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Improvement and performance of open—top chambers used for simulating elevated CO, under field conditions
GUO Yan-liang'2, WANG Xiao—lin?, ZHANG Xiao—yuan?, WANG Li-mei'*, ZHENG Ji-yong'?, LI Shi—qing'?

(1.State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Northwest A&F University, Yangling 712100, China;
2.College of Environment and Resources, Northwest A&F University, Yangling 712100, China )

Abstract: In order to improve the applicability and accuracy of Open—Top Chambers(OTCs) in simulating the effects of elevated CO, on
crop growth and yield under field conditions, the open—top area of the chamber was increased, the shape of the bottom was modified from oc—
tagonal to square, a new material was used for the chamber walls, and fans were installed in the chamber to increase air circulation. These
improved OTCs were used for simulating elevated CO, concentration in spring maize farmland in 2015 and 2016. The chamber measured 4.0
m X 4.0 m x 3.0 m(length x width X height ) and was equipped with an automated CO, delivery system designed to maintain the CO, con—
centration at 700 pwmol *mol ™ in the chamber. During the maize growth period, CO, concentration, air temperature, and relative humidity
were measured automatically every 10 minutes both inside and outside the OTCs. The CO, concentration, air temperature, and relative hu—

midity inside the OTCs were compared to those under natural conditions, and the simulation performance was analyzed. The results demon—
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strated that the CO, concentration could be well controlled by the improved OTC system. The deviation from the targeted CO, concentration

ranged from —17.2 pmol *mol™ to 0.2 wmol *mol™ in 2015 and from -5.4 wmol *mol™ to 0.1 wmol -mol™" in 2016. The mean air temperature

inside the OTCs was 0.8 °C higher than that of the natural air during daytime in 2015(P<0.05), and no significant difference in such was

observed for 2016. There was no significant difference in relative humidity between inside and outside of the chambers ( P>0.05). Our re—

sults indicated that the improved OTC has stable performance and high accuracy and can be used for future field simulation experiments.

Keywords: elevated CO,; open—top chamber; simulation in situ; improved effect; spring maize
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Figure 2 Daily average CO, concentration during spring maize growth period
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Figure 3 Hourly average CO, concentration during spring maize growth period

289.5~354.5 mol *mol™, SEXHEE 47 322.9 wmol *mol™,
Mo b N CO, MR BE I F AR 25, NS
CO, Y A ZEE T Ml SRR W, 20:00 =R H 6:00 I
[ BLN COy YR FI2E(E N 0.1 wmol *mol™, “TEN
SRR B (P0.05). 2016 4405 1 4 A CO,
Sk, 5 ESMELL, CO, BNk shE F ok 289.5~
375.8 wmol *mol™, SEHg38 i >4 335.3 wmol < mol™, 83
PIAE TR AIZ T, 2lifEry OTC N CO, ¥ B RE 8 4E
FELEBIE P (700 pmol -mol™) , R BA M HEAY OTC A LA
FEB AR COL MR , 1247 RGEADE , vl R
B oK

2.2 MHERIATHE CO, OTC X K8 BRI 220

TEBEARATWIN,OTC WA H SR sh 28k
TEULANE 4, 2015 4EF1 2016 4E S WAV IR AL
A A, IR B s BRI S OTC>0TC+CO,>CK,
2015 4RI CO, K% 5 KM H ¥ 228 0.7 °C, X g
RES5KHHEE 2R 0.9 °C,2016 4E H ¥R 225351
} 0.2 °CH1 0.9 °C.,

P FOKRAET (2015 4RI 75 d,2016 45 W
124 d) Py 4 R AN [A] B () B2 (/NS ) Y CO, Y B E A 7
XEGEHabr (B 5), 4R B, RENIRE S TR
FHEREE 2514 F B9 KT , 3 Fh kb 2 %) S IR AR T 34



SHISE < T2 P AL CO, YRS TR HF I 58 O BCR 1039

A R 22530 R B, 2015 4E AT CO,0TC bk
H A5 0.6 °C, HAE 1R (6:00—20:00)F-3%
HAUR 0.8 °C, 27 1 % (P<0.05), % 1 OTC F K HS
HEAERIE 1.0 °CL JUHHE IR 2E 5+ 835 (P<0.05) .
TE 2016 4, 5 K HARAM L, XFIE OTC S5 T
15 0.9 °C, AJ#% CO, OTC 2R PR 04 C, 22 5%
AEZE(P>0.05), 2015—2016 4EA[# CO, OTC 5}
M8 OTC HHE 22 S 34 i 2 (P>0.05 ) .
2.3 BUHRIEE CO, OTC X =S4 3R ER SN
PISF35 42 R A SN B (E AR 1] OTC AR
AEXE R Sh AR L (B 6). K H A% CO, OTC
FIXT R OTC 3 FEREE A4 128 SO 1 2 B A8 A
feias—3, B RAEL . & FORA T W2 SR
FERI ST o Hr a8, 2015 4E K H (AT #% CO, OTC
FIXT HR OTC 7Y ~F- 38 25 SOMH X B 43 501 o 81.6%

401 01548
35F |
30+ i
& | TN
Boosky ,Jné :isgl‘;' i
s F= 0 .
o iYL VI PR ¥
15} “ﬁ
10;.;.;.;.;.;.;. ..... g
—_ A T O > = T O T N 0 o
TITITIYTIIITTNTTTIT
S>> ® 0P P X DND D
S O O © O O O O o o o o <o o
H i

81.8% 1 81.0% ,2016 4 43 % K 75.8% .76.0% Fil
75.5% WIS AR 8 2 B, 7R ok
EFAKHI(05-01 F 07-15),2015 4EFH1 2016 425
SRR BE F KB /MR 4R CO+0TC>0TC>CK
TEE KA A K BI(07-16 & 09-14),2015 4K CK>
OTC+CO,>0TC,2016 4} CK>0TC>0TC+CO,, A#b3H
] 22 S5 AN B3 (P>0.05)

X5 N A4 AN [R] s () BE 1) 2 S X B2
TR BT b, 25 5 2R B 3 FhIAR 25140 1 25 <A
PORITE R f e SRR | (AR A =t A LI S i b < E2 (S|
7). M 0:00 FF 46 23 SR XN B AR, 6: 00 Ji5 i
PRFEAR, ELE 15:00 2247 38 B ARAE , B 5 T 1R % 8
Fh B b 21:00 Z )5 BB E AR . 2015 4F0]
$5C0, OTC 5 RHAM L, 2 SAHXEE S H(E 24 %
1£2.4% , % B8 OTC F&AK T 6.8% , 2 R AR B #E (P>

40 2016 4

35

Mg

CK ~—0TC+CO, - OTC
B4 BEEREKST OTC WK SBHBREHEE

Figure 4 Dynamics of daily average air temperature during spring maize growth period
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Figure 5 Dynamics of hourly average air temperature during spring maize growth period
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Figure 6 Dynamics of daily average air relative humidity during spring maize growth period

1007
90}
s sofd
i {
B 00
z2 [
>
= 60
v
50
40
— (=) o on (=] x® < (o] o — >~ <
T T T 9T T
o~ o~ o - g oo 0 [} oC (=)} D D
=] =] o (=) (=) o [ (] =] [« o (=)
H
100 2015 4
[ T S .
L EEEEEER
% so} Wi i
m 70F i1
ro|
“e0f
50+
S O O ©C O O O o o © o O
TEAESIEEES I

.....

N ]
B 8o gy yod
] H IO |
=z i 'y
g 701 1 -
c LA i
P L T
60 'i‘:gi*:,‘:]'r'j
i 3
50+

L T T e Lo, L T ETT T PP FREE PR

CK ==O0TC+CO, === OTC
7 FBERERE 0TC WM ERRESHEXNEENEEL

Figure 7 Dynamics of hourly average air relative humidity during spring maize growth period
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