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Abstract ; Plant response to a single environmental factor is often modified by another factor. Kobresia pyg-
maea was collected from the Alpine Grassland Ecosystem Research Station in the region of Three-River-
Source. The chlorophyll fluorescence imaging of leaves was used to determine the interaction effects be-
tween soil drought and strong light besides measurement of photosynthetic pigments. The results showed
that there was no difference in total chlorophyll contents (Chl a+4), and that chlorophyll a contents (Chl
a) and the ratio of chlorophyll a to & (Chl a/b) decreased in soil drought treatment. The PSII maximum
and operating efficiency (F,/F, " and F,/F,") and the PSII efficiency factor (F,/F,) were significantly in-
fluenced by actinic light intensity, and the decrease of F,//F, and F,/F, were intensified by the treatment
of soil drought. Non-photochemical quenching coefficient ( NPQ) and relative limitation of PSII photo-
chemical efficiency (L prp, ) increased with the enhancement of actinic light intensity, and these trends were
aggravated in soil drought treatment. GLLM univariate analysis indicated that light intensity was the main

:2016-06-20; :2017-06-15
: “ ”(2016-NK-A7) ; (31660237) ;
(1506RJTA155) 5 (2016-72]J-906) ;
(2017-7Z]-Y14)
(1963-), . s s s ,E-mail.: sbshi@nwipb. cas. cn



4 : 725

factor, and excepting F,/F, and L, » the fluorescence parameters of NPQ and F,’/F,, exhibited interac-
tion effect among actinic light and soil drought treatments. The results demonstrated that K. pygmaea
could quickly respond to environmental light variations and had a strong tolerance to soil drought stress.
The improvement of dissipation of non-photochemical energy was one of the important strategies for K.
pygmaea to maintain effective performance of photosynthetic apparatus in alpine environments.

Key words: Chlorophyll fluorescence; Qinghai-Tibetan Plateau; Interaction effect; Kobresia pygmaea ; Soil
drought stress

(Kobresia pygmaea Clarke) iy
, (Cyper- ,
aceae) (Kobresia) , 3 800~4 500 m PSII
[1] o ’ o
’727 b b
40%~60% 80%.
, [10]
(Medicago ruthenica (L.) Trautv, )", s
(1] [11-13]
’ 4 000 m ° ’
[14-15]
) s (CF imager) ,
[ ,
. , —0.1~—1.6C, > o
5C 543.1~886.9°C )
, EE
, ’ 1.1
[6-7] . [8-9] . [3] ,
. , 33°24" N,97°18" E, 4 270 m,
’ - 5. 6 i 3 8°C ’
562.2 mm, 6—9
° ) 75%;
) o (Kobresia. humilis Clarke) . (Stipa
s aliena Keng.) ., ( Polygonum wviviparum
(non-radiative dissipation, NRD) L. (Potentilla. nivea L.)
iy s (Festuca ovina 1..) . (Ely-
II (PSID mus nutans Keng) | (Aster tsarungensis

, ) (Griers. ) Ling) | (Saussurea superba



726 25
Anth) ,
. . 24 )
, , 40 ~ . CF imager
50 cm , pH 6.92, o
) ) 1.3.3 PSII
; 2.36%. 200,800,1 500 pmol * m™* «
14.0 mg+ L7', 5.1 stoo L3 ) 5.10.15 min

8.9mg- L',
76.5mg - L7,

17.0 mg » L7},

1.2
3 s 15 em X
15 cm 2 20 cm,
H 1 s
, 40 cm,
2014 8 28
7d, . 9 1 10:00
99 4 1)
(5.204+1.44)% (25.75+1.25) %.
(P<<0.001),
1.3
, CF —imager
(Chlorophyll fluorescence Imager, Techno-
logica Ltd, UK ), ,
20 + 1.5°C, .
1.3.1 15 min PSII
(F.),
(Fu)o 200,
800,1 500 ymol*m * s ' |, . 3
N ; 15 min, 5 min
(F.D
(F, F, F,' 6 840 pmol
em Zes !, 60 ms,

1.3.2 .

. F,'  Oxborough Bak-
ert!® . F,' = F,/(F,/F,- F,/
F.". F, F. 15 min
PSII (F//F,») PSI (F,/
F.) (7] : F//F, = (F,' = F,))/
F.'; F//F, = (F,' = F)/F.', PSII
(F//F.)) (NPQ)
Bjorkman® . F,/F, = (F,' -
F)/(F,' - F.,)>);NPQ = F,/F., - 1, PSII
qL Baker™* s
.= [(F,' = F)/(F, — F,O)]X(F,//F,).
PSII (L pery )
(1] :Lopy = 1 - [(F.' = F)/F.']/0.
83,0. 83 .

Bilger

1.4

) 0.100 g ;

10 mL ( :

=4.5:4.5: D , :
10 d S

[21]

1.5

Microsoft Excel 2010 ,
16.0 o t

SPSS

(one-way ANOVA),
s 0.05;

(LSD)



4 : 727

(GLM univariation) , o
s (SD), 24,
2
2.1
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a(Chl @) a.b
(Chl a/b) , Chla (P <<
0.01); b(Chl b)
1

Table 1 Effects of soil drought stress on chlorophyll

contents in leaves of K. pygmaea

Control Drought Sig. (n=23)
a
Chl a/ 1.7976+0.0284 1.5580+0.0168 0.003
mg e+ g 'FW
b
Chl b / 0.6877+0.0312 0.90654-0. 2650 0. 322
mg+g 'FW
Chl a+b/ 2.485240.0594 2.4744+0.3592  0.961
mg e+ g 'FW
a/b
Chl a/b 2.6165+0,0798 1.884440.5214 0. 085
2.2 PSII 1 PSII (FV/Fw).
PSII (F;/F,) PSI
1 , , PSII (Fy/Fuw)
(F,/F.). (F,/F.) (F,/ Fig. 1 Responses of PSII maximum efficiency
F)) ; ) (F,/F,), PSII efficiency factor
F.'/F.’ F,"/F.’ (P~ (F,/F,) and PSII operating efficiency
o (F,//F,) to actinic light intensity and soil
0.01,  FJ/F, ° ’ drought stress in leaves of K. pygmaea
FJ/F,  FJ/EY ,
o (a=0.05);
2 800 ymol em % e ! ns, x , % %
. 200 ;Lmol e m? . ! 1 500 (P > 0.05), (P < 0.05),
(P < 0.00),
‘umOl sm - Sil Note: Different lower— case letters and capital letters
o 15 min ’ Fv,/Fm, indicate significant difference between control groups
Fq’/Fm’ . and soil drought stress groups at the 0. 05 level, respectively;
( 22 20) (P<0.01) ;Fq'/F\' , ns, % and % % indicate no significant difference (P>>0.05),

significant difference (P < 0. 05) and extremely

¢ 2b), , PSII

significant difference (P <C 0.01) between control and

drought stress, respectively. The same as below
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L vy C 5b), 7 ,
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s (P<< 0.0,
° ( 2); Fq’/Fm/ L prny Sig. (P> 0.
05), .
, .  FJF;,
> > X
4
PSII (qu)
Fig. 4 Effects of actinic light and soil drought on
fraction of PSII centers that are “opened” (q.)
in leaves of K. pygmaea
5 PSII
(general (Liprny )
linear model univariate) , Fig.5 Relative limitation of PSII photochemical
R : efficiency (Lpepy ) in leaves of K. pygmaea

2

Table 2 Analysis of inter-effectiveness of light and soil drought on chlorophyll fluorescence parameters

f f X
Control-Drought PFD Control-Drought X PFD
F Sig. 7 F Sig. 7 F Sig. 7

qL 12.312 0.001 0. 082 147. 484 0 0. 681 6.031 0. 003 0. 080
NPQ 93.024 0 0.403 301. 253 0 0. 814 10. 816 0 0.136
F/F 91. 89 0 0. 400 214.707 0 0. 757 8. 706 0 0.112
Fy/F/ 3.089 0. 081 0.022 329.018 0 0. 820 3.310 0. 039 0. 046
F,/F. 80. 317 0 0. 368 1652 0 0. 960 2. 880 0. 060 0. 040
Lprny 84.966 0 0.381 1877 0 0. 965 1.516 0.223 0. 022

)

F ,Sig. N

Note: F, Sig. and Vzindicate the ratio of average square, significant and contribution to the total variance, respectively
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