St 3L A A Ej s3] 2] 28(5): 500-509, 2014
Korean J. Environ. Ecol. 28(5): 500-509, October 2014

pISSN 1229-3857 eISSN 2288-131X
http://dx.doi.org/10.13047/KJEE.2014.28.5.500

EMI
=

otz S0 ME Ao 48 | 42X B8 5

0lo

The responses of Growth and Physiological traits of Acer triflorum

on Calcium Chloride (CaCl,) Concentration'
Min-Young Kwon’, Sun-Hee Kim’", Joo-Han Sung2
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ABSTRACT

To prevent freezing of the road by fallen snow, Calcium chloride(CaCl,) as a deicer is used to very often and
it can be harmful to roadside trees. This study was conducted to investigate the effects of Calcium
chloride(CaCly) as a deicer on growth and physiological traits of Acer triflorum according to different
concentration of CaCl, . We measured growth, chlorophyll contents, gas exchangement characteristics,
chlorophyll fluorescence and mineral nutrition concentration in plant and soil. The experimental group was
composed of four treatments including 0OmM(control), 9ImM(0.5 %), 18mM(1.0 %), S4mM(3.0 %). Before
germinating new shoot, the dissolution of CaCl, was irrigated twice interval of a week. At 30 days after
treatment, all treatments decreased total cholorophyll content, photosynthetic rate, transpiration rate, stomatal
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conductance and photochemical efficiency(F./Fn) with increasing concentration of CaCl, and especially, they

significantly reduced in 3.0 % treatment. In contrast, chlorophyll a/b ratio increased with an increase of CaCl,

concentration and water use efficiency increased in 1.0 % and 3.0 % treatments. At 50 days after treatment, all

treatments were decreased in chl a, chl b, total chlorophyll content, carotenoid content, photosynthetic capacity,
photochemical efficiency(F./F) and quantum yield of photosystem II (®ps) compared with control and 3.0
% treatments were withered. Ca>" and CI” were accumulated in leaves and soil, which inhibited water absorption

and electron transport and it caused the reduction of height growth rate more than 50 %. Although there was

a little difference according to time and CaCl, concentration, all treatments decreased in growth rate and

physiological activity slowed down. As time passed, these results got worse. Therefore we need to take a

measure earlier in order to minimize damage of trees.

KEY WORDS: GAS EXCHANGEMENT CHARACTERISTIC, CHLOROPHYLL CONTENT, CHLOROPHYLL

FLOURESCENCE, HEIGHT GROWTH
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=4 | &7}51A = th(Grattan and Grleve
1999 Parida et al., 2004; Sudhir and Murthy, 2004; Jaleel
et al., 2008; Slama et al., 2008). o] 20| r}stA =4 5 o
AAAGS Wafistn ol= Qlsf FA T84 At Fd4
U2, d54 F da 9 YA woke i AW, 27
9S4, Yo, getadan A% da 5o 7HAA gsf ol
Zro] UERYU A Elth(Schreiber and Bilger, 1993; Jefferies,
1994; Boughalleb et al., 2008; Jaleel e al., 2008; Hichem
et al., 2009; Shin et al., 2010).
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Wl A ZHAA o A 24 T Q3 HIUHER
(NaClzt #&AgH ﬁﬁ*Eﬂl“’ﬂ gt A4te GgsHA
P of gAuh, ALAZ @ol o] &E= dskds o
BAE ARl e AT AU, AER B, A
U, AP 5 o Sgo] 23E o] slth(Kwon and
Kim, 2008; Sung et al., 2009; Sung et al., 2010). E3},
Aol digt WA =% 1tol ZolE Ko7 wfEof °l°ﬂ
o Beee BE 250 SUsH A8l &
b ek, wheba 25wl hA 919 chop 2%
o gaom & A7 $a0 Bast

2a7)e BFURI dgBduEoz Sy A3
Avopo] BEI 22 F3 oo AT 29le Az
ol % 4T3 429 S 3 Ak 24 A
o8 B AT SR F3H 2O A0 THI
o4 gxol BT A2s, U5 5o 0§y
7}A 7} E=Tth(Korea Biodiversity Information System,
2014). 2L} AE A A 270l detat w4 W A Ao
& galoh golel Ue Fol7t Bag +Folch weby
AFE BA1E o2 dsds A ve 4L 4
94 v 248 Fo Aupe dReel g #ey
oF A S st 7| 2ARE ZﬂJ‘O}ﬂZ} St

Uu]

oA
1L3AME Y Hatzs X2l
A F=FL2 B2 (Acer triflorum Kom.) 494 HEO

2,20099 290 194 B TERA 30em, 20| 35cm)
of A5t} 3417k BAAFOH 20124 4o B2
(10267en)2} B2 914 (1242m)9] RE-S Hg5te] A4
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ST AL Qo A9 ko] s AHAY Y Photon system Instruments Ltd, Brno, Czech Republid)&
Ay eAeq AYstch 4B AUl FUE 9od ol8stel A9274E PO S45THKautsky and
4(CaCl)< 9mM(0.5%), 18mM  Hirsch, 1931).

o]-g-3ke] FAZ(HEA),

(L%, SImM(3.0%) 5 g e AxT F, 7 2T

G S HeA eI dsbds A Al7le Az Y
] 791 20124 49 2¥9f 122 500m¢A st dFY
Fol 22 oz 22 Aelg 7, 59 31974 60 59!
Wel 9 A e BUE RS BUEY 7% Bt
= EYY #%—‘:}é—ﬂi A3 AXAEYAE A6
98 3Hi off = d&ol §HHA FrsE AU
3 500meA T 3} ‘3}
2.4%E

4BR Suo YA AF AU FRAA A2
F 6097 Z45tel HYEL FohArh HFRE Tt
A& o] &3l ATAAE(RGR, relative growth rate) 2 Al
%3} th(Hughes and Freeman, 1967).

RGR = LOg Hz_LOg H1/T2-T1

Hi%7] 23 HpEg A $1

TeAE AAAE TaAE TEAA
3. Mz|Hg

Ao W Aeuks 542 d54 T, 454 I
v HIAY T S 52 AT A F A
ot 42 4R 48 gote) g 990 v
FPUSL A2 5 30UA 0UA SHeAR B
T+ W3 AY 3 3094 SAs S8 AY+T
e shgom FAA Z4T AT 9L gl o
eI QB4 P S

1) g9E4 g

2 Aelge Ame AAUL 0.1gd Ak 10m
DMSO-&-Ho] da 65Tl A 6A17F F3 F=Z&38k%Th 1
S ==010 H

T, &4 B35 A|(UV/Visible Diode Array, Walden
Precision Apparatus Lyd., UK)E ©]-83}4] 645nm2} 663nm
o4 FHES 248D dSL P 247 Amon(1949)
of ol whet A soch

CthI'Ophyll a= 127 A663—2.69A645

CthI'Ophyll b =229 A645*4.68A653

Total chlorophyll (a+b) = 20.29 Aess—8.02A663
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Fu/Fm), A T %3t
3} a4 &(quantum yield of PST electron transport, @psy),
H|343}8k4 & 34 (non-photochemical quenching, NPQ)
o g oz azsar)

Fy/Fu=Fm-Fo/Fu,

D ps1=(Fm’-F)/Fn’,

NPQ=Fy-Fun/Fur’.

(maximum potential PST efficiency,

4 7](Li-6400, Li-Cor

Yl COxys= ¥ 3lo
oo 1t 08:00~11:00
Q2 500 yml 5T, HE
el gl QER 8
it}

F3leHA a8 Yot = Y-GS 2HA(Light response
curve)E, CO%5% 4004 mol mof o] /\‘] PPFD(photosynthetic
photon flux density) 0, 50, 100, 400, 700, 1000, 1500 znol
photons ms' 0.2 4stel 34 FY SE& o|g3)
01 X]-Hé‘]—oﬂq- OPj‘fYJ,]- /\01'—;(]_ 2o JJ-JJ— JJ—’SL/H/] _1,]—74]
7} A0 & o]Fo]x= PPFD O~100/zmoﬂ m’s "o A 9] 2]
A3 P4 y=atbxS o] &3le] yAH a 935 E &% (Drep,
dark respiration), 7] 27| bx= £%A4E(0, net apparent
quantum yield) 2 YEFHTHKim and Lee, 2001).

BAVAA S 8L YolRE=E COEES A4S PPFD
1000 zml m?s' o) A CO =2 0, 100, 200, 400, 700,
1000, 1200 zmol CO; mol' o] 7THHA 2 zA-3slo] BFA &
TE A% 45 Y COrs=(C)e FAAEA)Y HAS
L]'EHHL A-Ci ZHoz Yeyct 3353 A0S

& COpEe] e A S5t JUHOR e
;Lﬂo 0~150 gmol CO, mol™ ol A 2] 2 A1 3] 7 4]
o yd9H a= FIF
Bt A 1A § & (carboxylation efficiency)S
(Kim and Lee, 2001).

7}A RS L oroby 7] 913 PPFD 1000 gmol COs mof'

y=a+bx
4: It (photorespiration rate) 7]&7] b
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Z A& (B, Traspiration rate)S o]®3lo] 4Ho|8a & P V. 4 £l R
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Figure 1. The fluorescence image(Fy-Fo) of Acer triflorum
grown under four levels of Calcium chloride(CaCl,)
concentration at 30 days and 50 days after treatment

0UR, G242 FFS Y2
o

al., 2002; Stepien and Klobus, 2006; Jaleel et al., 2008;
Aghaleh ef al., 2009; Hichem et al., 2009). ©]} F-A}3t

Table 1. Changes in chlorophyll a contents, chlorophyll b contents, total chlorophyll contents, chlorophyll a/b ratio and
carotenoid contents of Acer triflorum grown under four levels of Calcium chloride(CaCl,) concentration at 30

days and 50 days after treatment

Total
Treatment (illlrll;();?g\ly\l/)a C(lrlrllc;rlogpPg&)b ChlolroPhyll Cl;/ltc))rcr): t}il(};ll
(mg g FW)

Control 15.66 + 0.49a 13.87 = 0.71a 29.52 + 0.26a 1.13 + 0.09b

30 days CaCl, 0.5% 1529 + 1.78a 12.39 + 1.60ab 27.67 + 2.87a 1.27 + 0.10b

after treatment CaCl, 1.0% 1627 + 0.76a 11.45 + 1.20b 2771 + 191a 1.43 + 0.09b

CaCl, 3.0% 13.74 + 2.90a 6.44 + 0.74c 20.18 + 3.38b 264 + 1.27a

Control 16.08 + 0.59a 18.12 + 0.78a 34.18 + 2.57a 0.89 + 0.07b

50 days CaCl, 0.5% 1472 + 0.95a 8.74 + 0.78b 23.46 + 1.69b 169 + 0.07a
after treatment

CaCl, 1.0% 11.75 + 1.74b 9.52 + 1.67b 21.26 + 2.15b 1.27 + 0.32b

CaCl, 3.0% -

Values are meantS.D.(n=3). Different letters indicate significant differences among treatments at P<0.05 by Duncan’s multiple range test
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A AR, AMUR, ALY 2ul| R A
old g ®1Ech(Sung et al., 2009; Sung et al., 2010;
Lee et ef al, 2013). & ZA9 &4 58E HoF= 9=
A abl A T 3094 d3tds A toA A Zvte)
o7k 3.0% A g to Al tf 2ol wlsf 2uf7hF S 7ot laL
504 Aol A= 29k vlEte] 0.5% A2 o ARt -9
gt Aol & UETE o= A54 a oY Hste] HlF A=
A b kol ZFAE 9o =7tof 7]olst AoR HELA ab9
Z7he AT st e 27)9) ot B Ao
2 4HA Slth(Anderson, 1986; Pinheiro et al., 2008).

3. 92 A 4 gl %c§2|-0||]|x|

[= N o

2 2

I AHE & 504A = 1.0%
o olgst AT EAY Hae
Aetzdgol ATt FA MRS &4 93 o= 3
o]= @ Ako|th(Schreiber and
Bilger, 1993; Stepien and Klobus, 2006; Krause and Wels,
1991; Baker, 2008; Boughalleb et al., 2008). &&of W
B 259 AEZHAGTL GRS S0 w}
gt FA TEAo] AR ZAFFGA W, dE & g3k &

9l F42 WA 4gkth(Kwon and Kim, 2008). A=
GE $H3US 1A AU 639 A9, $AEAYR
Hags] Aole USAT dEAgs=d FA T84
AR TUSHA el th(Percival and Fraser, 2001).
FA TFFAE(Dpsr) A2 5 3044 A2+ 7+ 79
ok 2po] YUAANE S0dA A els Tt Skl wheh 7ast

Atk BA TFSta g fHae FA Do d&8stA &
St AA}r49 Ao wE A o|th(Reddy and Vora, 1986;
Yang and Lu, 2005). H])343}8t 4 &FAHNPQ)S T+ A
7] BF 2ol e Ao 7ol £o3 Afo]E Hol
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OJAFL Fu-Fogt 10002 UEeRATE 508# 9 0.5%2
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Table 2. Changes in maximum potential PS | efficiency(F./Fi), quantum yield of PS | electron transport(@ps;) and
non-photochemical quenching(NPQ) of Acer triflorum grown under four levels of Calcium chloride(CaCl,)

concentration at 30 days and 50 days after treatment

Treatment Fy/Fm Opsn NPQ
Control 0.78 + 0.02a 0.44 + 0.08a 1.06 = 0.40a
30days after CaCl, 0.5% 0.79 + 0.02a 0.36 + 0.14a 1.44 + 048a
treatment CaCl, 1.0% 0.79 + 0.02a 0.39 = 0.11a 1.23 £ 047a
CaCl, 3.0% 0.70 £ 0.06b 0.40 £+ 0.09a 1.04 + 0.60a
Control 0.75 £ 0.03a 0.46 + 0.05a 0.97 £ 0.50a
50days after CaCl, 0.5% 0.69 + 0.09a 0.35 £ 0.10ab 1.13 £ 0.61a
treatment CaCl, 1.0% 0.37 £ 0.12b 0.18 = 0.08b 0.74 + 0.43a

CaCl, 3.0%

Values are meantS.D.(n=3). Different letters indicate significant differences among treatments at P<0.05 by Duncan’s multiple range test
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Table 3. Dark respiration(Dyep), maximum photosynthesis rate(Pumax), net apparent quantum yield(), carboxylation
efficiency, photorespiration rate of Acer triflorum grown under four levels of Calcium chloride(CaCl,)
concentration at 30 days after treatment

Py max Caboxylation Photorespiration
Treatment Dresp @ (umol efficiency rate
2 . -1

(umolCO;ym™s™)  (mmol COz'mol ) COrm™s™ (umol COym™s’)  (umol CO,mol™)
Control 1.01 £ 047a 32.17 + 4.48a 5.19 + 1.23a 17.80 = 7.19a 3.10+ 1.99a
CaCl, 0.5% 1.29 + 0.18a 18.87 + 4.57b 3.54 £ 0.83b 18.45 + 4.48a 2.02 = 1.18ab
CaCl, 1.0% 0.99 £ 0.52a 9.23 + 3.62b 1.48 + 1.00b 13.42 + 2.72a 1.38 + 0.13ab
CaCl, 3.0% 1.14 £ 0.63a 12.37 + 9.07b 1.35 + 1.20b 14.40 + 0.36a 1.01 £ 0.66b

Values are mean+S.D.(n=3). Different letters indicate significant differences among treatments at P<0.05 by Duncan’s multiple range test.

=< AdkdsE 10%9} 3.0% A eloll Al F43] st
AL BT 4 AT FEFLEE daTe AT
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0.05 - [
~ 004+ &
% [
¢ S, 0034 "
= 0021 T
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5l A o] th(Seemann and Crltchley, 1985; Garg and Singla,

PPFD 1000z mol m™s™
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2004; Takahashi and Murata, 2008; Silva et al., 2010).
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Control

CaCl05%  CaCl, 1.0%

CaCl, 3.0%

2. Changes in photosynthetic rate(P,), transpiration rate(E) and stomatal conductance(Gs) and water use

efficiency(WUE) of Acer triflorum grown under four levels of Calcium chloride(CaCl,) concentration at 30 days
after treatment. Values are mean+S.D.(n=3). Different letters indicate significant differences among treatments

at P<0.05 by Duncan’s multiple range test



506 Aol -

ok
oX,
N
o

of

d= e g A e ek 3] 4] 28(5) 2014

Axh, Aol T 3094 FLHEEP), SASE) 18l 7T
AEE (o) 0.5% Aol A thz tiE] 30%, 1.0%%L}
3.0% Aol A 65%0l4 fHaxstlth. dEA o g
e8] a AT ATURY FE Baprleh Sale
9l T(Sung er al., 2009), AM LR L M)t} Z7}a o]
ot Ao ﬂAo}OﬂE}(Sung et al., 2010). 2250 &
AE(WUE) Ae 1 G997 = IGAT 1.0%2 3.0%
Aol A tha F7hskd T %‘ﬂ;’“ g tol| Al FAkE
W 7FHEEY Fas FRAEY S AFoA Ueue
FAOR, PEOIFAES Fo 8 &S Y] 9 W
Solth(Downton et al., 1985; Brugnoli and Bjorkman,
1992; Sultana et al., 1999; Qiu et al., 2003; Chaves et
al., 2009; Hichem et al., 2009). S} A4t o] AL UA|Z AE
g 2of oaff Freg Ago|BE %*ﬂ@ﬂi CERRACEs
7HAE o e Aolth 7w H R gt ol 8aEY F
e A71A R BHobe o 7V\1L§P‘a ﬁ% Hojxg| il o
L 3eA S 03 €O, 8-9lo] AstE oz It 7t
4% Ao ]D}(Bmkley et al., 1994; Barhoumia et al., 2007).

At E st S7Hl E}EP E2471¢) ¢l £7], %
o A4 2l Ca2+9} CI7} Z748th Ca™'9) A%, 1.0% A9
o 3t TEMW 2t e 22 15w, 1269 SUHES
HAI Cl'Es 1.0% A7+ Ak Bejo A gzt diy|
Z¥Z} 144, 35419 27182 Holm E3] of Wo] Ak
ol 2eu Mg e Z43 Al H9lolA At S99
7} glolch dutH o Mg'o Ca''s AARAES Hon &

Ny

oGl Mg%% A7t A AN, AE
Ao A A Mg™ 7F 748k 2L of o} (Bemnstein and
Hayward, 1958; Bernstein et al., 1974; Grattan and Grieve,
1999). Astzd4 FE7t S/t wet K'e dobzs A
T Aol A 158 o] F7FskI Na's Azt e oA
B sy o S Al o] 1he] Aot wE
73152}3}%01 dojupA| =t Ca®'9 Na's 33t 4528
31 9lo] Wa) Fu uo Ca’7F FHE WA Na'7}
St o= ol Fejet 7|5 HEHLHA Ao

rr

rEn rlr
= =

o, ol ¥ AAEG A Aol FA Y EAs 9t
Z HtE ok (Robinson et al., 1983; Chow et al.,
1990; Brugnoli and Bjorkman, 1992; Parida et al., 2004).

EFEA A3}, Ca¥'9t K'E fizo] vle) Fsbzs A
gl gtoll Al F7HER AL 0.5%2F 1.0% A 2] FollAl= 2H2F 1.2
o, 1.6} F7kskich. A7 A= =(EC) HA, 0.5% A2+
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& 208} F7bsteleh. Eopol 2A4H Bele) o oo
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g B3 A7ARE 0.5 04 %k% B2719] A4
Aol S WA AL 4.0 oA} ALof JF& FE= o=
UrEp Tt
6. 4z

Azt Ao o8 i AR AES 0.5% AT

Table 4. Mineral nutrition concentration of Acer triflorum grown under four levels of Calcium chloride(CaCly)

concentration
Treatment Ca’" (%) Mg™" (%) K" (%) Na' (%) CI' (%)
Leaf Control 0.90 + 0.03b 0.14 £+ 0.00a 0.85 + 0.04b 0.14 £+ 0.04a 0.13 +£ 0.07b
CaCl, 0.5% 1.36 + 0.17ab 0.19 + 0.02a 1.27 £ 0.06a 0.10 = 0.01ab 1.37 £ 0.31a
CaCl, 1.0% 1.46 £ 0.37a 0.17 £ 0.04a 1.39 £ 0.27a 0.06 = 0.03b 1.85 £ 0.64a
CaCl; 3.0% - - - - -
Stem Control 1.22 £ 0.21a 0.03 = 0.01a 0.34 + 0.05a 0.05 = 0.0la 0.04 + 0.01b
CaCl; 0.5% 1.45 + 0.10a 0.04 + 0.01a 0.39 + 0.09a 0.06 = 0.01a 0.08 + 0.01b
CaCl; 1.0% 144 + 0.11a 0.04 + 0.00a 0.35 + 0.07a 0.06 = 0.02a 0.10 + 0.05b
CaCl; 3.0% 1.47 + 0.02a 0.03 £ 0.01a 0.37 + 0.04a 0.05 £ 0.03a 036 + 0.21a
Roots Control 0.55 + 0.14b 0.14 + 0.01a 0.28 + 0.04a 0.07 + 0.03a 0.07 + 0.04b
CaCly 0.5% 0.66 = 0.07b 0.12 + 0.01a 0.22 + 0.04ab 0.03 + 0.01b 0.09 + 0.04b
CaCl, 1.0% 0.70 = 0.07b 0.15 + 0.04a 0.19 £+ 0.04b 0.05 = 0.01ab 0.26 = 0.14b
CaCl, 3.0% 1.05 £ 0.19a 0.14 £ 0.00a 0.18 + 0.01b 0.03 £ 0.01b 0.69 + 0.25a

Values are meant+S.D.(n=3). Different letters indicate significant differences among treatments at P<0.05 by Duncan’s multiple range test
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Table 5. Soil mineral nutrition concentrations of Acer triflorum grown under four levels of Calcium chloride(CacCl,)

concentration
T
Treatment - +C.E.C(cmolckg ) > 5 EC(dSm™)
K Na Ca Mg

Control 0.09 + 0.01b 0.10 = 0.00c 3.65 = 0.13c 0.46 = 0.03ab 0.17 + 0.00d
CaCl, 0.5% 0.09 + 0.01b 0.08 + 0.01d 4.29 + 0.25¢ 0.39 + 0.03c 0.54 + 0.05¢c
CaCl, 1.0% 0.11 = 0.01a 0.12 + 0.01b 6.00 + 0.39b 0.42 + 0.03bc 1.28 + 0.02b
CaCly 3.0% 0.12 £ 0.01a 0.18 + 0.01a 9.90 £ 0.99a 0.50 + 0.04a 4.12 £ 0.06a

Values are meantS.D.(n=3). Different letters indicate significant differences among treatments at P<0.05 by Duncan’s multiple range test

(0.0024mm 'week)HE] T 231(0.0048mm ™ week) ol B3| 52%
Zrast7] Azt 3.0% A2 7(0.0018m week)ol A&
62% gFastglon], LU A& H27(0.0062
mn'week)o] B3| BE dstztg Ag] oA 20~30% U
Q2 kAt Ao 7FAgo] ZYUART S A ¢
2 Aow wol Asiuy A 294w 410 o o
Ao @ e o]9} Zro] AR Aol AlE
Y =712 03t AEYA Yo 249 0t
Yol Aa FOR sl A8 A wHE Ao
Al tk(Morsy, 2003; Gama et al., 2007; Mordy and
Ismail, 2007; Jaleel et al., 2008; Liu and Shi, 2010; Shin
et al., 2010; Sung et al., 2010).
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Figure 3. Height and diameter relative growth rate of Acer triflorum grown under four levels of Calcium chloride(CaCl,)
concentration. Values are mean+S.D.(n=5). Different letters indicate significant differences among treatments

at P<0.05 by Duncan’s multiple range test
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