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Abstract

Aims Several local varieties of wheat (7riticum aestivum) developed by Northwest Institute of Plateau Biology,
Chinese Academy of Sciences, are widely cultivated in the agricultural regions in Qinghai-Xizang Plateau. These
varieties are well adapted to multiple environmental stresses such as low temperature, strong solar radiation, and
drought. The objective of this study was to determine the responses of PSII photochemical efficiency to high solar
irradiance in leaves of four wheat varieties. We examined whether photo-inhibition was appeared in wheat varie-
ties and analysed variations of quantum yield of quenching due to light-induced and non-light-induced.

Methods Field experiments were conducted on the farmland of Xiangride, which is located in the eastern side of
Caidamu Basin, Qinghai Province. Four local wheat varieties were used during the heading stage in 2013. Meas-
urements of photochemical efficiency and quantum yield were made on the abaxial surface of flag leaves facing
the Sun by using a FMS-2 fluorometer, and the content of photosynthetic pigments and specific leaf weight (SLW)
were concurrently determined. Pulse-modulated in-vivo chlorophyll fluorescence technique was used to obtain
rapid information on photosynthetic processes. The maximum quantum efficiency of PSII photochemistry (F\/Fi,)
was determined at 8:30, 12:00 and 16:30 on clear days after allowing for 20 min dark adaptation with leaf clips.
The PSII maximal and actual photochemical efficiency (F,/F,’ and @®pgy), the PSII photochemical and
non-photochemical quenching coefficient (¢gp and NPQ) were analyzed between morning and afternoon using in-

2 -1
‘s . Furthermore,

ner actinic light with photosynthetically active photon flux density at 1 120 umol photons'm
along with analysis of the fraction of PSII reaction centers that are opened (qr), the quantum yield of quenching
due to light-induced processes (Pnpg) and non-light-induced processes (Pno) were explored.

Important findings There were significant differences in the content of photosynthetic pigments and SLW

among the four wheat varieties. Under conditions of clear days, the flag leaves exhibited marked depressions in
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F/Fy, at three typical times when determined after 20 min dark adaptation. At a given light intensity, the values of
F,//Fy' were significantly reduced in the afternoon due to influences by long-lasting high-light irradiation, and
@pgy; showed little differences among the four wheat varieties and no difference between morning and afternoon.
There were almost similar variations in gp and NPQ among the four wheat varieties, suggesting that gp and NPQ
belong to instinct property and are influenced by the accumulative stresses of high-light intensity. The fractions of
®ypo were higher than that of @y in the four wheat varieties and the up-regulatory of @npq in the afternoon indi-
cated that the photosynthetic apparatus in these wheat varieties had already acclimated to strong solar irradiation

in agricultural regions of Qinghai-Xizang Plateau.
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Fig. 1 Variations in the content of photosynthetic pigments in
the flag leaves of four wheat varieties during the heading stage
(mean + SD, n = 6). Different lower-case letters indicate sig-
nificant differences among wheat varieties (p = 0.05).
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Fig. 2 Variations in the specific leaf dry weight (SLIWy) (A)
and specific leaf fresh weight (SLWy) (B) in the flag leaves of
four wheat varieties during the heading stage (mean + SD, n =
15). Different lower-case letters indicate significant differences
among wheat varieties (p = 0.05).
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Fig. 3 Variations in the maximum photochemical efficiency
of PSII (F\/Fy, and 1/F, — 1/Fy,) in the flag leaves of four wheat
varieties after 20 min dark adaptation at three measurement
times on a clear day during the heading stage (mean + SD, n =
12). Different lower-case letters indicate significant differences
among three typical times within wheat varieties on a clear day

(p = 0.05).
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Fig. 4 Variations in the minimal fluorescence of PSII reaction
centers (F,) in the flag leaves of four wheat varieties after 20
min dark adaptation at three typical times during the heading
stage (mean + SD, n = 12). Different lower-case letters in each
column indicate significant differences among three typical
times within wheat varieties on a clear day (p = 0.05).
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Fig. 5 Analysis of the PSII maximal photochemical efficiency
(F\'/Fy") (A) and actual photochemical efficiency (@pspy) (B) in
the flag leaves of four wheat varieties between morning and
afternoon at a given light intensity during the heading stage
(mean + SD, n = 6). Different capital and lower-case letters in
figures indicate significant differences in F,'/F,’ and @pgy,
respectively, between morning and afternoon (p = 0.05). ns, no
significant differences between morning and afternoon (p >
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between morning and afternoon (p < 0.05 and p < 0.01).
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Fig. 6 Analysis of PSII photochemical quenching coefficient
(gp) (A) and non-photochemical quenching coefficient (NPQ)
(B) in the flag leaves of four wheat varieties between morning
and afternoon at a given light intensity during the heading stage
(means + SD, n = 6). Different capital and lower-case letters in
figures indicate significant differences in ¢p and NPQ, respec-
tively, between morning and afternoon (p = 0.05). ns, no sig-
nificant differences between morning and afternoon; * and **,
significant and highly significant differences between morning
and afternoon (p < 0.05 and p < 0.01).

31471 Do it EAR T R RO 13 R s J5584° (p <
0.05); E/F 25 S A dno#l i T R AR, Hoe
913 1/ IR 584° HAT 2. 3% 7% 5 (p < 0.05).

H I 7R] 50, Sl IAAN /N 22 AT HE 1K) Dapg KT
Do, K i Pl ] Dnpo M Do A AG G FAAH S5 it il
F) 1A 26 5 BB IRAE B2, T R4 o IR R RESE
IR B Drpo I A58 R B8 T iy A2 it o () 22 ¢ PTG R
LR R R A

08 [ A

* ns

ns
ns
04 F A
N A
02 F|A
o . . .
* *
%k %k ok
|-LI rI
AB

qL

Dnpo

03 F *
ns
] ns
go2f|a A
AB
B
0.1 f
0 . . .
W91 EE314 ElE363 TEiJE584°
‘GY913°  ‘GY314° ‘GY363 ‘GY584°
/NFZ i FR Wheat varieties
OF4 Am @ K4 Pm

Bl7 b A0 g s A /0 2 B B PSS Y A0 JT I LE 2
(quA) B AT VE e B FERUE T 5 (Dre)(B) A AL 5 P i
HFEHR T 77 & (Pno)(C) I B F 7 10 22 A (CF 3 (B £ A5 HE
72, n = 6)o ARG FRENVNG TR 54 LR 44
%’J‘%ﬂﬂ**ﬁkufﬂgqb (DNpQﬂ]@DNo%%E%(p 0.05). ns, 1S
TR EENZE @ > 0.05); *Fix LR RZEREE
FHE 225 (p < 0.05F1p < 0.01).

Fig. 7 Variations in the fraction of PSII reaction centers that
are open (qr) (A), PSII regulatory energy dissipation in quan-
tum yield (@Pnpg) (B), and non-regulatory energy dissipation in
quantum yield (@yo) (C) in the flag leaves of four wheat varie-
ties between morning and afternoon at the given light intensity
during the heading stage (means + SD, n = 6). Different capital
and lower-case letters in figures indicate significant differences in
gL, Pnpg and Py, respectively, between morning and afternoon
(p = 0.05). ns, no significant differences between morning and
afternoon; * and **, significant and highly significant differences
between morning and afternoon (p < 0.05 and p <0.01).
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e SO A AR AR AR P BT B 1 £ e A
K HWBIE S RIE. mIR13 . R
3147, EIR363 Al m IR 584 Jy v [ B 2% B 6 Ak =
JE A= Wy BIE BT K B R A R AR N R, A
T e SRR M DX A R AP I AR 5 9 A 0 22 B
FHERN X RN e AR R E &, %
B 77 1R JEL DR DA A 75 28 D00 16 A b % 905 41
e b DX B K B M BT ;GRS
IR, o WK, DI, AR S &
B AR BRI A TR FH AN 3R /N 22 S R, AR ¥ A
IR WA C S 0 A R AN R A
W KRBT T /ANXAR S o /N2 IR R SR
10U A (45 AR B H) R B, TE 8] R 10 B 85 R 4% 1F
N, AN RN SR RE . TR E AR K Y %
S, RN Y, WHAR
500 kg (7 600 kg-hm?), 5 B4 KK B AR L 4R
ZERBKR, BENEFREEE BRI R. W
Uk, 38 i BT PSTDG A2 0 R FMOR REFERURR I,
BT A WA 156 18 B4 (light-stress acclima-
tion) B, Xof [ 3% vy R AR /N 22 () = AR FRAL DG A
30 ERMXEGEAELEHSESHENEPSIH
HUFNEFRARERRNESEE

568 ' Jolp AT 2 55 e A2 A4 11 22 AR R A B g
P2, SeRT BN 2 2 T & R 2 (0 0K FHE
BE M R, DR A HLAA 6 1 % BE TR AK.CO,
RO/ A A AW H TR, A 2 200 3o 45 Rl L
FIFEHGS R B RE . a8 A R AR IBRCR
33 6 RE IR BRI, LEOGRER FH DL B Fe K BE
(RERSOT THH A TR . BRI, <
363 [FJEEM (L PN R, 5 LA LA I i
Chl a + by = I e 85 A — 2 G HAB3AN &
fIChl a + byt HATE K2 5, (HI (AW G 2
TS, RS R R363 ISLW S F AR, TSLW;
AR T e o ARSI RIS SLW R e 7K 43
g A A RE, FEOLCH a + b EAHNE
i, MR -tk R, BER S FICar B
Bl i R il 3R K BH O 3 o ) 0 i AR 0 3
PSR Y A % Dt 3 50 Cartl & i M4 A
BOFER A, BEA BRI TS 2 0 40 RS R e 143 2,
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AR i3 25 o 52 3 S8 AR AR JR O e A
Ff(Middleton & Teramura, 1993); [FIf}, CarffIZH i,
I EERA R A CR BT B,
KB JI), R I A A GRE O FE I = IO e
TERRY A DhRe A Sus i 7 T AT B EH
HAREAF T, B R /A ek J2 (R TR i
PG EVE R e IR B, BI6 A I
AKBHYGRERE I e A ML I Re R I £ i, & DR
RAT FWHOTARS, 2011), M EEOGINELIL LS
R P PSIDEAL 22 B I RFSEFRAR (VK 4, 2002).
AT, ERARERM8:30. 12:005116:30 =/l
RN B, AUERI20 minlH@E N G, I5E F/Fo M2
FbRUELL I 1/ F 1 Fo A X AR AL, Hegh ka8 T
FWT AR OKBH Y IR R A o S D Be
AT RGO, 45 R, WiE I 23tk
Radh, BN PAEIN3 I F o Fo M Fo— 1 F o /0 T oAt
PN TR BE), AR AW R R N e
YER ARG o Fof FoFARFNF T v 1 A )
W A A A AT SRS R AR (Maxwell & Johnson,
2000). Fo A M IE NG A WL A PSR MY 10 ik
T IE A TFBCIRAS B 2 r= i, Fo RPN 20k
A WIS A S BRE BIORE B B I v %2, 17 b 4
5 PSIIL sz 87 o PR AS BT 306 4 A 1Rl 3 2 5 o ol 1
W, FoJt i B ARG R AR P& T 28 03 1 7 AR TR 1
PR FID1 & I Bl AN AL 2%, Re Sz il PSILVE M
IOy R AN W 3R (Tikkanen et al., 2013; Lima
Neto et al., 2014). Fu/F/E PGS Dfe M BUR TR
AN, SLRRA S G AR AR S IR R R R A A R
M PSTL N A0 96 451473 (Quick & Stitt, 1989; Baker
& Rosenqvist, 2004). 1/F, — 1/Fn 15 —Fh&ik N
F(Fpn x Fo), NG T FbrrEALAbEE, i i
(R PSIIER K64k 27 802 vl HE B e Jolh 3 39 18] o AR AH )
S, Ak BEARR PSS N ROy UK BE il 3R I B
(133 K 5 Bl (Havaux et al., 1991; Baker & Rosen-
qvist, 2004). EI3AH R R IH13° 48, T4 HI1/Fe
VE /N T B2, B3R B P bR A Ak 2 ) 06 B4
FFuft R JLTF %A 257, BF, FigA T+
E(E4), VLIPS Y H 0 1 K 56 45 MO e vk
SR AN AN LRI By Fn I F, — 1
A 2 AR T B A KOG G N IR T T RS, 21
FH T PG K Ik R I FR 465 TR o 1527 I 242 /N 22
PR I F 3 T BRIV R AR 1, SRR AL
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ST A VMA T WRIN . 25 C RN, b
A — W SOCE HURE K AR, BmTRee—
L[5 A A R FARE S AR 0 e F) Sk, g TR
K G RYPE [ V. (Galvez- Valdivieso et al., 2009;
Murchie & Niyogi, 2011). 44K, J= 5 Ky aHIHIH &
AR G E NI AT, JUH S 2R o6 A A
PR 3 DR 25 CAn Rt o R 5550 ] B A7 A B
(VF K4z, 2002; Yamori et al., 2014); 75 i = )R A BH
DG AR T E SO S R BOGEERDE
FEII 5 160 I ) (Takahashi ef al., 2010).

AW R A 1w I A /N 22 THE W (R PSTL B H 0 35
AR TR, (HEFEEE R e S N
I 73 PSID AL 27 A 3 5 RE W B 2 1P B mito'e
I FPRAS, HOB A S AR A 7 g i A Y & A7
eI HE YL, ASCE— AR HEESERDGH
BT AR A PSR . A0 ) die KR RIS AT 3L
2R, LU U e (R ARSR SR AR RO AR K A AR AL
RRfE. KISAFIEISBI S REW], BASIEMGTH
FVIF ARG, M) L 25, H5%
FREESRIG I A RS, A N2 EFy T W) S R
;T AT S AN 5/ FL I RE 1) Doy 15 % 7/ 22
it o [R) FR) 22 e W R Bk, R BT AR TR LG 22 5
Dpsy A PSILE N H1C 8 53 Sk AT I 1) SE B Jm A7) ' e Al
PACE, RAEAE G T PSR BEH T 5 W) ik H
FRZARQAIE IR SEBRIZAT AR, Dpsy 5 1 I PSITR
S H ) 2 1k F A DB B R (LEF) A AL I BE R,
PRI 6 S48 PR 4 PSTAZ AT 2% 2% (PSII operating effi-
ciency), A PR ML A E Ot 5 AR A I Bl A BRI S5
I PSILE Y. 1L A I R#E (Baker, 2008). F'/Fin'$R
N A] WL PSIUT T8O B 0 i K 7 300%, yotid
N T PSITA ROBAR 7 7 20%, ARG
PSII fz K %% % (PSII maximum efficiency) (Baker,
2008). B HIIF/Fo BWAPSIR Y DI 2
(R RE A SR REBIE; 108 i 1 sy A H) T E AL 1)
JGREREA BT, Ay I SN R Bk [ A AR 3R B 22 1) [R) Ak
TR IR (ATP)RLE JR B4l BFIT (NADPH)) .

ge A3 FEJE bR B SIS N H0 IR FF T L
i, RIQAMIEAAFERE . EloAR W, FEIEMIL T4
NN R R ge LA 225, H LR

T e SR AN ol B AR R e A PSIL s N rfrLo el 22 AR I 0 383

ZE S AR E (2, U8 BHPSTI W A0 JE ) L 1 A2 44
QAR BAGE - ARAR N BEEABHUE M ot &
BUAL 3 ek fie G ) T 2Lk 12 (Bilger & Bjork-
man, 1990; Govindjee, 2002; Niyogi & Truong,
2013). NPOTE e Ji A /IN2E it bl ) 0 22 S — 28, AR
Al g SAM T/ N 22 BB E FulI P SR AT O, o
TR R S84 MINPO LT B ik, 5B Car &
1) 32 25 B AICAH — 2, W] A8 [F] Car ) 2H B RG43 H i3
FRH A MEBARH K. Tiob, milade /N2 bl
PSIIR B H1 L [ gp HINPOTE b1 IR AR A AG AT 4
h 3 MR WA E I EANC R, B g Al
NPQ—J7 )& T~ S AP N BERE %, 53— J7 T S AR 5t
B AR AL B VAR R P IR W], NPOR SR AK E &
RS SR A U, AR 5 52 2 Fh R 3R (1520,
WNFREE IR A ALRI R M, W] BT CO, 20,1
M7, JET S R PSILR N O e B AL RCR )T
F%(Séez et al., 2013).

A A 1) Qa A PSITHL 1A% 328 1) I W R 52 A, ¥k
€ A PSINEUKR BE A SR AR o qe B FRQAE IR, e ibk
PSR 26 10 28 WS O e F T D' 4 2% S L 1 473 401
griK, Ut WIPSITHL A5 386 1% 118K o SRR 22 4500
T, qpHPSIL N LT BOIRAS TEA R E MG R,
ANRE ] F L gp AR AR AG TH QAR SEALIE JEURZS -
WA PSIOG AL “7 2% 6 Wiy . 1 2 1) 73 #, Baker
(2008)I\ Ay, 7L G Hm T FE A H gefiti TH QAR AR
AWK = EBORI R % o Kramer45(2004)3
TN E QL IE AR BT 9Ot S Hg, €
SCNPST N H O ) FF i L 2 (fraction of PSIT cen-
ters that are opened), & qpJt T W & il 9% Ot LU AH
(Fo/[FORMETT o AT EITAFIE 6 AR 4AN R a] Al E
N R gLA N g, AR AR AL A H LT 2L,
Y WIFE AT H A8 H R 55 A R 45/ 22 R ) QA R 4
RS BPSTLE N 1L R T TR E A RS E - HEA)
I B AR AL P K 32 BT BE AR BE FE AT
BUHR, JF 553850007 SN #5658 4+ PSIT
RO IR fiE(Butler, 1978; Baker, 2008). [X6B
THNPOIEAE 347 Eoba%y, St HA & N
LR BEARE EPSITE Y O i R IE R A 2, R
T FIPSTIR Y. L [RGB R 2 (9, 38 3L [ 2 5O IR
PPOIE TR FAREFERL, P ORGPOISLEAT ThRE IR SN rhots
S8 645 3 (Maxwell & Johnson, 2000; Murchie &
Niyogi, 2011).
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32 FiEHEERNRENENZAEGNHMEY
BEITHIRIP

PSII J . H 4 6 fig Hili 35 11 fiif 52 A Y (simple
model) I\ Ay, PSITR 2k (7 32 W 1) ) BE 3 4 FH ok 0K
) FL T MSOR O I 23 25 P68O [1] QA 2 11 6 4k 27
RNAE, o el Ok e A B LA B 20T BLRE K
(Butler, 1978; Govindjee, 2002). LAM4¢E5¢EHE
FEHL M 6 e AR >, o6 R AL S ROk R 1Y
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BRI

DA S AR RE R B AR 640 25 K IR UK e
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CLA 2 B, oiE RS ARZ D, iR
(RO 2 3 B A 6 G DU IR 7K A 45147 (Kramer
et al., 2004), Y& EF A E A SR s 22 F A
B (E5B), PrLh R RS e R Lk
AR /N2 AR A 1 3 207 5. 7B AIE 7C
, F R4 /N A2 SR R Dap KT Do, TR
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I R46% 47% 52%F144%, T3 50%-
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2 Do I b7 LB 20 50 4 23% - 17%. 19%F122%,
N1 T% 15% 16%F116%, F2F I dnotd
PTG, BNt mT 4, 7 B o A Do (T
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AR SRR RE BRI E B sy, UHAERFLL R
RSB T
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