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Abstract

We investigated the effects of rising temperatures on the photosynthesis, mineral composition,
and growth of radish (Raphanus sativus var. hortensis) in a winter cropping system using a
temperature gradient tunnel to predict the impact of rising global temperatures. Vegetative
growth, including shoot and root fresh and dry weights, shoot length, and root length and
diameter, was high under elevated temperatures (ambient +4°C and +7°C) compared with
ambient temperature. At elevated temperatures, the N, P, Ca, Mg, and Fe contents were high in
shoots, whereas in roots, the K, Ca, Mg, and Fe contents were high and the Cu content was low.
The maximum photosynthetic rates (22.1 pumol-m™s" at ambient temperature +4°C and 22.9
pmol'm™s” at ambient temperature +7°C) at elevated temperatures were more than twice that
(9.7 pmol'm™s™) at ambient temperature, whereas the water use efficiency was lower at elevated
temperatures. These results suggest that rising global temperatures will lead to increased mineral
absorption and photosynthesis in radish in winter cropping systems, subsequently favoring plant
growth, although the water requirements will be high.

Additional key words: maximum photosynthetic rate, temperature gradient tunnel, vegetative
growth, water use efficiency
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ST, P72 20 HE 0l 012l 2 450 T

oh A= ARl glof 24 25 o dollA= 712 Aso] A0 Al ke SEAA Hlo] QU4 215 917t ARto] Ak
of 2kZ 0] AYitol| FAg A 0 & ARggh 4= Qi T1efut 32 A oy A A 0 & Aol 712 /5ol 2] At 9l
922 0 & 2-85}7| & QttH(Ahad and Reshi, 2015). 7] #2lof g5t 57 uijd BT A(IPCC, 2007)0f] ook 2|23}
2 9lsto] 217 9] B ) 10 BheF0.3CH 445k 50 - 100 Foli B1] 7| LB} 16 - 64°C7 50k
A0 el 2lek, 223041981 2010) 59 Sl fele] A LEAH07C A1, O R RSO A
D707 ASETHKMA, 2011).

TH(Raphanus sativus var. hortensis)= Hl|5=HBrassicaceae)°l| £61= 2224 Big]iial ofu]at Ql7kx] Al-go] 7155t T
A0l ZAJFo| W (Prakash and Hinata, 1980), = U0l A= vl|3(Brassica campestris ssp. napus var. pekinensis)2} 74| 714
O FAm = ARGEAL Q= T 23t oot Bttt Fas ol At ozt A AlA1A o =2 de] AJ4tE]of AH]E Y 9]
ov 7t iete) 7159} 7180 9] el BES0| AELT 9Lo0], 91, 33, A 5 FopAlolel i F2 F8je] 2]
7F A0 71 B o] FE5 wo] Aflstal et =i iofl A= Al 2Fgofl whet B, AL AHAET), 7, 2 s T st
o] Q1% AR 9lom], Ao Qo) AR} Akl the Zodo] wla) 255] B HolHKo and Kim,
2013). BEF= T2 99 ok Em 108 <m0l wbEste] 12478 o\d 44717] pefsto] S5 AL Qlot =57 IRE 5
10°C o]5}e] ALof A7|7t &% u) Z7] 7leKEt]9d4)7 | o] =™ (Engelen - Eigles and Erwin, 1997), ©|2{5t @Ak
o 20| by 9 A AAste] A% R8lo] Hk 22 A0l WIE] LRI B4} G5 JERE, 2o 79 5
O] ol 71fo] ko= 27] it S Ay, 22 m]elf 5o el o] Harslal FEo] AskEE A ok H ATk
ACHKim et al, 2013). Z12uf, AlFEA] 2 ot duli7 | S o= A 257 e o2t 2idelE of - 2| of| H]sf W=7
UHEIT JOIURMA, 2011), 715257} A2 BES A AL HohS A 4 e ReloR 28
& HQIc} whetbA], mlfo] 7] 8-t alof| thH|eh A5 7 0] A5 2k of iRt HHg-2 - F et ik,

PVetsio] ol A0 h & mlelsl) siotol 2] A 77, 491 Mol 2 A Sof piet 50
SHIGHA| o] F2o]x| a1 glom, ALk 2718 A6} Ysle] &% HiE] ' (femperature gradient tunnel system)©] ©]-8-5]
A Qe 2ETHE G2 2 E A 9fe TR 2 QIAHCE, HI7] COz B 5)E A AdEIC-FASHAl FrAl e 4 Qe =
QY AN oIk 2, 472 Asto] 912 B Y VR RIS ok Fo)e] 64 43 1L 44
Sto Hi7] £eE Aok 2 37| FUFIAFE FulF Zo 5 &A1 25 FHll7} A e A E o] tf7 ]2t o]
130) 720t S| W3 & ATt 8T AL oI, 2 @7 el AL An e A Fol o
HIFE Vo= 27 E-2 o §5te] 719t Al 0of] of5f d S5 = w3 2k Aol AE o el riAl=
Fa A o= ZA510] HarghHf QleHOh etal , 2014),

Aolli= 2 E Ulol M Aehs Gl A, e W 7714
VSR Aol w1 ke 2 skl skt
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SFO| Y, P12 2 ER G0 DR l= 2= 462 T

A 1A 02 fpsto] -G g RAISI e, ARE 5 BE s SAE fiste] A7 17t & A=A oFAI 2y
L (0.5g’L", Hannong)@} 2 41(0.5g'L", Hannong)-2- 22} 25|4] AL 51t

LT S FEH 2SS s A AT AN33 28" E126°31, SEATE 200m, Jeju, Korea) 0] B4 WHO 2 mE
H AV o859 om, 2= E'E 9] I, T, 0]l AV IHERE 2.5m sso]of] AX| Rt -2IAlA] (1400 - 101, LI -
COR Inc, USA)E o]85}o] ZA5190}, A817]7F =0t 6]d Ql7o] H]5)] b, Sn|HojAs %7} 712} 4°C 9} 7°C o
L7 GA 5| = Eelehg A 0] 4| 2R (TGC - Soldan, Soldan Crop,, Korea)&: 0185101 A|o|a19irt, UAIRE A2 HLE]
2.5m z0]o]] Adx]gF IAA(LI200X, LI - COR Inc., USA)E o] 84| ZAst1 4 Zatedalero & tehfjolct. Ajul7]7+
(0134 102 102] ~ 2014 12 209)) S9F0] 259} olA}Eke. o] e] 27](CR1000, Campbell Scientific Inc., USA)o]| 125}
o] 1N7FZHA 0 2 7)1 =5}9et,

WSEY ZA

O] FLEAL 11E 51002 20149 1€ 209)0]) Bd 7S tiF LR 6l FAF(7] 25 +4°0), $0] ()7

LI TR 242} 10/ AR Alato] S-8feta, 27, Belo] Zolot 47, vol orl2, G442 2ARsHAE A
Bo] ulo] orl e Aol Mel FRalo] 717 AAEE ST T, 0°C ARANA 52U AEAA BEFES 24}
shoick

L7 SRS 2T Elyls}ly| &) HEE A H o] Z5)o] BAI5ITHNIAST, 2000), AEA= 2|49} M) 2
FHE3l0] 725111 23 k4)7] (HR2860, Philips, Ching) 2 w51 nlafislo] BAA] & & AL-861ch A4 kS Kieldahl

H, Ik Lancaster o] oJs] 241519301, 218H4 9Fol (K, Ca, Mg, Na)7} w]aF4x(Fe, Mn, Zn, Cu)= H-allg-<l
(HNO; :H:S04 :HCIOs=10: 1 :4)2 37Fstod 222 9 ofvpbd-& A% & fr= 2 ghE etz dgd =7 (Inductively Coupled
Plasma Spectrophotometry - Mass, ICP - Integra XL, GBC Scientific Equipment Pty Ltd., Australia)E- ©]-&5}0] E-4151% 0, A&
5 1gg o= AAlskrk
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CO» TAES U5 7| BAE L, 24HE, 4208882 660nme] LED o] H2bs Fohg B3 Z47] LCpro*
Portable Photosynthesis System(ADC Bio Scientific Ltd., UK)}-& AF&-5}0] 20°C 274014 1,300umolm s 9] XL o}8-S ZAlG}o]
Zx351oc}, 18], 7} AeH e ek g]oﬂ gk CO» TABL ZA5 0] THkS TS 2T, o2 B2 At

3 (maximum photosynthetic rate, Avu) ¥} -5-5(dark respiration rate, Ry)}-& 4+&510] 4| 4|53 tHMarshall and Biscoe, 1980; Oh
etal, 2015).

E7j2A
RS 21 SigmaPlot 100 7] A3LE )] (Softwere, Erkrath, Gemany) S 08510 324 ¥4 412 7102 24 7]

Elslo] P9It EA1EA-S SPSS £7 m7]#] 18.0(SPSS, Chicago, IL, USA)E o]-8-5}0] 4351910 1, ANOVA]| ©]o]
] Duncan®] THE7(p<005).0 2 B 7ko] 2olef| gt -4-o13-& s et
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Fig. 1. Changes in daily solar radiation (A) and daily mean air temperature (B) in a temperature gradient tunnel (TGT) used for
radish cultivation. Dotted line in (B) represents daily mean ambient temperature in the entrance of the TGT; gray and black solid
lines represent ambient temperatures in the middle and tail parts of the TGT, respectively.

Horticultural Science & Technology 1



e}
o
0
10
0=
oX
40
N
0x
HI
s
1=
oH
|I°|'
ox
=)
=
ﬂ
rr
r
l
o
oy
10
o
ool

GET AR R 7ol Bt 725 +4°C ot 7| 25 +7°C 27304 Aol B dat i (Table 1),
AVFFO] AT 282 ti7 | 2o Hot Hi7 |2 +4eCob 72k +7°C 220004 oo B 74 A3l AV
O] PEAFE H7 |2 H°Cof Hi7 |2 +7°C 2700A & B 30T Gt s 2ol W vha ST
St SAA 0= frofRt 2lolE ISl e AASET ofet AeFte iV oM Bt ti7| 2 +4°Cot o
7|25 +7°C 22304 148 oY o A om frelo] Zoje} 217 Tk 124 o[ o Zinh 2 tEE ti7l2 ke +7°C
Z2AoE frefsiAl E3d

7o A5 H20] 15 -20°C H91efl sfig ok 2oz A7l HHRDA, 2005), A w712 223004 A 50 A5
o] Azt 22 Fig. 1041 4wl ufet o] 27171 5 10°C ofste] #lo] A7IZF 214 Hof] 7]]lshs Aoz Hel,
b, Aed Ae 2 AFE W dE 7o Al o4 oz 28 Zloz Heln.

SOl Ca, Mg®] Qa2 A7t fefof| A B ti7| 2ol Hf ti7] 25 +4°C et tf7] 25 +7°C 23014
Aufistote Wl S7Fotdnt. B, T - N, P o AV dFod e ti7l2ollA Het ti7| 25 +4°Cot ti7] 5 +7°C =
oA Aetstote W 715t o™, felode K gie] Aed 2irhobite Wl S7ishe e Bt 1214, 1|
T FoIA Feo] o2 AVt ielo A B 27k gobilS w57 Fohs el Cu e frejoli] =7t ot
Aol w2} 4ot Ak Table 2), o]2{et F12]of|A] Cu oefe] e Futi (Titicun aestivium) ©] 704 4 5-2]2] Cu
7F APFE ol Ak Hlr(Boatwright et al, 1976). =0l #7192 S 2=l SR Al wet 2fo)7}

Table 1. Growth metrics of radish grown for 100 days at different temperatures in a temperature gradient tunnel.

Plant part Temperature Fr(egs?;lvaitg)ht ]?;y/\;)vlzlngtl)lt No. of leaves L(ecrllng;h Dlgnn;ter Watez(;)())ntent

Shoot Ambient T 309.8+24.5b 36.0+2.9a 312+2.7a 369+0.4b 88.4+0.2b
Ambient T +4°C 428.6+279a 440+2.5a 36.0+0.5a 42.8+09a 89.7+0.2a
Ambient T +7°C 4234+222a 414+23a 362+1.3a 42.0+0.6a 90.3+0.2a

Root Ambient T 18784 +174.9¢ 132.0+12.0b 27.7+04c 11.5+0.6b 93.0+0.1b
Ambient T+4°C ~ 2767.0+£219.9b 186.4+10.1a 32.8+0.6b 14.1+£0.1a 93.2+0.3b
Ambient T+7°C 33882+123.8a 202.2+9.1a 385+0.7a 145+0.2a 94.1+0.1a

Each value is expressed as mean = SE of five replicates. Different letters within each column indicate significant differences between treatments (p < 0.05)

Table 2. Nutrient uptake (mineral composition) of radish grown for 100 days at different temperatures in a temperature gradient tunnel.

Plant part

Macro - nutrients (mg-g"' DW) Micro-nutrients (ug-g' DW)

Temperature

T-N P K Ca Mg Fe Mn Zn Cu
Shoot Ambient T 51.6+£33b 52+05b 64.1+63a 542+14b 53+0.6b 6756+725b  171.1+373a  61.7+32a 48+22a
Ambient T+H4°C  62.8+13a 68+04a 708+24a 57.8+04a 6.7+04ab 7320+72.5ab 217.7+486a 61.8+25a 50+0.5a
Ambient T+7°C 672+ 1.6a 68+03a 63.6+22a 579+02a 7.0+0.6a 12295+264.5a 2120+452a 53.1+54a 78+09a
Root Ambient T 273+12a 61+04a 68619 53+0.1b 21+£0.1b 2745+306b  20.1+24a 370+16a 4.1+04a
AmbientT+H4°C 2514052 62+02a 747+28b 57+0.1b 22+0.1b 4304+52.5ab 213+24a  329+08a 3.8+0.7ab
AmbientT+7°C  258+04a 6.6+02a 80.8+33a 63+02a 25+0.la 5248+66.8a  232+22a  349+20a 19+08b

Each value is expressed as mean = SE of five replicates. Different letters within each column indicate significant differences between treatments (p <0.05)
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TR, pH, EJO] 7| 24351 Fof| o]l e W= A 0.2 Ae ] Qlrt(imal and Pdldma, 2004; Tindall
etal,, 1990; Yildirim et al,, 2001). EGH 5212 HOE Hloldt 2ol 2-2-8 AfuliorlS off i S57F Aot
715 $HHNakano, 2007). & oA A L& AR5 F A1B A2 T-N, P, K, Ca, Mg, Fe?] L%*fa—%ﬂ*l 7131, AP
202 Cuo| Ho|7} ok A 2 2 ettt ofe} o] 21k A5o] R F48 SX1ok:e ol Helhs Al 2 (Phalacnopsis
amabili) | A &= B 1= G|, 0] 21 g7 o] oJ5) NetPHEIF= K, Ca, Mg g0l IA] ke jrom K aa-2-20°C
oA, Caztt Mg®] a2 25°Col|A] 71 oo m FellmAl o] Sl Dot 47 oFE §4=20-25°Co] T ¥
SoflA] o] o FItHLee et al,, 2011). WbA] -2 A% 254= Table 17} Table 20f|A] K= HEe} o] LF5-0] Afafe] Q)
A52-20] 7177 ol At ofu et QR S5l S A1 Akt b A o = ek

FSHA

COn BT ZAEL 5 Yo AL 7| 250 238 AR/ 2 +4eC} 7] L1 475C 2104
AIEIA S W el Z7Febielo] 420} 858 8 24SAT), 7| BHE R APIZ ] st EAR 2 Srolgt Aol
SN (Fig. 2). 7-0] FF B (And-> A2 Hi7 1250l A] 2t Yol A 9. 7umol:m s =2 -2-H] Hlto] 7] 2% +4°C
71 +7°C Z Ao A= 242} 22, 1 pmol-m s ™' 7} 22 9umolm 257! 2 2H]] o]AF 2715190t S8 E(R)2 H 7] +4°C
oA thAa E o, 2ol et EAIA 0 =2 Fofgh 2tol= St (Fig. 3). He] oot 5 kA of| A Al el 7o 7
2 G 1525°C WA 0] 27l mieh A 4571 27181, 25°C o] Lo 148190, 3
e 917 2240 2Iei=24°Colth(Oheetal, 2015). 12t L5-7-0] 73-ol= Aul 717 &< Fig. 1Bof|A] A vieh 2
e Q7o) it o L 89P0 B Q31T LI 20°C ofulel S E| R ek ST S SlsE A
=4 U7 2k v 52 25 7F @Rt 210 = wekEth @ of(Cucuns sativus 1.)2] 7890 15°C o[5}2] 2ol A]
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Fig. 2. Photosynthetic rate (A), stomatal conductance (B), transpiration rate (C), and water use efficiency (D) in radish leaves
grown for 90 days under different temperatures in a temperature gradient tunnel. Each column and error bar represents the
mean + SE of five replicates. Different letters above bars indicate significant differences between temperature treatments (o <
0.05)
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Fig. 3. Photosynthetic light-response curves (A), leaf photosynthetic capacity (B), and apparent dark respiration rate (C) in radish
leaves grown for 90 days at different temperatures in a temperature gradient tunnel. Each value represents the mean + SE of
five replicates. Different letters above bars indicate significant differences between temperature treatments (p < 0.05).

£ SAEEO] FA|T 15-30°C 9] HSlofa= 27} 571l mhet SAEC] =01 2 (Eguchi and Koutaki, 1986), 333Hd 7}
FEGSE 24°CollA FHoigke YErRIRE 11 ofeke] 2ol WottH(Yoshida and Eguch, 1989). 12|11 ERLE
(Lycopersicon esculentum cv, Burpee ‘Big Boy Hybrid) 2] A8-5:0f] Qloj A= 2421291 25°CollA = 5749 e A vhgo] A
Lo A HrtE8 Hat opyzt RS 71 =0 7] © 7 b 2] 11 QJTH(Tindall et al,, 1990). WEHA] A4 AR A
TR SAkE, SR R S5E-S Siskelal o] & Qlef FE T Aol Frols aQlo R Ag3 Ao E‘ﬂﬂr gt
H EH71174°1WEE} 7|2k +4°C ot 7|2 +7°C 7oA L5-Fo] sRolgago] frastal Q] ol
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= FAE AATY] ARl ST A Bk ohueh HA Q1 STl QloA e HSHE o7 |2 71 g o] it 12| al whesiRl
Agz Q5 BEh5ol Tkl = Hshsol PAsto] ofof whE 20 wefie Uehd 4= 9l Zlolth whebi] Az
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e 715t 190, A 2t Eobsle m T Felolie Cu ol 4AsAIT K, Ca, Mg, Fe 92 5
7FotAom, AV A= N, P, Ca, Mg, Fel] o] S715Hith At d e A=d ti7 2ol 9.7umolm s = &
S Hste] 72k +4°C e} Hi7 |25 +7°C 330 A= 242 22,1 pmolm s '3} 22 9pumolm s~ 2 T 7] 2 Eeof| A HL T} 28]
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