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CAM B #= . [ 2 & & X 3% e 25 22 3% e
CO; fie e & & I 7E LB J7 1l 247 T 8 £ 0
FH L MBIRFESI B LR CO, INHE )5 BIKM
Fir it SR AR B RN | B I S A S AR A B
Tt B SRR MR R B E. X G
UL RN CO, REBE R HuAi R K H
SR H A AT PRI L AR 3 I RO 1 L (e B AR
BACHPLAE. SIS BRAY T B A LA
Rigmy CO, WE., WA FHI MBS T i
CO; X ERSAE BB HEAT T WE5E , i 25 W]
HFUUPIRERER Y CO, WA F TEH T
RIB A& T EN  B BT BLR N
B LA AR R B A — R . R T
CO; & X HR AV ry R0, BT A AE L BRALH
RS LA R #E Dt VR T T R T 8
S8 EER LT R IR XGRS CO, X i
SOLE AR I e BEAE T B i ST IR P RE A
LB . I AR T RIR . 508 H LR ER
BRMT 05 CO; e XHR = FHHOL S E B L
B ot AEL A2 B2 Wi LS Dy A6 T L (X SHARER 48 A=
PR AR R R ST

1 #REFE

1.1 Kie#f#

HEEABGHT SR “ IR S5 H N 28 A Rl
PHERC R SR R LT % F B TR L 5506
FRAE B IR E I T R TR
1.2 KA

RETF 2014 4E 9 10 HZE 20154E 1 1 28
H 2 N5 e il Bl 2 Begi e i ot inil e 47 H
JREHAT, 2014 4E 8 B 1 HEEMF 2014 48
9 10 HEM., CO,; MifEAEEZE 2014 4E 11 A 1
A QI D FFR, 2015 48 1 B 10 455, 40
AL 71 d, ANE CO, f s Ab 3 i BAUK L
ME RIS E IR, KRt 2 4~ CO,
ANEIMREE AL B, 435 R 3 CO, J5 35 3 (600 £
50)ul. « L7N(TD), #5 CO, J5i53] (1 200+
500l « L7H(T2), IARHER CO, ¥t B(CKD , I
£ 1, B/NX 6 MEIEZE, R R/NERRYS 2B TH 50
60 cm, ZBFR 40 cm, Bk 45 cm, 5 667 m? EFEEHH
2 500 #RZEH . 3 AANIFL Ak 3 X 325 BA Ao 2R e

R B AL B X 2 R 2 SR L. CO,
HEAEE I BOREBAL CO, . CO, WAL B
2% CO; WHEATA T CO, SRR AL 2 X
WAL, RN EE Mk CO, EHE. 5
77 0. 06 m, FEIEHR CO, Hik2lA M2 b R)5HE
WEES BEIERTER K CO, Ak a
PREFUBZESEETR, B M40 el — P HFRAL. 8
A HEALSERL CO, HIRERL

®1 iR it

Table 1 Experimental design
posel COz WP

Treatment COz concentration/(pl « L™1)
CK A3 COz
T1 600+50
T2 1 200+£50
1.3 mBEMNZE

1.3.1 IREWNRER CO, e wlE

BEENWIRE L LAIX CO, i Hibaik
AR B A R TR 23 B A 7= B TR A P T8 7 3t
AT 0 5 R R ARG J2 i 75l (R AR
P EH AU MR 5 o) A6 A T DRI A R 3 7 3 R
CO, HRBENFHHUEZHME.
1.3.2 JLAYERIFI SPAD {H RN E

HAMERE L1-6400 Y654 (£ LI-COR
AP MRE , FEER MU AT I RE 3 1K, 47
B CO, MifBALFE 0.30.60 d, F&A 1R Emf
]k 09:00,11:00,13:00,15:00,17:00, 5 BF
i F O A AL B Al o6 TR, #H Ok R E R
1500 pmol « m” « s7', ¥E CO, Jifi I JF 4R Ab 2
B (8 AR AR iC—HL D Re M, S CO, i JE Ak 22
J& 0.30.60 d #ATEATEFI N E MAER . Fricht
R WERHAE K T4 5 5 R Zhsent . 7EXTiZnt:
R AT VE NI E S, R BTl SPAD fH, F
BURENI 52 Rubisco Ml RCA., %8 2.3 WS VEH
T B [FIRE DI 2 B 24Rie A A Ab B B
3HREAREBEWER AT LA AN E, &
SEECE A B R 3 IREE I
1. 3.3 Rubisco 1 RCA 35 Ml 2

FEALIR 0.30.60 d 34T Rubisco 1 RCA 1%
PRI . 6T 7 BRSO A 2R 5 O F
M5 Rubisco 1 RCA 15 ¥, 8§ T AR & #H #L ot
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WEVAETE), BB AT Rk » RS B
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GMS16015. 1 357 & 1 GMS16016 3257 £ i B
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L.3.4 TWHEIRMHER RN E
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7 s PODGE S AL W B 175 14 2R &1 3 AR B A Ak i
W& 5 3 FAL ST (CAT) T k3R F 2 S0 i 5 )
EN, PR AAHEAR YRS 2014 45 12 A 15
H.CO, miftib# 45 d DUG TSR ESERN
—5 C, HEBRARIRN —18 CHE ., &£ HIEH
B AL BRAI RSO W) o o7 it BEA T 2 , B Ab

TR Temperature/°C

BRL(EN 3 KEE 9 MM EIEIE.,
1.4 HELSH

F B Microsoft Excel 2007 #1 SAS 9. 0 {4
YRR AT A B AT

2 GHRE5HMH

2.1 REHEKEEESMNASKETHURE

B 1 m) 0, g b #E A E] 2014 42 11 A 10
H % 2015 4F 1 AN A) 2 L4 i iR AR
95, 11 A 12 HUJR . Z4MHFEBHREEA
FIE O CUUT, A 12 A WA EE B &KW
—15 C. IREWNHEHSE 12 AU ER4
15 CA L, A 12 A )5 B P 3EE B AR5 7
10~15 C, &£ 1 AP THABB&MNW 7 CUT,
#HA 2 ARRESEFHEA. AR T
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Fig. 1 Air temperature changing trend diagram about solar greenhouse and outdoor during the experiment

2.2 KH CO, mMEFHMMFREERKZM

hE 2 W50, M CO, WEMELE T, R
BT EIEAR OB SR ER IR .. £4BAEAR
Wl gL SRR BN . CK #9 Pn HAR{LA
BFECTEALRE 0,30 d BYER A K, TEALEE 60 d B,

A BB Pn 3¢ 0,30 d B34 B 35 REAR; T1 403 Pn
H AL 7R 45 B B393R Pn(30 ) >Pn(0 &>
Pn(60 d), Hr T1 #b BT EE Pn(60 d) B E1K
T Pn(30 &) F1 Pn(0 d); T2 AbFEFEALTE 30 d B,
Pn 7E &I B34 .2 15 T°0 dF 60 d, ZE4b3E O,
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Fig. 2 Photosynthetic diurnal variation of pepper leaves under the condition of CO, enrichment

30.60 d Bt , A CO, HENEANEE T #H 5+ Pn B
LRI ST R G FEAR A a3, Pn S KA H
WAE 11: 00, Bl 5 FF 4R T B, 76 1700 254K,
AbER O d i), R AL ERE o2 R, A3 30 d, T2 4b
B A R ELS RN B E ST T1 AN
CK, T2 ab 34 CK 7E 09: 00, 11: 00, 13: 00,
15:00.17:00 43 W42 5 23. 65%.37. 51%.35. 67%.
16.86%.16.55%, CK#l T1 AbFR > | ZRAEE,
A3 60 d J5, T2 AbFE 6 A3 - 7E11:00,13: 00,
15:00 F1 17:00 ¥ B & & F CK #1 T1 &b, T2
AbHAE CK 7E 11:00.13:00.15:00.,17.00 43512
5 33.16%.30. 14%.16. 97%.24. 71 %,
2.3 KH CO, mEXFE B SPAD BN
SPAD MR U ETFH Y F R E X F
2151 (650 nm 72 47) A 38 FU % W 0 X% 5z 41 Ab
(940 nmZE A ) AR T Wi i R A ) A — PR R A
Y B R S R 5 =B 1SR, SPAD
A DA B W o A R A b, i 3
A1, & A BREHARY i SPAD B BE & 4= B I K 1T
K YR Selg n f5 AR i a5, BRBH BRSO
FEALIRFF LA, ih  BEE A B I AT, B et
SJERTERBERM. P EHZ RS EE W,
MRS E SRR, A4S 30 d M
60 d, b3 T2 Fit# B SPAD {8 3 F CK Al
T1 A3, BEHIINE CO, 444 7] L 2 B & A
RIS R AR

—4—T2
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ALER R %L Days of treatment/d

62 - —~—CK Tl
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Fig. 3 SPAD value variation of pepper leaves under

the condition of CO, enrichment

2.4 KHME CO, XJEHHMH F Rubisco #1 RCA
Rz apA

Rubisco ZHYIIEEIEARE & CO, HEE, H
FAE 2 5 48 8Ok /™, RCA B — Fh it
Rubisco {EVEEA T T /EFRRIES, K5 Rubisco 45
EHEERTHR CO, MEE, MK 2 BM,p
B AL ZAL T ER, ST
Rubisco G 2 I IFMLE S, RCA E B E
AL FEFER ZE T RS UL E
B KA IRZ BT % AIK Rubisco #1 RCA {14
DT Z RN K, A3 30 d 1 60 d, Rubisco
TEHEHRM K T2>TI>CK, T2 B ER/ T
CK#1 T1 4b#8,T1 b3 5 CK ZHZRABE,
AhEE 30 d F1 60 d, T2 4T ¥ Rubisco 3% 144351
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H CK 55 15.8%.10. 9% . RCA JEPEZEANEE 30 d
60 dHFI K T2>T1>CK, 7EALH 60 d B
T2 b BEET T1 AP, A 30 d 160 d

i} T2 4b¥E 35 & 25 F CK, T2 Ab# 4 3] e CK
BE9.96%.8.56%,

=2 E CO. XEMMHF Rubisco #1 RCA &M MR
Table 2 Effects of CO; enrichment on the activities of Rubisco and RCA enzyme of pepper leaves CO; pmol = g~ ! » min~!
Kbz Rubisco RCA
Treatment 0d 30d 60 d 0d 30d 60 d
CK 0.14840.001a 0. 16530. 004b 0. 1384£0. 002be 2.184£0.02a 2.314£0.06b 1. 8740. 04b
T1 0. 14440. 003a 0.17140. 001b 0. 142+0. 001h 2.10+0.04a 2.39+0.0lab 1. 6940.01b
T2 0.15140. 002a 0.19140. 002a 0.15340.001a 2.114£0.06a 2.544£0.03a 2.03%£0.02a

E:FSER R AR/ FRFERZR K P<0. 05 BEKF, FH.

Note; Different lowercase letter indicate different significance at 0. 05 level under different treatments, The same below.,

2.5 KHEAME CO, x3F MU 48 56 B iE 1 R
Sl . A_BESENZNE

B 3 BI A, KR AL ER B AR A i SOD,
POD.CAT &M FHEE S, WRIA T2>T1>
CK, T2 4hB Y 5 T CK #1 T1 43, CK 5 T1 4k
S ARE, T2 AIEHHT T SOD iE#: H CK
A1 T1 AbERERES 230.11,160.47 U+ g ' « h 'FW,
iR i POD 3544 T2 4b38 43 e CK Fn T1 Ab#
P 0.77.1.23 Ue g ' e min ', FMITH CAT

Tt T2 AbHA 9 1k CK #1 T1 AbFHIE 7 65. 93,
64.16 U+ gt e min', AL, ZEME CO, 4b3H
TEHT B Z BRI WG, AT RETEH R
ERE ., RFEAE TR0 E BE R T2 4
B FEACT T1 ALELR CK, CK 1 T1 43 2 [A]
EZRARE.5 CK AW, T2 A HE B & 8%
fi% 0. 006 pmol « g7', FIEHHESEEARLT
ERDEFIH T2>TI>CK, KA HEE FIAB 8
EIKF, T2 AhREEL CK 2755 0. 04 g » (100077,

&3 WE CO, XYM MEFEARAIRAD
Teble 3 Effects of CO, enrichment on the low-temperature tolerance of pepper
FRE YIRS TR ERE R A REE R_EEE ISR
Theatrment SOD activity POD activity CAT activity MDA content Soluble sugar content
/Ueg 1 b IFW) /U+ gl emin 1) /(U gl e mn1) /{pol + g1 /(g ~ 100p~1)
K 692. 0412, 14he 4,3240.13b 86. 88+0. 29b 0.021=£0. 001a 0. 2140. 002¢
T1 761. 6813. 86b 4. 78=%0. 07b 88, 6540. 89b 0. 0250, 001a 0. 2310. 001b
T2 922.1543. 15a 5.5540.12a 152.81+1.58a 0.015=0. 001b 0. 254-0. 002a

3 Wi

3.1 KHE 00, MMt EEENZIm

&2 HhIX H TR A S, E R A
CO, TR E R EMAERK I FER IR R
Z—07, CO, Ia AELX A A B R ) 2 2R
W HAE R EAE AR T CO, % Rubi-
sco BB B TR S fl Rubisco & #E—2
RAE, ] Rubisco H4ETE L0 G HEIE , i
ERAGHE IR A E . Zikse T, I E CO,
ALBEVREE IR (1 2004500 pl » L7 (T2 AbHD X
EHOEAER RS A BEBE IR B ERE,

AEBE 30 d J5FILLBR 60 d f5 7EA [B] B[] B Pn 3
B TXR(CK), FHH A Rubisco 1§ #:7E CO;
B (1 200450) L « L™ 4bBESF 30 d fI60 d, T2
REFRAY I H CK B 15. 8%.10. 9% ; RCA J& ¥ 7E
CO, & (1 200 +50) ul » L™ Ab B )5 30 dFl
60 d, T2 Ab3E4> %I b CK 75 9. 96%.8.56% ., &
WAER T CO. & A B3 Bk REW e &
ERL HAFEREZR TiE CO, ABEHm T
Se& e AR . {2 3E T Rubisco LA & RCA %
. AP T1 BB E CO, WM (600+
50)pL » L71, {B i BE J5 X B AR O A 2R
Rubisco J§ 1 RCA 15 PEREFEE R A E,
XFERFRAEZKE LB TREZRPY CO,
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W SE ST BAHE A CO, AbFR YR BRSO K, B
) CO, MR A FE LI RT 86 18 I Fl Rubisco i #4
FhEwERk, R, fEabHE 30,60 d, T2 4b
HNE CO, 7£ (1 200450) pL » L7 EHBLA A
SPAD % & F CK #1 T1 438, S & CO,
ZMFET DL S N ER B SRR A R, BIAR
T CO, MEYILE AR T ENFZ MR
AR, g HARSIBITIAH CO, 5% hE
BELABER SR, WHEL AR, B R
LR CO, MBI T HRENE &, BN
AR — 5.
3.2 KEIME CO, X H MR & 1% 2 M

N B AR IR e T A 40 B St AL
FE, A AT LA R I S A A 3% IR b 28
HRE., ARSI IRRN EEZ R Y
B R EE ). SOD BAHYIE N B R
R RGNS —E Y%, 7] LA A B &1k
iﬁi O, ﬁ H,O,, H,O, ﬁﬁé%%’ﬂﬁ% Hab-
ber- Weiss s B A= i B BE Gk B % B i %
(« O RBEALJLF-Fr A (4t B 20 4%, I 5| AR 4
ME IR, CAT 1 POD 0 L4k H,O, 2k X
H, O™V, ZiREH . E AL FE LG IREFNNSIR
BWEAL, 7B A B ] R = N B PR A
AYERFFE 10~15 'C, 78 1 AR T HB BRI,
R 7 °C L EBUAE KR AE B T 352 2GR B R
IR ARIAEE T E#A 5 SOD,.POD,CAT
EHHRA K T2>TI>CK, T2 B ER T
CK 1 T1 AbB. BeAh, AREALEE T EHBA R
B T2 AbB R E(LT T1 43 CK., Al
WS EEARAMT RIS T2>T1>CK, &40
MEZRFNEEKT. AT 7ENME CO, b3 T
R R 2 BRIRE S, iR R B E RS,
FEE B AL = R R b AR AP P AT
Wit L., XS5RIRE LRI, 3 CO,
IS AL AT LUA 3R = 3 A P e B
N A AR IR 6 IR

25 LR, FERKA FE HORIR = 17 (1 200+
50)puL « L™ CO; 1 il T FT LA 250 b 338 58 FH AR
HEVER A FIREIRIRINE T P Y e, xF
FAC X S TR AR = B A R
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Effects of CO, Enrichment on Photosynthetic Physiology and Low Temperature
Resistance of Pepper in Solar Greenhouse at Autumn-winter Season

YANG Zhigang"? ,CUI Shimao' , HU Shuanhong? , MA Shenghi'® , XIE Shuanling® , LIAN Yong?
(1. College of Agronomy, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010019; 2. Vegetable
Institutes, Inner Mongolia Academy of Agricultural and Animal Husbandry Sciences, Hohhot, Inner Mongolia 010031;
3. Jingbian County Seed Management Department, Yulin, Shaanxi 718500; 4, Agricultural Station of Manhan Town of
Liangcheng County in Inner Mongolia, Liangcheng, Inner Mongolia 013750)

Abstract: The new pepper variety ‘Shuaijiao NO. 6’ was used as test materials to study the effect of
long- time CQO; enrichment on photosynthetic physiology and low temperature resistance. As the
contrast of no CO; application(CK) , the experiment designed two kinds of different CO; concentration
level's treatments which were (60050 L« L™ (T1) and (1 200£50) pl. « L' (T2),SPAD value,
the activities of Rubisco and RCA, contents of MDA and soluble sugar, activities of SOD and CAT
were measured after setting the first fruit of pepper, to offer technical reference for planting pepper in
south of China in winter, The results showed that with temperature decreasing in winter, the net
photosynthetic rate, SPAD value, Rubisco enzyme activity and Rubisco activase enzyme activity of
pepper leaves in different treatments were decreased significantly. The net photosynthetic rate of T2 at
11:00,13:00,15:00 and 17: 00 were significantly higher than CK and T1 after processed 30 days.
Compared with CK, the net photosynthetic rate of T2 increased by 23.65%, 37.51%, 35.67%.,
16. 86%,16.55% at 09:00,11:00,13:00,15:00 and 1700, respectively. The net photosynthetic rate of
T2 at 11: 00, 13: 00, 15: 00 and 17:00 were significantly higher than CK and T1 after processed
60 days. Compared with CK, the net photosynthetic rate of T2 increased by 33.16%, 30.14%,
16.97%,24.71% at 11,00,13:00,15:00 and 17.:00, respectively. SPAD values of T2 pepper leaf were
significantly higher than CK after processed 30 days and 60 days. Rubisco enzyme activities were
significantly higher than CK and T1 after processed 30 days and 60 days. Compared with CK,Rubisco
enzyme activities of T2 increased by 15.8% and 10.9% after processed 30 days, 60 days. Rubisco
activase enzyme activities were significantly higher than CK after processed 30 days and 60 days.
Compared with CK,Rubisco enzyme activities of T2 increased by 9. 96% and 8. 56 % after processed 30
days and 60 days. Activities of SOD, POD and CAT of pepper leaves showed T2>T1>CK, T2 was
significant higher than CK and T1. MDA content of pepper leaves in different treatments showed that
T2 was significant lower than CK. Soluble sugar content showed T2>T1>CK, and the differences
were statistically. On the whole, the treatment of 1 200 pL. « L™'CO; enrichment in solar greenhouse at
autumn-winter season could effectively enhance photosynthesis of pepper,improve chilling resistance
of pepper. And it had important significance for winter cultivation on pepper.
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