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Effect of Elevated Carbon Dioxide Concentration and Temperature on Yield and Fruit
Characteristics of Tomato (Lycopersicon esculentum Mill.)
In-Bog Lee , Seok-Beom Kang, and Jin-Myeon Park (National Institute of Horticultural and Herbal Science, RDA,

Suwon, 440-706, Korea)

ABSTRACT: The objective of this study is to investigate the effect of the level of CO, (370 and 650 pmol
mol’ 1) and temperature (ambient and ambient+5C) on tomato growth and fruit characteristics as affected by
the application rate of N-fertilizer (68 and 204 N kg ha ), for the purpose of evaluating the influence of
elevated CO; and temperature on tomato crop. The elevated atmospheric CO, and temperature increased the
plant height and stem diameter for tomato crop, while the differences among the nitrogen(N) application
rates were not significantly different. Under the elevated CO,, temperature, and a higher N application rate,
the biomass of aerial part increased. The fruit yield showed the same result as the biomass except for the
elevated temperature. The elevated temperature made the size of fruit move toward the small, but the
elevated CO, and the application of N-fertilizer were vice versa. The sugar content and pH of fruit juice
were affected by nitrogen application rate, but not by the elevated CO, and temperature. These results
showed that both the elevated CO, and temperature stimulated the vegetative growth of aerial parts for
tomato, but each effects on the yield of fruit showed an opposite result between the elevated temperature
and CO;,. In conclusion, the elevated CO, increased tomato yield and the ratio of large size of fruit, but the
elevated temperature did not. Therefore, to secure the productivity of tomato as nowadays in future
environment, it will need to develop new breeder as high temperature-tolerable tomato species or new type

of cropping systems.
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e sl 1 A} o PllekAE 2J5AR1 800 wmol mol ! #]
glrolA g2 5 309 o] Fell FiAsol AA8] FaE]
A 2ated 50U Aol thE74(350 wmol mol ™) K} w2 3
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8 FbelE Eetal A e & Ae] glovt w3t
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A 9Jsto] SH AolA 4597 A ERERR B
"} (Lycopersicon esculentum Mill.) frE&= AFYESH I E
BAE 21 H3)H]E(Table 1)2 %3 1/2000a Wagner
EEC] 2006 49 154 FA% vy, A2 74F O] 5
olitsleka wsl &% 2Ho] rhset HAE fele <t
of ehdiojmjxIHel] wel 5o wjxETh 24 U
7] % CO, E%(220 umol mol ™) Infrared 7}~ £417]
(ZRH model, Fuji Electric Co., Japan)E ©]&-s}o], 12|11
L5(+1C)= AAREOE 4% 7P RS v o s POREX
6800(POSCON Co., Korea) 7454k AAAAIARS o]
g3to] 2AsIGILE 2 W oPslekA sl et A1
(H171CO, ¥t E tiEE 81of 2J5C0x650 wmol mol”
CO, ¥ t7&%), d5-5(H7ICO, ¥ ti7]25+5C), %4
5713650 umol mol™ CO, @ 7] 254+5C) & 4 AFT
7 Ak Ald7)zE B9 RDAYY] whel] Falo] A
£ 94F olgslo] A w5 A48 kg N ha')¢} ¥+ da
(204 kg N ha)2 J-H23}0] 2gjslglon, i} 2 §
Agelnel Asiels Aol 217t 103 kg ha' 7 122 kg
ha'] H]&S Alnaloh.

=4 T ZARY

RDA™?] Ao me} B9 pHe % SHpe
HE 152 E3ste] I% $F pH meter(ORION Model
720A, USA)Z S48I1aL, E9F EC= 1:5% 0% J=e o

Table 1. Soil chemical properties before this experiment

& A7)AEA(YSI model 35, USA)E S48tk B9 #
7% Tyurint], KCI-5574 Aite] A4+ Kjeldahl']
2 Z2A90, FEARS Lancasterd, 183 X8 K,
Ca, Mg> NH/OAc(pH 7.0) 5% ¥ Inductively coupled
plasma atomic emission spectroscopy(GBC Integra
XM2 model, Australia)® Z73}3th

EntEl] 27 A7 9 Rl AETS 77 A4
F 12094, 22]3 54, 9534 S AR, v
o (specific leaf dry matter, SLDM) % 33Hde 424
T 909A ARSITE ErkE 19 =4 &> SPAD
502 A=43747](Minolta, Japan)E ©]4-38t0 7431911,
SLDM 9] 712F%S 9UAoE Wro] mg em’®
e 4 Wl g 2418 918k Wang 509 W
of w2t 9 AR 0.5 goll 20 mL 80% ole-&S 713t 5 &
S AA A o SEAYo| A& Eafshan 33] HEef
o] EnlE ¢ % saccharose (sucrose, glucose, galactose,
fructose)= 41813101, A T A fleto] HE A
ol ImL 0.1% amylogucosidase(EC 3.2.1.3) (Sigma
Chemical Co.)E 7}slo] AwqxkzE 7ial ¥ glucose
5 Aisow sMksigitk & 45 flstel CARBOSep
CHO-820 CA ##o] ¥-2% HPLC (Youngin Instrument
Co., Korea)°ll EDTAE9(50 mg EDTA/IL)S ¥4 0.5
mL £5E2 gejsiglon], o] mjo] @22 k= 80C, AHH
%E71% Refractory index detector ©|3ith A5x4 U]
AR el tht Fedn g AAL lste] Luft'®e] Wl
e} 534 AHS 2.5% glutaraldehyde®} 1% osmium
tetroxide = ©|8-sf] 173+ ths, 0.1M phosphate buffer
(pH 7.2)Z AAHgt $ ethanols ©]&3te] B33l
Epon £5& WH=7] 918 epon+tDM.P 30 A= 27}
&7 silicon moldell Yol G&3 AIZTE Epon 552 %
u|Al A3 7](Ultracut R, Leica Co)E ©]g3t°] 1,500nm 2]
AZ A $, 0.5% periodic acid(HsIOg) &4, Schiff's
reagent, 7181l 1% sodium bisulfite € A= |8t
o A%t oy, F8tdn]7(Axioskop 2, Carl Zeiss Co.,
Germany)< ©|-&3to] 10002 Atk A Ent
EAY9s o Fue 339574 71(L1-6400, LI-COR
Inc., Lincoln, USA)E o|g3ale] S48tk 4 T4
A | olibsleA: s 7 ATl oisteA FEg)
FUE ZA A8l o, F2 0~2000 pmol -m?
s 9], 94U 6 cm’, IRGA W ] 254 25T =
Aep 30x {HACE 531¥ 3ukRow SAsto] Hgke
o] g3k

pH EC Av.P,0s oM Exch. cation (cmol kg™) NO;-N
(1:5) @S m’)  (mgkg" (g kg") K Ca Mg (mg kg')
7.0 1.4 660 33 1.0 6.0 24 42
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Table 2. Growth and leaf characteristics of tomato at the different conditions of atmospheric CO, and temperatures, and

soil N levels

Plant Stem Specific Saccharose Starch
(um(ioriol’l) Tzsfg )P N level height diameter Ch(lsoli‘oAfE)h)yll leaf DNg of lea{ of leaf
E - -1
(cm) (mm) (mg cm™) (mg g") (mg g")
370 Amb. Low 173 8.9 31.0 7.2 20.7 17.0
High 187 10.0 39.1 6.8 19.6 135
650 Amb. Low 204 9.0 33.6 9.6 40.3 33.9
High 203 10.2 37.0 8.4 294 25.3
370 Amb+5C Low 225 10.7 39.3 8.2 40.0 14.3
High 241 10.1 41.9 7.0 22.8 10.5
650 Amb+5C Low 254 10.8 38.6 10.2 28.3 30.7
High 236 10.3 36.1 9.5 25.3 19.3
LSDoo5 24 2.1 6.7 1.1 6.2 4.2

Table 3. Dry matter of tomato plant parts at the different conditions of atmospheric CO, and temperatures, and soil N

levels
CO; Temp. Leaf Stem Root Total DM
1 o N level = 1
(umol mol™) (€) (g plant") (g plant”)
370 Amb. Low 21.4 28.8 2.83 53.0
High 61.3 53.8 5.31 120.4
650 Amb. Low 23.9 29.7 3.15 56.8
High 63.6 55.1 5.92 124.6
370 Amb+5TC Low 35.3 53.6 3.08 92.0
High 53.9 72.2 5.24 131.3
650 Amb+5TC Low 32.4 55.6 4.89 92.9
High 64.5 76.4 6.76 147.7
LSDo.0s 16.6 174 0.88 30.2
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Fig. 1. Light-response curves for photosynthesis of leaves
measured at the conditions of CO, and temperature.
Photosynthesis was measured in the leaves of tomato
applied with standard N.

B oAbl T SUFE RS Sl wrsl
& PAES Yo, I BrslES 788 FE9) sink
7F & 79 wekE A2 9ot sink7t F5E A4 1)
o] FePbEe ol Ul AiEe] HelE HAxle] F3 feedback
a2 Qglo] frh= Zoltk T2t} Leed} Lee” o] A2 h=
2] o U A FA el e FFA feedback Al
ZE|A] ekoxek 7 29} o) A FaEe 524 el
AEQIAE Brbzl oz AEQIAL F2o w2 F3y o
AR H23h A7) o7 daEn), 7o disle] &%
S7Hs otk TR ¥ W) gl gabdo]
B39t Table 3). YRt o® Eulgo] A% Aujers
25~30C Wejd wkste], 235 H 279 45 A7)
ko] 329l AR HAEHAM A olaksleA Al
nle F Se7) gAaska(Fig 1), 127 B9t FIAHE
o] Aoz} Ak oz ek

I e
7] & okEA % Sk & FEY TS S
Aoer @ ABEAN 3 F71 avprl AR,
5 STk A9 ASTIREE GEAI W ok} 7
HI4GEE 771 20 0% dejA Qo 0% W 2
A AlEollA olislekh AdsAE T ErfE JETS
& A oakshekA Aol wls) wWearout, Fd davt
TeE AT EvlE] 2 7] F olilgtekh T
2 49%°] o] 5718l o (Table 4), ol& st 7% 57}

—

Fig. 2. Electron photomicrographs of mesophyll tissues showing starch grains. Ambient(A) or elevated(B) CO:
concentration with ambient temperature pattern, and ambient(C) or elevated(D) CO. concentrations with a temperature
pattern 5C above ambient. In the figures starch granules are a black spots. Investigation was achieved in the leaves of
tomato applied with standard N.
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Table 4. Fruit characteristics and size distribution of tomato at the different conditions of atmospheric CO, and

temperatures, and soil N levels

Soluble H Size distribution (g plant’l) Mall'ket.able
CO; Temp. . P fruit yield
(umol mol™) (C) N level solid of fruit Ext
(Bx%) juice Small Medium Large xira (g plant’l)
large
370 Amb. Low 5.7 44 327 371 160 72 930
High 6.7 4.3 252 334 287 522 1395
650 Amb. Low 5.6 45 98 269 231 277 875
High 5.8 44 85 345 250 1405 2085
370 Amb+5T Low 5.7 45 296 296 175 0 767
High 6.1 44 413 187 338 0 938
650 Amb+5C Low 5.5 4.5 327 336 116 0 779
High 6.6 4.3 181 431 330 225 1167
LSDy.05 0.3 0.2 344

* Small, 85~114g; Medium, 115~149¢g; Large, 150~204g; Extra
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