} F=
712 A FEjo] EA= 29 YU T Wl 5
Tkl oIt (Ashkenazi et al. 2019). ©] Ao A NH,*
9} NO; & FAlo| 715 NHNO A2 Zefe] A%
2 fxFHEYg o, &Y JH O daE TRt
NHS} NO AT HT W 70 = PGl o] = 57}
2] e o] da FJo] sz el a7t H e ofn]
O}Uﬂ o] AU sietel 2lo] NH, 9t NOy & S84 e

Taote AT @Y 7 dAUS FHdches Aol

*E%Oﬂ g 4 s Wﬂﬂr

SHZ7F NOy & o8 o, dAghd g 4o Z“ o] &
w]o] I} = 7]'0}‘:]'(Berges 1997). afl=2] A4t a
& Bk ol Ul NOs 558t o] A E Kol
™, NH," =l g3l A Htt(Weidner and Kiefer 1981;
Corzo and Niell 1991; Teichberg et al. 2007; Cabello-Pasini
et al. 2011; Gordillo 2012). ©] ATolA NO; & H7IshH
NO£} NHNO AgollA Zejo] ditetdlas 8=
NH, "7 H715t NH AEFHEot =4 Yebdth ol 7
Ej7F A7l NOy & o 83th= A& oJu|shH, NH A9
7o) ZEl= NH, 71 5420] 355 o] gitetdasrrt &
J3tE] 2] gF2 AL Zji‘ﬁr NH,*7}F 353t of
Fol| A ZEe] 4 L7t Yotk o]
o] A-Zztet ‘:]'( wang et al. 2011). 121} &
A5 H7kekAl & TollA e w2 ARt
A BPEE Hel AL sixFo diterdas S4%rt
Sl We] NOy” %E-@r Fo| FHPAE Helvk= 7)&E
9] AFZA e} ARFETH (Corzo and Niell 1991; Teichberg
et al. 2007). ©]&} Zo] oA yhare AH o Aagh
Had GAE F7h= Aa APRAA NH T of
Yl NOs & AHESH7] 91 #e o] A& =ol) wek
o} (Turpin 1991; Chow and de Oliveira 2008; Young et al.
2009). E3E, 314 ) NOy™ &= (<2uM)7F A §-A =T
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oh, S0 WAL BHEE 7] 549 4
(Young et al. 2009). A ZF= 4 darsE =
A Wite] Aag fAshs e BE W7
TR A F2 FE9 NOy 7t 2153
U e E 5, o] gk fiAYSo] 2552 ghotbA diteh
AE4 F4E7F 71 4 Jth(Korb and Gerard 2000).
o] A7k A st o4 o NOy B} A% oF 3
uM PREO = PRI EQl oL, Ql5fjof kEH o] AF 24
Holrh 27 g0l ME 2R AL o ol o
o &=gho] 5| Lottt (Choa and Lee 2000; Ko et al.
2008). ©] A7 AHEH FHiE A4 BE WA YFo] I
257 QISkE 7FsAdo] Hle == 4 /o, oo gt
27pgoln AALS AF7L ARl FEe Bt 9
o},

SR A W Bebd MA o2 A Blo) Aot
FEEAE Elom AEARI S WUrh(Fairhead and
Cheshire 2004; Dean and Hurd 2007). ©] 9ol A |4 W
A AL T el 5271 S eien, oo
AL A8 Tei o] Gefol ] BaE Aol 34k
T} (Serisawa et al. 2001). ©]= 71'EH7]- AAE A= AHE
2 ohodo] Hofl THE & S5 71T (Park
and Park 2013; Kim et al. 2016). T8 3F3H4 M4 g=fe
iz oA 71 @ ghe Hl=), o]t A= At
242 Ao ol U] A20] 7t AL QL A
RQIct SRR AR A HEL A5

SR

T—/%] A4 1:‘;_1;1:1-_]4. J}olk] Q-/HoﬂE 72

o)

oft

=
7o 2 ATt (Chapman et al. 1978; Levy and Gantt
1990). £ A7 o] Wag Wrhe Ao B
A 48] 2717} BRI GO, ol
Shek _q Z71e} Aol Qlth= A-S ofu]gitt
£4os O] Oq:r"oﬂj\i e gAe

fr o

7 17°cet25°colA AE FAl= FA 571 15°C9‘r 21°C
oAl W2 717} FElotA W E QA vk dAY
S F7HH o2 Hriet AdollA e GAIS] A, A
W 3o Ma bt Aatetda s S EE ST
t}, ol a7t ZH GAe A S0 G uAE
2 ou|gttt. 184 NH, 9F NOy & B4l FU5t]
HjFel-S HAJsh= AT °P7}?<l el = |
Zj 7
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e

& o5t AU vl 24 98 o AXT Aad =
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st AFH £ (B 17°C, 9F 25°C, 7H2 21°C
o} A& 15°C)J4' 4712 goFd A 1:]Lx_—_rL(contl'ol), 100
UM NH,' S 92 A (NH), 100 uM NO; & 713t 4l
7 (NO), 50 uM NH, 2} 50 uM NO5 & &7 ¥ A9
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