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System Structure and Control Accuracy of a Solar—illuminated Gas Fumigation Platform

ZHAO Yi-peng, SHAO Zai-sheng, SONG Qi-ling, LAT Shang—kun, ZHOU Juan, WANG Yun—xia, QIN Chao, YANG Lian—xin", WANG Yu-long"
(Key Laboratory of Crop Genetics & Physiology of Jiangsu Province, Yangzhou University, Yangzhou 225009, China)

Abstract: A sunlit fumigation system was developed to study the influence of atomospheric changes on crop growth and development. The
system adopted distributed topology and real time monitors to control environmental factors inside chambers such as temperature, humidity,
illumination and atomospheric pressure, as well as carbon dioxide concentration [CO,] and ozone concentration[O;]. The real time simulation
of ambient conditions through temperature control unit, humidity control unit and gas distribution system enabled meteorological factors in—
side chambers close to the open—air conditions, while trace gases such as [CO,| and [Os] concentration reached target levels. The target [CO,)
for the elevated CO, plots was controlled to 200 ppm above ambient and the elevated [Os] was 60% higher than the ambient [Os] in the control
plots. We had tested the performance of the system by identifing the spacial and temporal distribution of meteorological factorsand target gas
concentration. The control performance of the chamber system in 2011 rice growing season showed that,with1—-min average value across 2011
rice growing seasons, the elevated [Os] and [CO,| was within 10% of the target for more than 95% and 80%, respectively. The temperature,
humidity and atmospheric pressure were within 10% of the target for more than 95%, whereas the frequency within £10% of the target illumi-
nation intensity was more than 75%.Across the 2011 rice season, the target achievement ratios( TAR ) of CO,, Os, temperature,relative humidi-
ty, illumination intensity, atmospheric pressure were 1.01, 1.00, 1.01, 0.99,0.96 and 1.00, respectively. The constant fumigation test inside
the chamber showed uniform distribution of CO,, O;, temperature and humidity inside the chamber in both horizontal and vertical directions.

Keywords: closed—top chamber; gas fumigation; dynamic simulation; system structure and control; accuracy

i HHE.2012-05-14
H4TWH. El% E] wtﬂ 2 EAWJ:IH a (31071359 31 171460 30871486);‘2T773T%‘%ﬁ A SRR E R EERIIF ST I H (11KJA210003 ) 5 35 540l 43

1EERAN: i@%ﬂﬂg( 1980—), % s ?:1:1‘7"4}:'! Fli&?ﬁ}\ ,@iﬂ?ﬁdﬁ s Iﬁy\%ﬁfi’*:\ﬁ%%i?&*‘?ﬂ%o E-mail : zhaoyipeng@yeah.net
EEEE. AR E—mail:ylwang@yzu.edu.(:n;*ﬁﬁ?}'ﬁ E-mail:lxyang@yzu.edu.cn



5531 5 114

L R

B o2 2083

Y i ) H BRI T R K S a3 R AT
KA LA T A 1 1R A el A, 3 an R 4R
AR5 (COL) I L2 B4R (O5) M F T, A2 4
AR Ak R Het T B AR VR 5 ) £ 2552 31 [ N A RL#
T2 R A KA AR XV E R 5 M 5
LR ARt . 1896 4F, Schroeder SE b 1 F

B (SO, R B, FifiJ A % FR G WA 38 etk i e
., Aok 48 2R ZE (Closed—top Chamber )71 FF-
T % (Open—top Chamber, OTC)U & FF il 2025 R,
FR AR BE 1 5 2 58 (Free—air gas concentration en
richment, FACE )% JUAS 22 % e BB . [A] %% A1 =X
B AR W, FACE RGEASZ B B 30t 1 520,
AR C R SIS R4S T S N ISl i S 3
IREE R A A i SEPR s e B R FRARE- 50, 1
FHXTE L, FACE M s A7 A I & T A%,
X H AR SR B IR FE A, LR T4 BT HoR 4%
1 BHESE I 2 R - HAE (40 CO,. 05 FRLEE
)WY, S e AR A E KRS, R L, A
K RO BRI 5 A R 353 AN TR
AIVEF o A 1R 2 B 78 R G0 I LS B HU AR A
YA B R AR FHBRGE , FRA TR A S AR e e == A0
FUEERS BT 2010 AERRREEE 1 A SRR ZEY
B, X BB UAEZE R R Tl s 8], >R A
SRR T35 Ty s B /K A A ok Gl S 08y =X
XPAR R A BRI ), FFIEBL T XS AR I Y sl A
L, HAT EZH T CO, 1 05 EAERIMFIT . AL HE F

GEHA AX — BT A PO T ZE - 5 REHZEH |
Pl R ist IR EL o

1 FasmS5E

H ARG SAARTE I & (LU AR 6) 07 T o5
A4 M T M R 206 56 9 (32°23.3'N, 119°25.0°
E), AR e 4, 4F H RE 2140 h, 4R34l
H 14.8 CAFEIIFAXTRE 79% , 4 - YK 2 1020
mm, AR REL 125 d, AF78 & 1441 mm,

1.1 FERMRERK

V-5 F 2010 45 4 AT ,6 A 23 Hidiz
1To B BUZ BS54, N2 i), K 8.5
m, 55 8.0 m, (24 2.4 m, i AL 56 m?, 12 kDY
S <%, 3 mm AL B RS (AR R
BICRN] IR 95% A7 ) I B A A X 5 P 25 (], B
AMER LN 3.0 m, HHFIZ R 6 m?, 55T
A 15w’ AL R E Z I E PR AP IR (K 2
2.8m,55#10.6m), WK 1,

A& IR R R RREZE RS
P R G VL SR RS R G LU F RS A R
- £ B IR A G s R SR =AML R L CO, MR
O WRJE JEIE KRS AR E R L S
oA B [ A 38 2o IV B A% S (EE21, E+E elek-
tronik ) . Y B8 A% 8% 2% (HD2021T, Delta) . < JE I 5 X
(CYB=368S, Delta) .CO, 3% (LI-820,LI-COR) I
0; M Y (491, Thermo fisher scientific ) Wil 4% 25 92
IMESECS SRR EE , T8 R4 (S7-200, Siemens ) 312

B 1 BAXSHEEZTEER(M)MTREREE(B)

Figure 1 The full view(A ) and the equipment room(B) of solar—illuminated fumigation platform
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Figure 2 The structure of CO,~fumigation system
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Figure 3 The structure of ozone—fumigation system
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Figure 7 The distribution of test points in the constant target test
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Table 1 The horizontal distribution of main variables in the constant target test'

A FARME R TR B SR AR H[CO,) L [Os] i HE

i /em P A B 12 Il I I\
60 [CO,](ppm) HIff+SD 6003 .2a* 600+3.1a 600+3.3a 600+2.9a
K (%) 100 100 100 100
[0](ppb) Bfii+SD 100.5+2.0a 100.3+2.2a 100.5+1.9a 100.2+1.8a
FEEE(%) 99.5 96.2 99.5 98.4
TELEE(C) HJ{H+SD 24.98+0.1ab 24.95+0.1a 24.99+0.1ab 25.020.1b
HRE(%) 100 100 100 100
M (%) E£SD 50.0+0.4a 50.1+0.4a 49.9+0.4a 50.0+0.4a
K5 (%) 100 100 100 100
110 [CO](ppm) Hff+SD 60022.5a 600+2.3a 600+2.0a 600+2.2a
K RE (%) 100 100 100 100
[0s](ppb) I{E+SD 100.4+2.0a 100.3+2.7a 100.122.3a 100.121.8a
K (%) 97.3 92.3 94.5 100
A (C) {E+SD 24.99+0.1a 25.02+0.1a 25.02+0.1a 25.0120.1a
KRz (%) 100 100 100 100
TR (%) ¥I{E£SD 50.0+0.4a 50.0+0.4a 50.0+0.3a 50.0£0.4a
KR (%) 100 100 100 100

{12011 4F 6 J] 6—8 HMALE R, 78K 6 b, MK R BN 2 2 ML 25 2. 1 (10 ANV 235 25 1 L6 04 A el X

R 3 R LR R ZEBE N HARELRY 5%,

SN SNK ZHE L, =179, B # /KK 0.05,

TE BRI FE N R RARELE S A B A 1 20 L 5 4. [T B A [l “ R A PR IR) 22
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Table 2 The vertical distribution of main variables in the constant target test
Pl e I ] Il \Y
[CO,](ppm) P +SD 600+5.9a 600+5.0a 600+5.6a 600+5.3a
K (%) 99.8 100 99.8 100
[0:1(ppb) ¥{E+SD 100+3.1a 100+2.4a 100+3.4a 100.1+2.2a
KiEE (%) 89.3 97.7 87.3 97.7
R (C) {E+SD 25.0+0.2a 25.0+0.2a 25.0+0.2a 25.0+0.2a
KRz (%) 99.6 100 100 99.2
(%) ¥IE=SD 50.0+0.6a 50.0+0.6a 50.0£0.5a 50.0£0.6a
KR (%) 100 100 100 100

1.2011 4% 6 J1 9—13 HINALER, 24 HFr2m- K35 4 b, Bk 6 J1 10 H Aok, JLaenf [ R ARG 0 52, T V10 VIR IV 434 Il
KT .30,60 cm FI 110 em ABIEE &

F T S B E T AR

, XA MRS TEREE &R =1-TAR-1 Gt i35 T s Bk

SRR TR TR E T 5 Fhb I, BAKES 3 95% .90% M AR T 85% A [R] (4 Sast a] g He ], R
T WA 3, H KEW CO, i Os ANFRMERAET 1 min YR EF-GEHIEN, h3k 4~ 5 7]
2% 7 HE CO-FACE™HI O-FACE'™SEE (. S, A5 Ab B ) DX I DU A S B A 5 = Ao R

WA B MEERARE, #HE A TAR (arget  RIATEN D E EA R (Pr< 0.01), #5403 5L
achlevement ratio ) {EL A il AE Bk R , TAR=SZFRil S F AN S8 CHARMED R IR TG i 3 25 5 (P>
TEAE/BEE BARE, TAR (EAAER 1, BaWFEHIACHE  0.05); AN SEUE AL TAR (Hi51.00, P&

3 20102012 FFKBERKSTESWIEAE

Table 3 Fumigation treatments for rice seasons from 2010 to 2012

b g A EE(E AR ]
A% B (Ambient ) =hh KAARHE ! —

X IR(CK) B KA EE 9:00 £ H% > #h =W 0;
VR EE O; A= 0: AR X 160% 9.00 &= H%
BRI CO, CE CO, A FEHR B2 +200 ppm HilZ=H%

Ik COx0, D% CO, A IEHRE+200 ppmi; 05 ASJIEHR I {Hx160% HHZEH%9:00 & H%

1 CGRAE 2. T RHDCI R HICI BRI R 0.3 K 52 S0 11 < B <0.2 Kl 52 300 HI 9™,

R4 HEE|NKSEREIEHIEE

Table 4 Gas concentration control precision in dynamic fumigation test

CO,/ppm Os /ppb
AE0y b3 Fy{HaSE i1 p HyffaSE UiElES P
=95% =90% <85% =95% =90% <85%

2011 Ambient  399.5+1.0 — — — — 84.4£1.0 — — — —
CK 399.6+0.9 99.0 100 0 0.71 77.9+1.6 69.1 91.5 25 0.66
0, 399.4£1.0 95.7 100 0 0.68 134.4£1.5 73.9 96.2 0.3 0.60
CO, 600.4£1.0 97.2 100 0 0.15 80.1+1.3 64.6 91.0 4.0 0.85
COx0;  601.0£0.8 81.4 99.2 0 0.20 132.9£1.6 719 96.2 0.8 0.19

2012 Ambient  430.2+0.3 — — — — 25.3+0.1 — — — —
CK 430.1+0.2 100 100 0 0.60 25.2+0.1 90.3 99.1 0 0.06
0, 430.7+0.3 100 100 0 0.53 40.3+0.2 94.7 100 0 0.07
CO, 630.4+0.6 100 100 0 0.76 25.3+0.1 91.2 98.7 0.9 0.69
COx0;  630.3x0.5 99.6 100 0 0.92 40.40.2 94.7 98.7 0 0.59

LP: et REA ¢ RAEA 52,2011 4F 6 H 14—20 H A1 2012 4E 3 A 15 H k47 T 38 EZEMIK, ik 8 h,2011 4E 6 A 1417 F1 18 H BN
RHRRZ ZRAL,2012 43 7 15 HRAARBA/NH, R,
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Table 5 Temperature and relative humidity control precision in dynamic fumigation test
TRIE/C WESE %
A b3 K ffaSE HEE , Fy{HaSE 13 :
=95% =90% <85% =95% =90% <85%

2011 Ambient  27.5+0.0 — — — — 62.3+3.3 — — — —
CK 27.6+0.1 99.7 100 0 0.69 62.4+3.4 89.0 100 0 0.11
0; 27.5+0.0 100 100 0 0.96 62.3+3.6 95.6 99.2 0 0.90
CO, 27.6+0.0 100 100 0 0.08 62.3+3.6 95.5 99.7 0 0.94
COx05 27.6+0.0 100 100 0 0.35 62.3+3.3 92.1 100.0 0 0.63

2012 Ambient 9.8+0.0 — — — — 56.5+3.4 — — — —
CK 9.8+0.0 100 100 0 0.52 56.5+4.6 98.2 100 0 0.86
(08 9.8+0.0 100 100 0 0.50 56.5+2.6 95.7 100 0 0.46
CO, 9.7+0.0 100 100 0 0.38 56.5+£3.3 100 100 0 0.37
COx05 9.8+0.0 100 100 0 0.87 56.5+4.3 98.5 99.6 0 0.90

[COL]FI[OL]42 il kS BELE 90% LA | IR a] 23 1] o5 B
SIFHTE Y 100%F1 90% ., -5 TR HRE EAE 95%L)
b AT 343k B R] Y 1009 25 45, 1 B 4 1l A i 7
90% LA _F- Bt a] o5 A TE) 999 % LA | o PRAF I A4S
R, 2G0T SEXT[CO,) L [05] T AR (A 5L
Pl , Forb 2012 AR HIORE BERY = T 2011 4F R
& 05 ¥R, SEIPNIMUEME OTC HA™ > S5 5%t
Tk B 4 TR R R I I

800

22 KBEBHERIBITRE

SE AT A EREN TAESS , F 2011 A9 6 H 20
H AR KRR A S BT IR 5 1 N O R
PEATUETE, RURTE S .7 A 1 BT R TR S AL
BRSEAEAMERLSE, 7 A 12—13 HIRERKRS
RGE 4 TATF 1RIB AT VL B PR ASCHR AR 1 N 15 45 A8 26 it
DR e ) (R R A A S0, AR B Rl R G TAE IE %, &
FHHEFRREAE KA LA 8,

L (a)
700 +

oo [
500 -
100 Pt
300 I

CO, concentration/ppm

200_E=

T .

T

06/30 7/14

220

8/11

8/25 9/8

H

9/22 10/6

200 L (b)
180
160

140
120 %
100 g8

80 p
60 RIS T
40

05 concentration/pph

7/14 7128

— Outside -O-0,

8/11

-~ CK

8/25 9/8

H

-~ CO, —O— COx0;

8 2011 £ E AT
Figure 8 System performance in 2011
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Table 6 The accuracy of system performance during rice season in 2011

7S eSS fb P ¥I{E=SE TAR M/
=95% =90% <85%
[CO,](ppm) Ambient 402.9+1.7 — — — —
CK 407.5+1.8 1.01 82.4 97.4 0.4
0; 409.8+1.8 1.02 773 96.0 0.8
CO, 602.5+1.6 1.00 87.9 98.2 0.6
€0,%0; 605.2+1.7 1.01 80.4 96.7 0.8
[05](ppb) Ambient 50.8+2.3 — — —
CK 49.8+3.7 0.98 57.9 83.2 6.6
0; 81.0+2.3 1.01 56.9 80.4 9.4
CO, 50.242.3 0.99 58.2 80.2 8.8
€0,%0; 81.33.7 1.01 575 81.0 9.0
HRIE(C) Ambient 24.2+0.4 — — —
CK 24.4+0.4 1.01 95.2 99.7 0.0
0, 24.3+0.4 1.01 96.1 99.9 0.0
€O, 24.4+0.4 1.01 98.6 99.8 0.0
COx0; 24.4+0.4 1.01 98.2 100 0.0
MIE (%) Ambient 77.8+1.1 — — —
CK 76.9+1.0 0.99 775 95.2 12
0; 76.9£1.0 0.99 715 98.1 0.2
€O, 76.9£1.0 0.99 78.2 96.5 0.5
€0:%0; 77.0£1.0 0.99 82.4 97.9 0.3
A (klx) Ambient 7.2+0.4 — — — —
CK 6.9+0.4 0.96 61.3 76.8 14.6
0, 7.0£0.3 0.94 51.1 75.1 132
€O, 7.0£0.4 0.95 58.9 78.1 13.2
€0:%0, 7.0£0.3 0.98 57.6 75.8 15.1
J£ 77 (kPa) Ambient 101=0.1 — — — —
CK 1010.1 0.99 100 100 0.0
0, 1010.1 1.00 100 100 0.0
Co, 10102 1.00 100 100 0.0
COx05 1010.1 1.00 100 100 0.0

SRR R AR R I S R T S =AM A
7] 2% S50 TAR {HZASIRTE 0.99~1.01 Z Ja] , S5
T E FI 14 A BEAE 90% L) Ayt |5 Aia 4 i
[E]f4) 95%L) I, % T OTC il K- (3% 7). 2011 4
KRR A K 2 45 Ak TSP 2 1 3 44 1 b B 2 R
(7.2 klx); & 4038 TAR {H7E 0.94~0.98 Z[f], ¥ &k
HE P RS 2 AE 90% L) b A Bt 0] o A2 1 5 A5t [ B 75%
P b o T EUR S PBEE E  F AR IR T AU
BIE JCRPET 90% 5 FL A BILAE 0 L 2 1 O 25
SRR IR B i RS BE AR T 85% AT o Kim £8Py
WS THIEIZEE . 25 ERTiR, 2011 4R KA
HHI I DI B AR SRR A 8 5, i o

B, G F AP HIRE R , S8 T 3SR B

FACE V& Al #E 58 TP AR A5 81T, I
T B AR RS  (FL 45 0k B IR AR (2% 7)1
I AL, 5 FACE R, B ExHH
PR il RS B il Oy X RE v ik T 2
T HAERIIEST, HSCA X B, R B AR SR 32
I FH 4 BRAR AR A 5T S0 15 P 20556 R G AFAE I
L) BRI 25 (8] K 22 HLBk /N, 2 0% AR
SRR R R 2 ) IR 2 B AR = 2
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Table 7 System performance of typical fumigation platforms in the world

b o5 % T e B K- HERUAEAY  ORAESER E(205%) R E(=90%) 22 3k
[ AR E RN B 1989 1 0 — LAY
TGN ST K2 HHRE 1982 — — 50 Sekiya 2507
B [ P I ZE S TR A A 5T 0 S0,-0TC 1985 1 — 62 MecLeod 2P
e[ IR RIS CO,~CVOTC! 1994 1 — 80 Norris 451
LA ISR T S0,-0TC 1985 15 50 100 I ES
i E RS A ST SO~0TC 1986 25 — 80 FP e G AE
ESE VTR CO-0TC 1992 15 29 76 FHLES
HRHBEEh IS T C0,-0TC 2003 15 — 100 i 424
HRHGE A AS R BERFZE Hh 0 0,-0TC 2004 12 92 96 HJa A
i |- IR AEY TSI CO,-SACC? 1994 — — 85 Leadley 4P
AAHT CO,-FACE 2000 20 — 60 Okada %01
P CO,-FACE 2001 16 — 57 X1 S0
o YT AR 0+-FACE 2007 16 — 73 Tang 258
5 E Rl 0,-FACE 2002 1 — 82 Morgan 25117

1:CVOTC 4 controled-ventilation open—top chamber;2:SACC 24 screen—aided CO, control ;[26]~[27].[281~[29] 485 | 3CH MR FL Ak B thiks

HAb YA mm 17 WA o

Ko I, bt 12 il AR 7 AU )b, i it
SN R A0 S PRI {7 ] DX G B B AR
M, RETR FACE 1836 RGUAH LA A —E 251

3 #ig

MRS R Fa S M sh A B A T
5 BAMEBI R HER s R . 44 T 98% 1 Hif ]
AT IEE BT TR [COLFO: 145 il 4G FE7E 90% LA
b S R] o S A AR ) ) A 53 s 97 % 81%
TREE . RIS AR RS B A
90% LAt RIS ] o S A AR a] A HE £33 531038 99.9% |
96.9% .76.5%F1 100%. AHLLT 5 , T B°F 5 1 78
AR BRI ARSI R R A AL
AT RRRE PE R B SRS R BT A i 2 TR 20T
GRS B AL T R . 2011 AR AR AR B A N OF-
B PIRAERE , 5 EWNAMAIZET & e, RS
B, BTN AR IS R . X — BRI
R T A ARAH AT 65, wT ) B S0 28 S il
ARG AR IR R s ] DR A i — 2
PR B AS XA A 7™ B s ma B AL T 58 A F
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