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Effect of the Elevated Carbon Dioxide on the Growth and Physiological
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Abstract. This study was conducted to investigate the effect of elevated carbon dioxide on the growth and
physiological responses of peach ‘Mihong’ (Prunus persica). We simulated three different carbon dioxide conditions
based on climate change scenarios RCP 8.5 in the sunlight phytotron rooms from April 22 to July 6, 2020; 400
pmol~mol'1(present condition), 700 umol~m01'] treatment(expecting carbon dioxide concentrations in mid-21st
century), 940 umol-mol'1 treatment (expecting carbon dioxide concentrations in late 21st century). The average of
maximum photosynthesis rate at 700 umol-mol'1(16.06 pmol-CO,'m™s™) was higher than those at 400
pmol-mol™(14.45 pmol-CO,'m™s™") and 940 pmol-mol™(15.96 pmol-CO,'m™s™) from May 22 to July 2. However,
stomatal conductances at 700 pmol-mol™ and 940 pmol-mol™ were lower than those at the control. Also, the carbon
dioxide saturation point in all treatments was reduced from 1,200 pmol-mol™ in the early stage of growth to 600 — 800
pmol-mol™ in the late stage of growth. The stomatal densities were decreased as carbon dioxide increased. The shoot
lengths were decreased while the carbon dioxide was increased, but the increase of trunk diameter and leaf areas, shoot
numbers were not statistically different. The fruit weight at 700 pmol-mol'(152.5 g) was higher than those at the
control(141.8 g) and 940 pmol-mol”(147.4 g). The soluble solids were higher at 700 pmol-mol™, 940 pmol-mol™
compared to the control. These results suggest that a carbon dioxide elevated to 700 pmol-mol™ in the future may give
a positive effect on the yield and fruit quality of peach ‘Mihong’ while a carbon dioxide elevated above 940
umol-mol™ may affect negatively such as early senescence and loss of fruit set.

Additional key words : Prunus persica, climate change, photosynthesis, shoot length, soluble solid
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Ayteba], Ae] A, A|szeha] ol GEe PR (Rogers
2} Dahlman, 1993), ZH2-0] AJEA A, Zjulj 2] =] 2 AL ¥
& 5 Aol 241 FkE vl XIThLi 5, 2016).

COE A 7 R % B4} 2 A1 4] 1o
Qe A FAT A210R, CO, ST F7H5 Al
o] AR g, ol 8 g80| So|E|al(Pritchard 5,
1999; Centritto, 2002), Hje} Lol A 1=, 7184 18 E
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CO, Fs#2|7} Hgot 3o A gS % ARRESof v]A]

o, 2ME SZIAIFIThL HarE| Qo (Han -5, 20125 Son
5.2014). EGH AL Aol = 5 FelE 91510] 2 34
ZF oJJ& o)AlEletAE AJH|EH7| % K Chae 5, 2006;
Kim 3, 2009). 12} st 270 whet 6] FAg2<1
FaFo] Uehd 4= 9lom, CO, A8-0. & EntE= 1Hio] #
A A o2 7} ASHE] L, Qo] AYS o] §)
O] Lol phe] 2P Eth(Chae -5, 2006). E3F 7] 59 CO,
17k 2wl ALt A2l o] AL AEE| 2] ofstel 7]
FA =7} okt Leymarie 5, 1999; Kweon 5, 2013).
€Oy t5120] whet 9)o] el steln, Evhs, 3, Mol 5
O] Azl A= CO, s = 5ol ket o 57 7ot vidH
A o] ZrAgal B 11519t Centritto, 2002; Qian 5, 2012).

CO, T Azoll w2 44| A5 A A 2] whg-ofl ek A+
= gmg, AR, ThlsolN BelA] A7) Holsh)
g, Ao A= 22} CO, A5l o3k B34 91 ] vk
of thgt A7} g A 0 =2 4= =] It Han 5, 2012; Kweon
5, 2013; Son 5, 2014). wj2hA & AF=RCP 8.5& 7|HES.
200 4% H2E slo] Hpol vl F B0 wad 2 9l
o] Pejeka] ks A5kl oA o] At 1 FAof) T
A ke TSI SRS,

VR

1. & M= 2 A

A ARE S0 SHo] AAE Bgol 2AE ulE
[Prunus persica(L.) Batsch] 3 A2 % 2] H=Z2 67} A&
Shoiek. A% Aol 2o ATa et )
U 212 9 €05 Ao17} 7155 21215841 (Wa.5m x Dd.A4m
x H3-5m)ol|A] 2020 4 22 A HE] 7 6 U7 5=3451]
t} COz 5= 7|53 A U] 2 RCP 8.55 A-8-51o] =

T'emperature (°C)
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Fig. 1. Application of diurnal temperature fluctuation during experimental
period. 1, the first ten days of a month; I, the middle ten days of a
month; ITI, the last ten or eleven days of a month.
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- 400pmol-mol” (BAf), CO, A5 700pmol-mol ' (21C
Z3817]) = 940umol-mol'(21C FHI7]) o & Hz|stglc). &
T W3l 1Ee Az (1981 — 2010, 304) LS 4
2y A B2 s A 8sto] 51 2439 WIskE 591

thFig. 1).

2. HY, JITHES 57
YA U /BAEE S WA 247I(Li-6400,

1=}
Li-COR, USA)E ARg-5}o] gatilo] 2hitdt 0 7 ol 5%
sl 3 Lo} A 2R 91510 CO, 400pmol mol” €]
ZZ o)A FE==(0, 100, 200, 400, 800, 1,200, 1,600, 2,000
pmolm™s") 2 FFHIES S48, o|AksiEra 23 =
A 238 91510 345 1,000umol-m™s™ 2] 294 CO, 5
=1(50, 400, 600, 800, 1,200umol-mol'1)§ YSINES =
A3t} 234 A Wr| o] &%= 25°C, flow= 500pmol-s™
© 2 FYstA A5kl om, A2 3709 oA 1
7N AAste] S5l A7 iRt d Bt 715 e
Lo HIlE Hus}y] 9iste] 5 22 URE 7Y 2U71A] 10
o) 7k 02 Al 6740 shiLol A 22 171K AAske]
FAES ZHIAT 24 20L& B 1,000pmol-m™s™,
SRt 240k 9o) A2 2wl Cort A2 Fi 24

= o .
0.5cm2] leaf disc 107} A5|5}21, MeOH 30mL
24A7F 5T 2N B8 F=A(UV-2501PC,
Shimadzu, Japan)S AF&5}0] 651nm, 664nm 2] T}4}of| A &
T E 4s19oH, & d54 T2 total chlorophyll
content = (25.5 x O.D.gs1+ 4 x O.D.¢e1) x 0.3821656 Ao &
FEE tfdsto] Altekgic M o 2412 total starch
assay kit(Megazyme, Wicklow, Ireland) 2} ¢54 EAdof| A}
851 98 AN B R 0.1gS Mg 1] BTk

of| A 4A17F 22} 2143}k 214 3 0.1M phosphate buffer
(P 7.2)2 AFg31o] 155 712 0.2 38 M 2j5tsck A4 5
of|&= ethanol series(40%, 60%, 80%, 90%, 95%, 100%
ethanol) 2 Z}ZF 3084 71231 100% ethanol 2 455713 3]
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olg7l - =244A - AAE -

231k 24 B isoamyl acetate 2 2|2, HMDS(hexa-
methyldisilane) 2 A=, Ton-Sputter(MC1000; Hitachi,
Japan) & AR2-8}0] gold coating o] SEM(SU-3500, Hitachi,
Japan) ©. & F7A5ISIt B AN &7 2= 2] ko HA
RAAP O 2 QIFH A7 O] /42 2| 4Bk A Y e A

5
712 T Z71eRe 71204 10em 912 47 CO,
I1917200] 248t x}olé A
A1z o] 342 58} o]
ol 2AJ3)51. eaLe A2l 37o) shiollA Jg&acﬂ
=2719] & 20714 AFfste] A S471(Li-3000C,
Li-COR, USA)E AMg-sto] S743H 5 S 17119] Hat gk A
ASISHC. A1 4 A2l A7) SHES) AL -8 ZAfole]
TGS ANBIAT, A1z Zo|E 7 BholA] 1) Al
o= o= S48kt
THEEA AR fIste] 64 27 Lol 3070 9] aHEE p2ts}
o 345 3 2410 F 93 ZYokrt AEE HnE AT
lem 37|19 ¥go = "7l & E44=47|(TAPlus, Lloyd
Instrument, UK) 2] 8mm probe & ©]-8-5f0] =451t} 72
2 235} 9hg B ES 2a) 21235} 1159 0| 85}0] 1%
W2 Fek AL RS 2ol 718 TR B
A9 FE=A|(PAL-1, ATAGO, Japan)of] 152 °F4 —
SmLE "olEd 24315 t] A §F2RS A A|(TitroLine®
5000, ST analytics, Germany)S ©]-8-5}0] 715 SmLoj| &
2220mLE H7}5F-898-2-0.1N NaOH 2 2451 HA] pH 8.2
71 wj71A] 42 F NaOH S malic acideFo =2 HAFsH9IT

ﬂJI

mlm o&u
(o]

/kal_,"r_
o
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Zn 2 3
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1.

Yo YAAEE S50l B 23 TS A A
27191 400pmol-mol ™ BT} CO, AksTLol| A H g3
2 =gro)u sl e nE Aa]Ttof| A tf2F 1,200umol-
m™s" Q] 7 0 UElITH(Fig. 2). A2 ALl 7]of u2
2| G E 2] HIlE Yol flste] 5 22U e 742
WA 102 12 0.2 ol T 211000
pmol- m>s ! oA DI E-S =A 5 ek 700umol-mol =]
2]7F AS710) RbA o2 Mg dEol thE At
38 % 1S SRS B0l 16.06umol
COym™s"' & T2 14.45umol-CO»'m ™5™ 2F940pumol-
mol " #&]72] 15.96pmol-CO»m™s™" BT} EQr(Fig. 3A).
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Fig. 2. Light curve of peach trees grown under different carbon
dioxide on May 11 in 2020. Vertical bars represent the standard
error of means from three replications.
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Fig. 3. Changes of (A) maximum photosynthetic rate, (B) stomatal
conductance and (C) intercellular CO, concentration at 1,000 pmol
‘m™s”" PAR under different carbon dioxide during the growing

season in

2020. Vertical bars represent the standard error of means

from six replications.
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Fig. 4. A-ci curve of peach trees grown under different carbon dioxide on (A) May 21, (B) June 10 and (C) July 3 in 2020. Vertical bars represent the
standard error of means from three replications.

Jy 7eAEEE A ETE tEA 21 400 S BIrKFig. 5A). o= gt AT s o] A=A g
umol-mol” X272}t 700umol-mol”’ & 940umol-mol”’  FS A T 271L7E St 271 A1 S Ho|aL, 11324 7}
A 2]l B Wokth(Fig. 3B). 700pmol-mol” #2]7¢] 7] A f=Th= Hal(Yoon %, 2013)9F S48 T12{u CO, A
SHEET e ET EokZole et Rl = S AR A S tRtEo Weken, 53] gt

W AL AIEZ Y CO, 7} ok oF 1.88) 17| 54 0] % 940pmol-mol” A 2] FLof A= ThE A 2] e} 2] 3
Q7] wto|ekar I TH(Fig. 3C). o =AM CO AT ssAdT Yoo 27]of Ukt o] Alaof A 2HA 423t
o AEHE0] t7] COz 5 A |- E T A2 W) ZH23]] 9L
£C0; =7t 0t 7150 S8 Al 2Z W2] CO & AREB}o] 60
FEEG T ok Zakel UAFZhou et Quebedeaux, ®
2003; Kweon 5, 2013). >
A A7 olakaleta L2418 24| CO, Z3H
IS AR S 271(59 21 9) CO, L3P & e
@) 7o A 2k 1,200pmol-mol ' 2.2 A=A 2|0l A2
27169 109) e} 528} o] (7Y 3Y)olli= e A ollA]
600 — 800umol-mol ' © & YolH K Fig. 4). Kim¥}Lee(2001)
+£CO, FE7HdsE 2704 9] A8 A7) 31=HH CO, £ .
oF ARl Slok b 20| 73 SokeheA B = o
o] AalE il at9ict 2 AN = S 27] CO, s A
52 CO, A5ol| oJall FHdo] HxI=| o] AP E
o] =UANE AL T7]ofl=CO, 3P o] o] 31 o]
Aol e Frofl A g2 o2 ThAE A 0 & it
THFig. 3A). 1y B0l v F42 S S7| 2ot 57
o] FIE TS o Yol vh=rh= AT Ai(Lee 5,
2020)0f| mHef 2 Aol A = 2o} H] st CO, Ads
59 FIAE Tavt 269 279) o5 Yely] whE 0
of| CO, 559 B 59 At 2 F-oll= I
S AR k- Ao & ghekEch

R
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Fig. 5. Changes of (A) chlorophyll contents and (B) starch contents in
t=1=14 leaf of peach trees grown under different carbon dioxide during the
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. T~ oo
_ - - - i in 2020. Vertical bars represent the standard error
2 31RO 2] 7|7 ol mE % A AR2El A growing season in
s AR 7R et s ARl Ad5ohe 7 of means from six replications.
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Table 1. Characteristics of the tree growth under different carbon dioxide in peach ‘Mihong’.

Treatment TCA in(z:rease Leaf azlrea Number of shoot Shoot length
(cm) (cm) per tree (cm)
400 pmolmol'] 1.02 a* 48.08 a 124 a 9.02 a
700 umol-mol'1 082 a 4553 a 138 a 6.77 b
940 umol-mol'1 0.89 a 49.38 a 137 a 418 ¢

“Mean separation within columns by Duncan's multiple range test at p < 0.05

o

F Q24 Bl g whe 9lo) 8k BARS ik 1
(Tartachnyk £} Blanke, 2004) <} -,T/\}o]-tq A717FCO; =5
= Ak Aelslae
Al =37 2 E = B a(Delucia %, 1985; Kweon <,
2013)e} Atk

ol ofal SIS BEHE 5 AR Tke 1R A
T, WE Aol A] A% 27| Rk 57]o] Ak Heo] 27

SFATHFig. SB). ol HaoF F51} datglo] Aso] 217
A G W AR ol —7P5PE}— H31(Lim -5, 2003)}
S AVEFILE E3F940umol-mol! A o] A 6Y 1Y B
2w A skeko] gz R ek 2.18), 700pmol-mol™ A& Ft
Hr}hl.68)] =%t} o]8et A= sink-source 7|2 E35}Aik
2 Bfe} pto] Lo, sink strength7} Wit ofhe] FE}AT
= As7} How QU AR PR Folx|A] Hrks B
(Yelle 5, 1989)2} QAFS}C) weA 940,umo1~mor1 et
+ o] Al7]e]l sink 7|02 0] 77} b Al T2 2ol
the A el el gl of ul 1 gl ko Aew 24w
TH(Table 1).

o

3. 7|13 2z H3t

COx= 7] o] 2 F+= 89 5 o] 2= CO,
Aol THE 713 BkE 2] Slslol 9 ke A7t
ML‘J{Hg 6). 7] W= o 25121 400umol-mol ' o 4] 178
ea'mm”, 700pmol-mol” | A] 173ea-mm™, 940pmol mol”
oA 138ea-mm™ & CO, F &7} =842 7HA4slgIr(Fig.
7). 713 g2 CO, 55, B, I, t72= 5452
730l FFE W= 53] 715 Wiei= CO9| Fafe Wl w
on) e o] 28] CO, 5 27k we 13 W
A3 Woodward 2} Kelly, 1995). 3E=0j| A o 7| Ho} =2
500pmol-mol™ 2] CO, HZA 7|3 ?___157} 7%8}9@
(Moutinho-Pereira 5, 2009), tf7| = -2 94pumol-mol”
M= 715 =7t S7Fskrtal LO}MEKRoglers =
2011). £ &17L0)| A= 940pumol-mol ™' &] 1% %2] CO, 374

of| A 7] & W=7 Wk, o]@fst ATR=940umol-mol " ] &]

T tRebe gl Fdol AR ER= COx f4loll B2
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Fig. 6. Scanning Electron Micrographs(SEM) of abaxial leaf surface
in peach ‘Mihong’ grown under different carbon dioxide. (A), 400
umol-mol"; (B), 700 umolmol'l; (C), 940 umolmol'l.
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Fig. 7. The number of stomata of abaxial leaf surface in peach ‘Mihong’
grown under different carbon dioxide. Vertical bars represent the

standard error of means from seven replications.
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CO, Fs#2|7} Hgot 3o A gS % ARRESof v]A]

o] 710] B 3A) ot keto] oAl WO = A 93k
Ao® F4H

4. #3 Mg U AN EX

A S T TR Sl Y guE, Aase w
E Aol A A o2 glglek ey Az o
2721 400pmol mol ' B} CO, A -50] B e o]

Qom, Az Zol= CO7t a5 Fotslti(Table 1).
5, COy sE7H TS %2 Zol 9] Alx7} 4= dAYa}
k. whabA] 940pmol-mol” %2} 0] - A% o7} Ho}
Ch3-3]] 2Hal o] 2t HL9J7} 7hAato] S=Slekol] A 291 J3F
S v Aog e

I =8| BE AHEollA] 69 27Y o]t T
700pmol-mol™(152.5g), 940pumol-mol ' (147.4g), 400pumol-
mol(141.8g) <202 E9kch. B £ & Tp7 e Ak
©.& 700pmol-mol” A g]TLof| 4] 61.8mm=E 714 7} 01, 3]
742 A7) BAA F2x7F flsickTable 2). Islam 5
(1996)-2- 700 — 900pmol-mol ' &] 5= CO, A4 E
tE 3 FAlE tf7] A E 0o, w2 g3
Eol ot AR O] el S ujRoletal B stk
I A= A2zt FAA 2 ddck 78 18 E
Slako t 25121 400pmol-mol™ B} CO, AFoTrol Al 6-2]
o g =75 om, 940pmol-mol'1 )0l A 11.2°Bx
2 7P =00k 2 A7 AR ke 2 o] o gk
7] 2AETH 15 E CO, oA =3kor, dd a4t
g o) S7tet s Ak e dabEe] A Fu o]t v
VAt KIslam £, 1996). =3} vlj(Han 5, 2012)9} £&
(Son 5, 2014)91A] tj7]Z AR} 700pumol mol ™ 2] CO, ]|
A 78 18 FEFe] S AvkehE -2 ol qlrt.
AL 8RR 700pmol-mol™ ATl 4] 0.172 %2 713 Wk
ARk, CO, Aol b2 H 2 Hol x| it uhaka] 253t
7M1= I AP RS 1sHlE o, 700umol-
mol” 2|77} AR @ 3}A] EAo] 7hak 943 Ao o
chEch

o|Ae] AVES F3BHH CO, A A g]of wat B0t

3%

rr

s}
2 %718k 700pmol-mol" X2} A 714 23t Ao =
T Qo). e COs s-E0lA A& ol 7, 27]
w3} 5 4] RS2 EX] okon, 53] 940pumol-mol’ 3]
2ho) thsl T Btk kAT Ao & 4wk 1
L2 A= T717H] AS7] COdsoll gt =4 vhs-
A FAE g Ao HE A7) 431 1 CO, S ollA]
O] =4 s} 9 &30l gt 2|54l AF7F P asit.
o
2 A= COy A5 Ao T2 Bgofulg FE2] =4
A 2 ARkl v X FaRS Yok 112} stk
CO, %t 7|3H3l AlUe] e RCPS.5SE 7|Hkslo] 400
pmol mol (&A))), CO, ATt 700umol'mol'(21C 4t
71), 940umol-mol (21C TH7)) 02 4922 A HE 79 62
7R Ae|atoit. 59 22 UHE 7L 297 o A EE
HHEZES 700pumol-mol™ A 2]7Fol| A 16.06pmol-COr'm™
s'oF g2 14.45umol-CO»m™s™ 2} 940pmol-mol ™ #]
2]52] 15.96umol-COym™ s Br} Egkc}. 18U} 7124
T g 23R} 700pumol-mol”! 2 940umol-mol™ 2]t
of| A okt gk HE A2l tol|A] CO, 223172 A5 %7]
1,200pmol-mol™ ol A] 8- Z7] 600 — 800pumol-mol' ©.&
oAt 713 Wit COE A S 7Hastaint 4
RS- Z AR5, QuE, Az = B4 IR
A9 Az Aol COvt AAsdrs Folth e
700pm01'm01'1(1 52.5g), 940pm01-mol'1(147.4g), 400pmol-
mol”(141.8g) #2|F 202 itk 784 NHE Sk
| 2761 400pmol-mol " 2] FE L} CO, A< 22| 7Lol|A]
FrolF oz Srtsloint. olide] AnE-g F9eh 700umol:
mol " 7441 €] CO, 442 Eol u| 3 o] S} 7184 1
FE IF 5 I F-o FHHA ¥ F= wd
940pmol-mol” o142 CO, A48 27] 3t Ul 2} 1.9]
a5 Bsob Ao A9l Fke njA|E= o gt

e,

Table 2. Harvest dates and the fruit quality under different carbon dioxide in peach ‘Mihong’.

Fruit weight Fruit length Fruit width Firmness Soluble solids Acidity
Treatment Harvest date
(2 (mm) (mm) ™) (°Bx) ()
400 pmol-mol™ 141.8 b 604 b 70.1 a 826 a 102 b 0.187 ab
700 pmol mol’ 6.27. 152.5 a 61.8 a 714 a 496 a 11.0 a 0.172 b
940 pmol-mol'] 1474 a 60.6 b 70.0 a 571 a 112 a 0.205 a

“Mean separation within columns by Duncan's multiple range test at p < 0.05.
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