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Synergistic effects of shade and drought on the photosynthetic characteristics of

Arthraxon hispidus
XIE Rui-Juan', ZHANG Xiao-Jing', LIU Jin-Ping'* , YOU Ming-Hong?, WU De'
1. China West Normal University and Key Laboratory of Education on Southwest China Wildlife Resoureces Conservation, Nan-

chong 637009, China; 2. Academy of Sichuan Grassland Science , Chengdu 611731, China

Abstract: The objective of this study was to clarify the synergistic effects of shade and drought on the photosyn-
thetic characteristics of Arthraxon hispidus and to explore the resistance and ecological characteristics of this
plant under shade and drought stress. Wild A. hispidus, a plant with potential use in sloping lawn develop-
ment, was subjected to different 20 treatments, combining five shading intensities (0, 10%., 30%, 50%,
70%) and four drought intensities; sufficient moisture (W,), mild drought (W,), moderate drought (W,),
and severe drought (W,). After 36 days of treatment, the leal biomass allocation ratio, photosynthetic pig-

ment content, light response ability, and photosynthetic parameters were determined. The extent of shade and
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drought and the synergy between shade and drought significantly affected the area, number, biomass, and allo-
cation ratio of A. hispidus leaves (P<C0.05). Shade and drought had a strong synergistic effect on leaf area,
number, biomass, and biomass allocation ratio (P<C0. 01), with the strongest effect on the allocation ratio,
followed by leaf number, leaf area, and then leaf biomass. Shade, drought, and the synergy between shade and
drought also significantly affected the contents of chlorophyll a (Chla), chlorophyll b (Chlb), Chla+b, and
Chla/b (P<C0. 05). The Chlb content was more sensitive to habitat than was Chla content. Compared with
drought, shade had stronger effects on chlorophyll content and photosynthetic rate. Shade and drought had sig-
nificant synergistic effects on Chlb, Chla-+b, and Chla/b (P<C0. 05). Shade, drought, and the synergy be-
tween shade and drought had highly significant effects on the light response capability (P<C0. 01). Shade and
drought had significant synergistic effects on the light saturation point (LSP), light compensation point
(LCP), and maximum net photosynthetic rate (P,,..), with the strongest effect on P, max followed by LSP
and then LCP. Shade, drought, and the synergy between shade and drought significantly affected the photo-
synthetic rate (P,), transpiration rate (T,), intercellular CO, concentration (C;), and stomatal velocity (G,)
(P<C0. 05). Shade and drought had a strong and significant synergistic effect on photosynthetic parameters
(P<C0.01). Shade mainly affected P, , drought main affected G,, C;, and T,, and their synergy mainly affected
T,. Shade of 30% or less reduced the size of the decrease in P,, T,, C;s and G, caused by drought, but shade
of more than 30% exacerbated these decreases. Compared to each single stress, the synergistic effect of shade
and drought increased the photosynthetic leaf area and chlorophyll content and altered the light response ability
and photosynthetic parameters of A. hispidus. These changes contributed to the stress resistance and ecologi-
cal adaptation of A. hispidus.

Key words: Arthraxon hispidus; shade; drought; photosynthetic characteristics; synergy; growth strategy
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Table 1 Effects of different shading and drought on the leaf traits

[T FE2hia JHE B Shade degree
Character Drought stress 0% 10% 30% 50% 70%
LA T AR W, 5.3340.83Ab 5.7240.25Ab 7.074+0.51Aa 7.7740.46Aa 8.99+0.51Aa
Leaf area W, 3.75+1. 17ABc 5.7640.59Ab 5.5940.62ABbe  7.49240. 70Aab 8.2240.22Aa
(em?) W, 3.294+0. 35Bc¢ 4.67+0.63ABb 5.66+0.31ABab  6.73+0.47Aa 7.1940.45ABa
W; 2.76+0.81Cc 3. 800, 45Bb 5.06=0.46Bbab  3.96240. 18Bb 5.96+0.37Ba
% W, 61.25413.02Aa  39.7547.93Ab 34.0044.96Abc  28.2544.03Abc  22.25+4.03Ac
Leaf number W, 55.754+17.23Aa  27.75+7.54Bb 23.25+2.63Bb 20.70+4. 69Bb 20. 25+3. 40Ab
(number) W» 58.0048. 28Aa 32.0043.16ABb  28.7546.55ABbe  19. 2542, 50Bd 21.2543. 59Acd
W, 42.25+2.87Ba 35.2549.06ABa  26.25+4.03Bb 23.50+3. 11ABb  21.25+2.87Ab
A7/ Wo 0.56=+0.05Ac 0.6140.01Abc 0.7440.09Ab 1.05+0. 03Aa 0.7540.08Ab
Leaf biomass W, 0.3120.01Bb 0.36+0.00Bb 0.614+0.04ABa 0.52+0. 04Ba 0.51+0.04Ba
(g/plant) W, 0.29-0. 03Bb 0.42+0.06Bab 0.534+0.06Ba 0.53+0.02Ba 0.38+0. 04Bab
W; 0.2320.05Cc 0.3240.01Bbc 0.4940.06Ba 0.55%+0.03Ba 0.46+0. 06Bab
43 e L W, 21.87+2.52Ac 24,015, 75Ac 30. 082, 13Bb 39.77+2.73Aa 38.26+1.31Aa
Leaf mass W, 15.4242. 89Bc 17. 6441, 06Cc 25.84741. 46Cb 22.4143.79Ch 30.35%+1. 14Ba
ratio (%) W, 14.3540. 44Bc 19.53+4. 88Bb 23.04740.48Ca 21.3740.97Ca 21.7141.29Ca
W; 20. 3543, 98Ad 26.2243.51Ac 39.5140. 13Aa 29.5640. 89Bb 36.512. 94Aab

WU AP E AR R . W — MR R IR R R E 7 8 %R T 5240 3 W 22 55 8 % (P<<0. 05) , {47 A [l /N5 5 5] 3¢ 7 I B Ak 3 ] 22 5 | 3%
(P<<0.05), T,
Note: Date=means® SE. Different capital letters within the same column indicate significant difference among the drought treatment at P<C0. 05

level, and different lower letters indicate significant difference among the shading treatment at P<Z0. 05 level. The same below.

2507 2540 7 32 W L 2 BRSO i MR A B S 3 S e (P<<0. 01) (38 2) .t F AT U8 o 308 B S i R 174 5% g ok
AN B> W A > A G B S R TR R AR i R A B A R S S e (P<Z0. 01D, % i T AR
3 R (P<0. 05) o RIS A= 49 = 43 i BE => Ip > 1o B, 6 B R S0 6 i o R o KRN A T L AT
M S5 U AR F (P<<0. 01) W A= 1 1 A5 0 /R I (P <20, 05) o 5% W I 8 > 43 T BE = i 50> i TG R > i A 49 4
HE I KT P bR 1 5 i e R 38 9 R T S B D A PR X o T R iR 4 T B S M AR K, TR AR R K
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Table 2 Double factor variance analysis of shading and drought on leaf traits

PER 3 B X + & Shading and drought % B Shading F 5 Drought
Character F P F P F P
I FY Leaf area 4. 454 0.001 26.975 <0. 001 3.195 0.031
S Leaf number 7.510 <0. 001 60. 758 <0. 001 5.708 <20. 001
£ # Biomass 2.550 0.013 57.216 <<0. 001 30. 290 <<0. 001
3 Bc b Mass ratio 44. 834 <0. 001 46.517 <C0. 001 17.524 <0. 001

1B FAR7R F AR, F BR3P R R .

Note: F value indicate the significance of the F test,with greater F value means the more significant, and P value indicates the probability value.
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Table 3 Effects of different shading and drought on chlorophyll content

EC 7N T Eha HEFH EE Shade degree
Index Drought stress 0% 10% 30% 50 % 70%
4% a W, 42,3642, 34Ad 48.054+2.59Ac 50. 7340. 88Abc 53.09+1.72Ab 58. 964 3. 25Aa
Chlorophyll a W, 39.254+2. 36 ABd 43.064+1.31Bc 49.78+2. 10ABb 51.7842.26Ab 56.72+1.32ABa
(Chla, mg/g) W, 35.6941. 10Bc 39. 364 1. 93Bc 45.04+3.94BCb 51.90%1. 30Aa 55.8641.30ABa
W 28.9243.49Cd 35.8743.38Cc 43.734+2.32Chb 49.31%2.23Ba 52. 66+ 1. 88Ba
H4tE b W, 44,56+2. 17Ad 50. 894 1. 88Acd 55.2941.75Ac 62.454+6.04Ab 74,4444, 49Aa
Chlorophyll b W, 34.8343.33Bd 45.25+2. 76 Ac 48.424+1.77Bc 57.96+1.84ABb 69.58+0.51Ba
(Chlb, mg/g) W, 27.8543. 31Be 37.7343.39Bd 45.6010. 30Bc 56.4440.41ABb 63.3140.72Ca
W 19.45+6. 16Cd 30. 7443.48Cc 41.1143.65Cb 53.05+2.85Ba 58.96+2.20Ca
M4t % a+b W, 89.93+3.56Ad 98.9444. 34Ac 106. 03+ 2. 43Abc 115.54=+7.67Ab 133.41+6.83Aa
Chlorophyll a+b W, 74,08=+1. 14Be 88.31%3.95Bd 98.20+2. 62Bc 109.7540.47ABb  126.3140. 95ABa
(Chla+b, mg/g) W, 63.54+3.09Be 77.084+4.86Cd 90. 64=+3. 84Cc 108.34=+4.37ABb  119.1640. 82BCa
W, 48.3849.59Cd 66.6246.83Dc 84.8445.98Ch 102. 3645. 06Ba 111. 63744, 08Ca
M4t & a/b W, 0.957+0. 06Ba 0.94+0. 03Ba 0.9140. 02Bab 0. 857+0. 06Abc 0.7940. 04Bc
Chlorophyll a/b W, 1.1340.13Ba 0.95-+0. 04Bb 1.0240. 06 ABab 0.90740. 07Abc 0.81+0. 02Bc
(Chla/b) W, 1.2940. 18ABa 1.0440.07Bb 0.9940.09ABb 0.9140.07Ab 0.8840.03Ab
W; 1.5540. 35Aa 1.1640. 04Ab 1.0640. 04Ab 0.937+0.01Ab 0.89-+0.00Ab

E AT S [E) A/ X Chla,Chlb #1 Chla+b % & & Chla/b #47 & 2 52 0 (P<0. 05) (& 3) , M ZZ ik T
TR 4R 5 N Chla/b By 2R 30, T 50 1 38 B 4 B A9 g B2 . W, +70% F Chla,Chlb Al
Chla+b &2 52 W, +02%11 2.04.3. 82 F1 2. 76 %, A AT S U [F4EH o /% T 2l Chla/b {5 & 2% 1
Jn s BB A Chla/b i &8 2 K4 5%
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H 5 2% 43 7 B0 L 38 B X i o Chla, Chlb,Chla-+b,Chla/b $4 #)% & 50 (P<<0. 01) (£ 4) . i1 F {4 7] J15%
Wi i )5 7 Chla+b>>Chlb>>Chla>>Chla/b; 5 %f Chla,Chlb,Chla+b,Chla/b 75 # & 2 8 1 ( P<C0. 01) , 1
Ji 7 4 Chlb>Chla—+b>>Chla>>Chla/b; # B F1F S %} Chla & & J0 8 3 Pr R /E I (P>>0. 05) . %} Chlb.Chla+b,
Chla/b #4 B ZEH (P<<0. 05) . HEF]Z 520 it 4 38 & i F i E 2 H ., T 2Rz, R FE A%/, Chlb
Ft Chla 55 5 32 JHp 38 A 55 (4 52 0
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Table 4 Double factor variance analysis of shading and drought on chlorophyll content

i H Item $8 4% Index 4% 2 a Chla 4% b Chlb 4% 2 a+b Chlatb 4% a/b Chla/b
3 B X F 5 Shading X drought F 1. 873 2.278 2.488 2.609
P 0.068 0.026 0.015 0.011
B Shading F 118.309 230. 910 233.739 25. 444
P <0. 001 <0. 001 <20. 001 <0. 001
+ % Drought F 32.836 80. 099 75.021 13.559
P 0. 001 <20. 001 <£0. 001 0. 001

R 5 EMRIT RIS EE S (P) BRI

Table 5 Effects of different shading and drought on light response capability (P, ) pmol/(m? « s)
T 5 a [ 2 GBS B Light intensity [pmol/(m?* + )]
Drought stress Shade degree 2000 1700 1400 1100 800 500 200 100 50 0

W, 0% 10. 83 11.02 11.32 10. 90 9. 66 7.09 5.33 4.24 2.49 —0. 84
10% 7.89 7.83 8. 37 7.35 6.08 5.19 4.63 3.50 1. 65 —0.65

30% 7.00 7.07 6.97 6.65 5.87 5.43 4.74 3.44 1.58 —1.42

50 % 4. 80 5.01 5.44 5.33 4.72 4.32 3.31 2.74 1. 81 —0. 36

70% 4. 06 3. 87 4.41 3.77 2.33 2.49 1. 26 0.65 0. 56 —0.39

w, 0% 9.78 11. 15 11.32 10. 02 7.39 5.01 4. 65 2.38 1.62 —0.43
10% 9.72 10. 83 10. 32 10. 90 9. 66 7.09 5.33 4.24 1.50 —0. 84

30% 7.79 8. 14 7.98 7.75 6. 95 4.45 3.71 3.12 1.83 —0.52

50 % 4. 00 4.55 4.48 4. 37 3.58 2.85 2.74 2.15 1.42 —0.59

70% 3.63 3.91 3.49 3.24 3. 36 2.93 1.79 1.29 0. 89 —0.09

W, 0% 8.47 9. 47 9.51 8.73 8.62 7.84 5. 84 4.09 1.24 —1.72
10% 7.75 8.01 8.71 8.99 8.54 7.56 5.23 3.27 1. 36 —1.55

30% 5.51 5.74 6.15 5.19 4.23 3.59 2.48 2.67 1.27 —1.17

50% 4.61 5. 84 5.97 4.72 3.13 2.23 1. 09 1.01 0. 20 —1.01

70% 3.76 4.42 4.61 4. 41 3.45 2.49 2.31 1.26 0.30 —1.27

W, 0% 4.98 5.77 5. 81 4. 85 4.57 3. 30 2. 46 1.92 0.73 —1.60
10% 4.19 4.39 3.49 3.08 2.48 2.24 1.93 0.53 0. 36 —1.97

30% 3.11 3.39 2.73 2.68 1.87 1.79 0.70 0.29 —0.02 —1.27

50 % 3.19 2.77 2.76 2.03 1.74 1.12 1. 07 0.51 —0.33 —1.50

70% 1.82 1.97 2.01 1.58 1.36 0.83 0.65 0. 40 —0.55 —1.56

F 5 Drought F 3.96 3.61 5.02 3.49 2.93 6. 80 4. 15 4.70 2.33 0.12
P 0.033 0.043 0.016 0.047 0.037 0. 005 0.028 0.019 0.122 0.947

i [ Shading F 4.52 4.02 4. 69 3.41 3.69 6. 82 4.01 3.79 1.75 0.14
P 0.022 0.032 0.019 0. 050 0. 040 0. 005 0.032 0.034 0. 206 0.938

Ak # Cor- F 4.24 3.82 4. 85 3. 45 3.31 6.81 4.08 4.25 2.04 0.13
rected model P 0.014 0.020 0.008 0.029 0.033 0.002 0.016 0.014 0.132 0.997
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2.3 BT F AR AR S8R

FEELA] R FH>>50 pmol/ (m? « o) 1% B BEHEAT 0G5 VE T B 6 BRSO & 3 58 (PO & A5 18 i, 65 1400
pmol/(m® « )B P, {H ik KA A W R PR S (GR 5) . Bl B BE 3 m sl T 2 e . P, (HiZE 6 T .
ARG T B s T X P, B W52 A 6] Ok 500 pmol/(m? « ) I P, B 3252 W e K. 38 B AT 5% >100
pmol/(m” « )Wk P, {HIA I3 5 (P<<0. 05),

T 2253 B 2T BH LT 5 OGSRXOG 5 HR (PO B A 5 i (P<<0. 01) (5 6) . P, {B 52 3 B 52 i d K
IR Z T RN . R T TR 5 P P R XS P YA B R 3 5 e (P<<0. 01) . 't AT 52 03 ] 4 P 4
KRG BRI Z B AT AN,

R6 EMEENERHAEDHT

Table 6 Factor variance analysis of shading and drought on light response ability

Y Source H i1 ¥ Freedom  3FJ7 il Sum of squares #4177 Mean square F {4 F value P {& P value
S 4 760.62 190. 16 721.90 <20. 0001
1 9 1119. 57 124. 39 472. 26 <20. 0001
D 3 36. 15 12.05 45.75 <Z0. 0001
SXI1 36 805. 08 22.36 84. 90 <Z0. 0001
SXD 12 8. 66 0.72 2.74 0.0018
IXD 27 813. 31 30. 12 114. 36 <20. 0001
SXIXD 108 223.13 2.07 7.84 <Z0. 0001

S: B Shading; T: Y& IR 5% & Mllumination; D: F 5 Drought.

Xof N g 7 pil 2 LA R B 26 9 A EE G O A (LSP) DM L (LCP) Rl Kb A 8 R (P ) A 2 3 2 TR
(P<<0.05) (& 7)., BN RS i, LSP & 3% % L F i (P<<0. 05), LCP B J5 b, P SEFH G . TO0IER]TF
LCP ik e KAH - 1l LSP Al P iS55 /ME 330 0B R LCP 35 fi/ME P 8 e R(H . T 54 LSPLLCP I P
AR ER M (P<<0.05) T 2w, LSP & 3% 49/ (P<<0. 05) , P H T 5 LCP B E B K 1M P B EFFG.

R7 BT EXEE SN
Table 7 Effects of different shading and drought on photosynthesis light response parameter

L7 + Fia BEFABE Shade degree
Index Drought stress 0% 10% 30% 50% 70%
S it A LSP W, 1088Aa 908Ab 836 Ac 584Ad 450Ae
Light saturation W, 948Ba 828Bb 872 Aab 536 ABc 384Bd
point [pmol/(m? « $) ] W, 748Ch 808Ba 748Bb 156Bc 330Cd
W 465Db 628Ca 615Ca 324Cc 324Cc
e M & LCP W, 17Cab 16Bab 12Bb 15Bab 19Ca
Light compensation W, 16Ca 15Ba 12Bb 14Bab 16Ca
point [pmol/(m? + )] W, 28Ba 24Ab 23Ab 24ABb 29Ba
W 43Ab 26Ad 28Ad 36Ac 96Aa
R EOEE R Pumax W, 9. 7808 Ab 10. 4794 Aab 12.6798Aa 5.5717Ac 5. 2000Ac
Maximum net W, 9.3455Ab 10. 2117 Aab 11.9271Aa 5.4019Ac 4. 8179Ac
photosynthetic W, 5.9478Bb 8.4235Ba 9.2693Ba 4. 8685Bc 4.0709Bc
rate [umol/(m? « )] W, 3.7659Bc 1.0912Ch 5.8576Ca 2.9675Cd 1. 9438Ce
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B AT 5% LSPLLCP I P A 83 PR EI/E R (P<<0. 05) ., BEBIME T T 548 LSP T FEA RS0 055 1
TRl LCP T B R B - 38 3 BA R AR ST T T 2 P PRI R AL BN E T P FRERE. T2
JINEE 1 3 BF X S N S B R R, W, + 700 A BE R LSP Hl P 23 5 He W 702 T B T 37. 89 % 1 62. 72%
LCP 3401 4. 05 %, 5 BAFI T 5 P [ 45 FH BE 388 58 1 2 9 52 e 5 K W +70 6 A B LSP Ml P AU CK
29. 78 % F1 19. 84 % ,LCP [ CK 4 T 4. 65 1%,

7 22 53T ST A 9] T 5 X W o 2 K8 A A £ AMESHERHVETHEHH
E%?ﬁ W (P<<0.01) (£ 8), ZHEHLIHK/NNK P Table 8 Double factor variance analysis of shading and
~LSP>LCP. Q:Fqg:/%ﬁ I j(/J\ﬂﬂ LCP>P,.  >LSP. drought on photosynthesis light response parameter
HEBH AT 5 6 5] VE O 6 W N 2 5 A B R TiH fabr OBWALE ObRMER BOREOEE ER
(P<<0.05) 54 K/NH P,.. >LSP>LCP, LSP % ftem Index — LSP LCP Poma
BRHWRA . TR P M LCP EmZFRE ST P sms o S

. Shading X drought p 0.022 0. 046 0. 002

M) 8 BH R 22 5 3088 BH R0 52 00 DY i 107 B 7 0 O el i 2 8K
T #F Shading F 25. 324 11. 214 38.369
o ‘ s P <0.001 <0.001 <0.001

B 2 3b kA K K0
2.4 BRATF AL ST 0 F & Drought F  23.368 86.137 77.135
3 ay T B A K % e

B ST R O A % (P AR R (T L P <0.001 <0.001 <0.001

] CO, W (CH RILFE (GO A B FEm (P<
0.05)(FK D, 0T, T FERM C 1 T, B
TR PG EEW., W, B T, B3 F CK, P, #1 G, B3F KT CK (P<<0.05); W, f1 W, & P,.T..C; il
G, BEMTCKAMW, ;HETEWOR P, T,.C, fl G, LN CK B 37. 44 % .53.25% .13. 59 % 1 57. 64 %,
K Gy 70 SR BB BE 3G N, P T, G 328 BHE S 1 I 01 e #4300 388 B B 359 38 0 KB, 70 0 E BA B P, L T
G, 25N 30 %1 27, 18% .36, 51 % H1 39. 61% .40 N CK [ 44.07 % .78.11%.60.70% ,

x99 ERMTENIXEGSHHNEZWER
Table 9 Effect of different shading and drought on photosynthetic parameters

EiE 2 + S hia P Shade degree
Index Drought stress 0% 10% 30% 50% 70%
S & HE P, A 6.4974-0. 56Bbc 7.2641.15Ch 10.5240. 75Aa 5.164+0. 38Ac 2.86+0. 79Bd
[pmol/(m? « )] W, 7.5640.54Ab 10.2940. 62Aa 9.5842.00Aa 4.1440.49Ac 3.3640.12ABc
W, 5.194-0. 96Ch 8.744+0. 22Ba 8.1540. 49Aa 4.60+1.42Ab 4.1540. 61Ab
W 2.434-0. 48Dbe 3.024:0.51Db 5.074:0. 65Ba 2.1740. 52Bbc 1.6520. 33Cc
SIS G, W, 5.3940. 58Bc 7.4941.52Ab 11.5340. 75Aa 4.954+0.17Ac 4.2140.52Ac¢
[mmol/(m? « )] W, 6.0720. 89Abc 7.38+1.22Aab 8.50+1. 60Ba 5.48240.51Ac 4.5040.51Ac
W, 5.044-0. 64Bb 5.534:0. 49ABb 6.814-0. 69Ba 3.8840. 22Bc 3.024:0. 00Bc
W 2.87+0. 23Cb 3.6140.96Bb 4.5240. 49Ca 1.06-0.01Cc 1.03-0. 00Cc
IR T, W, 8.8340. 60Ab 11.84=+1.65Aa 13.5340. 75Aa 8.4140.91Ab 5.3640. 64Ac
[mmol/(m? « ) ] W, 6.5320. 76Bb 8.8340. 68Ba 9.5270. 22Ba 4.8520. 11Bc 3.0020. 24Bd
W, 3.5140. 04Cc 4.7240.54Cb 6.8440.81Ca 2.4940.07Cd 1.20-40.16Ce
W 1.20+0. 25Db 2.7340.59Da 3.32+0.54Da 1.554+0.33Db 1.26+0.40Ch
fula CO, ¥ B C; A 352.584:23. 11Ac  265.25446.52Bd  223.4544.67Cd  488.4744.78Aa  436.20+2. 82Ab
(pmol/mol) W, 359.74457.73Aab  405.904-34.50Aa  417.73+£31.42Aa 298.05438.04Bb  202.57+32. 88Cc
A 252.91410.13Bb  261.96+18.49Bb  268.62423.33Bb  248.29434.32Ch  316. 149, 94Ba

W 203.24+3.67Cb 205.01+2.96Cb 261.90+16.21Ca 187.14417.00Cbc 174.05+13.11Dc
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B AT X6 S ROR B I IR (P < £10 KASHWERNVATFHEN
0.05)(F 9, <30WEHTTZM T2 P,.T..C. Table 10  Double factor variance analysis of shading and
G. FF%*%E ) >30%ﬁ B 0 i £ T %{3\72%%& T ﬁ%% drought on photosynthetic parameters
e, T AT N T B O A B R B L MH R OCAEE MR R CO. LRI
SRR, I T SR 5 (W o+ 70 %0) tem e B B WEG O
Tﬂﬁ{?ﬁﬁ?%é%ﬁ{iﬂﬂ CKE"JZO%EEO WA X A5 F 6.422 30. 737 8.603 3.818

Shading X drought p <0, 001  <C0.001 <0.001  <C0.001

T5 2553 MR W] B 5T 226 A S RO A R B
ER (P<<0. 01) (32 10) , WM FE N C>P,>
G>T,, TEEWIT N C.>T,>G.>P,, BT
XA SHOR I 2 PR ELE T (CP<<0. 01, 4 I
¥R T.>C>P,>G,, BEHAFWE P, 1) FEZHF.
TREREWMG, .CHMT, B F2H T, T 5
T, nyEr IR VE Bk .

3 itig

JEIR AR e A Y A K R B EBE AN T, 6 R A S 2 10 ) B8 B R B ok R A Y B
B RIEAE S S ES R SRR A K ETREEEM . KSR EMZIE, YR G Rz
A EE AR . W R | BRI A R A T X, 0 R A ) A7 B T SR B a4 5 |
(V8 W 2 TR e B B A R T A I A TR I A KU B e B L AR R S SR AP R A R R R S 1 S |
E R T R IR AL S PR T 2 P P A SR Ak OB R [ - SRR R SRR . 6 Tl B T AR oA R L A
PR A 5 A e T I AR AR AT T 2RI 2% IR S e A e R B AR T TR R T AL Bk
AR 5K AR S A B T AL L IR KRR 48055 2ok I o 3 B 3 g s i B L BRI
PR A AN TR A ol 1 B ST S | S8 ST R 3 I WA O I 3 ) 51 R e ol 2 s K 7/ S R
ST W 305 B g S e R LR L 2 R 43 I L A S R (P<Z0. 05) . JRCECIE A 4 K i AL RN
A 4y 4y BE B T R B G RE T i R S B T e I 0 X B R 3 5 0 o e 0 i T AR B A )
o A3 T B R AR K 43 2% T AR X T SR A . 3l BH R RS R i R A 3 LA A (P <0, 05) 35 BH AT 4%
fiff T 5 R A TR AR /N AR LR L 43 C BE RER A A i RR L 3 ORT ORCER  A ARTE I AR ) AN AR K (FDRCRE
SR PAN - QI Bi:N U5 A B I/ B I R LB 1= & sl D R S g B 9 N 2 2 - B | BE 2 Sy ) e Y (NS TER 3657
M 13T 00 0 A R B o P B30 /0 L R 0855« A A ) 1) I A R R T VAR RUR: o 3 R S B R T R i R AR
RN T R bR ke A A T A6 ) 22 R S P 8 N B R U RO TR B DA R BRI TR Y 4y R
A BB B A E R U B A R, R ) I R R R 7R b A, R G R R S B R T R a0 [ B
ST E AR T BRI IR ESE T R R A

490 A AR IR 4 ) B 3 e A € 36 A 1 A R B 091 Dk SR N il A R AL RN R 4 R LE RO A A i T
it B 1 TSGR il AR R s B R A EA T O AV F 0 B A S o O A R L B A WOORT A% 3 O
Ty 8, H B R A AR 0 8 1 ROR BRI T R AR AR . T 2R ST R BH A 1 TR A A
Chla,Chlb Al Chla+b % &, DU i 6 B A 2 25 08 bk A 4 R0 0% A7 A5 Sk AN R 2 i 00 L 3 B 5 88041 6 L 1 1%
I T W 6B SR A AE B AL L % Chla/b By FAEBEAE™ . JEHEAY Chla,Chlb #1 Chla+b & 8 Fifi 8 B B 3% K
BN, Chla/b B FRAR A AaX — BUEE . S [R) Ff A8 9 % 55 0 1 17 1 2 S A KT, A e il g - 2R
BH 336 T 2 B 4 S 486 0 D 1 b 4 R SR 3R S AR 70 Y0 3l BH ISk e KA 2 W L EL A AR 1) R 5 O g
s B . TR T A R AR AL R S B 9 xR U R T R e RE L 2 R R TR
TE G A AR ) AR R B IR L i SR 3R S B B AR IR S BB R AR R S R R
tr Chla/b % T 5 55y U B AR 5 P>, RCEE Chla,Chlb F1 Chla—+b & R T 52 038 i 8 3% 45 B A% L i Chla/b

#EH Shading F  97.234 3.816 146.774 71.924

<20. 001 <C0.001  <C0.001 <C0. 001

P
T Drought F  82.585 99.167 412.961 92.355
P

<0. 001 <C0.001 <C0.001 <0. 001
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3225 B0 2 R kg 5 5 A A P B R K 1 3% 1 R, Chlb X6 3 2 4201 S0 B Chila 5 SURRCT B s 7
Chlb [t Chla 55 % 32 38 A 55 09 52 06 AR 38 1 3 0K Chla/b 8 LADRIEAFR 49 76 308 458 ob AR ARG 2 . B AT
B4} Chla &4 6 W % P /EJH (P>>0. 05) . %} Chlb F1 Chla+b & £ & Chla/b ¥4 W% # HrR/E F (P<<0. 05) ,
W22 1 T S SR & BN REA Chla/b B0 AR . 88 91 F0 T 5 B [ 4F A i Chla, Chlb #1 Chla—+b % &
KA SO MRER S ff T T R f Chla/b {H 58 25 38 Jn, 8 B4 Chla/b A 5 25 K AR 09 52 ma , o I S0O% BE i i 28 %
Chla F1{& 3G RE MY Chlb LB AR P-4, A 06&AE FIZEE T AR AR E 10 €0 3R LAl

FEIE B 25 F T AR g 1 S G b 345 37 55 D' PR 455 0 3T 43 A BIR O B 05 23 SR MR ARG b 22 50 (LSP) B i
SCLCP) 15 I W %6 f) 35 17 5 w2 B R o 22 1) ) o DA R ik A g 18 sh i 22 il LU AN TR I B 2 R P,
(9725 Ak, AT S AR 0 ) 55 563 R M 1) /N R B R 55 . S XF =100 pmol/(m® « ) G B R RLE 1) P,
A BN (P<<0. 05) , %} LSPLCP Ml P A # B 3550 (P<<0. 01), BB B84 i1==100 pmol/(m? « )
HEGR P, \LSP.LCP il P B3 TR, TR&MT R a3 ¢ P S AL SRR IO & 28 5 06 M 52 o & 1F F
AL )y FE S R 0 G R KOG RE RN L AR DY RET R R EES AR P EE TR
F 2 AR AL IR B AR T . TR DG RS I (PSID) XOGREH AR W | L 12 32 T PR 55
— RGN RRDH MY 2 F S AL 3k sh 45 R AR B A AR BIL R R A T, A S i B 2R R AR S U R )
T 5 LS m S R O BSR JE =>50 pmol/(m® « ) L ELY P, FEAL, BT RN E, LSP M
P o W B T B LCP SR 5 T o 08 B A0 T 52 B 5] 4 JH Lb 3 B =l T 52 30 3 — 25 B AR 7O RE ) LSPLLCP
P oo s T 5 A B F RCHD LSP AT LCP 3E— A5 B AR . 3 32 208 9 AT e APR BT T 5 X5 S el Iz BB 7 A9 B2 ) o DI o i
T AR I LU A BT R AR O A AR B A S A B il A A AR LSPLULCP, Py s R WL i F 2R M
;WP o 30 58 2 00, T A A 0 DL 19 38 1 ofR 0 vt S 2 35 11 3 7k SRR AR . AR 8 I R 2. B A
XU ER Al T A UL 0 L OB T 2R A L ASE TR S i iz i i AT 400 X JL RS B 40 25 R ME A B 1 T AR AR
JEST AR R, CK LA B AL 1080 pmol/(m® « s) . 552 P, i KAE MG 1400 pmol/(m” « s) 22
FR AR MER P 5 R TR LG5 B 5 A B A5 0 A G . RERE IO I 2 808 3 &2 K 4 DG BRAE A 28 I 132 e, 500
WZAHPRN S R B B DGR E LG R A 2 N R R T RGO .

R ELAT W 5 (4 4K AR G IO BE 1. AT R B =50 pmol/(m? < o) (06 B JE #4706 & 1E . E P, . T, .C,
MG, 3 Z SR FE IR, I B TE WA OY 5 B2 1 [m] Bsf s o ;50738 7 AR R AR A B o 0 AR TR R T RIR L T
AR S SR K A R SO R R, DTS e TR e R R R B AL RN O A R S okt
JEHURRE RO N R ) . 18 2 AT, HOG TR PR G R B s L 51 P, T, G R G SR E SR AR R AR
A2 B S R AR Y B B S5 AR L, ROk B rh R B S R 22 XD A SR . ARK, KBTEAR
(i) 308 BT B 5 % RERE PR SRR A R OB N AR ) 22 F AR B PTG R Gy 3 S I R S e 3R
B L B 0 R R R AE L 30 Y038 B P T R G, B TR, T REXOE G SE R, Y Rl R
WA AR S IR B R T R [R) I B 25 5738 B T S TR R 6 A BRSO L T R e O K A3 W R T
K3 RV B 43 T AAR AR B iE RS D6 G R R M TE M AR I SR R T R T AR K SR A
SALGH BEAK CO, $EBUR YA E BN LR ERE TR T T, 8% FR.C AR P, 1 G, BEH
K 5P A R AT 4R 6 L B 708 IR0 rp 40 A e SRR 78 2 K 3 R N RE R A — A e . R b R
T RAULE R P, T, C Ml G, B E A%, BT 206 &2 504 W3 19 Pr A 78 . <<30 %0 1 B A g v
HEEMT RS sl s T 2 A BXDLER P, T, Ci Gy 520/, =30 26 3 FF AN -1 200 i & T P e
16 H .

4 #ig

JRERERE MR 5 308 B 8 T 5 3 B R A v AR L I A R A3 T L A 3 N M RO Y. R T R X
W TR AR AR W St R I LA R S D RV L G AT R M T R 51 R T BRI AR e R R R R (R R T 0
7L o B SR 5 PR Y A TR R S PR R A PR R P R 5RN 43 LE S R K TR R AR W R I K
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OB RE MR IR A 358 25 1 R I 2K 5 AR (0 3R LB 4R vl WSO RN R T DG B 1) € 3R Rl o o E Y R 3 o 4 R
i B AR BE T B e R B AP AR . BRI B X Chlb Chla+b,Chla/b #4  2 ¥ 7 4E
B FT R figp T S R BT R AR B T AT JE [ P A F G A . B R e i A R A R AL
Bl EZE T TRz hEAERSR .

KRR A HIZ=50 pmol/(m? « o) JEBSR B OG-A4E H L D6 iR 1400 pmol/(m® « s)Wf P, g K. #PZE W P,
i d R ez, TR BN B T B AR E AR F X A AL (LSP) 622 i (LCP) Fl R K6 & il 3
(P o) F B35 52 o P I A T SR — IR 360 X8 D16 M) 1 2 005 W) A 3 B 3 ) R AR S IR 1 1 2 P R R R
WL BEEBAINE T P FREFEEE . LSP 2B M I R T FARZ 5 Pona fl LCP FEEZ T R0 B Z .

FREFERESE 1 R G S 08 I T 8 T R AR AR . BEEFAEERG I P T, G, SE3 )5 08, BE T2 R
Co M T, B4 TR P, FI GBS0, <300 BT Al 281 T 5518 P, T..Ci G, TR, =30 208 B W fn 5
THESEM TGS B hEm P, W EZHF, TRAEW GG T, i EEHF AT 22X T, 1
PR TR K

RN TR AT AR B T 5 I [ A A R R S ok R e R T R R O R S e S
S AR AR AR AR IO A 35 1) D' 45V P I R R € 3R At o RC R R AR O BRI VBB L T R R R O AR R I
T S A A LSP L LCP | Py S5 G0 N AFAE S50 PRUERL W) B AT B3 1 6 e B RE ). @k & P, T, GG,
GG SHG PR RSO EEN, itk A KR At = . O T R0 FAER T il
B SRS A AR PR B 18 A 38 IO BORE R A S 38 L 5 O T OREE A AR A BB Ty AR B N LA )
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