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Abstract

Abstract

The continuous increase in atmospheric CO2 concentrations since the industrial
revolution has had many effects on crops. As an important food crop, wheat yield
improvement and food security have always been concerned. How does the increase of
atmospheric CO2 concentration affect the growth and development of wheat? Will some
of the high-yielding varieties that have been selected at lower atmospheric CO:
concentrations still have the potential to increase yields in future climatic conditions?
How does it affect wheat quality? How does wheat photosynthesis respond to high
concentration of CO,? These are all problems that need to be noticed. Therefore, in this
study, using Chinese Spring, Chuanmai 44 and Neimai 9 as experimental materials, the
effects of high CO2 concentration on wheat growth and development were revealed by
simulating the increase in CO> concentration. Transcriptome sequencing technology was
further used to dig out high-concentration CO2 response genes and explore the possible
photosynthetic response mechanism of wheat under the condition of elevated CO;
concentration. The results of this study will provide a basis for formulating strategies for
wheat production under future climate change conditions.

The main results are as follows:

1. High concentration of CO can promote wheat photosynthesis. Under high CO>
concentration, the net photosynthetic rates (Pn) of the three wheat varieties were increased,
and photoperiod adaptation occurred at the late growth stage. With the increase of CO;
concentration, intercellular CO2 concentration (Ci) and water use efficiency (WUE)
increased, while stomatal conductance (Gs) and transpiration rate (Tr) decreased.

2. High concentration of CO2 had different effects on chlorophyll content and
chlorophyll fluorescence characteristics of different varieties of wheat. Under high CO;
concentration, the chlorophyll content of CS was increased during most of the growth
period, while Chuanmai 44 and Neimai 9 were decreased. Wheat Fr, increased and Fv/Fn
decreased, but CS increased in the late growth period. The Plags and Area at the early
growth stage of wheat were increased, while those at the later growth stage were
decreased. The Sm of wheat was decreased in the whole growth period. The energy
absorbed, captured and heat dissipated by the unit active reaction center in leaves of CS
and Neimai 9 were gradually decreased with the growth period, while those of Chuanmai
44 were increased in the middle and late growth period. On the whole, high concentration
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Abstract

of CO> had an effect on PSII at the early growth stage of CS, Chuanmai 44 and Neimai
9, and also had a certain effect on PSII at the later growth stage of Chuanmai 44.

3. High CO; concentration had different effects on yield traits and nutritional quality
of different wheat varieties. High concentration of CO- increased the plant height of CS
and decreased the one of Chuanmai 44 and Neimai 9. The main ear length of Chuanmai
44 and Neimai 9 was decreased, but it had no effect on CS. The spikelets per main spike
and fertile spikelets per main spike of three wheat varieties decreased with the increase
of CO. concentration. Grain length and width increased with the increase of CO;
concentration. The grain number per panicle decreased with the increase of CO:
concentration. The 100-grain weight was significantly increased except in CS, indicating
that high CO2 concentration had little effect on the yield of CS, but improved the yield of
Chuanmai 44 and Neimai 9 to a certain extent. The amino acid content of CS increased
with the increase of CO: concentration, while that of Chuanmai 44 and Neimai 9
decreased significantly with the increase of CO> concentration. High concentration of
CO. decreased the contents of Ca and Cu in CS and increased the contents of N, K, Mg,
Mn, Zn and Fe. Except N, Zn and Fe, the content of other elements in Chuanmai 44
decreased, while those except N in Nemai 9 decreased. These results indicated that high
COz concentration did not reduce the nutritional quality of CS, but reduced the nutritional
quality of Chuanmai 44 and Nemai 9 under the same conditions. It further indicated that
there existed certain variation in the response of different genotypes of the same crop to
climate change, and different genotypes of wheat had different sensitivities to high CO-
concentration.

4. After high concentration CO- treatment, 2041 DEGs were found. KEGG mainly
concentrated in 43 pathways, including material metabolism, biosynthesis,
photosynthesis, antenna protein, carbon fixation, sucrose and starch metabolism, quinone
biosynthesis, MAPK signaling pathway, ATP box-binding transporter, etc. Further
analysis revealed 47 genes that responded to high CO2 concentration and were closely
related to light and dark reactions. The up-regulated expression of genes related to the
pigment protein complex in the light response system may indicate that the relative
concentration of specific chloroplast membrane complex has changed. The expression of
TDF and PAA1 was slightly down-regulated, which affected the high-energy electron
transport. The up-regulated expression of NADPH oxidase gene played a role in the
conversion of NADPH to NADP?, thus facilitating the photosynthesis of wheat. ATP box-
binding transporter gene expression was up-regulated, which plays an active role in ATP
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synthesis, decomposition, transport of photosynthetic substances and signal transduction.
The up-regulated expression of genes related to sucrose and starch metabolism and carbon
fixation was beneficial to carbon sequestration in wheat, thus promoting wheat
photosynthesis. In addition, it was found that MAPK kinase gene, WRKY transcription
factor and catalase gene were up-regulated, and their specific roles in response to high
CO2 concentration and photosynthesis need further study.

Key words: High concentration of CO2; Wheat; Photosynthetic physiology; Yield,;
Nutritional quality; Transcriptome
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(2) IR CO2 X /INFE A 2R AT = B A DA R 1T 52 1

1E CORBEFmak T, M/ NEEF IR IR, B CO2 ik T+
E N AR R IR, AT/ AR RN R E /N
K. FRERER A DL R T R A B R R AR, B COL IR FE TR X N KT
L7 B ) R



(3) ERIE CO2 X /INZZ B F7 T I 2

1E COz WREETH AT, M/ NEATRLIIN LR & AR & &, T
CO2 R & Tt i /INZZ KRS 557 i o [ 2
(4) BT s I ) /22 a6V R i 7 iR BE C O IR TR WLER 43 A

i 5 A A E A R BRI EAT 700, WD AT /N2 B = iR B C O 4%
HLEE
1.3.2 fIREMWEEX

ITHBEESR, BEESERARRE, KA CO iRFEMGKRE, 78 & KHEY in ] i
% CO2 W JETH i A DS . A FLm I A CO IR T, $E/R Mk CO2
XFANZEAE KR B B, 8 I S DN 7 4 AR — 25424 1k T CO2 i o7 B A,
RIF/NZZAE CO2 WRFEFH Il OL T 1T B B G e B4 F-BILAR], Do i) o 3 oL A SR Ak
A SEA T /INFE A 7 R SR B B — 5 A
1.4 HRRAFLEE (0] RE

USSR KA CO2 IRFERFEE BT, (1 NMEYDCEERIMEE R, COz WAL
3G IS5 ma a0 AR KR B DA A AR AR . [RI0E, AR 58 SOUIRE R 11 X B ) R
FER: (D ERICKR COKE FIEE M/NE MMAER CO2 KA N2 R IoA A
AR FPERRE, KSR RIS A2 (2) NEEe AR R AT S R CO?
1.5 AR AR

RRECO,
!
/NFEHERR
|
[ \
e B FEEAE IR SR L2322 ) d
, ] . , | . l
A P EAIE: w| a2
% || 7 || B Q", ix ¥ | .|| ® 3 KA 1ER
= ; il = || B B
= B || % 24 R F|R| B i
| ]
FKECO,M AL FR B CO,X =B FKECO,X /I
it -2 e ni)An E -, re=d )% IKicl|
\ J
|

[ BvkBECO /N KR B I W B LA SR |
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B2E MBERFE

2.1 KM

BRI RO EZR (CS) . I 44 FIN 2 9, Y vh A ImTE K2p A dn bl
R AR S = et
2.2 KNI

A58 T 2021 AEAT 2022 A SRR A AL PE AR TS K5 AR dn B2 2 B il = N
A7 o JEEURIUSCER BRIV /N 22 b7 4% 200 RE, CAE A JEAR R ES SR LA, IOAH SR
IKFERREE NER T, F 4°C &MF FEA 48 h, B TREP RS 7 AAE
WA SR M@ LRGSR SR, BEEEE 24°C, BEN
65%, JGHET[E] 16 h, MEALERRSE] 8 ho & HABE/KAHEINE T2 -

AR KA 50 cm =< 40 cm FEH P BT . AN EKEME 30 RN,
HE 3R, W 2 COMKE, il st CK (CO2 &4 410 ppm, ¥3E CO2
WRE) ;. ALFE (CO2¥KFEN 900 ppm) o COp HIANIR IS A4l CO $2t . A s
CO: IS5 NENK PVC EHIE. (A FREINH T CO AN EEE, F
H S ANIEN T . AN Z AR L@ <. CO2 ar il ASAS U AR
FE, R R SRR R DAERF H bR CO2 ¥R . CO2 IR /N T 10%.
COp Kb A AEE R _E2F 9:00 & R4 18:00, M/ BEMARR S RHES R . 7059 F 40
BRI 1T 1 Z R0 | Feh RO L A SR SR AT 2% T B 1 R EORE A
2.3 MEMBSxXWAZE
2.3.1 XEERMNZE

FIF LI-6400 #0414 (LI-COR, Lincoln, ZEE) M&E/NERDEE G
N Ze (Pn-light) F1564& COz (Pn-Ci) M2k, = a BN 9:00 ~ 18:00. %
HX 10 FRK A R /N 22 0 B R, W R bR oA a A R (Pn) o Y6 B £ :
CO2 IR FEFEHIILE 400 pmol mol™, FREGIR FEFHITE 25°C. RRRMIERT, e =1
NEHREES (PAR) W E N 1200 umol m2 s, XFM- A FiALEE 10 min, SRJEHKIX
{8/ 2000, 1800. 1500. 1200. 1000. 800. 600. 400. 200. 180. 140. 120. 100.
80. 60. 40. 20. Opmolm?2s™ ) PAR, &F/MEHEGRE %A 3minl¥l, J54A-CO2 i
NiiZE: HERDLAEREES (PAR) EHI7E 1450 umol m2 st GIllSE /N E el
A1 554 1500 ~ 1800 umol m2s™) , I Fi ¥ BN 25°C., TSeH: CO ikEREE N
100 umol mol™, ARJEXTH - 3#E4T 10 min FIFALFE . CO Wk A 4% B 4 1400,
1200. 1100. 950. 800. 600. 400. 200. 100. 70. 50. 40. 30. O umol mol?,
T CO2 MR ELRFF 3 min, [ 5 A E B0 AR 4% &l 081,
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G AIAE 53 BE TR TT A A AR AR A E SR M, T 7T 9:00~12:00,
RN ACFEFENLIE R 10 A%, EET 5 — A e A R AT . R EE 3
o FRIE CO R ENME CO IR # AN 900 ppm, XTI E N CO ik E & E
£ 410 ppm . MHEBEE A 25°C, H LED ZLiEyeiizdtsm, e rlEsEikE
4 1450 pmol m2 s, w2 B A P U EE,  =AE N 0.5 m3 mint, BRI
FoOE 2min J5E4. MESHOFESLEESE (Pn) . SILTE (Gs) . Ml CO,
W (CD A% (To , FHilEKSFIHAE (WUE) .

2.3.2 HEREENE

Oy AIESrBER. PRI ZAREIH. HhARI. JRAEARIER I, (A SPAD-502
2R 200 5 A3, R A R BE AL L 10 6 B IO 2 — B 56 4 JE T I kAT 0 =
FA T EE 5 IKBCFAME .

2.3.3 MERWAFHENE

TN BRSO AR H A REIARE R, AN ERRENLIE
H 10 Bk, JEECTR 5 — e A T AT I, AN R ER 3 k. M e
&R 30 min, AR JE A A AE 4% XM R 431X Handy PEA+ (Hansatech, ZE[E ) il
SEM RS (R 2-1) FVRIPGR I SRR 530 154k (0JIP) o et
QJIP M £R AT bRUEAL , FEF2 IR A 20 Vi = (Fe-Fo)/(Fm-Fo) 15 BIAHXT AT AR 565 Vi H 28,
SRIG TR AT AV = Vi) - Vi TS B AT AR50 22 530 712 AV £k,
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*2-1 WS
Table 2-1 Fluorescence parameters

RIS HAEE AR

Fo IG5

Fm SN i

Fu/Fm BRI ZER R

Plags P RE R AL

Area WO T MR Y Hi AR

Sm FREA 6155 5 30 ) 2 il 2815 R s THT AR
ABS/CSn t=tem I, AL AR T RR RIS )
DIo/CSn, t=tem I, LA AR AFEK AR =
TRo/CSm t=tem I, LA HIARFE IR 1 R =

ETo/CSm t=tem B, BLOZTHAN P H AR & T P2 A
RC/CSm t=tem I, SRR L

ABS/RC BT SN RO RIS Y

DI/RC B S B AR O RE L e

TRJ/RC AL SR T8 )5 QA HIRE R
ET./RC BT R HC AR ) T AR N R

2.3.4 REMKF = H KRN E

TN R, BEALEEL 30 #k, WE RS . R, FRUNEEL E
PR E /NEA . AR PR, FPRITE . BERLE, SRJEXTEEN A ERHE R
o R E dk ey, RS = RO e AR AR B8, FH 43 22— RS- e Aok
#H,
2.3.5 EFmEME

INERTFCGR G, AR B (RETSCH MM400, Germany, %
BT EEGE) il 60 Hifi. N iR S EMACR S OE, HRoiRaEH
WAHIR-IK IR (1:3) WHEE, AR FRBOGIERENE . S a iR
M€ E ARt (GB5009.124-2016) , Keid i f5 HIAE i FHBR K i Ab 38, AR J5 A
1 [ JE R4 S433D IR A i A T E . AN ES 3 IR
2.3.6 NEERENFSTH
(L MM K

T R 43 ) e ENGE TR 2L R0 Ak B 20 A K SR AR AR B R AR, B AR ek
G PRI S — B0 6 ¥/ E2, RETEREIFHE — i, SZRIH
K 2 TRKIEBE, IR T /K 5, TRl — A BRARE &, AN FREUM [F] 1) i =R A
N—MEE, IREE TWARF AR, -80°C UKFEIRAF % H .
(2) Btk
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0

FE ik B DEEV AR A R A ], P EdEd i B3R A Al it
(3) FspHnhMERKIEER (DEGs) £5E
T SR 3RAS B) SR AR reads AT VAL, BEETERRACT & reads, 2854445 21
F A5 NES %K ARF 5 (ftp.ensemblgenomes.org/pub/plants/release-
51/fasta/triticum_aestivum/dna/Triticum_aestivum.IWGSC.dna.toplevel.fa.gz ) #£47 Lt
o B DU EE T Ih AR BFG GO; COG; Swiss-Prot; KO 1 Nr.
TPM FoR R FL /K, S#FrilE N Fold Change (FC) =2 H FDR < 0.05, i#id
DESeq #fi€ %= &Kk H K (DEGs) , AJEHH i 8 GO #¥s)/FE (http:
/lwww.geneontology.org/) F1 KEGG #i#i /22, 3RTFEANE 1) GO MiReiF BT
A&7,
(4) ZRFIEFHM gRT-PCR 7 #7
Actin 1 Ubq RH/EAKAE % E ) DEGs NS 3N, @it GO ThfE,
KEGG % F1 Nr yERGFE T I 5 COL M MA K1) 10 N2 R RiA R, il
WGER PCR M —PIiFX e DEG. 5I¥IFAIUNE 2-2 fizr. PCR 4 4R
T: HJGTE 94°C BN Smin, SRJETE 95°C Ak 30s, Bk, T 55°C T 4Lf
40 MEIR, x5, WL 288 TFRUR LR AR X R IE K

# 2-2 qRT-PCR 5141 %%
Table 2-2 primer sequence of gRT-PCR

FH D 1Y 51(5°-3%)
TraesCS3D03G0308400 F: ACACAAGGCTACGGGTCATC
R: TTTAGCGATCTGCTCGACCT
TraesCS7D03G1170100 F: TGCTGGAGGAGGACCACTAC
R: AAGTCGATGGCGTTTTCTTG
TraesCS3D03G0827300 F: GTTCGTGAGCCTGAAGGAAG
R: CGCAGCACGTACTTCTTGAC
TraesCS3D03G0827300 F: GAAGCCCTTCACACACCACT
R: CTGCTTCTGCTTGTTGTTCG
TraesCS1D03G0652800 F: TTATCTATCCGGGCGTCAAC
R: CTTGGCACACTTGGATAGCA
TraesCS7A03G0609400 F: TTATCTATCCGGGCGTCAAC
R: CTTGGCACACTTGGATAGCA
TraesCS3A03G0606800 F: GCCAGGTGCTGAGCTAAAAC
R: AAAGCCGACACCAGTTGTTC
TraesCS7D03G0473000 F: AAAGATGAGGGTGTGGTTGC
R: CTCCTCCGGAAGCTATGTTG
TraesCS4A03G1223500 F: AACGGCGGTGTACTTCTACG

R: GAGCACCCTCATCGAGAAAG

10
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R 2-2
HH ID 1WF5(5-3%)
TraesCS6D03G0121600 F: ATACTGCCCAAGGAGGAGGT
R: AGAAGAAGAATGGGCTGACG
Actin F: ACGCTTCCTCATGCTATCCTTC
R: ATGTCTCTGACAATTTCCCGCT
Ubg F: AAGGCGAAGATCCAGGACAAG

R: TGGATGTTGTAGTCCGCCAAG

2.4 BURD T EALIE
X F Microsoft Excel 2016 4Tk E s 3t 4T 401t 0 #r, i SPSS 25 #44
BT BBV, BEEKF N 0.05, A Origin 2021 #AEEE .
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BIFE HRETMH

3.1 el Rz HAE RN &-CO, M i 2k

TG A'F R e o S AE 2R B i 1 fhH 2 S R ALY 40 Bl R A 5
ORI 2 TB )R 2R X T AR 2 T RE B 6 A 2 R AR B b e i 1oz
Zen] DAL S AL SR . BRIt SR ERHIDEE S . HYK CO2 1
N2 FH 28 s R PR AR DD AR 5 CO Z IR &, BA S A A AT CO2 9K
. ERIFNESHL.

ik, ARBEFUE SelE Tk B 2 A G -CO2 R 2R . AL 3-1 T I, )

F AN 234 1500 ~ 1800 pmol m2 s, CO #1115 4 800 ~ 1000 ppm.
14 A 14- B
g 12f I o 12f /-/'_T' e
£ - ! ] .
£ 10 g ‘ g 10}
2 e 2
g £ ~ 8t
z5 8 / 2%
) 4 ° 6}
2 Ee6 / s E e
2 © 8 ©
E g 4+
= / .
b ¢ -
- s Fy
R . - o ®
F i 4 Piad
T Ope /
2t
20 L s L L s " L L L s ) L L L L (R [ n L '
0 200 400 600 800 10001200 1400 1600 180020002200 0 200 400 600 800 1000 1200 1400 1600
oA A7 R A HafECO, ik i
Photosynthetically available radiation (umol-m>-s™) Intercellular CO, concentration(umol-m2-s™)

B 3-1 /NN 2R (A) R E-CO v Hi2k (B)
Fig.3-1 Light response curve (A) and photosynthesis-CO; response curve (B) of wheat

3.2 ERE CO X/ NEHREEIBFFERIF N
3.2.1 BRERENGZIKE CO: Bl 5L
FHEEBRREEDDCEIERAKF. WE 3-2 ATAl, =iKE COz 4bHE %
BT, EEF. NZE 44, WE 9 WEDGE R FARANE G YT A AR K
I, IF H 2 I S A ARG I ST B
fEH EEF, SR, 6 G R R IL B R, TR IR
BAK, MArEBER. . SR RER ], SXTRRAHLL, eGSR B
Z5 (p<0.05) , 7 HETXE 28.11%. 24.44%. 61.58% 1 25.96%. 1|3 44 Al
NZ 9 FEAHEIHIE B K, TERER ISR, )13 4 %, By TR E, H
RIFEAL R S0 REA L, AR REEZER (p<0.05) , 255 T AR
49.76%. 74.74%. 58.38%. 35.26% A1 21.57%. fENZ 9 1, MIrBEIA. ZAfdiiAn

12
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HERWRE, WEEXRAMAHL, $eaEEFARENEES (p<0.05 , 79l
T X 86.26%. 62.49% F1 24.80%, Wit AR AL IR &R,
W SRR A ERAEE (p>0.05) .

553
W

[55]
=
T

R

Net photosynthetic (umol-m?-s™)
=

W
T

0
SrEEN] R RN RhRE OFIEN RESR

34
B
B 4K ) . .
%44 r ’_V b
L b Fb
b
{_ | ;
Cc

5]
W

N
W

55
(=]
1553
(=]
T

—
wn
T
—
w
T

._.
(=]
T

e EER

Net photosynthetic (umol-m™-s™)

W
T

Net photosynthetic (umol-m?-s™)
w

0 0
SPEEMN RWH ZAREN RRRENR JFIEMN RESM SYEEN PRI ZARN RhRES JFIES RESIY
I 34 it 44

K 3-2 RV CO2 X /INAE ¥ G 3 R K
I RPEHREITFIE £ AREE, P E AFVNS TR APRHRE AL BEAN[R] I I 22
FRE (p<0.05) , * FoRFE—MEHE—FAARLAHEPZEREE (p<0.05) , FHE.
Fig.3-2 Effect of high concentration of CO; on net photosynthetic rate of wheat
Note: All the data in the table are mean standard deviation, with different lowercase letters indicating
that the same material has significant differences in different periods (p < 0.05), and * indicates that
the same material has significant differences in different periods (p < 0.05), the same below.

3.2.2 SLEEXSIRE CO2 BN
SALEA RARI | B2 TR SRS e K340 CO2 R 28 URE T8k
WO Thie, FHA TN CO2 BT EAER, (R i 28 1 1 FH P4 7K 4 4
RERHEE., N 3-3 051, SRE CO K T /NERIRIL T, IR A S HES
W, AL EERIIG - B AR R
13
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R ERF, ESSIRARLL, BRI, BT AR ST
FEREEZER (p<0.05) , 7 HUETXHE 41.27%. 59.26%. 31.82% #i1 28.99%;
MEHEM, ZRARE (p>0.05) ; fEMER, e TR (p>0.05) . )
a4, REEREXSIUELEL, S PR AE RN SIL A EREER (p
<0.05) , /7 AMET X HR 34.25%. 63.22% F1 66.09%, 7F ) BEHHAIZ2 R A A
M, HZERARZE (p>0.05) ; 1 AES T AN & T X EZE R AR (p>0.05) ; .
N9t A SHHIBAEL, $RA5H). TR AR A S FL S B A R e
5 (p<0.05) , AHEFHMET XTI 44.32%. 36.23% F1 44.74%; 1 /F 2 REHA A0l
MR T R EZERARE (p>0.05) .

e o
2 B
(=] (S8

o
=3
=3

o
=

SIS
Stomatal conductance (mmol-m>-s™)
o o
= >
13 ) (=)

00
SYBEY BRI ZARY hEDE JTAEN BESIY

i 34
C
0.16 B 0.16 .
| )1F44-CK . | P9k
Tr(; 0.14 >- JIIZ44 |— 'T..n 0.14_- quzg‘
50.12 _-.50,12
. Zou10 " Eo.10/
51 [
g 2 0.08 "’F\S g0.08}
2 Q
¥ 2006} T 5006
3 8
§0.04— :"20.04.
: -
So0.02} S0

00 0.00
SYEEM RATH ZEUY AR JTEH #ERM SYBEN RN ZRNSN RhENI JFAEM WESRM
A i 34

Kl 3-3 miRE COp X /NS SL T LR

Fig.3-3 Effect of high concentration of CO, on stomatal conductance of wheat

3.2.3 ZRBRENSIKE COz BN L

ZEIE R I WAE DK A TN S MR . A 3-4 FT AT, K E CO2
WM, ZBEESSILSEN S EA 8, RIERE COr MK T
N R TR R
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R EES, WBEH, BT AR IRE, SR, 2
I EAAEREEZR (p<0.05) , 75K TXHE 36.69%. 50.33%. 29.29%7F!
25.82%; HAWWERANLEZE (p>0.05) . E)11F 44 vh, MIMEEE. JFA6 R EE
KIKE, WHSMIRAELL, ABERAAERENER (p<0.05) , 70 AMLT %
Mt 30.49%. 56.90% A1 59.63%, 7t/ BEMANZARMALIAL T X, (HERARE
(p>0.05 ; R, ZABEEsTHREEZERAEE (p>0.05 . ENZE9
W, IR TRAEIHANEE SRR, B S IRAH L, B R B 2
(p<0.05) , Z3HMETXIHE 44.97%. 34.97% K1 27.10%, 7EZFEMIFIFAE I 5 %F
BERAEE (p>0.05) ; EFEMGHEPABERS THREZRAEE (p>
0.05) .

g o N »
(=4 W (=] W

REE
Transpiration rate (mmol-m™-s™)
f=1
W

0.0
SYUEM RV AR BRI AR RERON
I8 34
B C
3.0
I )1Z244-CK i) 3.0t

)44 a

4
n

I
W

»
o
5l
o
T

—
(=]

Transpiration rate (mmol-m?:s™")
=) n

7R R
Transpiration rate (mmol-m™-s")
&

S
w

e
n

0.0 0.0
SPEE R ZEUN RhEUR FIEN RERN SrEEN] BV ZAREN] RhREHD OTIEM WEIRM
I 34 i 3

Kl 3-4 R COp X /INZE ZR M T =R F) R i

Fig.3-4 Effect of high concentration of CO, on transpiration rate of wheat

3.2.4 PAE] CO2iRE X = IRE CO, BN
HulE] COp ¥R FE 2 MBI e A RS FL G I — T8 br. SRS, &
15
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W CO2 Ab BB 5 T /INZE R TE] CO2 K

MWEEANEFHIRE, FEE. I 44 FINZE 9 LA COL RE 5XHRAHLE,
PP ERENEZESR (p<0.05 , fEFEES, 720l T X 119.92%. 158.09%.
203.82%- 436.27%- 276.12% F11 256.59%; 7E)I|Z 44 1, 251X 766.24%.
186.72%. 176.60%-. 227.81%. 215.44% F11 81.45%; TENZE 9 H, Zpdlm T Xt
179.13%. 131.43%. 169.76%. 278.11%. 272.15% A#1124.83%. ([& 3-5)

_-gg—CK .

wn
(=
(=]

400

300+

200+

100 H

Ha[81COR
Internal cellular CO, concenteation (umol-m™)

0
SRR BV ZARIOY WhEIOY JFIESN RESRIY

i 35
o - <2600 £
5 B )|F44-CK = E B 4 #9-CK N "
S 600 - I )il #44 . . 3 AL, >
g *a B £ 500F * *
£ 500} g
§ g 400t
g £ 400} g g
S g S' £ 300}
S 3300} S 3
2 8 2 8
& 200} &5 200
= =
g 100 g 100
§ §
£ o0 £ o0
SYEEN] RATH ZAREN RhEEM JFAEM RERM SR R AR RhEOY JFIER RERM
I 34 I 34

K 3-5 il COp X /N HuIA] CO2 ¥R [R5
Fig 3-5 Effect of high concentration of CO> on intercellular concentration of wheat

3.2.5 KO FIAENEIKRE CO: BN KL
EYIRIK R 202 CO, R R 5 A EL AL FEZ, 2ATEmYt
HIEHRITEPR 2 —. BBl 3-6 AIAlL, mKE COz AbHE & E 5w 1T/ /K o FI H
WAL EIRE, MBS, HEEF. )IZE 4 MR 9 KSR H
BB EEESR (p<0.05) . MOBEHIRIERN], fEhEF , KISFHRE
2y TR R 106.73%. 114.30%. 77.94%. 74.63%. 95.69% #lI 88.86%; 7£)IIF
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44 1, 435E T HE 69.90%. 83.84%. 108.08%-. 104.05%. 87.56% #i 203.25%:;
1ENZE 9 H, 43 5 T % B 75.35%..86.47%- 115.36%- 88.00%.84.30% #1 86.56% .

I CS-CK a *

20N cs *

KSR
Water use efficiency [umol(CO,)-mmol ' (H,0)]

i 34

B )1%:44-CK . ~a
Il )F44 *

20 s
*

Cc
b

b
0
SYEE RTH RN BRI OFTEM RESRI

10

w
T

K4 2

Water use efficiency [umol(CO,)-mmol™'(H,0)]
KA FIF

Water use efficiency [umol(CO,):mmol ' (H,0)]

SR R RN RhRY JRIES RESR
i 343 i 343

3-6 FIE CO2 X /N2 7K 73 I I R Y 5L )

Fig.3-6 Effect of high concentration of CO, on water use efficiency of wheat

3.3 ERE CO M/ NEM R EREEENRMN

28 FAF NG RESR RN 7% i O ROG A AE R BT 20, BT AR R &2 50
BRMEEYIMER, FERESEY 2% Y. HE 3-7 A1, ASE SN
R E COy [ NAR BEAAAE— B 22 7, ERENEF WK EE CO2 AbFRIR & 1
G 4k 2 & 5 SPAD H, ANFAK 1 )1122 44 FIN 22 9 v 43 & & SPAD
I

EHERES, AW AR IRE, SR, m s ER
& & SPAD HAATE R E M Z R (p<0.05), 437 /& T % 1 14.99%.14.83% F1 7.84%),
T BEIARI 2R, ZRAEZE (p>0.05) ; AR, AEAH TSRS
& SPAD L T X IBHZE R AR E (p>0.05) o 7E)11 44 h, IR RE R 30
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KE, WMHEEXREAML, HartaiE & SPAD [HEAAEREEER (p<0.05) ,
S AMIET X 7.46% A1 9.42%, FEFR TSI 2 AEIHAT A, Z R AR (p>0.05);
TEAYBEA, AbFRIN: 42 4B SPAD fHE TATB(HZE R A2 (p>0.05) .
FENZZ 9, MIFEIHRE, A EZECT X 5.10% (p < 0.05) , 7EKTTIH.
ZAREI . RIREIAFIE R AL 50T R AR E (p > 0.05) ; EEEY, AFE
HZETXE 7.22% (p<0.05) .

I cs-cK *
" Cs

50

40t

30H

SPAD

20

0
SrBEM BN RN SR JTIEN RESON
I 34

| )13244-CK
[ PIEY!

50+

| P9#9-CK *
O . w39 1

50+

6f

(=]

40t 40t

30 30 H

SPAD
SPAD

20 20 F

10 H 10 H

0 0
SEEN BN ZAROY AU JREN SR ZEEN BV RN SR TN wESY
e 34 i 441

K 3-7 wik B CO2 % /22 SPAD fH R
Fig.3-7 Effect of high concentration of CO, on SPAD of wheat

3.4 BRE CO X NEM R R RERASHIIF M
3.4.1 EKE CO M NEMHHHEARRA (Fn) HIFNT
RKRIG (Fm) 5 AR il id s R 4t 1L REAT B A% 34 1 S 24 AR . A
3-8 WA, FIKIE COx 56 T, AEAMNMEFRRES, M HEAIE (Fn) 2%
TR BTN B AR S o £ TR B BRI AR, AR R AE N,
BB A B IR, Fo BN, TR ERIDOTR TR
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T EA, FIKE CO MBS /N i Fo AR RAR, JHENIE S B
K, HERIFAEZE (p>0.05 , BNMFHEHRMELFRAEZESR. XTI
7 44, R COL ALBRIK/NZE I Fr P AEFIARIY] JFAESHANRE S I iy T 0 i, o
eI (p<0.05) #2151 3.06%; ZrBEM]. 5T AT 2RI T oxh i, Hrpr 2
IR (p<0.05) F#M T 1.10%. WZ 9, miIkE CO LB /N Fi Fn £
ZAREI AR JHEIAER WM T, HEERAREZE (p>0.05) , HR
I LI 5+
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Fig.3-8 Effects of high concentration of CO, on Fr, of wheat leaves
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Fig.3-9 Effects of high concentration of CO, on Fv/Fm of wheat leaves
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Fig.3-10 Effects of high concentration of CO» on PIABS of wheat leaves

3.4.4 SiKE COx 3 /NEMH PSII ZAMERER =/
FRIEEZS & (Sm) BRI DU B FL 75244 Qa (WIRBRZ A8 58288 AL Qa
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W T R AR AR S A 4 0l B 35 (p < 0.05) #7 T 39.34% Fl1 24.65%;
SEERAAIE ST IR T R, HERAREE (p>0.05) . JIIZE 44 FikE CO, A FE
NFZEIE T Area £E 7 BEIH . SO AN ZA RIS TR IR, ORI IR TR, 2 R
BE (p>0.05) . WFE 9 FHiRkE CO MbFEI/NEM F Area tIR7E 4> B2, 475 1

Az fE e e, IR (p<0.05) & xR 13.020%; EHAE .

9:]:

TEHAFNFE SR 10 7 91 S 25 A -5 R 11.22%. 16.57% F1 19.49%

XA, HERR SR CO2 A /NN i Sn a3 5 Area —F, 4§57
FEFHAEIA . FRACHARRE SR A S B4 T 25.96%. 31.07%F1 24.76%. )I|Z 44
R CO2 AL /INZE I Fi S TEREANE B HIEMIK T X CK, BEAFERZE (p>
0.05) ZRF. W 9 Mk CO2 AFEM /NNt | S [FIFEAEEEANE B WK T X,
Forp 1 AR T X 9.23%.

80000

70000 |
60000
50000 -

2

240000}
30000}
20000}
10000 |

70000 | B CS—CK
B cs

L )1|#44-CK
| Pl

0
SEEN KA RN SRR JFIEN RERN

i 34

B

80000

70000

60000 -

50000 -

30000
20000

10000 H

S 40000

0
SPEEM IRV ZARN ShEUY JFIEN RESKY

0
STEEH R ZREE RhEEHY JRIEM RER

i 34

K 3-11 =Rk CO2 X /NI F1 Area [R5

Fig.3-11 Effects of high concentration of CO; on Area of wheat leaves
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Fig.3-13 Effects of high concentration of CO, on energy distribution parameters of CS leaves

24



=z

ABS/CSm

A - JII%44-CK
1.07 - JIlFEA4
ETo/RC Dlo/CSm
TR/RC TRo/CSm
DIo/RC ETo/CSm
ABS/RC RC/CSm
SYEm
) ABS/CSm —u 44K
115 - JIlFEA4
ETo/RC Dlo/CSm*
TRo/RC* TRo/CSm
Dlo/RC* ETo/CSm*

ABS/RC* RC/CSm*
HEm

> /
%33 AR50
i ABS/CSm — - II%44-CK
102, ce A4
ETo/RC Dlo/CSm
TRORC TRo/CSm
DIo/RC ETo/CSm
ABS/RC RC/CSm
A0
i ABS/CSm* — - II%44-CK
5 e A4
ETo/RC Dlo/CSm
TRORC TRl
DIo/RC ETo/CSm

ABS/RC RC/CSm*

TFEm

ABS/CSm

c - JII%44-CK
1.10 o A4
ETo/RC* Dlo/CSm
TRO/RC* TRo/CSm
DIo/RC ETo/CSm*
ABS/RC* RC/CSm*
s
F ABS/CSm —u 44K
115 - JIjFEA4
ETo/RC Dlo/CSm
TRORC TRo/CSm
DIoRC ETo/CSm

ABS/RC
#m

RC/CSm

K 3-14 =IKIE CO2 %1132 44 1 Jr BE &4 FL S B R i
Fig.3-14 Effects of high concentration of CO> on energy distribution parameters of chuanmai44

ABS/CSm

A - KE9-CK
1.09) - JI|%9
EToRC Dlo/CSm
TRORC TRo/CSm
DIo/RC ETo/CSm
ABS/RC RC/CSm
ArRE
D ABS/CSm ce HEeCK
112, e WK
EToRC Dlo/CSm
TRORC TRo/CSm
DIo/RC ETo/CSm

ABS/RC RC/CSm

e

B ABS/CSm —e pe-ck
125, e WE9
ETo/RC Dlo/CSm
TRo/RC* TRo/CSm
DIo/RC ETo/CSm
ABS/RC* RC/CSm*
wAm
E ABS/CSm -
115, e WEY
ETo/RC Dlo/CSm
TRORC TRo/CSm
DIo/RC ETo/CSm

ABS/RC RC/CSm

biigtd ]

ABS/CSm

¢ - HEI-CK
115 e &9
ETo/RC* Dlo/CSm
TRo/RC* TRo/CSm
DIo/RC* ETo/CSm
ABS/RC* RC/CSm*
REEW
¥ ABS/CSm [
1.4 e NE9
ETo/RC* Dlo/CSm*
TRo/RC* TRo/CSm
DIo/RC* ETo/CSm*

ABS/RC*
HH

RC/CSm*

Kl 3-15 ik COL X 22 9 Wy R & 23 IiC S 5L s )
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Fig.3-18 Effects of high concentration of CO; on differen kinetic curves AV; of neimai9 leaves

3.5 BKRE CO X hERZMHRFN~ERXMERBIF M

3.5.1 EKE CO 3/ NERZMHKRAIF M

BG4 B WIS, BIRE CO MHRAMFT, F— M /NERA L Z MR
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