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Interaction Effect Analysis of Soil Drought and Strong Light on PSII Non-

photochemical Quenching in Kobresia pygmaea Leaves
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Abstract: Based on the analysis of chlorophyll fluorescence imaging in Kobresia pygmaea leaves, the quantum
yield of quenching due to light-induced processes (Pypq) and non-light-induced processes (Do) in PSII
non-photochemical energy dissipation (NPQ), and its fast and slow relax component of NPQ (NPQ; and NPQ,)
were explored, and the interaction effect of soil drought and strong light was analyzed. The results indicate that
soil drought stress could cause severe photosynthetic photoinhibition, and cause a significant induction in the
maximum quantum efficiency of PSII photochemistry (F,/F,,). With the increase of actinic light intensity, PSII
actual photochemical efficiency (®yg)) decreased and @y, increased, these tendencies could be imposed by soil
drought stress, and @, exhibited only small variation. NPQ; was the main compound with ratio of 2/3 in NPQ,
and both NPQ; and NPQ, were enhanced after soil drought stress. The results demonstrate that @, could
quickly response to drought and strong light stress in alpine plant K. pygmaea, and was the main reason of vari-
ation of @, to both stress factors; PSII non-photochemical quenching and light-induced compounds were ex-
acted interaction effects between soil drought and light intensity, and depress of @, with increasing of light in-
tensity did not imposed by soil drought stress.

Key words: chlorophyll fluorescence; interaction effect; photoinhibition; PSII non-photochemical quenching;
soil drought stress; Kobresia pygmaea
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9 e B A B i IR, A A R
BRI = 2R, I AE4 000 mPA F. X
BHEES, KN T ORE . X
SRAR ST A KA, AT b T HE Y Wy
BGRMAENETRARE . Ak, ZH K
Rl RSS20, 7E R IR AK TS, A = IR T
A HDW, HIBETRRRBCAHE. LET
FAENT B WhE ) —Fioe 2, 2 P58 e (1) 5 2
WY, W] BRI K 57 Bh, s2unfE ) )
VP2 A B R CR BUNIEE2011), MR AEK
KA R i BB I — .

= L& B (Kobresia pygmaea) N Ji & )R M
B IR L DX A AR, 8 Y5 R Cypera-
ceae) & LB Z AR FUAKEY), B3 N, A
JI58 o AR T R iy JiR M (X 5 FE ) EE L A A
(FLLARESE2010), =il i BB 8 s RN E,
R MRS AR E, HRARK
I 5 BEREEAUK LR A R R, X 4ERE
RERNXBASHERAAFREEZ L(ELES
2005; £ JHFEEE2008) 0 Ll FAE R E /N LW
LN, B A > R AR K 52 AR, (A RE
EEICRIE . TRIK S FRARZEME R F, mT DLikE 40 58
VA3 R R AR S R A B 1Y) B AR U 22 3 R A
(EERFTINEL1999). SATM, HT 525 IR
155 R /N PR A BRL R PR, A 0% i 1L v 1 2
TARAURBRAE 3 A A Jm (£S5 1998, FKEESE
2004), ZHH MK (AR EE2003; m=yB 1 452008)
TR (PN D 52007) 5577 T, e & R AR o 0
B8N AR B A 2518 R T TH A AR A R

e L B A AR T R s B AR 3 800~
4 500 mfJHhH7, M3 000 mfEAHE FS 960 mi) &
M HRA A, o 1 A AR 0T v BRI B Y
D N (Miehe552008) . 7 Jifk i R b X 2 U
i%, RAGEW L, R 252 b 3R 1) K BHOGH8 S9 1R
e W IAA, BRHTEMEOCEIERIN, JEENL
Py W WA R K BH Yt B B 22 Ak T o bR A (O AR 8 5%
2011), WAUE IS A B E42 T D2 A FE(Tik-
kanen%52014; YamoriZ$2014; Lima NetoZ52014),
e BN KL AR, anAFEHL T AT i ik 2R 35 98
PR PRAR, B AR NG & B 8 A
W) B BT T (4 K 422002), & F A AL 7

WOk BEFEBUR 3 B8 12 (Bilger fIBjorkman 1990,
Govindjee 2002; NiyogifiTruong 2013). AEH4k2%
HE R I R 23 A4 R B IR A 1 U BON BURK, 36
53 W3 5] AR 4R O e B R AT 3G 9 (Niyogifl
Truong 2013)F15% R Sl v H4Cr (photosystem 11,
PSII) e 5 4% AR (1) T P& (Saez®52013) . 4E64L
SRR ) R B AR O 9 A RGE BRPSTLR M.
s F8 UK BE B HERR, RAER4E RO S HLAY
B RGAT I — PRI SRS, (HIX FhAE4E 5 B AR
FRCH 5 5 | AR 1) D A AR By P8 R PSTI B H O Y
PRI A T2 AL (VR 422002) . T35 S i
RG] A Ll B SRR R AR
(Ppsy) FIBFAR AR B it — IR ? JEe b 0 Kk
A% HR DR RN A 25 R ML )~ T 2 AR AR ALY
3T B 2 A 2 0 E SR R R A i PSIDG
S AR GG 28 K R T S22 H A R R = %
WG [ PR R NAR DT o AR SO B S 3R ' R
53t 224t (CF imager), & BUR 3 FIR T750E 50 1
e LU H I R PSIT ARG A 7 e B 0 FO R 1%, TR0
TR B ia R B PSTLR B H G R G
SAAEFE F A R KR, KHE
SR ) A8 HLRN o 4 SR A BT R TR
AU LR ) A B AR S IS MR AL, DA IR
X e L1 i R 3 AT R e A5 ) e ) A

MRS 7E

1 iR FEHh R AR R

IR AL T B R B -IE K =L S
FERH AR A RGET AR LI G B ik, Hh AL A R
PEINFR 2 B2 R B214[HTET16 kmik, HFEALFRA
33°24'N 97°18'E, k4 270 m; M5 Ay i i 5ok
Bl RS, SRR -5.6~3.8 °C, K E
562.2 mm, S 7K 32 B A AE A A KR 1K16~9
H, 415 &5 RK075%; L3y m s m +, B
FERFEE, BomAR, B -LIENGA LA
fm; TIEpHE 6.92, AL & 52.36%, HAA
14.0 mg-L™', HpZA%5.1 mg- L', iHA%S8.9
mg- L™, % H17.0 mg- L, 3 R8#76.5 mg-L .

T [X M 2 Y 5y Ll B (Kobresia pyg-
maea Clarke) /B f], B F BN HMELZ 5
& B, IR A % & S (Kobresia humilis
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Clarke). F%13F(Stipa aliena Keng.). 3K
(Poa poophagorum Bor.). EkZEE (Polygonum vi-
viparum L.). 25 23 (Potentilla nivea L.). 3,
&% (Anaphalis lactea Maxim.). 5 11 R &L
(Thalictrum alpinum L.)55; FEEFYIA -5 (Festuca
ovina L.). FEFEPIREL(Elymus nutans Keng). VELE
Lyi[Aster tsarungensis (Griers.) Ling]. NN X E
% (Saussurea superba Anth.). 21T A JL(Tarax-
aum mongolicun Hand.—Mazz.)%5; N Z¢ KRBT
Jk B4 H B 5. (Oxytropis kansuensis Bge.). N[
T JH(Gentiana sino-ornata Balf.). IREi(Stellera
chamaejasme L.). i3 K&k (Euphorbia sieboldia-
num Morr. et Decne.). Hiff &5 & (Pedicularis kan-
suensis Maxim.)s MM—WBRk[Lamiophlomis rotate
(Benth.) Kudo]&5. 5056 X /&y 1L & 44 2 B B ) 7
MR 2= T0 5K & BRI

il FONR 2R N SRR A KAE
HEAR3 200~5 400 m iy L JEE M ) A 1L A,
TE T 98 e Jot B o B Ly DX DRy e o ) A
AE AR R, Ae IR FE A B A%, O e R 9 oOK
o e S0 AN 3 A R P
2 RIGIG E AT

IS L AE T I K22 -1 R 2 = VLR = 5
B AR S FR G B A UL sty DX T A v L R
TR, {EZE I B A A R 3B,
FEHLAZ LS emx 15 em[f) 3L 728, JEFE #4120 cm.
A0 5 B R R 2 e ZR IR AR M, 4 =

S HLAL T H AR AEKOIRAS; BRI Y 2 A R
JER4 Ja, HoA—Huial R A7, Wt R S —
g vb 2z B 7R AR T A T 9 S 2R b, AR S 2R
FEEHL 2040 cm, TR AL,

I IRT20144E8 28 H o JEUAL PR+ IR
HEZH B 7 B H WG /b oK, 4 FR 5 A TR
RES; T F A B B P e e NI A, DARS
AR . T R ACFRFFSET d, IR 2 4 K (6]
BN 9H2HBLESE3 dBER10:004 44 K K HL
- 5 AR IR 2H B i Heidh A7 3 N SRR O B
otre OHAHRIRS R, FIMUE i P+
HEME &K T 5 A 2 RN 0T HE 2 1 358 1 AH 6
Ak 4y B1(5.2041 .44)% A1(25.7541.25)%, i
EWEREER.

3 HERTHESHANE

K H 9% [ 77 CF-imager i 4 3 ¢ ' BIHE 43 i
{%(Chlorophyll Fluorescence Imager, Technologica
Ltd., UK). K425 51T 'S THE IS TR, TR
2 P 8 I I N R R AS 1R 60 T SRR I A
mar R ORI, AT AT . W S TE = AR
BYERFAE(20£1.5) C, HE NS SIEEMXHEE .
3.1 MERERF

HERE IE N 15 mind ], BEFES mindl] 2 1K
PSII W H 0 5% PR A I (1 B /N I S 3R ¢ e 7= R
(F)FIPSITI B 0o b T FFTBCIRAS (1) e K 4 38 %
e (F,); %200, 800, 1500 pmol-m™ sk
Hy mE3ASGIRBR L, R B AR 1E o,
AR B E AL BE 1S min, &FAIBES minidllE —
PR KRG 3 (F, VRIS RO ™= #(F); K
BAEADG, fEMREFRRERES. 6. 9 minff, 737
MWEFFF, . WEF, F,AE, A A6
840 pmol-m™-s™, ik 4 A60 ms.
3.2 TERERT FE ALK E G R AT

TEZ GG I B dm i A b, 7 32

R SE R Fr ) AT & B O RO R

B o FESRE24M0H B 058 S BEAE v — 2l 2 1
. BAAEAED IR WCF Imager{d FH /it
3.3 PSIIE R AL RS SRR A0 1 3 & BE RS
ER T

T L IPSILR K e & R (FJF,)
43 B CLHERARE & 5. 10A115 minfb ) /N4 R
RN (F )R S R 6= B (F)THE,
hF=F —F,, 200, 800, 1 500 umol-m~-s k.
L EDGERE R F, LLOxborough f1Baker (1997)
2 NANAEE: F/)=F /(F/F,—F,/F,)), J.rhF fF,
PSR P15 minb 3@ B[R 2R R R 6= 2

FRSEFIE T @, ik B8 Genty %5 (1989) 24 it
B @ =(F'—F)/F, o WERRRIGHE K AE AL
SPER 2 B(NPQ)JK e Bilger F1Bjorkman (1990) )
ARIFE: NPQ=F,/F,'—1. PSIIJ N 0 [ I
Lt g, F Baker (2008) 1) )7 ik 45 5, ¢ =[(F.—F.)/
(F,—FNX(F,/F,). PSIL N AR5 PE At ke
B T 7= B (Do) FIR T PERE AR R T
(Dpo) 73l 1 R AT (Kramerd$2004): &y=1/
[NPQ+1+q X (Fn/F,=1)]; @npo=1-Ppsy—1/
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[NPQ+1+g, X (F/F,—1)].
3.4 JERUFEZERBA S X EIERRALH
HFIE

% Maxwell fllJohnson (2000)2% 343 i+ 5
A Ak 2 8 K Rt RO (NP Q) FT 12 5t B2 AH
(NPQ)H.%: NPQ=(F,—F,)/F.; NPQ=(F /F.)—
(Fy/F,), N F e AT 1S minfE s B (1) 58 6= 28, F,
RVEE MK 3 minfhf ()56 3. JEEER B
FNHIFLE K HE Dodd 25 (1998) ) 7 At it, RIE &1k
FIFERS AN Py =100x[1=(F,/F,)(F/F,)], F
HF=F,F, F,=F,=F,.
4 BRI

H AT RS RIF IR =E N SRR
PG 58 o A ST FH 38 7 R 040 R 4L 0 s i k47
I3MT . ML FHEERE T BARE BN E, Hi5

5 HA AR S B B 2 B A, A A B

i S R B

FISPSS 16.08 4T Ge vt 40 i, R AIA LA
ARG 96 % P R RO HE e TR) 1) 22 S L A
AN [F) 4 B ' 5 FH AN () FR T (1] 2 ] (1) 22 R FH B
IAl 25 7 22 93 H (one-way ANOVA) ¥ /MR 3 7 5
1A(LSD)it 4T 2 E L #e, B E K% Na=0.05;
AN [) ' R R0 52 3 i) 52 L350 0 B SR T — e 2k
PEASEAY B B 7 22 53 #1145 (GLM univariation). F
Microsoft Excel Z {4l i, B &dis LT 35 50580,
T H AR R UHER Z(SD). % SR AR
%1924, Ho72 5 0 2 1 W h AT E bR .

S
| LT SMORE LS EPSURAK LT

HMERIFM

-3 A T R P ST B Hh U Y A 22 35k
REDCIHIREEE . E1ERY, T2 5EPSTK
R 28T R (F/F,) R BRAR B 3E R TR
JER, T 5 B 2 & A R F L 2 IR
ANEIHE I B, PRI s R A A 2 et AR
(P<0.01)iZ ¥ #A2 NAN R 2 (P>0.05). HiH], 3%
5l 38 IR R G A R — B AR R AR I
AR IR Al EIPUP G
2 RESERATPSHR LA BERISELFER
EAUFETHRDE

i3 PSTLS B R L FE HIE) BT A SO RE T 70

09 r
OXtiE OHETF

0.8 |

FJF,

0.7 -

0.6

I 3& N2 I [8] /min

1 el i B PSTUR B H OB R b 2 i 3R (FUF,,)
of 3 B ol P ) S R AN [ i 2 I ] P A4
Fig.1 Response of maximum quantum efficiency of PSII
photochemistry (F,/F,,) to soil drought stress and its variations
with dark adaptation time in K. pygmaea leaves

ANA NG TR S =BG 53] gk B 398+ 5P 2 A )
FEANIRIIN RLF/F o ) 22 57 0 35 P (P<0.05) 0 %2 of [N 3 - S A B
7] 52 52 P 2 57 (P<0.05); % %o BN Lot 7 A 0 ) A 2
F(P<0.01),

FeAEE AR A P N i 1% (Kramer£52004) . PSIT
KPR BT ROR(Pps) AR T 3 MEH]
Feom B 2 5 R, B S a5 mT 5] Dy, IR
& FEAR(P<0.01) (E12-A). ARJutbsame K oid
S Do A Do M S (K2-C) o Bl HI D 5
IR, ot LIET R T 2 BB S, 1
X A 2H &, 7E800 pmol-m s Fi 2% S 8 R I 55 2
i (E2-B); 5 &6 3R AH ELR, 1 500 pmol-m™-s™
G BRIE 51 T HERT T R 8 2 Dy 1) 2 3
166, FLPAAR T BE 405 9.25%F113.50%, 13 B Dpey 1)
AN T2 BT Do 0TI TR L35 5 3 i
See: & e N SER N ENIIE- A0 g ab S [
HHHEE

ARSCAL BAS00 pmol-m™ s A s BR () s i 2
i, o3 1RSSR G R R AS [ I B 4 2
PR T RORINB . R, 215 minfaS/EH
RIS, o BEAN T 5 e AR B L R A PSIDY
2 REHE AR R & T B AR N 5 min
B}, Bps A, HLN A LH Py 522 T 104115 minfl)
D (FE3-A); Y6175 T 1 o 753/ 8] BE I
B3 A 2 7(BI3-C); BEAE F s I ] (1) & 4
T F 1) Do R F, H 15 minff (1) Dy i35
XTS5 minf)(3-B). ~FHifi =, 800 pmol-m™-s™ i
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P2 R e 1F HDG SN 33 B E X PSIISE PRt AL 2 &
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PERE R FEHUE T 77 B (Do) I
Fig.2 Effects of light intensity and soil drought on PSII actual
photochemical quantum efficiency (@), the quantum yield
of quenching due to non-light-induced processes (®y,) and
light-induced processes (Pypo) in K. pygmaea leaves

ANFING SRR G S BE53 ) 9 7] — A B R AN R 5 ) i
Dpsin Do Dypo IR VEZE 7:(P<0.05) 0 *: Xof JEFT L 358 2 4b
P[] A 25 M 72 5 (P<0.01)

NN, Dpgis Pros Prpo— 8 Z BRI EL A K B
J94:3:3; 200411 500 pmol-m™-s ik, EGHET,
Dpsiy Pro~ QDNPQE(Jttﬁﬂﬁﬁﬁ%”jﬂﬁ&l*ﬂ&Z:S
(CEFNI)E
3 FEMEXIER A FEIE KA 5T RIS

2% . mB3ANESAR AR O ER AR I,
SLJiIF45 min5, FX T A3 minfiE MR E . R

Ox otE+s

*3%

1

0.4

Drsit

0.2

OXNHE otfE+s

*3%

+

Dro
)
o

T

OXE oLhBErR

03 r

Drrq

02 r

FAAE A HE R 6] /min

B3 Bpgn Dol Do BEAN IR e IR 1] (32 £k
Fig.3 Variations of @y, Py and Py with illuminated times
in K. pygmaea leaves

AEVING g BERUR G 7 B 53 50 9 [R]— Ab B AS 5 I 1) B
Drin Do M Do 5 1k 22 T (P<0.05)0 **, X IEAT 4 T 5 b
i) S 0 A S 2 5 (P<0.01)

IG5 7%3 minf5 IOF,), DL FRSAE DG E R AT
15 minfF1& B 1 F,, 7387 7 3640 2208 K FINPQ A
NPQ,. 45 HRFKM, XA H, NPQFINPQ, 73
PSITHE M4k 2 KNPQFI71.08%F128.92%; 1M
NPQAMNPQE -+ 35 57 i ie 4 53 7)) NP QI
71.39%F128.61%; HFF i 4b 2 fFNPQAINPQ,
Oy A WA ) T 168 AT 16515l 4) . Ui B, BRAH
53 2 PSTU B HH G ARG AR K 1) F B s &
B B pa sl 7 AR SR K RAg A 4 4y 1 S

Ee)IE
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4 REERBIINHIINS 4

Z M Dodd %5 (1998) Al v+ 77 7%, 70 1 I ith
%3, 6. 9 ming i A LA PSR B H Oy e K AL
FROR(F,TF) S5RSE DR IRET A 15 minf i
NG FJF R AR (E]S) . g5 SRR B, B 4
IR T P S, oxof BN 52 o 41 vy L i i )
Py AR B S, X A AR IR R 3 R A, T
B Whia H 1 69t T E K T3 miIlEI/‘JP(inh); +
23 2L L PP o R 3 T R
(1), HAREZ fe KT XS AR DY), 1B s e 5 S 10
JeE WU G 58 2 R m 0 2 a5
oI E IR v L i B A F BRI R

OXE OrETRE

*3%

AR FAL

*3%

NPQ,

MR RS K

P4 3 a0 L B A PSTIEE G 224 K
(NPQ) S H1 5t 74 AH 4153 (NPQAINPQ) I
Fig. 4 Effect of soil drought on PSII non-photochemical
quenching coefficient (NPQ) and its fast and slow compounds
(NPQ;and NPQ,) in K. pygmaea leaves
ok S0 R T A ) R A S 2 R (P<0.01)

R

1 IR REERMERMNSLUSEM R aNieE
S THIRIR

PSITS B oL (AR RR S BE B AU L &AL
VH B ) EOKR RE 1) T 2 i& 12 (Bilger MBjorkman
1990; Govindjee 2002; Niyogifl1Truong 2013). 5#
JEAN T 5 38 T] S B Dy 1T A, L ANPQRJ 1
e, SR SRR PR 8 ) — R AR R R . B
TR, NPQS) % 2 Fh ALK ZR W5, a0 35
T AL SR LR BT CO, 2 O, HY L 7, 3K
PSIIJ B H 0 i B 5 AL R IR T P (Séez%52013),

S B S N Bk (R Ak sk F2 %) (R 4k 71 (ATPAINADPH)
KRR, RS R B RS 1) g 2 e
B R KRR ) B DR 3

16

o Ot OrE+sE

*3%

*3%

Je B KA S /%

I S AR I (8] /min

5 3 S a0 v L B R e A AR RS i
[Py I
Fig.5 Effect of soil drought on relative photosynthetic pho-
toinhibition [P, ] in K. pygmaea leaves
ANNA N E SRR S 2 B3 5 A% AT L 358 R a2 AN F]
IIJ [ BER) P 1 02 25 1 72 57 (P<0.05) 0 #%: X0 HEAN 1198 S AL 25 )
SRR ZE R(P<0.01),

38T B e ny n G A HUR R A AR BT
(PR ARSE2000; FRAZAIEE2010), XF 75 58 w1
EAE A L BT, X RGN B 2 R AT
WAE(E); I R iE N IX OISR
FEOE 2 (K]5), g1t 57 K 42(2002) 1 5 118
— 3. TR E AT T P, 1) FEACHE FE (B
3A), FIENPQHIIE N(IE4), G T Fa T,
AR N 3L 5T R FEAAR R B PSTL S B H 0 2 52 R 18Ik
A, RIEMIPSIR M A O 5 G R R G gk — ke nl
Z: 5 xh i FBOR RERIAFERL, R3PE Thie S Hd
G52 2 46 REL E (Maxwell FllJohnson 2000; Mur-
chieFINiyogi 2011), & AE YRR NAT Hb SR 52 )
36 F—Fh E B 5 FE (Baker 2008). 3 L4
Z N B Bt PR AN A — RO OR3P S £ (photopro-
tective process), M43 B[] REE (A] #5742 34 J 1A
ZINRE ) ) B Bt R A0 D' A il (photoinhibition); 17
) A B 35 S PSTI s 82 H O R OR3P A1 493 5 2 P L
FR(YF K 4:2002), A S MaxwellflJohnson
(2000) (1) 77 12K PSIT e B H L NP Q23 R Bt 75
(NPQ)FIZ I IZ(NPQ,) 2¥ 5. W LLE H, Sl
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TEYDJE R K B8 (Rheum tanguticum) FJE T RE 11 B
i (Anisodus tanguticus) IR 5T 45 5 AL O A 8 %5
2007), 1 Ll B PSR Bk = Be e HH, NPQ,
Mo EEA Sy, 7] ENPQIHIT0%LL Lo AHEFTH £
B R hba g 1 Eu i 28 KA 4 NPQAINPQ,
(8 B 1, AP R L R e R A
P 2P LB B (7] S5 38

H T Lake B R (KPS B HH U UK BE 73 B 1)
BT RCR TR, BR o G 2R KA, S
T AV R AR O FARE AR R AR A S K UK e
JEEIE ] 5 A28 4, RIPSITE 5 M 5E & AL HLH) &
77 & Dy MPSITHE Y 5 Ve e B AR EU & 777 &
Dyo (Kramers52004). Dy 7t 3 A 5 1l 72
(down-regulatory process), @yl 7~ AEE 5 T 1 H
fih §E & H 2 (Bake FlIRosenqvist 2004; Baker 2008).
Dpo M Py IMPSTL W H O R 1 MG AR 4 i
FECRAAE A 15 #6277 T 40 A 1 PSTUR 26 (0 3 4 3Kk
JGHERIIATE o B ) Ppo R G B WL IR
DR B 2 ATk RS, (AR AT AT DA 5 1
PRAEHCHLATH B o OR BE IS EAG 3, R Dypg
ARG IR B FE B B R AR, Do Tt T
BE b  e E H H CR A PR B R AL A 2
DIFEHOG ARG REN L, I R e O &
TEASZ G F, BRSO I 2 S EHEY O EHIM
(7K Ad5 45, BIAS AT 386 2% 3% (Kramer%5:2004; Taka-
hashiZ$2010),

H1 I 3-ARTCHT A1, 93565 e AT 515 v

i B By D (R FEAIS, P Do IS 0, it B

18 55 N PSILR B A0 DAL 2 3503 52 21 1 H0 i),
5 bR ARG B8 K A 6 3 I PSTIR R, H1 0
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Table 1 Interaction effect analysis of light and soil drought on chlorophyll fluorescence parameters
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