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The CO; volume fraction was collected from 9:00 to 18:00 every 10 min during daytime and average of 54 data each day. Data acqui-

sition was from April 23 to June 23.

Bl KEHERECO, A EAXMATHK
Fig. 1 Daily variation of CO, volume fraction under different treatments
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Table 1 Environmental situation in growth chamber

S COy ARFRIT%/ (/1) Wz C R/ %
fb Measured CO, volume fraction Temperature Relative humidity
Treatment ‘ EPS 1] EPS 1] EPS 1]
24h Day Night 24h Day Night 24h Day Night
Co 270 238 303 23.8 29.6 18.1 62.3 56. 2 67.6
G 379 486 275 23.2 27.9 18. 6 53.7 47.2 59.5

W AR CO2 ARFL /- HOZ M 9:00 B 1800 (1 H{H , 33T 18 BE 7 A 3 /2 A% K 18:00 B H 6:00 AYIME , (1 R F- 4 {E 2 IZ R 1

6:00 F| 18:00 My {E , B4 RAENF MRy 4 J1 23 H—6 J 23 H,

Note:CO; volumn fraction during daytime was collected from 9:00 to 18:00 every 10 min during daytime. Average of air temperature, rel-

ative humidity was from the 18:00 to 6:00 next day during night and the daytime means were from 6:00 to 18:00. Data acquisition was

from April 23 to June 23.
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Data acquisition was from March 31 to June 23
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Fig.2 Accumulation of irrigation water under different treatments during experiment(each plant)
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The sub-

strate moisture was collected every 10 min during day and night,and average of 144 data each day.data acquisition was from April 27 to

June 23
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Fig.3 Measured substrate moisture under different treatments during experiment(each plant)
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Fig. 4 Accumulated dry mass per plant under different treatments
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Table 2 Effects of different irrigation and CO, treatments on plant dry-mass and utilization of water
b T B K B R HR IR T /g bk RBUHKE kg KR AR/ (g/kg)
Treatment Growth of dry-mass Final dry-mass per plant Irrigation per plant Water use efficiency
H Co Y=0.470X—3. 324(R?=0. 954 0) 37.4 bAB 16.1 aA 2.3 abA
Cy Y=0.728X—7.514(R*=0.931 3) 59.1 aA 16.1 aA 3.7 aA
M Co Y=0.399X—1.661(R?*=0.977 4) 32.7 bB 11.6 bB 2.8 abA
G Y=0.547X—3.478(R*=0.969 1) 44.9 bAB 11.6 bB 3.8 abA
S Co Y=0.334X—1.358(R*=0.970 1) 26.7 bB 8.6 cC 3.1 bA
Cy Y=0.375X—1.551(R?*=0.942 0) 28.8 bB 8.6 cC 3.4 bA

bR DA I ) XOCH AR B[R] Sy Al b o LAAE AR T4 5T R ()Y A AL A5 L 76 Excel H B0 i B ek BN 308 H A K
NG FRERIR 2 5 L (P<T0. 05) KRG FRERIR 22 il B 3% (P<<0. 01, Rl

Note: The detected time X(Growth days) represents X-axis and dry matter accumulation(g) per plant represents Y-axis in functions of

#HOFRE),

the above table. Scatter plots are done in the Excel, the slope of the functions were daily growth(dry matter). Lowercase letters reperent

significant difference(P<C0. 05) and uppercase letters reperent extremely significant differences(P<C0. 01). The same below.

Hi 4 FIEE 2 al g, 7 HOMLS 2R 3R . Cy K CHEYBO M Co B3 J2& 0.5 g #1 0.4 g.Cy 1L G
R EAEARA R TR Com. B Z 38X NE S ik 3 MR IAEN.C 5 G
KA BT A R C 55 Co X AE BR T 5 & B 221 B (6 A 23 H g9l e (H L 3% 3) 73

AIREE . 13 3 WIAL Gy K TR H AR 50y 44,29 ¢ M1 32, 26 g, Cy JKF TR il A AR B9
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Table 3 Effects of different CO, treatments on water use efficiency

ik B T4 o AR K Y R A Mtk E AT R/ g bk R/ kg Ko FIHECR/ (8/ke)
Treatment Growth of dry-mass Final dry-mass per plant Irrigation Water use efficiency
Co Y=0.401 6X—2.114 8(R?*=0.973 1) 32.26 bA 12.10 aA 2.67 bA
Cy Y=0.550 3X—4.181 2(R*=0.961 0) 44,29 aA 12.10 aA 3.66 aA

H:CoCr TR ITHE 40K :CoH+CoM+CoS.CiH+C, +C S, N ab 3k 3 Bk .1t 9 AN SR 1ME .
Note: Dry-mass of Cy and C; :CoH+CyM+CyS,CiH+C; +C;S. Three plants were selected in each treatment and averaged 9 plants.

£4 FE#ABLEFHECO, WER

M/ POD #0 SOD & M B 22 iy é’ 80 r
5
Table 4  Effects of CO, enrichment on activities of POD g I5F - C, -+ C,
5
and SOD under different irrigation treatments A 01
65 F
T SOD ¥t/ (U/g)  POD f&#E/[U/(g « min) ] 2 6o
Treatment SOD activity POD activity
. — ~ 55F
H Co 54.8 ab 505.9 ab gﬂ 50k
C 64.2 a 700.0 a ~ 45F
g
M Co 54.0 ab 470.2 ab ﬁ 40r
ha 35|
C 63.0 a 654. 6 ab 8 30 1 L 1 )
S Cy 13,3 b 3519 b @ 04-12 04-26 05-09 05-29
W 5E H ¥ Date
G 58.4 ab 560. 7 ab
B S ) 4 O E R X E L B AL TR 3 Bk O 12 A B 6 AME CO, LEIFEFMM F SOD iF 4K % i
B (E . Fig. 6 Effect of different CO, treatments
Note:Data are mean value of 4 measurements in the experiment. on activity of SOD in tomato leaves

Three plants were selected in every treatment,each value was av-

erage of 12 data.
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Fig. 7 Effects of different CO, treatments

on activity of POD in tomato leaves

3 3tk
3.1 BiE CO, WUREEMBEMRAIK ST ARE

LU WL A R 9 K B T 3l CO, wl il 7
AR R B4 7K 23 MR CR B o 37 00+ 3 J2: 1 3 1
A SR AR R HOK SR IR . 0 A A
SCHR S 1 CO, PRFR 2 BTt ot 35 48 /D & 7
WF R R K K TR K R R AL R
AR CO, RBUR BT S I AEY I i
AL T BE R 2R/« DT S B S R AR DL A
AT [ 114 R /N T 7% i R T A oK g3 A
P AR 0 ik 50% ~ 150%, 76 B P K 7 34 Bt
CO, i 1 JE [ COL PRBUREOH A B2 - THLAT
T 48 e AR B 06 & 1T A S LR AR AT
F& i 7K 23 09 )P 2803 50 AR K B S i R 3
LU e /K 2 M RCR 1 b L A5 26 B4 18 .

S ke B K e 0 58 R CHL MD . 1Y i
CO, 1y 7 i A8 R K 23 1 &% 3R L AN it 38
3890 ~58%0 3 K435 W (S) FALHG I 800, F WY
Jiti CO, i PRAUEK ML 78 ROR A 2 4r . B
BT 3X 77 T ) 4R B D L 5 i — AP Bk
3.2 87k CO, ATRURH B ERIE =

CO, JEIEH B 32 2 50 4t CO, AT
AT 4 w8 D 45 SR ) B 4 4 O R 4
B [F AL ITRTHG I T P B . 4R PR AR Y
®W. HIEW AR AT M. 4t CO, (700
p L/ LD B BT A 9 T B 1 T 2700, BRIR
28] 3 e ] CO, L 700 AL 000 pL/L ARBRF
A3 M A bk T R R R 3500.75 %0, IR R,

Bt CO, (500 pL/L) Al DL i 7 i 4 bk 0 2 9
F A H it P v 37 0.

1o e A R Tt e B L 80 V0 - HE TR
U T b A S L (HL AR R B 50 %0 - UK 4 ik
LT 0 04 A6 o 1 A o2 b BT R S AR 800 5
65 %6 + 38K o3 b 31 7 Ak SRR OF B 3 4R
FEAE L EXE 5096 7K 43 kb BR G i B B R
A JEZAE T 80 %6 .65 6 7K 43 b H 1) T a7 2t 4 )
Ft 50 0 Ab iR 35 %6 .28 %6 . i F 7 ik 2 Ak B L Hi
B R L S A R 710 3904,

HENAK CO, BB ET , TR %
i 7 R 1) 25 58 P 0 065 VR o DRI 3 7 R EE /DN
w1 CO, PRBUECT Rl Bf 32 HoAth 31458 T O B
TR O B PR . ARS8 & B, AR TR K R
CO, PR 4> B b B0 R L 7K 43 56 2 (H L, M) L 3 it
CO, 19 7 5 A8 R L A= T 1 it L AS Tl 3 i 23 %0
~30% 37K 435 B (S AT I 9%, =R B
FH O AT 38 it CO, 75 PR UE K 23 A 1 78 2 280 R
AT

4 &

B CO, nl i 7 i A8 Kk A4 7K 43 F1) 30K 5
FAR L KL K G K kb BE 43 ) R 58 %6,
3890800, Uk B AE 7K 43k 7 78 JE 1 0 T . B it
CO, RO b 25 3K Fh R0 25 T 42 S ke 310 9 7y A=
Yy f L R A R A (PR D 7R R K
HOK AR K A B 4 5] L A it CO, 1) X B8 4h 2
P 30%0.23%.9% . [RIERH A= B R 2% S 3 0H K
YR FE AL S (ML HD L 3 it CO, (1) 3 i A
Bk SOD ¥ ¥ LA it (9 38 i 18 %6, POD {if 4 384 fin
44%,

S #E3ikt  Reference:

[1] %% Je W], B 3 b By 2 B LML et o B el th ik,
2000:105-109.

JIANG X M. Olericulture General [ M]. Beijing: China Ag-
riculture Press,2000:105-109(in Chinese).

[2] FEB22 R4, B ELE. CO Y AT 1S B A M5 A8 B8 X 4% k.

A7 R 2 WS A DT 0. b AR 3SRl 2 4. 2003
11(4) .47-48.
WANG X L,XU SH H,CUI D CH. The diagnosis and esti-
mation of CO; concentration increasing and climate war-
ming on the agricultural production[J]. Chinese Journal of
Eco-Agriculture ,2003,11(4) :47-48 (in Chinese with Eng-
lish abstract).

[3] # WA, D 20,5 SRR CO, it LAk 80OR



1060 -

(S| R N A

it 26 %

[4]

(6]

(7]

(8]

9]

Abstract

WEFELT]. IR Al R 224, 2000, 31(2) : 196-200.

WEI M,XING Y X,MA H,etal. Study on fruit and vegeta-
ble seedling CO, fertilization effect[J]. Journal of Shan-
dong Agricultural University» 2000, 31 (2): 196-200 (in
Chinese with English abstract).

JA+ . i e de, FLE . F.ORF K M4 T HE CO. %
HOGIR 3 79 3% il 2B K n s ma LT 1. Al AL % iz, 2014,
45(11) :175-181.

ZHOU L SH,QU Y H,WANG H Y,et al. Effect of CO;
enrichments under different water conditions on growth of
tomato in heliogreenhouse[ ] |. Transactions of the Chinese
Society for Agricultural Machinery, 2014, 45 (11); 175-
181(in Chinese with English abstract).

XA A TS L CO. e BE Fhim X /N 22 K 43 1 2805 1 52 i
W LRIR [T ], KA SE P, 2013, 2(1) 1 9-14.

LIU Y Y,QIAO Y ZH. A review on the effect of carbon di-
oxide enrichment on wheat water use efficiency[ ] ]. Climate
Change Research Letters,2013,2(1) :9-14(in Chinese).

£ I E M B/NRLE COp W TR 5K 4 BAEX 1
ZNERERRERMLI] A E AR, 2013,34(4) - 403
409.

JIANG SH.JU H.LU X X.et al. Interactive effects of ele-
vated carbon dioxide and water on the growth and develop-
ment of winter wheat[ J]. Chinese Journal of Agrometeo-
rology,2013,34(4):403-409 (in Chinese with English ab-
stract).

EifE, S, R m KRR COp T Gy i # it
K43 0 3 T B B ST HE LT 1. T Bl X A B O
2010,28(6) :190-195.

WANG R J,GAO SH M,ZHANG X CH. The physiological
mechanism of the increment of C; plant leaf water use effi-
ciency under high atmospheric CO; condition[ ]J]. Agricul-
tural Research in the Arid Areas,2010,28(6):190-195(in
Chinese with English abstract).

BB | A SRR A8 KA CO, e BE XS R B RE A
FH AR SRR B g m L) 1. BRE 5 38 . 2005.2(2) .
2-3.

JIANG Y L,YUE W,ZHANG Q G,et al. Effects of atmos-
pheric CO; concentration on light energy utilization and wa-
ter use efficiency of soybean[J]. Tillage and Cultivation ,
2005,2(2) :2-3(in Chinese).

INFEA KRR COy 1 BE IS I A 4 A K R 8 T Hook 43 F)

[10]

[11]

[12]

[13]

[14]

[15]

IR L], Al FRBE 5 % g, 1996 (3) . 27-29.
SUN J SH. Effects of atmospheric CO; concentration on
plant growth and development and water use efficiency[J].
Agricultural Environment and Development ,1996 (3) : 27-
29(in Chinese).
A us I B Ak, b & RREK G ST CO, T
X AH A He R ROK 3 R kR i g ma L] o AR S oAl 2
#2.2003,11(3):110-112.
YU M Y, HUANG ZH B, SHAN L. Response of plant
growth and water use efficiency to different water contents
under environmental CO, concentration raising[ ] ]. Chinese
Journal of Eco-Agriculture ,2003,11(3):110-112(in Chi-
nese with English abstract).
WHE 2R 30 R % 25 200 B R 4 0 S5 kit 5
fie R L0, AR A 5 TR B AR, 2003, 2(2) 1 22-23.
WEN X ZH, LT Y L. Structure design and performance
characteristics of asymmetric continuous span type energy
saving greenhouse[ J]. Applied Engineering Technology
in Rural Areas,2003,2(2):22-23(in Chinese).
AR YRR S (ML dE st & FHE R
#1,1992:120-123.
ZHANG ZH L. Experimental Instruction of Plant Physiol-
ogy[ M ]. Beijing: Higher Education Press, 1992:120-123
(in Chinese).
KNS BRATS . CO, Y X AZ AR iy AR it D's & 28 31 4=
BEmaL]. A3 %M. 2000,20(3) :390-396.
ZHANG X Q,CHEN ZH L. The responses of 17-years-old
Chinese fir shoots to elevated CO, [J]. Acta Ecologica
Sinica ,2000,20(3) :390-396 (in Chinese with English ab-
stract).
ERRE. T B Al CO. X H % IR = 3N AE K A9 52
[J . PEAb A4 2 4 2003, 23 (1) £ 39-43.
CUI Q F, WANG ]J. Effects of applied CO, in the solar

s growth

greenhouse on characters of Cucumis sativus
[J]. Acta Botanica Boreali-occidentalia Sinica, 2003,
23(1):39-43(in Chinese with English abstract).
ORI S R HOK M F AR K E R
7 BT e L) ). PE b A0k 24 4R, 2005, 14(4) 1 69-72.
GAO F SH.XU K.XU L G.et al. Effect of soil water on
the growth, development, yield and quality of tomato[]].
Boreali-occidentalis

Acta Agriculturae Sinica, 2005,

14(4) :69-72(in Chinese with English abstract).

Effect of CO, Enrichment on Water Use
Efficiency and Yield in ‘Bate’ Tomato

YUAN Tingting, WANG Tingting,ZHANG Ling,LI Yaling and WEN Xiangzhen

(College of Horticulture,Shanxi Agricultural University, Taigu Shanxi 030801, China)

This experiment was conducted with a tomato variety ‘Bate’ in two growth chambers with

natural sunlight . The cow manure and slag(1 : 1,mass ratio) were used in this study as substrate .
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The effect of CO, enrichment on water use efficiency in tomato was studied in this experiment. CQO,-
enrichment was accomplished with pressured CO; in a steel cylinder at the concentration of 500 uL./L,
while no CO,-enrichment was used as the control. The potted tomato plants received three levels of ir-
rigation regime treatments, which were 300 mL per pot(low),400 mL per pot(middle),600 mL per pot
(high). The tomato plants were watered once every three days. The results showed that CO, enrich-
ment increased the water use efficiency in ‘Bate’ tomato. The tomato plants with CO, enrichment
showed 58% higher water use efficiency than control at 600 mL per pot(high),38% higher at 400 mL
per pot(middle) ,and 8% higher at 300 mL per pot(low). The results from this study showed that the
improvement of water use efficiency by CO, enrichment in ‘Bate’ was more ovbious under adequate
water supply. This improved water use efficiency was showed in plant dry mass ,and fruit dry mass.
CO, enrichment increased the total plant dry mass by 30% at 600 mL per potChigh),by 23% at 400
mL per pot(middle) ,and by 9% at 300 mL per pot(low). CO, enrichment significantly increased the
enzymatic activities of superoxide dismutase and peroxidase at 600 mL per pot(high) and 400 mL per
pot(middle). The CO, enrichment with abundant water supply could be a highly effective tool for in-
creasing fruit yield and profitability.

Key words CQO,; Irrigation; Tomato; Dry-mass; Water use efficiency
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