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Effects of Exogenous Triacontanol on the Growth and Physiological
Characteristics of Sainfoin Under Drought Stress

GUO Jia-yu, NAN Li-li", WANG Li-qun, HE Rong, REN Meng-yu, MA Xiang-xiang, TIAN Ge
(College of Pratacultural Science, Gansu Agricultural University/ Key Laboratory of Grassland Ecosystem, Ministry of Education/ Key Laboratory of

Forage Gerplasm Innovation and New Variety Breeding of Ministry of Agriculture and Rural Affairs, Lanzhou, Gansu Province 730070, China)

Abstract: To investigate the effects of exogenous triacontanol (TA) on the growth and physiological character-
istics of sainfoin (Onobrychis viciifolia) seedlings under drought stress, three materials ( ‘Gansu’ sainfoin,
new line P1, and 2049) were subjected to —1. 0 MPa polyethylene glycol 6000 ('T,) simulated drought stress
using a nutrient solution sand culture method. Foliar sprays of TA at 0(CK), 2. 5(T,), 5.0(T,, 7.5(T,), 10.0
(Ty), and 12. 5(Ty) pmol-L.~" were applied, and 21 morphological and physiological indicators were measured
to identify the optimal TA concentration. Results demonstrated that all TA concentrations alleviated drought
stress, with 10.0 pmol-L."" TA (T5) exhibiting the greatest efficacy. Under T; treatment, shoot height, bio-
mass, and photosynthetic parameters increased by 19%-454% compared to T,, while root-shoot ratio, osmo-
regulatory substances, and antioxidant enzyme activities decreased by 15%-89%. Principal component analysis
identified stomatal conductance, chlorophyll a, and carotenoids as key regulatory indicators. Comprehensive
drought resistance evaluation ranked treatments as Ty > T, > T,> T, > T, > T,, with varietal responsive-
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ness ordered as GS > P1 > 2049. These findings indicated that TA enhanced sainfoin drought resistance by
modulating physio-biochemical traits, with 10. 0 pmol-L "' ('T;) being the optimal treatment, providing a theo-

retical basis for TA application in drought management during sainfoin cultivation.
Key words: Triacontanol; Sainfoin; Drought Stress; Physiological indicators ; Photosynthetic parameters
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Table 1 Treatment of experiment

AbF Treatment 53 Composition
CK 1EH # 7 Control
T, —1.0 MPa PEG+0 pmol-L™'TA
T, —1.0 MPa PEG+2.5 pmol-L " 'TA
T, —1.0 MPa PEG+5.0 pmol-L 'TA
T, —1.0 MPa PEG+7.5 pmol- L 'TA
T —1.0 MPa PEG+10.0 pmol- L.~ 'TA
T —1.0 MPa PEG+12.5 pmol- L~ 'TA
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Fig. 1 Effects of triacontanol spraying on morphological indexes of sainfoin under drought stress

TGS, HIN L0550 PL 52 20 50 R0HT i 2R 5 2049, AN 5220 B RCRRE s CKIE# B IR T, TR AR BE(— 1.0 MPa PEG) 5 Ty, TA 4b B 20
(—1.0 MPaPEG+2.5pmoll. ' TA);T,, TAKEIZ (—1.0 MPa PEG+5 pmolL. ' TA);T,, TAEIZ (—1.0 MPa PEG+7. 5 pmoll. 'TA);
To, TAABA (—1.0 MPa PEG+10 pmolsL. ' TA); Ty, TAAFEZ(—1.0 MPa PEG+12. 5 pmolsL. ' TA) . A[R/ING F8F 7R 4 7] 22 5
B3 (P<<0. 05) s AR RS FHE - pRHI) 22 53 8.3 (P<<0. 05) . FIA]

Note:GS, O. viciaefolia ‘Gansu’ ; pl , new strain of drought-tolerant sainfoin ; 2049 ,Non-drought-tolerant sainfoin material ; CK , normal nutri-
ent solution ; T, , drought treatment (—1.0 MPa PEG) ; T, , TA treatment group (—1.0 MPa PEG+2.5 pmolL. "TA) ; T, , TA treatment
group (—1.0 MPa PEG+5 pmol'l. 'TA) ; T, , TA treatment group ( —1.0 MPa PEG+7.5 pmolL. 'TA) ; T, TA treatment group (—1.0
MPa PEG+10 pmolsl. 'TA) ; T, TA treatment group (—1.0 MPa PEG+12. 5 pmol'l.” "TA). Different lowercase letters indicate significant dif-

ferences between materials (P<C0. 05). Different capital letters indicate significant differences between treatments (P<Z0. 05). The same as below
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Table 2 Effects of triacontanol spraying on physiological indexes of sainfoin under drought stress
e I bR X K RN N il R AR
Treatment Leaf relative water Root activity/ Malondialdehyde/ Proline/ Hydrogen peroxide/
content /% (pgrg "*hH (pmol-g ) (pgeg " (pmol-g 1)
CK 83.4042.34" 696.8514-2.89"* 5.9140.22% 602.8045.70 0.6824-0.04"
T, 49.08+3.75% 297.344-8.81"¢ 12.7242.87M 1543.48+8.16% 1.1940.05
T, 64.5247.25" 300.20+4.87"¢ 11.8540.38" 1476.90+25.94" 1.18£0.06"
T, 64.90+£7.39%" 344514754 10.4341.75"" 1462.60431.15"" 1.03240.05*
T, 70.0329.394 406.7346.47" 9.5542.13%" 909.694-23.58" 0.794-0.02%¢
T, 74.6275.00M 579.294-5.13%" 8.394-0.68" 632.03+11.61% 0.7140.00"
T 71.2646.20M 417.06+2.33% 8.89+2.61"¢ 864.22+12.52" 0.780.01%¢
CK 79.6744.87 618.7341.75" 8.6941.45"" 569.19413.91% 0.5240.01°
T, 59.98410.83"" 177.8745.36% 12.8742.98" 1573.92424.68" 0.794-0.02
T, 67.8143.26M 311.1048.51"¢ 10.9541.95% 1529.17420.35"" 0.694-0.12"
T, 72.0947.26M® 341.53+4.10M 10.82+£1.16% 1424.76+12.69 0.614£0.01¢"
T, 76.20£9.88% 448.0947.21% 10.3841.95" 829.17+21.83 0.6040.02¢"
T, 77.6546.02™ 532.65+5.91" 8.391.74"" 417.51+2.61 0.53-£0.00
T 75.017.38 468.4342.34" 9.8942.06" 740.42419.50° 0.5640.01"
CK 71.05+6.21% 616.34+4.74" 7.8940.57M 123.53410.02 0.58-0.01%
T, 57.0149.04% 151.81+0.68"" 13.0845.777 2165.13+16.47™ 1.0140.08"
T, 61.44 42,094 173.88+3.43" 10.4641.80*" 1567.50440.01*" 0.7840.03"
T, 65.0742.55% 200.5142.89™ 10.15420.47 1027.49420.96" 0.6924-0.03"
T, 67.247.08" 227.8943.28%¢ 9.3843.36™ 963.12413.28" 0.6740.02"
T 70.8143.427 442.96+5.13" 8.20£1.00"" 945.404 13,54 0.59-40.03%
T 69.486.40M" 402.7240.65 9.284 2,577 956.94 414,224 0.6740.04"

T« [A B AN [ /NG 5B 3270 Ak B IR] () 26 53 B 25 (P<<0. 05) , AN K5 57 B 3278 BB R] ¢ J 3% 22 5% (P<<0. 05) . R [l
Note: Different lowercase letters in the same column indicate significant differences between treatments (P<<0.05), and uppercase letters indi-
cate significant differences between materials (P<C0.05). The same as below
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Table 3 Effects of triacontanol spraying on antioxidant enzyme activities of sainfoin under drought stress

1k dib it S AL Y it Ak S 7 SR A 5 A it
Material Treatment Peroxidase/ (U+-g ™ '+min ") Catalase/ (mg-g '~min ") Superoxide dismutase/ (U+g '+min ')
CK 16.2142.66"° 15.96+0.86" 0.2740.01*
T, 39.6440.73™ 42.01+3.01M 2.00+0.02"
T, 28.4540.42" 30.194£0.79 1.70£0.01*"
T, 26.6021.90*" 27.1842.88* 0.532-0.16"
T, 24.1740.43*¢ 27.04+3.61" 0.4640.17"
T, 23.82+1.25% 21.7342.65% 0.3740.05"¢
T 23.95+2.26% 22.394£1.79 0.4340.06"
CK 16.08+1.46™¢ 11.00+4.72% 0.26+0.01
T, 33.3341.52" 24.1341.13% 1.3940.17"
T, 27.984-0.42" 23.1542.28% 1.3940.11%
T, 26.5241.10*"" 21.66+£3.21% 1.1940.05*"
T, 25.4740.85%¢ 13.844-3.28" 1.0920.06%"
T, 22.3640.42" 11.84+3.46% 0.64-+0.08"¢
T 23.3141.85% 12.46+3.03% 0.94+0.04""
CK 14.89+1.12"% 4.38+0.62% 0.11+0.01%
T, 30.98+1.68" 21.2942.69" 1.090.01%
T, 30.671.66" 15.7744.60" 0.764-0.01"
T, 24.56+1.44%" 14.1740.69 0.1340.02
T, 23.654+1.48" 13.7841.04"" 0.12£0.03%°
T, 22.060.42" 7.3940.96" 0.124-0.01
T 22.6842.38" 8.60+2.25" 0.12-0.04
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Fig. 2 Effects of triacontanol spraying on chlorophyll content of sainfoin under drought stress
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A1 3 AT, T R hia L & A B T, PR G,
Bl TA W BESE N 258 LIHE PR 7 T4k
MkElmAMHE. 5T MW, T8 TGS, PLA

204919 T,, P, X G, & & ¥ 1o 3 FH i (P<<0.05),
T, & o 4R T 342.51%, 404.00% A
450.67%; P, &% & I JF T 150.58%, 197.06% #
233.07%; G, & = W 2 % b F+ 17 111.78%,
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W RN R TR LA R 7E T e A B i TS 3R 2049 49 Tr A1 Pn 34 17 & ¢, Hovk b P1 &
NME L5 T oA T, 20 BT 20 9 T 15.36%, GS; GsHIEK K P1>>2049>GS.,
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3 Effects of triacontanol spraying on photosynthetic characteristics of sainfoin under drought stress
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Table 4 Comprehensive evaluation of drought resistance in sainfoin through foliar application of varied ta concentrations under

drought stress conditions

- ﬂ%ﬁﬁ/ﬂ ﬁ%@ﬁ
wea TEREA A A A A A A A A A A A A A A A A A A Ay Ay Comprlensie
/W, score
T, GS F; 0.404 0289 0.134 0.076 0.069 0.000 0.586 0.000 0.067 0.047 0.259 0.260 0.148 0.000 0.267 0.050 0.304 0.000 1.000 1.000 1.000 0.105 6
W, 1291 1901 2754 4.047 3443 1.807 1.227 2.294 1560 5.096 2528 1215 2397 1.699 2.344 2151 2.560 1.744 0.133 0409 0.380
Pl F; 0.174 0.097 0.147 0.043 0.002 0.209 0.000 0.223 0.000 0.027 0.165 0.066 0.064 0.318 0.048 0.029 0.290 0.595 0.679 0.745 0.525
W, 1212 2245 1957 4245 3877 1399 1720 2.052 1496 5567 3.058 1362 2.913 1.328 3479 1481 2.765 1.513 0.184 0483 0.456
2049 F; 0.000 0.000 0.000 0.000 0.000 0.114 0239 0.057 0.020 0.000 0.000 0.000 0.000 0.231 0.000 0.000 0.000 0.264 0.516 0.650 0.449
W, 1.349 2406 2.719 4128 3.986 1.550 1.341 1.669 1476 6.033 3.559 1310 2.912 1.246 4.060 1.658 17.527 1.729 0.103 0.481 0.206
T, GS F; 0.503 0360 0.181 0.339 0.336 0.055 0.729 0.156 0.165 0.140 0.329 0.262 0475 0450 0.272 0172 0337 0.009 0.838 0.548 0.686 0.280 5
W, 1232 1744 2516 2165 2718 1731 1138 1.761 1473 3.642 2207 1214 1.525 1293 2321 2.004 2450 1.736 0.157 0570 0.529
Pl F; 0.298 0.226 0.161 0.176 0.505 0.399 0.597 0.549 0.380 0.137 0.217 0.039 0.369 0.546 0292 0.297 0312 0.751 0.678 0.529 0.499
W, LI35 1843 1.905 2.842 2415 1236 1160 1424 1.209 3.664 2.702 1372 1.796 1.175 1.989 1.260 2.687 1.316 0.184 0.575 0475
2049 F; 0120 0.099 0152 0.098 0.657 0.258 0.390 0.205 0.190 0.139 0.077 0.251 0.067 0.360 0.040 0.365 0.293 0.612 0.343 0.638 0.303
W, 1.257 2007 1911 2887 2.024 1400 1217 1326 1335 3448 2.658 1219 2513 1.156 3.545 1.326 12.689 1.334 0.148 0485 0.278
I, GS F; 0.542 0528 0.580 0.464 0.590 0.385 0.783 0.153 0.440 0.329 0.520 0.653 0.518 0.461 0.354 0.369 0.344 0.235 0.220 0473 0.606 0.429 4
W 1210 1459 1448 1774 2,027 1379 1107 1.769 1.274 2307 1.642 1071 1456 1.285 2.023 1765 2426 1.515 0.505 0.609 0.587
Pl F; 0419 0313 0407 0.359 0.673 0512 0570 0.665 0456 0.281 0.655 0.410 0.489 0.670 0.348 0315 0.363 0.873 0.572 0470 0.459
W, 1068 1647 1.293 1.954 1.925 1157 1178 1.284 1.164 2528 1.360 1.228 1.559 1.105 1.812 1.245 2.503 1.161 0.215 0.607 0.508
2049 F; 0.231 0305 0.168 0.149 0.734 0.628 0414 0315 0485 0.243 0.146 0478 0481 0466 0.089 0.409 0.557 0.746 0.009 0.391 0.260
W, 1183 1493 1854 2493 1793 1.123 1199 1150 1.146 2612 2.163 1.136 1.366 1.092 3.074 1.286 8.318 1.183 0.869 0.606 0.309
T, GS F; 0.726 0.628 0.876 0.492 0.820 0.707 0.903 0.155 0.736 0.345 0.543 0.695 0.750 0.610 0468 0493 0.615 0.593 0.186 0.375 0.602 0.538 3
W, L1106 1330 1100 1.706 1401 1150 1045 1.764 1.113 2236 1.59%4 1.056 1.168 1.191 1.713 1614 1.509 1.167 0.574 0.671 0.590
Pl F; 0437 0447 0419 0.536 0.766 0.659 0.615 0.763 0.587 0.737 0.784 0557 0.535 0.725 0.544 0378 0.654 0.884 0.516 0.427 0.252
W, 1059 1414 1.273 1501 1.654 1.067 1149 1.186 1.094 1278 1186 1171 1485 1.077 1381 1.194 1457 1147 0.236 0.631 0.795
2049 F; 0.259 0423 0413 0276 0.776 0.749 0425 0341 0.582 0316 0.194 0522 0.548 0.529 0.140 0.517 0589 0.774 0.007 0.354 0.250
W, 1166 1302 1.265 1.864 1.670 1.055 1191 1115 1.095 2231 1917 1120 1.272 1.057 2.705 1188 7.797 1.151 0.900 0.630 0.318
T, GS F; 0.916 0.780 0.893 0.564 0.931 0.890 0.940 0.167 0.891 0.844 0.989 0.770 0.787 0.744 0.784 0.655 0.751 0.724 0.138 0.361 0.461 0.666 1
W, 1033 L1172 1.085 1.551 1.100 1.052 1.028 1.734 1.044 1152 1.009 1.028 1.132 1.118 1203 1418 1.048 1.039 0.714 0.681 0.734
P1 F; 0.519 0.566 0.633 0.701 0.788 0.675 0.837 0.781 0.685 0.882 0.937 0.860 0.995 0.832 0.699 0.654 0.856 0.990 0.280 0.302 0.198
W, 1019 125 0998 1.234 1.590 1.058 1.026 1.169 1.047 1105 1.029 1.054 1.004 1.026 1.162 0.966 0.734 1.013 0401 0.719 0.929
2049 F; 0443 0489 0466 0.35 0.866 0.797 0.578 0391 0.679 0.835 0.528 0.559 0.720 0.633 0.534 0.680 0.597 0.905 0.004 0.290 0.080
W 1063 1215 1184 1.613 1400 1.029 1091 1.054 1.049 1.096 1.068 1106 1.081 1.003 1.391 1040 7.653 1.002 0.942 0.675 0.592
T, GS F; 0.916 0.780 0.893 0.564 0.931 0.890 0.940 0.167 0.891 0.844 0.989 0.770 0.787 0.744 0.784 0.655 0.751 0.724 0.138 0.361 0.461 0.656 2
W, 1033 1172 1.085 1.551 1.100 1.052 1.028 1.734 1.044 1152 1.009 1.028 1.132 1.118 1203 1418 1.048 1.039 0.714 0.681 0.734
P1 F; 0.519 0.566 0.633 0.701 0.788 0.675 0.837 0.781 0.685 0.882 0.937 0.860 0.995 0.832 0.699 0.654 0.856 0.990 0.280 0.302 0.198
W, 1019 125 0998 1.234 1.590 1.058 1.026 1.169 1.047 1105 1.029 1.054 1.004 1.026 1.162 0.966 0.734 1.013 0401 0.719 0.929
2049 F; 0.443 0489 0.466 0.354 0.866 0.797 0.578 0.391 0.679 0.835 0.528 0.559 0.720 0.633 0.534 0.680 0.597 0.905 0.004 0.290 0.080
W, 1063 1215 1184 1.613 1400 1.029 1091 1.054 1.049 1.09 1.068 1106 1.081 1.003 1.391 1040 7.653 1.002 0.942 0.675 0.592
AL BRE AL PTG A M BB s A B N A i s A IR A PR R a5 A, SRR by A, JEAE N A MM IRG R A ),

%ﬂﬁﬁ%{ ,All,;jji'ﬁﬁii%z ;Alg.ﬂﬂl‘ﬂl COZ?/&)&“ ;Alg,/:l;']‘LEFJ; ;Al4v”fH‘*EX¢%\7KE;AIS)*§§?ﬁjJ ;Als,ﬁ:—% ;A17yﬂﬁﬁﬁ/§ ;Algqi‘liﬂiﬁ;
Ay B AP T 5 Ay, 1 AL 5 Ay, 3 S AL

Note: A, plant height; A,, leaf area; A;, aboveground biomass; A,, underground biomass; A;, root-shoot ratio; Ay, chlorophyll a; A,

chlorophyll b; Ag,

carotenoid; Ay, chlorophyll; Ay, transpiration rate; A,;, photosynthetic rate; A,,, intercellular carbon dioxide concentration;

A4, stomatal conductance; A, leaf relative water content; A5, root activity; A;, malondialdehyde; A,;, proline; A g, hydrogen peroxide;

A, superoxide dismutase; A, peroxidase; A,,, catalase

2.7 EWSHW

WA 4 F1 3R 5 AR 38 B X 21 AN F8 bR AT 3k
SRR RRICT 3ANRRAEME R T 1 sy . ok
HE 2 H 3/ 5T MR R 4 Bl R 74.00%, 12,1104
6.06% , B 3 F 8L B9 FEAEAE 23 5] Ry 15. 540, 2. 544
Ml 1.275, PC1, PC2 f1 PC3 ) B B 5t ik X N

92. 18 % , X i 5 K 9 ¢ AiE 1] 1 43 51y G, Chl a Al
CAT, W BbiX 3445 b5 il IVE R TA X T 58~
LG RBA A PRI G 48 bR 45 0 DG R A . R
&8 bR A Sk RO AZ AR WA AE 8 ) 5 1) Y AR AL
256 b [E] 1) I A S W ABE AL T F) AH DG 1 L /N T 90° R
AR AR E] S IEA R, R S R OG
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Fig.4 Principal component analysis of triacontanol spraying

index under drought stress
x5 BFBEFHETEEMRITTEKE
Table 5 Factor loading matrix and cumulative

contribution rate

F W4 Principal component

FE b Index

1 2 3

X 0.762 0.609 —0.072

X, 0.928 0.313  —0.096

Xy 0.874 0.338  —0.208

X, 0.928 0.194 0.213

X5 —0.913 0.183 0.171

Xg 0.918 —0.111 0.231

X, 0.912 0.218 0.184

Xg —0.934 0.084 0.211

Xo —0.914 0.083 0.015

Xy —0.680 0.622 —0.211

X 0.917  —0.213 —0.230

Xy 0.760 0.553 0.069

X1 0.598  —0.357 0.687

Xy 0.971 0.018 —0.157

Xp5 0.945 —0.076 0.090

Xp5 0.873 0.290 0.284

Xy —0.935 —0.106 0.064

X 0.958 0.082 0.058

Xy —0.690 0.409 0.557

Xo0 —0.905 0.261 0.069

Xg) —0.580 0.778 0.016
F§AF{H Eigenvalue 15.540 2.544 1.275

T ik R Proportion/ % 74.00 12.11 6.06

FAMTTERR 74.00 86.11 92.18

Cumulative contribution rate/ %
Xy, BR s X, T R s x, B R A S K S s x, L b B AR
X5, MR A i X, AR L X, HR R IE T xg, MHER R asxg, AR b
X10, PR R x9N i Xy, BB R xR
Xyso M) COL MR B 5 x5, M R AL T 8 5 x, M SR AL W ARG 5 x,, 2
AT 5 x g, 2 A U 5 x )0, I ZURR 5 X0, 9 0 5 ), 20 LA &L

Note: x,, plant height; x,, leaf area; x;, leal water content; x,,

underground biomass; Xs;, aboveground biomass; X, root-shoot
ratio; X;, root activity; Xg, chlorophyll a; x,, chlorophyll b; x,,,
chlorophyll; x,,, carotenoid; x,,, transpiration rate; x5, photosyn-
thetic rate; x,,, intercellular carbon dioxide concentration; x,;, stoma-
tal conductance; x4, superoxide dismutase; x;;, peroxidase; Xq,

catalase; X9, proline; X,,, malondialdehyde; x,,, hydrogen peroxide

3 it

3.1 TAXMTFENE TAEERSERNZMN

T E i I Y S TE R N A v i K7/ R NN
AL, iR 2 R EOLE Y R . HRRRIY
T BN AEW K Z M R TAEN
A KT T AR B R R A A B e TR A A
=, A5 &8, T 4 BF = Fh2r & 5 4K
GS,P1 A1 2049 (Y bk i ot 10 AR K AR ) £ 34 T IR
F CK(P<C0.05) , H: v 2049 19 Hy b 35 4 ¥ & F& iR
TR AR, 3¢ B HO6E T 2 a0 o Oh UK. W TA S
T b FE A GS HE bk 2 300 58 B I 9 bk e L T AR L
Mo bR YRS K BRI GS AT LU 3 1 S 4 I 5
AT S5 B0 A b A% o AR SRR EG DU B T A VR B 8 i i
FRAL(P<C0.05) , Hi GS B e K, X 5 2049 1Y
B MR E FE TR RN EE L 26 B R TR A R 1 g AT R
[] B 2 Iz ofe g iy T A X HE g 4% . IR B85 RS 255
IS Y TA SR A KA RLY — 3. GS
X T A B R 5 5, 7 2049 WA 52 4E 35 00 B2 Fa 25 LA
STl RCEC B ¢ ol (E R G AN 7/ - E /NN G 02
i & BT R 2049 (MR F& PR A 1 AF 9T 45
HH—2

3.2 TANTFEMETAEEAEIERNZ NI
MDA J2 A7 4 40 f B i o % A o 4804k A i —
R 2 Ak . TREBa T MYk sH
Sl i MDA, S BB R 482 Bt i 5] & Ak
WA ARG & B, T4 B R 1) MDA & i 5
=, R R MDA B i HEF O GS=>P1>>2049
(P<<0.05), i W jti TA J5 , MDA & & 1% i b % 5
T TE T IR BB AR, $50W] TA /] DATE — & 72
JE L8 5% T 5 o 30 65 AR R 0 SR A 0 L AR E AR Y
ARKERE XS EESE RS R . HO,
ER—FES TS5 M EREERE,
ETRAGT MY ENNHO, &8 &I, IES
TR B A AR R G RIS AR B i 4 MR S A7 45
LR T 40 M R Y ARG B TA R
ThiEr  H.O, 3 i 52 ISR RERUS TH i 1y 55 78 TS0
=A%, H GS Y HO, & SR ik 40. 142, W& m T
P1 A1 2049, i W7 T 5 Ab 3 2 48 4 1Y 2% % H.O, X A8 )
20 e BT 1 5840, DTG A 0 A A IR P T S e Y g
71 ProJ&—FiB i 87 ) T, A OR 5 M9 40 M 1
IEFAC T AR 7 T Rl R, Pro AS A 7E 41 il
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R E B SR ERT, B R E Y K5
RRECR R TR < (o R N T - W €
T AT, Pro B9 & = & 5 , H GS #9 Pro % & 4
P1,2049 435I & i 18. 34 % F127.69% ; bifi TA ¥ Ji&
FEE, Pro & it B W J5 T L AR TS B A B 5 IR
B, X 7T g X R T 40 B R A 90 0K 9 I 5 55 o0 #a
SE A 5 AL TR R B S O, T D T B
7 W A

S HCAR 30, ) TR 238 B — BE R Y B ROS
B A AL TS, W SOD, POD I CAT 2654 ) Hi4)
A o 9 T B AR A %) PR 3 3 R 396 i Tl ) A i, DA
1T 42 i JL0E M A BTN BR ROS, Wb B T 1 2 i
TSR R E AR R AR Z B B TA
W T PR AR S R S AR T R R g
FE T B2 e/, B RE 2049 19 SOD 376 14 B 1 B
KT GS B POD F1 CAT 3% T i i 3 (P<<
0.05). UhHHFE— R I, Wit TA BT Lk 2> A 4
R ROS YRR B 3/ B AL B A9 & B, T T 40 38
FHAE T LA A 3 LA 0 1 2 A

333 TANFEMETAEEMHZREMAXEER
op-A0)

Mo RIECAEEH P EEN AR, L E
FE—E R T DL AR W TR AR 5 g
BRI SERES A=K7/ 10 s R 7 o N 15 AL ]
SRR A B, S BORL ) O A AR S T . AR
MR EOE A R RAL S BRI R R
AT DU a R A A K R Y R b A A S A
W0 ) 2R RKOR B ARBIESE R, TS AR EE R R ]
LI H AR Chla, Chl b, Chl & e s, H = F
(9 Chl a 3 1% HE S GS™>2049>P1, Hf GS Y Car
BT 3 (P<T0.05) , W HAE T a0 R mE
it TA Je i 2 A B8 1) B3 P 1 L At b ek, o Wk
(9 T A AT LAV 28+ 52 30 X 21 5 5 4 3 4 i 82
Me, 4 41 RN SR R A AR A R A
BCADEG VR ARG Ot G 7 R M A Ko 72
W A B R — A A K
e TR S MY R B AL e
P DTG 5 BORL P 06 6 BB D AR . AR SR & 0, Bl
#F TA WM, AL S T,,P,, G %
LT IE R R S 7E T s B i, eI TA 2%
fiffe 1 T R P AE X 2T G R Ay i 4, (AR eT DL OE
WA EN

SR RN A5« AN = e T T SR 0 R AT R A KR A R B R 151
4 ZEie

AR 5 38 a6 T e R C— 1.0 MPa) W it
2.5,5,7.5,10 f112.5 pmol-L ' TA iy 3 Fh &1 & %
AR T 25 AR B8 b5 E AT D 5T 3 0 SR R R s
B VE 2 Hr B 10. 0 pmol- L' TA T H41 & %
) 32 3 28 i O B i s LAY T R G, Chl a
M CAT X 3448 b5 0] LIVE i TA PR 4% T 2 hia T
S ROE A A BG4S R T me B Y 5 B 48 B I
Ab TA XF = R A4 6} 1 52 i ALK 2/ GS>P1
=>2049, Horf GS X TA /41 57 fe 4 U8, R, =
T o T T B 2 — b R TR 40 R B S A g e R
A KA
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