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Summary

In order to confirm the effect of CO2 enrichment on malformation of leaf
and fruit caused by large diurnal range in air temperature, 4-year old
'Miyagawa Early’ and 'Okitsu Early’ satsuma mandarin trees in pot were
grown in 3 different phytotron rooms of diurnal range of 7C without
control of CQs, diurnal range of 14C(same minimum temp. as the former
and higher maximum temp.) without control of CO; and diumal range of
14C with CO; of 1200uL-L' The various growth responses were
observed.

The results obtained are summarized as follows;

1. Large diurnal range with high max temp accelerated bud-break and
full-bloom by 2 and 9 days, respectively. CQO; enrichment delayed
full-bloom by one day.

2. Large diurnal range resulted in small and narrow leaf, while CO:

enrichment caused the leaf to become larger.

3. The weight of flower and ovary was reduced by the large diurnal range,

but the effect was alleviated by COz enrichment.

4. Almost all fruits dropped in 20 days after full-bloom in the room of
large diurnal range, but CO: enrichment delayed fruit drop and increased

the final number of fruits per tree.



5. Large diurnal range and CO: enrichment increased fruit size, especially
fruit length, and peel thickness. The swollen stalk end caused by large
diurnal range was not corrected by CQO: enrichment. The excessive
elongation of cells in peel seemed to be resposible for the swollen stalk

end.

6. CO2 enrichment tended to increase the brix-acid ratio of fruit juice,

7. Increased defoliation during fruit maturation resulted from CQOs

enrichment.

8. CO2 enrichment increased the photosynthetic rate by 2.5 times, and

tended to increase the stomatal conductivity and transpiration rate,



g ANdAE ALA A7) 7este £EE AV AL
24 H4FF77te A3 o £& FH9 HAANe] THEdiks ol f
ol 1990 el Eojek Auid Aol FFate] 1997 dE o= 554hadl A 2t
T4 €0 A=l 1 24 FEEFY 21.2%%) 809 Hell o] &
A2 Z/HAHAFTTEAG LT, 1997).

AEH A7) 7h2ste AHW BE4 #3732 9dE 24 54 &
of CO¢ ¥E7F r1FRrt AstErIE SR F, 1991), HExpH09 3
Fadol Bgste datFo]l Qo] w®dte] 128 ZolEuH(hkT, 1991a)
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oAfct AdAME nEHQ] A& AN E AL BHR 3] i 1
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Yool vk A AN nRe] A= AYdHgE 2Fe. 53
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Fo] Azt 24E 5 gioh
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el 4L THEAF FIAxAAE 74 AdlA AfsiEA YE{RreS #Fe)
qow EF FHA vEE A,



o. d + 4

7|y BEgerrt vow 7hdo s)3st @olA =dl(Poerwanto 5, 1989),
Hgog #ESA AZFrt Holxum wEFd ToA #HeEH Kol
et Al H A9 Feo] FA8A K3, 1983), 71&0] 30TE ¥ #
el HARIE vdsiAAN Z1gast ARk, 1988, AR, 1982 #FU,
1979). 227} ¥& 5 wopsl v} A% dojula(Inoue®t Harada, 1988;
#F1, 1979) W8k o} d 30T ~35CAe|Y] nLeME & e 9 29
# 22 @AEA FopA o ks 7 vH(Takagi 5, 1982).

COZt2s FRASEES A43E 228 AQAA 59 shjolnk gry
9] FEL Yr1Fe COsERY & FxolM COX37l doltt), di7|F
9 COsls Ad¥d ool 280pL L' AEHOY 19008 dlel HolE
A MR Algol FF Ol wat W wold 1988ddlE 350uL - L
E vehl 2 10085 704L L' BE7 Fobstdth(Allen, 1990). A
gz, 24, FEo] AMEHIL e AFAXFANAY CO; ¥% YEsE F3hd
Wil ofgbel] FolA W dE:A HuAo =l XFAY CO: = U
WElE 7] Fo o3 wsleted Y, 87, B 3 42 ¢A HA
T W7IE TR 20% ol WEE A= YoM, 1987). A WE e AE
o] A&o| 7t FAF A7 4-99 730 71 G H (N, 1987), olWlE= 4
ol 9%t B Loz IAHE CO%0 HEojy EYoaRE Wiy
E CO%RY ®ol tiZlFe COFE7F d8F Bvh A veldoh(4n,
1985).

AAANEY COpEr e 7 WEd 5432 Wgsg »ed 39 g
& ¥ AFTY gEAdAANE oA 9N E COFE7 800uL - L
ol FAIEHIL OAlFERE] 2Lt AEste] 7|t AFE Fol= o 400



L L'AER SAHUTHES, 1998). ©] ¥EE= M3 Fastd HAA 300
#L-L'7AA WaARts 8717 AR ool tha M3 F7sich &
A ge oF F=A(Bumol-mi-shez Asta AlMuye 7Ll 17%
1CAENAN WA Fopx COsEE olHdle 900uL L 'YJEoln Yo
w2 WEglol 7004L - L'AE fAHAT $718 SR ¥e gedds
COA&& 37 &v dHE ANde A5 COt #Fdo 7|0} do] U
D 200uL - L'olst2 WolA 7% BTHEER T, 1991).

HEEe ZEdA COFE 20 F718 Wl A2GT)AME %] #Fa
83, Z2(34T)Y o Kol 0%(XEF 4%, ZSEF 26%) FAHAYG
(Kimball &, 1993).

Sour orange(Citrus aurantum L) 7159 CO5XEE 24 F7IA2 7
4 vl M2 (fine-root biomass)# 7FA R e} E7]de|E T8 A 389 3
T2 UF Afo] $71HAH(dso?t Kimball, 1992). &Fd 49 A9 MEA
o dEHFE 2~-3ANUNFL COAEL AAvU} +FFrte] a7t ¢
ol AAFHA W (mE F, 19%a), ZZFFH47](693Y)RE CO7tE 1500~
2000 pL-L7 A g2 AFFY 2L/ FHH T FUEF $3o] Z71H4
o HAu gl dolst YUTHAL F, 1993).

COAl 8ol WF7t B F%HF/E /HALdE AL ER(EBMA 5, 1990;
Yamamoto %, 1992), 43(Imazu 5, 1967b), @7](A37 &, 1996), &<(al
T, 1998), EvlE(°], 1991; Islam¥, 1995), 7}X(Imazu 2, 1967a) 5 o3 =
BollA AF=HA,

COrs =& Unth71el 3MiAE %< A%, dvdr|z9 FPHYE&=nT
A 27d), At 224, Bgobet Hlmbol M 2,08, dRujH 1402 #F
Fdol HAHADG(HM, 1988). h71% F=Re 3004L-L'E o F7HA719
& ok4l 2 (Eichhoria crassipesMart.) Solms)e  9F 144, ¥ 3HGossypium
hifsutum L) ¢F 1.88, HF(Glycine max L.)= H1t 169 BgAlo] Z75]



ith(dso, 1991). &9 CO;X 84L& PPF 1500 gmol m?®-s’, 22 25~3
0C ZAA 2500xL-L'S <aiA & 25004L - L 'eIME 3004 L°
of st FIFAHAE&E7}E 58] FIF vk i, 1991b).

FaA G A4 VNFHAEEE FPAEEYN gL vNe FT WA
s9lojt)k, Yukd o2 CO¥ 7l 5718t 7|FAEEE ZATHL &3 A
Atk £EZH(Jurik 7, 1984), ErLE(e1% o], 1994), BZ(E %, 1998) FA
7NFAEET A G20] F7bsla &0l 8 &8 (water use efficiency)
o] F7tstet. R Ee HEEL WEHLE COE7t 28 £31€ 9, 7]
FTAEET 3% 7 AL )AL L& 1T F7HAH vH(Kimball, 1993). Sour
orange(Citrus aurantum L)¢ A9% COALd wg 7FdAEx Asgrs
o] &73tvH(Idso, 1991).

EntEo COE A7 Algstd gl Aol IANHAoH dul &L
T Jtedgdol BaHAR, FHIEARUBISCOEA ] A A=
g o]lE 8959 HEE EvlE 9 %3 E FIAAAA COAE &HI F
V7R A& R = FRek(el, 1991).

#4F FFAEEY d¥ste e 9l A9 [ IARY 104 AR
st ow 124104 14A]o =@ H b7t 15A1 86 16A] Alojol AA] A3kt
(KBRS} 11K, 1990; &, 1995 & 1998). Aol THEY FFAH&o] AT
Aol AAste Fgole +do FEA Lol ) ol F 27dEE A7
Az AE7120% HAAFHPAE Bold FolF 18/49 5 vjay wE FFA
£28 fH3AEY AgRd 2e ALIdE FHYEES) =ARTCRE
oA, 1990). SARAE FARA Y Hd FFALE @43 wHow
(W% %, 1996b), Ade B4 £ RUBISCOZAH dxste Ad
r=0.736)& EQov +¢9 FFPEEE RUBISCOY &4 1 423(r=0.344)
o] k(4 5, 1990).
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m As 9 3y

Aot zrEstaldsls¢ee] QF 87 %4 2 (phytotron) & 0§k

Fopzt AWAE TCE FAFHEA A 715 @artast T34
E B9aeA(SS), OFNLEE Ho Fopzt dmAE 14TE FASEA
AQddee] gr)E BAvtArt FEHE 1LBEAMHS), @FUNLEE ¥
14T Fopt duag fFAsEA BFete] dAtAFEE 1,000~1,400 ¢
L L'$A8 T22FECOAMHC) 5 34 §H32AANN 24LF &5
& AEHA 98 7x] ASuge zAE A

1. 3NA R B

st A& 49X THFZA(Citrus unshiu Marc. cv. ‘Miyagawa Early')&
1999 1920del A=A AR(AHED) 4574 FA AMsA. GA 3HE|
AL 434 FAZA(Citrus unshiu Marc. cv. ‘Okitsu Early')& SS AolA
#gejsltizl Mk F 109A =& 39 299 A 359 &4 Avlstch

Auj ) BolEZAE 9dte 7L 444 E d BA 60mg/LE A ¥E
o AUFE 80%~90%E vhgatA #elsitlirl Lol AU =E F 70%
2 W3 Hyponex 200084E 13 FRAIM|SID 439 JojWAE AASA
o 7] 2% Wd E 1,000mlE IHEY #LFE Aol ¥ mmAE
H sl F(4Y 21)9) 122 Fo9A #Fe

2. &5+

e oft HALRE XY LA RAGHEA FALEE UHNA Y
A7 7C EE 14T HEE Sy FoA400e A 25 F 19
A Bz ovhg ggint kel U¥sE V15 de 19 139 1093 2



Table 1. Temperature treatment during the experiment

Treatment” S8 HS and HC
Max. Min Max. Min Remarks”
Temp Temp (R%I-I) Temp Temp (R%H)
Date (C) (C) (T) ()
Jan. 21 21 14 90 | 28 14 90 Heating
26 25 18 9 | 32 18 90
30 90 90 | Bud break
Feb. 4 23 16 70 | 30 16 70
20 Full bloom
Mar. 10 27 20 70 | 34 20 70
16 35 21 70
Apr. 4 35 23 70
19 35 24 70
21 30 23 70
May 10 31 24 70 | 35 23 70
Jun. 14 30 23 70
Jul. 20 29 22 70 | 34 22 70 Coloring
25 27 20 70 | 32 20 70
29 25 18 70 | 32 18 70
Aup. 21 Harvest

*SS : Standard diurnal range of 7C and ambient CO; HS : Diurnal
range of 14C with higher maximum temperature and ambient CO,
HC : Diurnal range of 14C with higher maximum temperature and
CO; enrichment.

YGrowth stage in the room of SS.

3. oA FTH

J4rateb A2 A7) (ZRC model, Fuji Electric. Co., Japan)& A3 o]als}
SAZAV(FEA718 8, g2 27)dE Y 24413, 39 2Y ol ¥ 64
FE OIBMAA sHF 12417 dEt@iivtaE EMEte] 1200£1004L
L '(ppm)¢] s=2 zAsdA FFach

0
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Fig. 1. An example of diurmal changes in room temperature observed
on March 10.
See Table 1 for the explanation of SS, HS, and HC.

4. A{ZA}

9 60%7F 3mmAE AF A7IE Lold R sgon 80%9 Fol M
AI718 s A2 Btk Aejuttt wolz)d SE7 8 £& WM WA X
FAE A3, TLE AAT Fo AEFAE SN G#7ZFH FYF
T BEd He g dAste WY "ol Eae d9E =AY #4
A71% 19999 58 10Y5-H 159 HF o2 HA S SA4%9en 4L 5¥9
10958 30Y A E ZAGAUTE AHLE Yo] EojF Fol 3 Ho)E
ZA3lod Yo g AT 89 23Y HAHE 5 fEslo Ao T
A, d&/FA, 954, #$&Fe] G ATFHFE FANAYE. 22 Fuld
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FEAE olg3te] 1Eln A4FFE 01N NaOHZE HAste] 7A4 FFeo=
gakat A

5. 3¢5 A

742 209 FHE of stgdFet TH2A AARA T & FAHLLFH
A & A 72 (Li-6400 portable photosynthesis system, Li-cor, USA)Z Q1&%
4L o) f3te FPAARFAZAILE(PPF)E HIAIEA JFRAEEE FF
gt s B g A4 eH e FE TR MG 33 A3
om AZH ¥ WA goZ YEllAT. LASFAHL 10A5E 12
AR @ FE AL 15A1FE 16A] 30E7HA] st 2d AR W
A AR I0A ~ 1041408, F HA AIZFHI10A] 402 ~11A 208, Al |A A
Zro:11A] 208 ~ 122D 3 2.5 3AZPU(H WA AZFi15A ~154) 308, F ¥
A AZHI5A 301641, Al WA AZHI16A] ~ 164 30¥)2 AIRMEHE
TE3 4 MEvit BE ARG oA A4 EAFEHTE s

7hE 4709 3Rl @A YAZd QR SHZAAY FPEEE
€ 53d 99 9 22 7Esd A 394 SAsAY. A et vl
A 4ul, 7F 4719 FBFAAESEE 2AEAT SFAHARLS 24 10A%E 12
M7EA)] 2A12EE BAIZH(R A AJZE:10A] ~104] 408, & HA A3:10
Al 408 ~11AM20%, Al AR AZ:11A] 208 ~122D)2 7EEA 2 A st
EE Mo 154 FAHHEE 4o 3Y AaE FFACL

6. 9vjd A

FAA-& 4(40% Formaldehyde 10ml + Glacial acetic acid 5ml + 95% Ethyl
alcohol 50ml + D.W. 35mDel 3mmXx I2mmA =2 W3 o2 A& Ay &
AR A 24MNFE F2AA FRAst] 2AY Fol, 32 EZ 55U
FAE A7l AdAg " EFGAE= 4dA(DAbsolute ethyl alcohol

_12_



75 : xylene 25 (@Absolute ethyl alcohol 50 : xylene 50, @Absolute ethyl
alcohol 25 : xylene 75, @ethyl alcohol 0 : xylene 75)& zZtz} 2A121¥ &L

FHA "deAgon el AEE F 719 xylened 10%
9} chloroform(v/v to xylene) EFEmE ¥ F AAGHe Aajug =3
Wolx Hz7ld Wi &5& 53CE AT ¥ 12/t i s g
zolthrt mhx el = 100% wetd fgez sHAAE A F(infilteration) Al 2
¥, ¥vl(embedding)A1713L wlo] 22 F(microtome)S ©]43l9 12umFAZ
A€ Fol FAGGEIREAY, AAZed, golEad, HAEIY Agz)eF
A3t B8 F(LEICA, GERMANY)L.2 wA 128 #AssiFE&2
E4, 1997).
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V. 43 2 33

L. %opds} Az
2% JRANZIRE 719 dude CO T8 dEdtq FHxAY

wold s} wAY Tz ¥IYe 2AH Aigeolth &FWUL Al A uolA
dgrE o8 fFA e 7Ce AT NN2¢ 2L CO; FEE AU
9 YrF BEE FAH ATty dof, Wi ¥ H3nA
4zt 9, 30, 34de] A8 HAEH vElY HALEE SS ZowAME HuL
55 ¥o 14T duiE #AF HSHFRA4Ee] 71T CO; FE)9l
M wobe 2d, W 2 Wb 09 4FAMY YRAE A CO: F
& 1200p¢L-L' FF02 A4% HC HFdME HS AgFolN mo
M7t 19 ZolAd #0199 &34y AdAudy Y{LezAS
AN RE AR HnE& 25T, 30T, BHTE FAF 247 2L

Table 2. Effect of diurnal range of temperature and CO: enrichment on
the date of bud break and flowering in 'Miyagawa Early'
satsuma mandarin

te of

Treament DEeol Dueol o fwar
NN) Jan. 30 (9) Feb. 20 (30) Feb. 24 (34)
HS Jan. 28 (7) Feb. 11 (21) Feb. 13 (23)
HC Jan. 28 (7) Feb. 12 (22) Feb. 14 (24)

Figures in parenthesis indicate the number of days after heating.
‘See Table 1 for the explanation of treatments.

- 14 -



A5 2 woh} A3t 2NEPSt 2 adH ey HSA e oA o}l W A3}
7 B8 AL A AAe JdFgelHrind duxpE A &) §18]0]
ZHEEE =97 HEA 2o o3 FJE Ao dddy CO; g%
A fAEE Al AdEve RS T3l Bug ¥ gli=vl(Tanigawa
5, 1993) HSA & Pl B} HCHE TN A M7t 14 =& AL &2 CO;
FEY FFoletn FZdr

2. 99 we

FAZRA Qo) doli YA} AW Bok: AFIAAT FAH £
Je AFHA 9D COp Afol ML FelsA ol HhE 3). Y9
Ze 2 guge] o foshA FaIRoY 2 JFE COp Ao A4
Hedrk 7 A YEo) dF AWeld W EE vehd YRPAFE 2 dw
Aol ol FelsA FAHAANT 2 FHFE CO, N4 FOIEUT E
& 2o AwHe =A71E HC, SS, HS AeT £oldrkay 2). wA% 109
$E AHE Lo FAZA YT 2 YwA oo Zo| o5 FaHYL

v

Table 3. Effect of diurnal range of temperature and CQ: enrichment on
the leaf development in ‘Miyagawa Early’ satsuma mandarin

Treatment” sz::gf)h Xifnﬂ; ]:;Ti':l X 100
5SS 772 b 40.2 a 190.7 ¢
HS 7.8 b 343 b 2227 a
HC 84.9 a 42.18 a 2028 b

‘See Table 1 for the explanation of treatments.
"Mean seperation by DMRT, 5% level.
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Treatment®

Fig. 2. Photograph showing leaf development of 'Miyagawa Early’ satsuma
mandarin as affected by different diurnal range of temperature and

CO; enrichment.
’See Table 1 for the explanation of treatmens.

Table 4. Effect of diurnal range of temperature and CQO: enrichment on the
leaf development in 'Okitsu Early’ satuma mandarin

. Length Width Length
Treatment . x1
(mm) (mm) Width
S8 678 &’ 436 a 156.8 a
HS 788 a 372 b 2127 a
HC 71.3 a 429 a 1670 a

’See Table 1 for the explanation of treatmens.
YMean seperation by DMRT, 5% level.

..16_



I AE COr AL AMNHJTHE 4). CO, Algo] Yo &858 FA4 &

t}e AL sour orange(ldso %, 1993% 1995), = 3H(Tanigawa %, 1993), ¥F
9} 7}A(Imazu %,1967a%} 1967b)5-oAA B 3LE U},

3. 3r)dd

9 32 Tl 2ALE AR E3 APLEAE Yehd Aol SS
AYT7E A ZFAZE Mg FAYD HS AgToA b i e
HC Agl7e F2o0Aqd. #0979 Aol A Aol &

6 \;eight of flower
W weight of ovary_

.

Weight(g)

SS HS HC
Treatment?

Fig. 3. Effect of the diurnal range of temperature and CO; enrichment on
the development of ovary and flower in 'Miyagawa Early’ satsuma
mandarin.

*See Table 1 for the explanation of treatments.
"Mean seperation by DMRT, 5% level.
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3 F7o] 21 gnF el 2YHYY T Ryt 122 Folgt s
dg dFAM AP Feo A{E EFIHA FEALH COAIEE AR
o] &% FAANADGL BaEET

4. %3}

THRAANA TAF 0¥ g4 HAEE vEd GARYS RU(3H
4), SS A# Tl e BAZIFH AFetd 269 o] F7AA] HArt AFHUE
| Wgte] HS Mg Tolde TA7IFE H3&o] go} 20¥ oA A9 =
€ FHHe] F#HERen HC A 7oAe BAF 49 7R = G371 A9 9

G

b

—
(=]

’F-._-Sé_ & HS O HEJZ

J—y
f -

a0

-
[ N i~

Percent fruit drop

(=) o - =] o
1 1]

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
No.of days after full bloom

Fig. 4. Changes in daily fruit drop in 'Miyagawa Early’ satsuma mandarin
as affected by the different diumal range of temperature and CQO:

enrichment.
’See Table 1 for the explanation of treatmens,
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Table 5. Effect of diurnal range of temperature and CO: enrichment on
fruit setting in 'Miyagawa Early’ satsuma mandarin

Treatment” frlﬁ)i%rcsi?ttin g No. of fruits per tree
S5 1.37 2.50
HS 0.36 1.25
HC 1.52 2.00

NS within column.
‘See Table 1 for the explanation of treatments.

ATH7E ol F 10994zt +3}go] Folom W) 20d ol F9 de 53] A
AT HF AL L SS9 HC A TFAAE 1.5% F=F ot HSH 2] Foll A
T 04% ©JstATHE 5). £ Y573 AFAgrt SS8 HC HFAM e 55
Aoy HS A pelXe 13 =

DAF 1097 A FAxAe HFH(IHY 5 HSH o= HHo|
BT "o wgoen s8¢ HC A pdMe 73 #4257 3794 @9
=3

FTHERAN FIZHAA o o] ne 97 FAZF AN COALL.
2ok A= FA=HAL
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No.of fruits

HS
Treatment 2

Fig. 5. No. of fruits per tree in 'Okitsu Early’satsma mandarin as affected
by the different diurnal range of temperature and CO2 enrichment.
NS among treatments.

*See Table 1 for the explanation of treatments,

5. 4448 2 AFAE
BolARE A FARAY FA27\9 FYA4E B 60l e

SS A Fol uete] HSU HC MeTFol4 ol Aztel %3] $40] 4
o ZAol ot e W&z v HFAEIE wobsch HS M Tl
A Aol AR Ae e Gl Rvke A4 A7) W)
B 5tk 3oy F¥A4s 9wn f3kay N2 @ AL vled g
b 37) WEeletn & 4 9tk HC A9 AA&E SS A7 s
% o7t Q7] WROI(E 4) HC AFANY 3H4 271Z7He COAE
ZHME %, 19%6a)etn FHAT a8 CO, Ago] 718 YrAT} 7]
Aol 471E £4 N4 39 ans AL AN = Zahdch
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Table 6. Effect of diurnal range temperature and CO: enrichment on the

fruit size in 'Miyagawa Early’ satsuma mandarin

Treatment’ I.{enrllglt)h \(Nnﬁ]ﬂ; Shape index’
5SS 54.5 b* 719 a 132 a
HS 744 a 735 a P9 b
HC 76.2 a 775 a 102 b

*See Table 1 for the explanation of treatments.

Y(Width/Length) % 100.
*Mean seperation by DMRT, 5% level.

1.3 — _ —
i\+ss-» HS -~ HC|
122 _ L

l L I

]

Date of observation

Fig. 6. Changes in the ratio of fruit width to fruit length

May 10 Jun.10 Jul. 10 Aug. 10

in 'Miyagawa

Early’ satsuma mandarin as affected by the different diurnal range

of temperature and CO: enrichment.
*See Table 1 for the explanation of treatments.
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FAZA] AYA 4 AsgE A 6), W) 3MYF 54 10¥9 o
m SSH 27 HS & HC HF Alole] #AFA|F zel7t P o olF
RE AgFoA FFEAL} FE3) FrAsA.o HEE Aol B oA
o}

Fig. 7. Microphotograph(200X) showing cells of outer peel close to stem
end in 'Miyagawa Early’ satsuma mandarin.
See Table 1 for the explanation of HC, HS, and SS.

AN A HRBE JIAXE BAF A}(IH 1), FBE)
BEY SS A7+ R W 3~4%9 MEEL A7|7F Ha NEIA W)
g5 Jon 12 AF ALel FaY EYE s ded st s nydy
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o] 3% HS AT Fde ¥AHL 1~2%9 AEZo Zn xUstA wWd
Hol gler 1 AF AXEL AHAHE Y& o2 e 2717 8™
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Table 7. Effect of diurnal range of temperature and CO; enrichment on
the fruit size in 'Okitshu Early’ satuma mandarin,

Treatment” I‘f_ggf)h \(}lel?rtll)’ Shape index’
SS 515 69.5 135
HC 734 849 116
Significance ook *okok ns

“See Table 1 for the explanation of treatments.
¥(Width/Length) X 100.

#PA P AZId AgE BP9 8), 58 109l SSek HC F+ Aol
A YA et A get o F @E T SSY AFAFE T UE
HCY 2AL 238 ZaHo F g Aol zol7t JRev 69 104 o
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F 7 AN 25 A¥AL £EE FAEALH Mt Aol WY
ol AUt AFAFY Frte FTAFIA A FAZS7F Bl WELd
(29 9) 59 109%H 69 10¥ Ate] HC A& 79 A3 F7te S5 A9 +9%
Z2FAT o] A7l FAF/L AF/LEG 2319 Z7] WEel #JX L
Fo=e Aol

1.3 | *

1.2 -

Ratio

1.1+

1.0
May 10 Jun.10 Jul.10 Aug.10

Date of observation
Fig. 8 Changes in the ratio of fruit width to fruit length in 'Okitsu
Early’satsuma mandarin as affected by the different diurnal range

of temperature and CO; enrichment.
‘See Table 1 for the explanation of treatments.
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Fig. 9. Increase in fruit length and width in 'Okitsu Early’

mandarin as affected by the different diurnal range of temperature

satsuma

and COz enrichment.
“See Table 1 for the explanation of treatments.

Table 8. Effect of diurnal range of temperature and CO: enrichment on
the fruit development in 'Miyagawa Early’ satsuma mandarin

Fruit Flesh Flesh ratio Peel

Treatment weight weight o thickness
(g) (g) (%6) (mm)
S5 152.8 &' 118.7 a 79 a 109 ¢
HS 1571 a 889 a 57 ¢ 237 a
HC 1884 a 1132 a 61 b 195 b

“See Table 1 for the explanation of treatments.
YMean seperation by DMRT, 5% level.
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ol ARE A FHZRAe Y] AFH A8F, A%E, JAFAS
E 8ol AFD H&FoE Mt FAAU AAHA Fpen i
F&2 SSAH /A wka HSA @7 7H3 weken HCHEE FoA
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Table 9. Effect of diurnal range of temperature and CQO; enrichment on
the fruit development in 'Okitshu Early’ satsuma mandarin

Fruit Flesh Flesh Peel
Treatment® wei%ht weight ratio thickness
(g (g) (%) (mm)
SS 134.6 106.8 81 99
HC 231.8 160.9 70 15.6
Significance ook ok * o

‘See Table 1 for the explanation of treatments.

E 102 BoldRE MG FH2A A4 F7Y) AF9 dEY A=
R FAHE vER Aoy, FFe] R AEFe HSA M Eded A
2 FH#ggo] @] WE(E 5) FAFS 7, AFF Aozt MY AF
olgti @AY & AJYTH FAuE HCHEF7F 74 Folx HS A8+
© A Zojg RAY.

R 109 FRE AHTE FARAAME(E 1) SS A o HFe HC
Ao FE7 #& Aol ovt frejdel AAHA Fkn AFFLE &
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Table 10. Effect of diurnal range of temperature and CQO: enrichment on
the juice Brix and acid content in 'Miyagawa Early' satsuma

mandarin
Treatment” Brix asA((::iig'ic Sugrz;i—(;dcid
(%)
SS 129 b’ 1.24 b 105 ab
HS 146 a 149 a 99 b
HC 134 b 120 b 115 a

’See Table 1 for the explanation of treatments.
*Mean seperation by DMRT, 5% level

Table 11. Effect of diurnal range of temperature and CO» enrichment on the
juice Brix and acid content in 'Okitshu Early’ satsuma mandarin

Acid

Treatment Brix es, %ﬁc Sugaracid
5SS 12.8 1.33 97
HC 13.1 1.19 10.1
Significance ns * "

? See Table 1 for the explanation of treatments.
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Bldl Aolth COE Al-E€% HC A FolA 749 F gl dAF B2 3o
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NHE R 2EHAE Yo7k E FFHFE Vo Fo AU o] AR
AN dgae FEAEHAS HE Axe FHAE £ S Rolvh COp Al
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Fig. 10. Changes in the monthly number of fallen leaves per pot during the
experiment.
’See Table 1 for the explanation of treatments.
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7. %A
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Light curve of photosynthetic rate in 'Miyagawa Early’ satsuma
mandarin as affected by the different diurnal range of temperature

and CO: enrichment.

’See Table 1 for the explanation of treatments.
Cloudy day : PPF 100gmol *m*+ s

Sunny day ' PPF 1000 £z mol + m Zog!
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A e At 3ALA HE AV FARAL) A FIE FEE
NFAEES 2R dds ¥ 120 UYehhich SS HeTe A9 4
259 7| FAEE} 5 g o golAtkE AL Astne /FHAEEY
Azt Aol B 4 FHE Aole TEAHLE 3W 43 W d 2 A
o)t} 71&Ze] Y% HS9 HC 79 ¢ 7|FAEEe #gony
AY 71FHEEE COvEE A FRAF HC A TolA =4th SS A4
79 749 % AF ZIFAEEE HSW HCY ARt R gkt Ay
272 2L A7HY 7EAEEE ¥FH LFE COe AFY 7e3ER
g =3t

& HEAM 52 CO; 5EE 7FHEEE TAAIH g8 4547
il FAE #FAAZYI d2Ad givk(Kimball %, 1993; #%, 1998). ¥4
A2/ sour orange ¥ LFEL COp Al EolHL 7130 49 AHE &
2 5 91 tH(Idso, 1991; Idso ¢+ Kimball, 1992).

Table 12. Effect of diurnal range of temperature and CO: enrichment on
the stomatal conductance in ’'Miyagawa Early’ satsuma

mandarin
Unit in mol H2QO m %s !
Sunny day Cloudy day

Treatment’ (PPF 1200zmol -m?®-s?) (PPF 100#mol *m ?+s )

Old leaf New leaf Old leaf New leaf

S8 0.043+0.0082 0.0504*0.0117 0.068%0.0168 0.084£0.0158

HS 0.02710.0044 0.025x£0.0040 0.022%0.0029 0.024 £0.0032
HC 0.029£0.0040 0.044x0.0062 0.028+0.0036 0.039*0.0079

’See Table 1 for the explanation of treatments.
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g o} Zo] Mg FASES FHEY @it

Table 13. Effect of diurnal range of temperature and CO: enrichment on
the transpiration rate in 'Miyagawa Early’ satsuma mandarin
Unit in mmol H;0 m™?s’

Sunny day Cloudy day
Treatment® (PPF 1200 #mol -m™-s% (PPF 100umol *m?Z-s?)
Old leaf New leaf Old leaf New leaf
SS 1.93£0.279 22910374 1450316 1.79£0.296
HS 1.75£0.310 1.54%£0.230 0540071 054£0.077
HC 19610293 2.83%£0.444 0.860.084 1.20%0.258

’See Table 1 for the explanation of treatments.

E lde 7| 3ARES A 24F FFAEEE JEI Aolth & ¢
AQdRzAe] BEAHEL HSHE A e Yokn SSAAFE BHAE 3.05m
ol CO:*m? s! HC HAaTte 342mol COs-m’: s 'gon zad o=
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HS A telAe ad3dgdFe] vtojza( )d e SS A&+ 06, HC
Hel e 15mol COz-m?-s'2 ¢ @itk HS A7 1N&& 3BTHA
Ak e ge U+ 4T~48C, 58 F€ 34T ~3BTCE 7|2nt} &4
HS He7e LLoq A3y gy Bl FolEde HC AT
S CO Bk B 52 X% B3 FgAHdFo] SS AT vy
2tk B3 2 @ HC A9 B F5HAd o] SSoll vls) 3 AL
F2 AL 3l @ gL B & UE FolAA @) Wi ume 93
IEF S/ A7) wWEoletn waEnh E£3 AftHo g J{FA S ¥
& AL PEAEHLE F7] st JrFE AT JHHALER dFER
gldFo] wet7] wWiioleta AzEoh

Table 14. Effect of diurnal range of temperature and CO; enrichment on
the photosynthetic rate in 'Miyagawa Early’satsuma mandarin
Unit in gmol COz -m?- s’

Sunny day Cloudy day
Treatment” (PPF 1200 #mol -m™®-sY (PPF 100#mol *m?2-s ')
Old leaf New leaf Old leaf New leaf
S8 2480505  3.63%£0.527 053%0.266 0.66+0.192
HS 0070220 0.27x0.236 -0.27£0.366 -0.2910.324
HC 22310544 461£0531 14610563 1.5110.667

‘See Table 1 for the explanation of treatment
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