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Analysis of Photosynthetic Responses of PS ]| Photochemistry
Efficiency in Flag Leaf of Three Native Spring Wheat
Varieties on the Qinghai-Tibetan Plateau
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Abstract ;: Based on the analysis of chlorophyll fluorescence parameters, we investigated the light responses
of PS]I photochemical efficiency,photochemical and non-photochemical quenching processes in flag leaves
of booting stage with three local varieties of spring wheat (Triticum aestivum L.). The results showed

that; (1) There was a difference of chlorophyll (Chl) content among three local wheat varieties, but the
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maximum quantum photochemistry efficiency of PS]I (F,/F,) had no significant difference among them.
(2) As the increase of light intensity,the PS]| maximal photochemical efficiency (F,'/F,'),PS]| actual
photochemical efficiency (®ps; ), PSII photochemical quenching coefficient (g,) and the fraction of PST]I
reaction centers that are opened (g, ) all exhibited a decreased tendency. Under low light intensity, F,"/
F.. @y »q, and g, of wheat flag leaves decreased from *Humai 127 through ®Huzhuhong’ to ‘Humai
137. Under the middle and high light intensity,changes of F,'/F, values in three varieties tended consist-
ent,but the values of sy .g, and ¢, in *Huzhuhong’ were slightly higher than that of other two. (3) The
values of PS ]I non-photochemical quenching coefficient ( NPQ), apparent electron transfer efficiency
(ETR), the quantum yield of quenching due to light-induced processes and non-light-induced processes
(@npq and @y) tended to increase with the increasing of light intensity. Under low light intensity,the NPQ
and ®ypq decreased from ‘Humai 13’ through ‘ Huzhuhong’ to ‘Humai 127, changes of ETR in ‘ Huzhu-
hong’ and ‘Humai 12’ tended consistent,value of ETR in ‘Humai 13’ was the lowest among three varie-
ties. Under the middle and high light intensity, NPQ and ®ypq decreased from ‘ Huzhuhong’ through ‘Hu-
mai 13”7 to ‘Humai 127 ,the ETR showed a decreased tendency from ‘ Huzhuhong’ through ‘Humai 12’ to
‘Humai 13’. During the whole changes in light intensity,®y, decreased from ‘Humai 13’ through ‘Humai
127 to ‘Huzhuhong’. The study suggested that ‘Huzhuhong’ showed strong adaption to high light intensi-
ty environment among three varieties. Moreover, ‘ Humai 12’ had more higher capacity of solar energy us-
age than ‘Humai 13’7 but weaker than ‘ Huzhuhong’. * Humai 13’ was more sensitive to the changes in
light intensity than the other two,and it had weaker excitation energy dissipation capacity than ¢ Huzhu-
hong’ but better than ‘Humai 127, * Humai 13”had more higher ability of thermal dissipation at low light
intensity.

Key words: spring wheat;chlorophyll fluorescence;photosynthetic response curve; PS]I photochemical effi-
ciency; Qinghai-Tibetan Plateau

B RAE Y R BDERER: (L b fedf 7 BB BURT R AR R e 1T (PS D) . 7E 3R 5%

B IL A A P AR . R DB A YD A A
P RE e BE Al 08 ‘B AY 95 A B T U5 O A A S
P A2 I LB IT 5K BOROE AR s SR T B AR
AN A AR 2 18 2 5 K B A A e L JE R
PR R AE B SRR S 0 R XA . S
A LR G YOG RE I L o R AR R 2 R
FEPAIEE MO OERSE T HDERSE 1) . M
B/ (Y AERATRY i e o e[ PO 127 N

T VA8 L T 7 R AR B A B i A 6 Dl B
BEUR AR o T R M DR B OGER T [R) £6 E AR
PO DX o o SRR 22 3 K 0 A R A3 T L L 2 TR I
T 25 TR0 By A R 8555 55 K DG B S O BL R . /N R
A A XA FEARAEY Z — A58 Pk Y
E AN N EARNAC S VAR R S Rl
A H B LT A S A R B TR T A TR
L2 Jii L DX A A R Rl v T AR 28 5 Ak 4
F O AR S R A AR IR R RN A
B RaE P BT UL — H A 2 e . R
9 AR R L& 1 P A L i BLR OB R
B s X I8 Bl B 5 11 A 3 L BE 7 R R AR W) 58 I
CN NV =R N NP S S e (S EROP A7)

WAL 3 300 PS I 6 Ib 2 AR R FE (. 52 %
S A O 17 1 £ 2 09 25 1 B2 R e
0 e 45 HR PR 5 A
181501 2 I 05601 00 2 L6 4 S B 0
1 PO G 5 FE 6625 LR G L 08 71 489 0 24 L
0 85 06583 L4 40 90 X 3R 5 403 1
D12 AR TS A 2 T S RS — A TR
EHE

I 3 T /122 9 5 2 31 o 0 A 35
A1 B R BB R R 2 b
ARG I R 38 %0 2 B T %
J L WA R 5 5 R B0 5 B 5
B AE (LA SR 9 148 4 T DR /N2
R BURI A7 £ TR e T DU MO 1 b I
T 2R L S 5 0 — T R
I BL R L2 IR 4 e 41 % 15
(FL 8 i A COL 7] 5% )RR 0 82 T
AR T (2 00— R B GBI  T 2
LB IR K1 > PS I o i P LG 72
B AR o 3 T 01 ARE BB T T L
> PS40 S 4 6 101 3 6 5 50 2



33 OB AFH RN R 3 A M Ty A/ 2l R E PS Tl Al A AR A Sl e iz 3 A 565

R BATARD L it B3R (9 K/ % R
By 1k 38 56 = BOE & DU O B 1 £ P BL S
AR L XF 3 A e Bl AN PS I B2 R 55
PEICSFDEI L3 A7 » 15 AL T Ak 75 16 45 S0 it 5
b Rl PALEE G A P D 10 L Bl i) 28 A B A G
A

IR

L1 X068 i R 48 49 4

TR IR B T A AR 2 B H PR AR AR b A
X, f; T 36°02" N,97°48" E, ¥4k 2 905.4 m, ZFg
F AT R A i L TR 5 0V N A Y 5
HEESE R, Ha L. BREELR, KK
TAT R AT 35 1L AR R R A H R AR S A A 12, 54
m’ s AR E SR IR P gl X . B
P 408 SR AR BHE R HIRIEE AL & &
H6.6~18.49 g« kg ', @AW RAER A

IS bR E A Y B N (Triticum
aestivum L) fhFp CH Bhe’, ‘HF 127 M ‘H ZF
137, “HBYZL R G AT /N SRl B
JREI W REING U VA SN /1B SN S /2 R VN
MET S L 127 JE K Hh 5 R M R 2R 52 T Ok [
PR Rl B BUER PO L R R AR
137 5 RO 2 L 27 A ™ — M bL C EL B A i
2.3%0~13. 8% AE A B AR = » = KB S5 4 K 25 5 151
RE . 3 AT/ BRI O i BB R AR B
0 Ly B 2 fi 1Ly M X S ) A b R EL AT T N R
S K PH 6 S R0 3T R . 2R RIS C B b e
JHERT 22 5 E L B A 127 B A 137 R £
L LT B Bl R VR e DA R SRR B 28 18 i i ) A
o T 3 1/ 2 Ab 2 B BUKEZ R REAS .
1.2 MREEFMHEER

IR I AL X A BT, ) 3 MEE /MK /MK
R W AR 5 m®, LIATHE 20 em (8] BE 25 4% 3 4
Bl BEAS Al FPRE Rl 4 ATAE /NN E R L 3L 12 47 .47
KH2m,

2013 4 3 A 18 H A1 150 kg JRZE F1 75
kg B IR K it AR AR, IR 4 AR R AL A7+ 3
LW PR R G BB I HAE R . e AN T
EEAT 200 k. F /N A T R)IE B B SR K .
AT LAE A 75 kg BRGERIRER 11K,

AN [) /N 22 T i (1 - 2 3R 98 O S 500 e ik
IRTF 2013 456 A 22 HIGMZ2REH . LAt 6 A 20
HE T 7 HIRIEWE . 200 8 2 40 R g K £

W R g W sR i LT 2.8 6 A
25 HE B W 7E 25 A7 /N2 il P AT 1] T AR PR D8 i /D &
K DARORES 2 K50 A ]+ e e R iR A
1.3 MHEREXRXSHHNE

M2 R 9GS BOR 9 1 77 FMS-2 £ 4% =X ik
IR T € D' A S o 4 T P et T v S e ' T A )
FEFBAL LA EE 9 p ZEAT 6 R, 5 21.58,125,
232.380.,580,820,1 120,1 480,1 880 ymol » m * »
s RIMERDER A ER A 3 min -8 N
ERRBIET R (F) M K9EE™ % (F,.) . PSII
R e P AR A ) Je /N B R S R i (F))
FEHOR A 1 e KM R 2™ 1 (FL) I B R FH 3%
LA FH I 3E e £8 120 min B 3E RN WK & TS 1 T
WL 0 52 F FF,, R R Bk oo 3% R 6 500 pmol
m 7 es 10,7 s kb, PSI & Kefb a8 7 380kR
(NEFRF) RN A F/F i F,=F, —
F,. F,'Lk Oxborough %" 28 A X {55, F,' =
F,/(F,/F,—F,/F,", F,.F, .F..F, #1 F,' i1 T
LRI R DOE S BT R

PSI ARG FRCR(F/F,)=(F,' —
F,")/F, "™

PST 52 br 6 Ak 2 Bt T 3% % (Dpsy ) = (F,,' —
EF)/F, '™

PSTI 2 fj H 2 W HL % 336 3 %6 (ETR) =
Dpsp X PARX0.5X0, 84

PSR A0 R (g ) =g, X (F,"/
FS)HN

et K R H (q,) = (F,' —FO/(F, —
FO’)LZZJ

BN E K ZB(NPQ) =F,, /F, — 1%

PSR e JE 0 35 P RE AR O &= 7 = =
(D) =1/[NPQ+1+q X (F,/F,—1)]*

PSII J B o0 38 45 P A8 & FE By & 7 77 &
(Drpg)=1—@psy —1/[NPQ+1+q X (F,/F, —
1)][23]

1.4 HMEIMEPALT PRSENNE

H R 9:00 DUAGTE H 8] 45— /N IXCREAT 25 28 AR
ANZE SRR 1R, B2 B oK Uk LR R A R
T A [ S B R BT 1 em® R R 4
] — /NSRRI 16 AR R R 5 )5 o PR AL SN
0.001 g HL ¥ KV Fx 8 J5 R FH U ZE i 552 Iy ik i
P, MERMEHE PRI E ST WK B
SEV TR B LA M e ROR



566 [T A i N // M= S 35 &

1.5 HESH

45 SPSS 16. 0 B A7 483t 70 i . & 2 /)
2 i B ) A 22 ok B IR R U7 22 43 M Cone-way
ANOVA) , Z 5 W R ] I/ 18 3% 22 5 4 (LSD)
BFEMEIKEEEN a=0.05, A Microsoft Excel &
fEd A B dm ik B 2013 427 1 HA 2 H B4 8:30
~11:30 [A] A9 22 25 58 , i 22 2 d 1 RACR O 0 1
KRAME o PS5 RO & 7 RCR /Y &
FEARKCR 12, PS 1A RO 2 5 13808 55 1 586 MRl i
My 5 Y E /-2, 18] v 3 A5 R R bR 22
(SD),

2 AR5

2.1 HEERENMNEEHHNELEEBREEMNELL
EREPLE

TE/INZE 2R BB A /N 22 R e I 1 S i S R
F(ChDEW A H B2 > T & 137> 1k 127
¥ GCH H B Chl B E T a & 127 (P<
0.05) (1, A) 51 3 DNA/NZE Bl a2 & b R &
H(Can) RIE Chl MR (E 1.B) BB PO &
R Chl fl Car Z M AFTE & — & 1 HAME. J55h.
Car 7EOLA BRI & REBAL, B BLL B 127
FeH ZF 137 g Car/Chl HEAK K M 0. 053,
0.078.0.060, BN GA 5 & it (Car+ ChDARIK K
2.94.2.85.2.90 mg » g ', H 3 MR A G B E A
Sto [EE, CHZE 1371 PSIT e RG24 i F30%
(F,/FOBAR ARG 112 b 3 AN F/ANE fFhiEnt F./
F, R #EXER, FHHO0.85(E 1,0, dHES
WEE R F,/F. e T PSR A0 P BLG fE
A Z2 U 5 BAT HRBL R AR NS AR A 3 R
3 ANFR/INZZ R A B BB AL SR R A AR ]
2.2 BEENEHMWENPSTAUEREXNRE
S 58 B M K2 45 1E

H2,A BR.PSTT ALk F TR,/
F., D B3 38 i A, 3 A~ /N S Fhial FL/F,
FEOGIRAE T 820 pmol « m ™ « s " EH A BN E R,
I H A 127 S HBhA N LA 137 R AR R B A
FEf 78 m T 820 pmol » m 2 « s 'JEER T 3 4
AR IR EAR 22 5 . TR, PS T 32 bR e fb 2 & 73k
R (DPpsy )L Bl G 38 18 0 0 B (2, B) 53 N F D
A S B E] @psy ALAEARTF 1 120 pmol « m * s ' [y
OGRS B A BN 25 57 C B R 13ROk
578 AR L N 3 B AR 7E 580 pmol « m * « s AR
BRI VAN = e T A N i Y A ]9

TrHAEZ 127, NS EN LT UE L A
JEIRIG NN T Dy O FL/F FRARER R
Ut B sy X 6 0 AR 10 0 OB
2.3 BEENERMENRYEFEEEEMAF
Mtk RBE SRR T

Kl 3. A RW L3 ASF/IN Bl E] PSR At
AH X 22 W HE, T4 336 3 38 CETR) Fifi ' 548 18 i iy 48 K
JAER T 380 pmol « m * « s ' JEER T 22 RN W
WL BB L H I 127 B A 13RI
AR, [T PSR b0 I i H 2 (g, ) W B
DGR IG I AL 3 AN A A BN 2
[f]—JE5m T 3 A A el 1 A8 L & $ 5 ETR A [H])
( 3.B).

35r1
= A
EHEH§A3o T
£3? b 7
® 2 o
T 8E257
-
S
2.0 L :
LEREAN HA#Z12 H#13
5 Huzhuhong  Humai 12 Humai 13
031
~— a
s b ab
B2
& ST 0.2
gt
)
=5 E ol
RS
“ 0
E=RUIEAN H#12 H#13
== Huzhuhong  Humai 12 Humai 13
0.88
£
a a a
Hm 0.86 | ¢
e
N5 084t
B2
= 082t
I
= 0.80 : : -
F~ H 4L HA12 H.A13
Huzhuhong Humai 12 Humai 13

/N2 il Wheat varieties

1 R 3 MR/ E AN E AR
A PSR SO = RO B FO L
[&] v 3 4 R bR iE 22 5 RN 2 BE 3R0R 5 ]
TE 0. 05 JKPAFTE B 5 P22 5+
Fig.1 Comparison of photosynthetic pigment contents
and F,/F,, in the flag leaves of three spring
wheat varieties during the booting stage
Vertical bars in each column mean the standard deviation;
The different lower-case letters indicate significant

differences among wheat varieties,at 0. 05 level



5401 %

o AR I3 AT AR /N il Rl T PS 1 S p 2 2 AR B R 8 2 A 567

2.4 BEREEBNEEHMHERRRAEBERAYMENLRE
A9 22 1L i 4E
3 AN/ i B R C A 2R B K R R (g, ) B 58

—e— H B4 Huzhuhong

S

0.9 —o— K #12 Humai 12
i -0~ H %13 Humai 13
I _
Em"li:j 0.6 F
ﬁ?
REPE A
=503
&
Z .
& L0500 1000 1500 2000
% 09F
=
M
i 0.6
W
N E
2% 03] B
Hmé‘_
=
= 0 . . . '
% 0 500 1000 1500 2000

6B AT R
PAR/(umol *m™> +s™")
Kl 2 ZEREM 3 AN/ R PSIT A ROG S 850%
S B ' A 27 R0 1 S e Bt £k 22 Ak
Fig. 2 Light response curves of F,'/F,.' and
&psy in the flag leaves of three spring

wheat varieties during the booting stage

—e— H h4 Huzhuhong
—0— H 7212 Humai 12
-0~ H %13 Humai 13

10 500 1000 1500 2000

1000 1500 2000

O 1
0 500
G A RS
PAR/(nmol * m™* +s™")

K3 ZEREM 3 AR/ AR PSTT RN A0
WL P - 1% 358 30 23 R L 2R 1 06 o 7 i £k
Fig. 3 Light response curves of ETR and the fraction
of ¢, in the flag leaves of three spring

wheat varieties during the booting stage

S0 T AR AN ] 5 A ] 22 5 388/ AR T 380 pemol
m "t es EERTN, CH B M A 120 AR £
STERICI T ., AR B BhLL CH A2 H
A 137 P FEAR A B e (I 4. AD o 3 DR/NE
A A ARG 27 7 K AR B CNPQ) Bl G i 14 hin iy 7
e ELAS [] i A ] 22 5 3 5 A2 D65/ T 820 pmol
mCoes VHFLCHEHE ISTEER T CE O M EE
127, W E G 3# K T 820 pmol « m ? « s ' Z )5,
NPQ 7 B Bh 2L v W] s Tty » HAg IR L Bh 40
A2 137RN ¢ HLAE 127 W A AT B A A CIAT 4,
B). R UL, BEE G IR A 3G 0. 4% i I /N A R
LR R IVOCHE R R BUEA G F AL & T 6] 22 5 32
R HARA DL B B 21 85 s Fr g, F1 NPQ 24k
B NPQTE M AN A A 2257 KT q, .
2.5 SEBFMNEEMPSI &EFCETEIER
T 1% 68 2 5 BB S 3R 1 0 A0 B S AHAE

3 At JELAR /N R A R T e AR AR T
it (Dwpg) BEOGHR I T3 K (& 5, A) s AT Z [ A
JGER/NT 820 pmol « mo? o s VP @ 25 5, HAKER
CHFE 137U HBhL M B A 127 BT A 1% T A
B MR AR T 1480 pmol » m * « s ' ZJ5,
AR IE] 25 SEAR VN, CH B AU K T O E 127/
CHAE 137 W3 ASF /N AR R T P AR
AT 77 i (Do) L B 58 15 I A7 18 K& 3, (55

—e— H Bh4 Huzhuhong
—0— H 7712 Humai 12

1.0 - K #13 Humai 13
&
W 0.8
X
& o 0.6
04
0
R 0.2

20 500 1000 1500 2000

500 1000 1500 2000
bl S VAR
PAR/(nmol *m™ +s™")

4 ZEREA 3 BN AR PSIT RO s
Ak 2 R R S Ak 7 45 I ZR B0 16 el o7 T 48
Fig.4 Light response curves of ¢, and NPQ
in the flag leaves of three spring wheat varieties

during the booting stage



568 [T A i N // M= S 35 &

—o— H W4 Huzhuhong
06r H. 7712 Humai 12
’ -0~ H %13 Humai 13

o
M~0.2F A

10 500 1000 1500 2000

e

w 203r
Ig ©
BIH 5o |
HA

B

0 50.0 1 0(‘)0 1 5I00 20(;0
6 AT R
PAR/(pmol *m™ +s™")
&5 ZEREI 3 AT/ i ARt PSRN o O o 9
IR I 55 1 R 1 AR R " a0 O R B i £k
Fig.5 Light response curves of ®xpq and @no
in the flag leaves of three spring wheat varieties
during the booting stage
T I) A 22 S8 W 2, HLBE B2 137 B4 127 F0
CH DL R AT AR AR s AE DB SR R T 1 880
os VB CHEZISCHAEZ 127 AR
R EAEHUE TAF (A 5.B) . DL B g R R
B Bl G 98 B B 0 5 B /N D 16 R Y FE B I
KT Do o o AR 48 T AE HE AL B WO 98 ) T2 2R A2 .

31 ®

b b 7 9 = DR AR AL R T A AR s B H
L, Ml FRRN S AR AR SR AL A S AR L X . 3%
X AP F B R AP 3R R R K TR
WA R IE RN AR ARG DL
ok 5 SR Oy e AN R B HE 127 CH
137 Jp ISR Rk 38 2 X6 EU I i A AL 45 9 S 4K
149 S e 7 AR P S R T R A TR S A
3R 5 ST 1 RE 7 5 A IS I i DA DS 22 R A Y
BRI AR .

oA o 2 g 2 (ChD 55 3l 35 FiLL 3% % fiE
IR OLRe A s fig, 8 8 b F (Cao) Wl #1706
REA AR MO IR B 1 . AR R B3 AN FINE
fi FOIE N () Chl F1 Car 72765 B AM R R . X 5 AT
VLTI XS 5 [ R B A /N 22 G 6 3R 2 1 (9 WL I 45 SR A
— U, WA R A AT LR R R B R
FEWZ I A 8K K RO RE I 1Y 8 22 5 (R A FE XA

pmol ¢ m *

71 BB W 5. Car 5962 (0% M & BEIE
(ARG AT 7 10 Car T LR o F00 % Bl DA B
BRI G R B R A 127 MR
fy Car 8K (-4 14 2 6052 3806 05 3 L (L 4R
POUEFIATR, F./F, %5 PST R it R4 6 %
A0 0 Bl T b TR A 2 A 18 26 2806 L T S e PS
1151 Fh [ 5 1R B3 AL R L 9 b A
R SR F/Fy JLT 2 5 R (0 2 it 2 )
(LT AT U O 08 AT BFSE A R P 0 4 3 A
B R BLGEF/F, R F./F, 15 Car
L4 K B 2 ) 9 B B 36 R L A B
5N F,/Fo 1 Chl 4 Gt 2 [ 45 76 75 15 A 6 19 5
£ SRR FL/F, FG A 6% 2 156 R A 1L
FUAT R 025 S B3O AT T 3 — 25 B S E 512

OB B F./F. 5% P S b i 1
WL B/ E SR PS TR R O O fiE
WM BER R . Doy S W H X A FT T J55 90
TRk Qu BRI PRIE 1T AR . KRB gE %
T LI sy BELEE Y38 580 52 BARL 7 90 i
LU0 3 A AN SRR 12 fE L
A 1A A A fiE 3 R 5 . 2 91 26 16 R
S 127 %R A R P S T A O 5 o 3R
2 I HLBAL R R ) PR AL B S SR
137 B O B ) PR ACR A 336 K Rl 2 o
PR TS T T BD 2T 4 3 A Bl el 0 35
fir . A 127 MACE I I E IR IR . & 137 X
A R R FTIBE 3 7 3 A b o d

A3 HUH SR P 9 FF PR 0 i T8 B 0
FERICIR B2 4 U7 O 4 10 1) 85 20 58 A7 1Y T 4 I
B AT g, 0 PS TR PO Y T
HE LA N PQ T 2 G 49 % o 780 9l 1 RE LR
BT, AT q, M NPQ Wi 5 5 A
P O S5 B R L BB SR g, ARG
P NPQ RIFE RS, HHBH ¢ 5 g, K.
i B o 0 JF R E AL g, 25 #5638 T X
G Qu AT I o MER™ . RBFTEH o
Mg, P2 B0 AL S — B0, BARFDEHE T o 11
RIT BT q, EFIARBLT 3 446/ 5 F O b
s TP HCRE HE 2 08 1 W S B 0 . R 3 A
LI S 17 H 0 0 TF R EL 2 g, 7] Doy 75 fl 98 3 A
W6 R T T H 26 5 50 I 3 13 A B — B
FRFGE R A 7E 638 F NPQ 5 i 0 o
Fro2 05 N T 18 7 o G SR I X e
AU T * T B 4T 5 5 YRR R B 3 R 0 B



33 S V¥

i

TR S 3 A M Ty A /N 22 il T PS T1 i Al 2 AR R 9 Sl iy 1z 3

569

AN ZE. 3 d  HRA M ETR 8K, %
I A G R TATE A B O A ROR A L
CHAZ 13THOEARORE 3 A SR AR

D e AR B F AT A 2 15 P ARE L il T
I 2o T % B 5 1T Do i WU U0 B A 40 A B 58 4 T B
1 K RE AT AT RE B2 A2 238 5 8 ER Z B
ARG . BARARHIEST 3 A AR /N
H AT VR AE AR A3 T 0 B (HR BURE HORE KR R
S fE R R 3 A R AR AT LA 4E B
ETR, “H B2 76 650 T 5 i I8 97 2k $RE B RE
T3 RV 55 (AR IR T M RE R FE R ) R T B gher
SRPLIEME A E . BAR 3 AR 13T A
1R R R A (ER TR G HR R BT R M R A B Y % 3

LR EIR 3 A AR /N f Rl R LB A
JEREA R (DS I 52 P ol 8 e AE &% L SO At IF
T JBE 1 FhL 1 338 T 4 L e FACRE I35 Ty TR R AT R
DU * B 127 B0ah N P RO 3 1 6 85, (H HORE
BURE I 207E 3 A dh Pl B 5 AR S LR 137 AR
BLRE A o T B2 127 HE MOLRE 28 L REF
FHRET7 LA BB Hp G T BE 3R IR 3 B HE X 58
AR PR EURR v B B 2 405 R R N R
WA Z T E YT H AR e T
XEEARMBA R T . APTICIE TS 34
SR T 5 5 o ) A RO A 2 RO SR OL RE Y
S FHE G A 27 56 W 1 23 BE 45 1 - T o 7 R AR
HARRMEBIEHE B S R T RO AR IR B 4

Tk .

SE 3k

SUN C H(#V#4E) ,CHEN ZH G( & [E). Qinghai-Tibetan Plateau climate conditions and crop yield analysis[ ]J]. Anhui Agricultural

MO SH G(ZEL#1 [H),ZHANG B P(#K i F) .CHENG W M(Ft4EW]) ,et al. The main environmental effect of the Qinghai-Tibetan Plateau

YANG Y LA k) . CAO CH HCH i) . GAO SH G(#E %) . Humai series drought tolerance varieties breeding technology and appli-

cation of spring wheat[J]. Qinghai Agriculture and Forestry Science and Technology (35 AR MFEF L) 2000, (1) :24—27(in Chinese).
WANG X L(EFH %), WANG F ZH(E %), LEI F L & #). Variety characteristics and high yield cultivation techniques of spring

(1] #FRE OCAEMZEEIM] R REREHOR B AR, 2002:123 —135.
(2]
Science Bulletin CEBAR # T R) »2006,12(6) :84—86(in Chinese).
[3]
[J]. Progress in Geography (HBBEFL %k J&) ,2004,23(2) :88 — 96 (in Chinese).
[4]
(5]
wheat “Humai 13”[J]. Crops (fE¥) 24,2007, (5) : 77— 78(in Chinese).
[6] SHISH BUiiAE#) .CHEN W J (3¢ » SHI R(Jifi

#i) et al. PSIl photochemical efficiency in flag leafl of wheat varieties and its adap-
tation to strong sun-light intensity on farmland of Xiangride in Qinghai Province, Northwest Chinal J]. Chinese Journal o f Applied Ecolo-

gy (B F A 2522 4R) . 2014,25(9) : 2 613—2 622(in Chinese).

[7] LARCHER W. Physiological Plant Ecology(2nd Ed)[M]. New York: Springer-Verlag,1980:5—60.

[8] LAZAR D. Chlorophyll a fluorescence induction[J]. Biochimica et Biophysica Acta »1999,1 412(1) :1—28.

[9] JIANG G MCE &), HE W MUi[4E8). A quick new method f or determining light response curves of photosynthesis under field light

conditions[ J]. Chinese Bulletin o f Botany ({H¥)2#iB %) 1999,16(6) : 712—718(in Chinese).

[10] YAN X H(E/N), YIN ] H(Fg48) ,DUAN SH H(Et it 4E) . et al. Photosynthesis light response curves of four rice varieties and
model fitting[ J]. Chinese Journal of Ecology (£ #5254 .2013,32(3) :604—610(in Chinese).

[11] MA X G(GEi). Canadian spring wheat gluten quality ‘Ge Laini” successful introduction in Qinghai Province[ ] ]. Qinghai Agriculture
and Forestry Science and Technology (5 W AR MEH) ,2001,(2) :48(in Chinese).

[12] CHEN ZH G(FE&E) ., BU H CHGHEME) ,ZHANG H GGKRND ,et al. Water-saving new varieties of spring wheat plateau 584” and
its cultivation techniques[J]. Journal of Triticeae Crops(FZENVEY) # ) .2003,23(3) :149(in Chinese).

[13] ZHANG CH Q(3k£#),YANG W M3 38) ., ZHAO Y JGR#EH) . Identification on disease resistance of Qinghai spring wheat varie-
ties (lines) to wheat scab[J]. Xinjiang Agricultural Sciences G AR\ FF%) ,2005,42(3) :175—177(in Chinese).

[14] CHEN L H(BgEmE#) . XIANG ] SH(MHFH L) . LI G Y(ZEE ) , et al. Analysis of breeding evolution and main agronomic characters of
spring wheat cultivars in Qinghai[J]. Jowrnal of Qinghai University (75 1 KF5¥4R) .2008,26(6) : 1—10(in Chinese).

[15] GAO Y T(ELE),LIU D CCXEA) . ZHANG H GGEIRND set al. The differences of major phenotypic traits of wheat caused by dif-

ferent environments in Sichuan and Qinghail J]. Acta Agriculturae Boreali-Occidentalis Sinica (P§IL RV 2#$%) . 2013,22(2) ;18— 23(in

Chinese).



570 (LA N 7/ 35

[16] SHI SH BUifiA= ) . ZHANG H GGRIFNID . SHI Rl Fij) set al. Assessment of photosynthetic photo-inhibition and recovery of PS]I

photochemical efficiency in leaves of wheat varieties in Qinghai-Tibetan Plateaul J]. Chinese Journal of Plant Ecology (i 52534 »
2014,38(4) :375—386(in Chinese).

[17] YU X F(FEH).GUO T W(E K X),ZHANG R ZH3KA=BE) . et al. Effects of water and nitrogen interacting on gas exchange and
chlorophyll fluorescence parameters of spring wheat[J]. Acta Agriculturae Boreali-Occidentalis Sinica (P§ALAR N 22 4R) 5 2008,17(3) «
117—123(in Chinese).

[18] DEMMIG-ADAMS B, WILLIAM W, ADAMS [[|. Xanthophyll cycle and light stress in nature: uniform response to excess direct sunlight
among higher plant species[]]. Planta,1996,198:460—470.

[19] OXBOROUGH K,BAKER N R. Resolving chlorophyll a fluorescence images of photosynthetic efficiency into photo-chemical and non-
photochemical components:calculation of q, and F,'/F,' without measuring F,'[J]. Photosynthesis Research ,1997,54(2) ;135—142.

[20] GENTY B, BRIANTAIS J M, BAKER N R. The relationship between the quantum yield of photosynthetic electron transport and
quenching of chlorophyll fluorescence[ J]. Biochimica et Biophysica Acta ,1989,900(1):87—92.

[21] BAKER N R. Chlorophyll fluorescence:a probe of photosynthesis in vivo[J]. Annu. Rev. Plant Biol. ,2008,59:89—113.

[22] BILGER W,BJORKMAN O. Role of the xanthophyll cycle in photoprotection elucidated by measurements of light-induced absorbance
changes. fluorescence and photosynthesis in leaves of Hedera canariensis[J]. Photosynthesis Research ,1990,25(3) ;173—185.

[23] KRAMER D M,JOHNSON G,KIIRATS O,et al. New fluorescence parameters for the determination of Qa redox state and excitation
energy fluxes[J]. Photosynthesis Research ,2004,79(2) ;209—218.

[24] SHISH B,ZHU W Y, LI H M,et al. Photosynthesis of Saussurea superba and Gentiana straminea is not reduced after long-term en-
hancement of UV-B radiation[ J]. Environmental and Experimental Botany ,2004,51(1) :75—83.

(251 ZRJ7HE. b0, K2 5. A R B M. dbat Jbat s ke . 199051 —54.

[26] #2HEEHERMBS W2 EEIM] PE% B AR H AL, 2001:201—209,

[27] SUN X L(#MNE) . XU Y FGFE €. MA L Y(EE) et al. A review of acclimation of photosynthetic pigment composition in plant
leaves to shade environment[]]. Chinese Journal of Plant Ecology (K2 #5274k ,2010,34(8) :989—999(in Chinese).

[28] MIDDLETON E M, TERAMURA A H. The role of flavonol glycoside and carotenoids in protecting soybean from ultraviolet-B damage
[I]. Plant Physiology +1993,103:475—480.

[29] MAXWELL K,JOHNSON G N. Chlorophyll fluorescence-a practical guide[J]. Journal of Ex perimental Botany,2000,51:659—668.

[30] CAO L(¥ % ,WANG H(E #).SUN D J(FMNEZS) set al. Photosynthesis and chlorophyll fluorescence characters of xantha wheat
mutants[J]. Acta Bot. Boreal. -Occident. Sin. (P ILAEHI 24 +2006,26(10) : 2 083—2 087(in Chinese).

[31] CHRISTIANE S, HARTMUT K L. Photosynthetic CO,-assimilation, chlorophyll fluorescence and zeaxanthin accumulation in field
grown maple trees in the course of a sunny and a cloudy day[J]. Journal of Plant Physiology ,1996,148:399—412.

[32] CHEN ] F(##tE) ,CHEN G Y(JEMH =), SHEN Y G(3k /. #) . Relational analysis of leaf characteristics and photosynthetic capacities
of plants[J]. Chinese Journal of Eco-Agriculture (P E A 354200 2% 4i0) ,2012,20(4) : 466 — 473 (in Chinese).

[33] LINDA A. FRANKLIN,MURRAY R B. A comparison of photosynthetic electron transport rates in macroalgae measured by pulse am-
plitude modulated chlorophyll fluorometry and mass spectrometry[J]. Journal of Phycology ,2001,37.756—767.

[34] SHI SH BUfiA= %), SHANG Y X4 #i55) ,SHI R(Jfi  #i) set al. Responses of PSII photochemistry efficiency and photosynthetic pig-
ments of Saussurea superba to short-term UV-B-supplementation[J]. Chinese Journal of Plant Ecology (R 25244 ,2012,36(5) .
420—430(in Chinese).

[35] YANN,.XU X F,WANG Z D,et al. Interactive effects of temperature and light intensity on photosynthesis and antioxidant enzyme activ-

ity in Zizania lati folia Turcz. plants[J]. Photosynthetica,2013,51(1) :127—138.

(33 . KT



