51 3 (CSCD) A% Lo TH)
B[ CABLSCH 540 ek U HA T
o ERHAZ O]
HR R A R AT T

Pratacultural Science

3FhEERH AR AR Y X8 BA A A= 3 K% i B A TR

% AR kb

Physiological response and shade tolerance of three Ranunculaceae ground cover plants under different shading
treatments

ZHAO Xueyao, ZHAO Dandan, ZHANG Gexiang
TEZR B View online: https:/doi.org/10.11829/j.issn.1001-0629.2023-0522

FRAT BRI AN

Articles you may be interested in

AR A= e A 0 R P el AR g A o A
Landscaping application evaluation of wild ground cover resources in Yulin

ORI, 2024, 41(10): 2284 hitps://doi.org/10.11829/.issn.1001-0629.2023-0280

AV AR IR LR 5 PR
Evaluation of salt tolerance in 41 pigeon pea varieties during germination

TR, 2022, 39(8): 1607  hitps://doi.org/10.11829/1.issn.1001-0629.2022-0040

BRI TR T B A B 2SS H0m A RIS G B A B
Response patterns of physiological and ecological parameters of Alternanthera philoxeroides to shading rate and its shading control

threshold
VR 2022, 39(9): 1842 https://doi.org/10.11829/j.issn.1001-0629.2021-0753

SR T 0 OIS PSR A
Comprehensive evaluation of salt tolerance of three forage seed varieties during germination

B Rl 2023, 40(12): 3104 https:/doi.org/10.11829/j.issn.1001-0629.2022-0877

BAER AR IR VLR A PR
Comprehensive evaluation of the salt tolerance of Melilotus officinalis at the seedling stage

FOLRRE. 2022, 39(1): 123 hitps://doi.org/10.11829/j.issn.1001-0629.2021-0022

A WK A B R T AL 40 B TR A DA

Evaluation of Pb resistance in seedlings of four common aquatic Iris species

ORI, 2022, 39(8): 1571 https://doi.org/10.11829/j.issn.1001-0629.2021-0561



http://cykx.lzu.edu.cn/article/doi/10.11829/j.issn.1001-0629.2023-0522
http://cykx.lzu.edu.cn/article/doi/10.11829/j.issn.1001-0629.2023-0280
http://cykx.lzu.edu.cn/article/doi/10.11829/j.issn.1001-0629.2022-0040
http://cykx.lzu.edu.cn/article/doi/10.11829/j.issn.1001-0629.2021-0753
http://cykx.lzu.edu.cn/article/doi/10.11829/j.issn.1001-0629.2022-0877
http://cykx.lzu.edu.cn/article/doi/10.11829/j.issn.1001-0629.2021-0022
http://cykx.lzu.edu.cn/article/doi/10.11829/j.issn.1001-0629.2021-0561

2880-2890 NN | S 41 B 12
12/2024 PRATACULTURAL SCIENCE Vol.41, No.12

DOI: 10.11829/j.issn.1001-0629.2023-0522

AT, BFHT, Tk E. 3 R EOR) M Bl AR 4 %o 0 B A A R R i B M TR A B R 2, 2024, 41(12): 2880-2890.

ZHAO X 'Y, ZHAO D D, ZHANG G X. Physiological response and shade tolerance of three Ranunculaceae ground cover plants under
different shading treatments. Pratacultural Science, 2024, 41(12): 2880-2890.

3 MER MM RIS E AR
5 TR M) N R i R 14 A

HE 5, M, K

A T Mol K 2 K3t el bR 2 B, Y195 B 2% 210037)

BE: ARAIFLEATAREEDERRER FH T BRI, AEE (Ranunculus japonicus). & EAAFE
(Thalictrum fortunei) %= 97 # i& 35 3£ (Delphinium anthriscifolium var. savatieri) 71X ¥4 4, VA4 KB A 3 B (CK), AT#
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FHEREASEHEGALY,; FAMYEE (POD) FH, A8 (MDA) A Z K EZAKEHMLY,; Rt T EZTHAL
W, AR AR E I, £H fo 07 #F 18 F 6942 B ALY AL EE (SOD) E M Sk 2 F AR LR B L SOD &
W2 AMEITAY; LEGTRAMEH (CAT) R TR, £RENEFPIFEEEY CAT F1k 2 LK E I
AR, LEREREREHAR Pro) 22 2L G0 YE, FREZEGPoLETETHAY, RRMYE I
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Physiological response and shade tolerance of three Ranunculaceae ground
cover plants under different shading treatments

ZHAO Xueyao, ZHAO Dandan, ZHANG Gexiang
(College of Landscape Architecture, Nanjing Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: This study investigated the shade tolerance of three wild ground cover plants in the family Ranunculaceae under
different shade conditions. Ranunculus japonicus, Thalictrum fortunei, and Delphinium anthriscifolium var. savatieri were
used as test materials. The plants were grown in an artificial shed and subjected to four shading treatments: 30%, 50%, 70%,
and 90% shade, with full light as the control. The morphological and physiological indexes of the test materials were
determined, and their shade tolerance was analyzed comprehensively. As the shading rate increased, several effects were
observed. For all three species tested, the leaf area, leaf length, leaf width, plant height, plant width, and stem diameter first
increased then decreased; peroxidase activity and malondialdehyde content first decreased then increased; and the specific
leaf weight decreased. The superoxide dismutase activity of R. japonicus and D. anthriscifolium var. savatieri decreased

gradually, while that of T. fortunei first decreased then increased. The catalase activity of R. japonicus decreased, while those
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of T. fortunei and D. anthriscifolium var. savatieri first decreased then increased. The proline content of R. japonicus and T.
fortunei first decreased then increased, while that of D. anthriscifolium var. savatieri decreased gradually. Changes in the
morphological and physiological indexes varied between the three plant species. A comprehensive evaluation of shade
tolerance using the membership function method showed that shade tolerance followed the order 7. fortunei > D.
anthriscifolium var. savatieri > R. japonicus. The different degrees of negative tolerance shown by the three plant species can

provide a theoretical reference for cultivating them under different shade conditions.

Keywords: Ranunculaceae; wild ground cover; growth indicators; physiological indicators; shade tolerance; membership

function analysis; comprehensive evaluation
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T, 1 T &b B R 43 5l & 3 = T CK 41.60%- 46.08%
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0.05); %38 [ kb FE (T, ~T,) F 4 25 A B - T A
¥IRT CK, 1E Ty & ¥ A 5 KAE, Ton T3 A T, &b
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(P <0.05); GPIIL 52 [ ARAE T\ T, F1 Ty A0 T
A3 A CK O B 0 T 64.46%. 70.80% Al 23.97%,
T, AEEE % CK 235 FRAK T 53.17%.

b 5 3 B FE FE RO 38 0, 3 AR K 1 Bk
THERBE B (R D). BEMNKTE T, T, f1 T; &b #
T E CK 2N T 17.10%,. 24.42% A1 19.00%
(P<0.05); H R JH Fa B K AE T, A Ty AL PEEL CK 73
R E RN T 35.14% Fl 45.95% (P < 0.05); §F i iE
SLELKAE T, B R A & KA, Ty T, M1 Ty Ab 3
3 CK N T 54.30%- 34.42% Fl1 28.49%;
3FHEY T, BN KS CKHLREEER P>
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B 5 05 B R A48 o, 3 bR A i B B 2k
TG B A & D. B E M SEE & & H
(T,~ T, F¥&E T CK, T,k ¥ % CK & 3% # fn
15.59% (P < 0.05); 7R JEAA B BEAE T~ T, LB T
BIm T CK, Tyo. Ty F1 T, b B 43 51 5% CK 2 25 38 Jin
65.31%- 68.03% FlI 58.50%; BP I i 5 B (1) - 56 4% Ak
HHE CK LR % 7 (P> 0.05).

2.1.2 FRE. BRIE AT 226

WIER 1 e, BE A B R B 5, 3 M E 1
PR RO TH R BRI 3 . B ROR AR A4S R B Rk
mE T~ Ty & # T KT CK, Ty 43T 4 55 CK
BEBIN T 20.46% A1 18.21% (P < 0.05); P 3k if ==
TR ETE T, oA B KAE, 76 T~ T3 A3 R 4 Bl 458
CK & 3 8N 42.52%. 20.68% A1 16.12%; 3 F {4
T, KB () #R = S T CK, e v B 9 3 2 55 0k 7
CK B &KL T 27.72%.

B 5 05 9 2 f 48 o, 3 b R A ) fR iR 2 2k
FE R ES . BEKRIEE T; LB T & KME,
FE T, ~Ty A FE R 20 5% CK 2210 33.86%- 29.99%
F1 48.78% (P < 0.05); % 78 i s BAR IR /E T, ~ T, &b
FNYKT CK, T, &b # & CK & 2 11 3.47%; OR
I IE 7 BRI AE T, ~ Ty A HL R 43 5 5 CK 2 2 3
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Table 1 Morphological indexes of three Ranunculaceae species under different shade treatments

R R ik o5 P g ]
Plant  Treatment Leafarea/cm Leaf length/cm  Leaf width/em  Plant height/cm  Plant width/cm  Stem diameter/cm
M CK 36.18 + 1.46¢ 7.37+0.15b 9.11 £0.74b 3730 +2.21bc  34.85+ 1.24c 0.52+£0.01ab
T, 51.23 +1.94a 8.63 £0.23a 9.73+0.12ab  42.03+4.6lab  46.65+ 1.92b 0.58 +£0.02a
T, 52.85+2.75a 9.17 £0.90a 10.53 £ 1.31a 41.43+£220ab 4530+ 1.34b 0.47 £ 0.05bc
T, 45.40 + 0.88b 8.77 £ 0.06a 1033 +0.31ab  44.93 +1.03a 51.85+2.57a 0.46 £+ 0.05bc
T, 2824+1.40d  7.57+0.65b 9.17+0.45ab  35.90 + 1.65¢ 33.87 +£0.84c 0.43 £ 0.06¢
H CK 1.87+0.17d 1.85+0.15¢ 1.47 + 0.06b 28.00 £0.46bc  28.07 £ 1.56b 0.19+0.01bc
T, 2.02+0.26cd 2.25+0.13bc 1.60 £ 0.10b 29.23+£0.49bc  29.73 +0.48ab 0.24+0.01a
T, 247+0.14b  2.50+0.35ab 2.43+0.29a 29.53 +1.38b 30.08 + 1.26a 0.23+0.01a
Ts 291+0.11a 2.70 £ 0.20a 247+0.21a 33.10 £ 0.96a 29.30 +0.18ab 0.22 £0.03ab
T, 2.19+0.07bc  2.22 +£0.24bc 2.33+0.23a 26.43 +£2.90c 29.30 £ 0.58ab 0.17 £0.02¢
L CK 3.63 +0.23¢ 3.37+£0.25¢ 4.23+0.12ab  25.00 £ 0.40c 19.78 £ 1.13¢ 0.25 +0.00b
T, 597+047a 5.20+0.30a 443+0.21la 35.63£2.35a 26.55 +0.69a 0.31 +£0.03a
T, 6.20£0.53a  4.53+0.35b 4.67 £0.50a 30.17 = 0.96b 2793+ 1.13a 0.25+0.03b
T, 450+£022b  4.33+031b 4.40+0.26a 29.03 +0.25b 22.93 +0.63b 0.24 +0.00b
T, 1.70+0.17d  3.37+0.07c 3.73+0.15b 18.07 £ 1.10d 9.67+0.15d 0.18 £0.01c

M: BE; H: FERFBERE; L SRR, CK: WA T: 30%MEHEE; T, S0%IERE; Ty 70%MERHEE; T, 90%IEME. [

GUA R ING PR RO R R AS R AL BEIR) 22 57 |35 (P < 0.05). T 1A,

M: R. japonicus; H: T. fortunei; L: D. anthriscifolium var. savatieri. CK: control (full light); T;: 30% shade; T,: 50% shade; T;: 70% shade; T4: 90%
shade. Different lowercase letters within the same column indicate significant differences between the different treatments within the same species at the

0.05 level. This is applicable for the following tables and figures as well.

CK &3 T F# 51.11%.

WG 0 B A P 3, 3 R A I 22 3 B SR T
ERERES ., BEEEMAET AE T RT CK #
Ty~ Ty A0 BB Wk, T, A3 CK B TR T
17.31% (P < 0.05); HE R JEMN 220 AR T~ T, 3R
KT CK, T) M1 T, &b P53 ) 8¢ CK 2 2 3 I 26.32%
A1 21.05%; BE b 7 B ZEHHAE T, A0 B4 CK R 2 3%
B0 24.00%, £ Ty~ T, AP R BB /N, Ty A FET
B CK 23 T % 28%.

2.2 AEHERAACIEXTE Y E IR FR A 22
2.2.1 A AL T

Wi 1 P, Bl YRR EE 3G, £ E SOD %
PER NS, KR A (T, ~Ty) 2 5l % CK &
Z T BT 54.94%. 61.16%. 66.84% Fl 73.84% (P <
0.05); 7% J# FA B SOD & % 2 56 [ 5 7+ 1) i %,
T, F1 T, & 2 ) SOD 7% M % CK W& % [F 1% 12.25%

F 14.35%, T, AL BEF SOD i% 4 | ¢ CK & 2 18 i
T 32.28%; SRIEIE 5L B v SOD VE 1 2R FE R,
T T, b A B /M, T,~ T, A3 EH A SOD i 1t
3 CK 23 N BT 20.43%- 27.71% 1 50.39%.
222 EAEGEE

WE R, BEEENEEZNE N, EEH
POD 7% 1% 256 B 5 7+ #a %, T, Al T, & 2 POD
T 1 3 0l B CKOS 35 BRI T 27.22% AT 43.64% (P <
0.05), T, f1 T, 4 # ~ POD MGt e F T, M1 Ty, {H
5 CK T2 3% 2 5 (P> 0.05); #£ 7R B FA K I/ POD
EERREETRES, /£ T 4B T A &E,
T, 4t # () POD 3 1 % CK & & %1 33.91%, T, &b
FEEE CK 3 FTF 22.75%; §R YA 7555 POD i 1t
B FEE TR, T, AT, 4 FE Y POD i 1 43
5 CK WK T 74.28% 1 71.40%, Ts AL #E ¥ POD
WAV T, AT, T, (AT CK OB FRAIK T 28.55%
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Figure 1 Changes in superoxide dismutase (SOD) and peroxidase (POD) activities of three
Ranunculaceae species under different shade treatments

AR /NG BRI R R 4 P A TR A B ) 22 e B 3 (P < 0.05), T EIE.

Different lowercase letters indicate significant differences between the different treatments within the same species at the 0.05 level. This is applicable for

the following figures as well.

(P<0.05), T, b3 5 CK LW #%ERF .
223 dEAEEGENE

wE 2 fR, BAEEREEMS I, EEH
(1) CAT ¥& P2 T %, 76 T, o3 A f/ME, 58
AEBR (T, ~T,) 730 R T 43.31%- 49.89%- 53.36%
F1 66.44% (P < 0.05); H 75 B #A B CAT 3 M 2 e B#
Ja FER G F, T, AT, 4L FE K CAT W% 1 B K 15 %5
CK TG & % % 5% (P > 0.05), Ty Ml T, &b ¥ ] CAT 3%
P2 i B 2 b 28.98% FlI 56.82%; P e i& 5w i
FH CAT &M 2 bR 5 FHESS, T, #1 T, 43K CAT
M A CK R 2 FEIK 70.21% AT 71.99%, Ts
T, #b ¥R K CAT W& YE# T, Z i EF, (H% CK 454>
1) 3 3 BRAIR 67.96% F1 56.86%.
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224 K _oBEE

W 2 s, BE G B R RS, B E A
MDA % & 2 M J5 FH i %, % 8 9 4 2 (T, ~
T,) /6] ) MDA & &% CK ¥ L & % 2 7 (P > 0.05);
75 B Ry BE I (R MDA & B 2 R T
T, fl T, & 2 () MDA & & 1k T CK, T; 4 # 11
MDA ¥ &g & T CK, H Y CKﬂﬁﬁ-ﬁﬁﬂ, T, &
R E F T 22.88% (P < 0.05); UF I IE 55 B
MDA % & BB J5 FH & %, Tzifiwaﬁ%f&T
21.78%, T, Kb FE W & 3% - F+ T 154.46%; CK. T, fl
T; b B MDA & A3 TE B3 % 57 .
225 ARG E
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Figure 2 Changes in catalase (CAT) activity and malondialdehyde (MDA) content of three
Ranunculaceae species under different shade treatments
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ff) Pro & & SR R E T F B, CK AR M)
Pro & & fe i, T AT, 4b B Pro & &40 Bl &2 2 1%
1% 33.11% Al 47.62% (P < 0.05), T; &b ff) Pro & &
BT, LJb, (B8 CK % 3% 1K 20.80%, T, 4b 3 & 3%
TEE T 47.84%; HEAREM TN Pro & & 2 BE TR
[ #, Ty F1 Ty b 243 50 W 2 K B 1 20.82% #i
19.28%; YP I ik = 85 i) Pro & & 5 T M, Hh
T,~ Ty b # 43 5 B CK & 2 B& K 19.28%. 22.47%
1 36.47%.
226 LM E

Wi 3 Firo, B R R A 3G 0, 3 FAE A Y L
H- 25 2B A, A5 M AL B (T, ~T,) K EL I B (K
T CK. BEMHELE T, ~T, A T 5 B E KT
17.96%- 18.78% 30.11% #1 36.74% (P < 0.05); H %
FABEL LI HAE Ty A1 T, AL FR R 5 CK 43 i (2 35 PR A
T 21.35% A1 53.02%; RIS E M B AR T\~ T, A3
TR ZEFELT 8.04%- 26.30%- 36.70% F149.85%.

2.3 MBAMELRE VRN

T, BN 3 M B RAED A KM AR RS
CK 7 580 &, WOk £ T, A BE R i 12 /N8 b (2
17 B VR 25 5 VR A . ARGE 3 M B R AHEWAE T, &
BN B 9R AR E A CK N TR ARE, THELAS H i 4%
AR b B B R A o (R 2). X 25 L T0HE A B9 ik
AR H o (B REAT R 2 B, 451 2 SR E R AR K
TR TTHR A T 5 & LR B TR IR I R (R 3).

MR 2 SR VOR 1S 8 F0 B R AHE D 45 & 18 45
fH (CD) 5 8 B 10 bR I 38 2R AUE () KA T B
VELR & PN MEL (D) D AEBEK, 2 W2 bt B 1) Tif B e
JIHR, B AT 3 M R R AR W R iR B A K
N TR AR B > B IE et > B (R 4).

3 WS4
=F &b Bl

JeREWAERK R E LR E, = B
KA, M) 2 A E B RS T A R B

Uex Or, Er. MWt A

80 5~
) T
o S 41 2
‘mw-% b g % a
&n
iE = T 5l h
X 240 F = 9
] d i d =
= g a a et
S 20F Lhh Eap, 2
& c 5 1F
0 L L 0
M H L H
T4 FN K Plant species T2 Plant species
B3 TRERLETIHERNENHISRSSMIEHENTL
Figure 3 Changes in proline content and specific leaf weight of three Ranunculaceae
species under different shade treatments
R2 IMERMNENESETROMHBRK « &
Table 2 Shade tolerance coefficients () of three Ranunculaceae species

)

Plant LA LL LW PH PW SD SLW SOD POD CAT MDA Pro
M 1.463 1.246 1.167 1.113 1.301 0.823 0.813 0.388 0.572 0.501 0.895 0.526
H 1.329 1.349 1.656 1.055 1.074 1.242 0.880 0.858 0.886 0.858 0.848 0.897
L 1.708 1.353 1.105 1.206 1.413 1.007 0.740 0.801 0.288 0.280 0.782 0.809

LA: MR LL: 4 LW: M9 PH: Him; PW: BRfE; SD: 284 SLW: LLME; SOD: MAAMEALEEEE; POD: B
Wtk CAT: EALEREGM; MDA: W& E; Pro: MARSE.

LA: leaf area; LL: leaf length; LW: leaf width; PH: plant height; PW: plant width; SD: stem diameter; SLW: specific leaf weight; SOD: superoxide
dismutase activity; POD: peroxidase activity; CAT: catalase activity; MDA: malondialdehyde content; Pro: proline content.
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*®3 REERRYATIE
Table 3 Comprehensive index coefficients and proportions
SRR R
ek Comprehens_ive index
Index coefficient
1 2

IHTHI R Leaf area —-0.335 0.182
K Leaf length 0.069 0.468
58 Leaf width 0.356 0.093
Pk Plant height -0.340 0.166
BRI Plant width -0.363 0.014
254 Stem diameter 0.264 0.327
Lt Specific leaf weight 0.351 -0.117
SODJE 4 Superoxide dismutase activity ~— 0.119 0.451
PODJE M Peroxidase activity 0.356 -0.092
CATVEk Catalase activity 0.361 —0.042
MDA ¥ & Malondialdehyde content 0.140 -0.440
Jili &2 & & Proline content 0.158 0.429
FHE{H Eigenvalue 7.604 4.396
TTHRR Proportion/% 63.369 36.631
R TR ZE Cumulative proportion/% 63.369 100.000

AR, NTTE RIS AT R, B A
RERESG N, 3 70 B R RHE Y A A 9 i AR
R R BRI A Z ML B 2 S T R S, I
BAACEE S, fE K RE A S o Bl g Z= A0 i, Al L
A SR e O R B T T v i e
REFET, RS R B8 1) 3 Bl 3E L fE 77358 2R R IF 52
B, e &M R, EEA TR T AR

Tk B, A b AR K B A

AE ) TE 52 05T E B, R B A A 2R AR
HVH B 1R ~F- 4 4 1 88, W PE R I R E R R, AT
% S A8 ) A T4 Ak I 1 g 3 Y, soD. POD il
CAT & M Wk W B Z 1 bu 8 A, Re G 2025 R4
F A ek g A PR AR, AR IR TS N RS
SPA 0 o R 3 AR B 45 55 . SOD R A AL 9
B T ¥ 14 N H,0,, POD #1 CAT ¥ it ¥4 H,0, 7 fif
N H,O 1 Oy = W [FIAE FH, 4E+7AE 4 1E W 1 A4 B
R, AHE g b, B A O R FR S R 40
AW K E AR, SOD Ml CAT 3 4 # 7% 5 1
SR, J O B R R S, PR RR B A A Bl I O R R
HEOR R, X U B AS B B AL PR REAE — R T b
BEAR B = F SOD Ml CAT % 1, i SOD 3 4 iz
T CAT, 1 W] SOD J& & B kA 7% 4 %0 1 &5 1 28
— &7 £k, 1 R S 4E Y B E K POD W
PSR T, T, 8 TNEEA G, WHHEZ
HMEpENEAANTEAY S ER R, PODFE MK
e b AR, RIETEBRAEH . AR E E SOD.
POD 1 CAT ¥ 4 ¥4 Fifi #5 38 B # B 38 Jn 2 2% 1% J5 7
%, 5 20k (Palygunaum cyrtonema) > K145
M (Fokienia hodginsii) GO gy 15 ) BF 9 &5 SR — 3,
XERWEEERA SRS AN TR FE RN AEK,
I IS) I e A A B 1 A T R KT, T K ]
O HR L Ty AT, AR BN, BE AR 52 B 5RO A I R
B B 38, 75 B4 P A T 1 R e AR A .
I 58 5 B SOD i 1 Bl 188 B F& B2 38 0 & 8 PRI,
3 B 4 A Ak A O & B 2> ; 1T POD Al CAT
TR AR R N B el ST, KR
B O I 3 5 B T R )R 40 A P e SR ) AR R

R4 IMERMEMEAERE(CD. REZHE ) ENE. ZATNE O REBREHF
Table 4 The comprehensive index value, subordinate function value and weight, comprehensive evaluation
value, and order of shade tolerance of three Ranunculaceae species

¥ Plant CI(1) CI(Q2) W U D HEFF Order
EE R. japonicus —0.705 -2.361 0.304 0.000 0.192 3
R SEINEL T. fortunei 3.042 0.717 1.000 0.768 0.915 1
YREE 5L D, anthriscifolium var. savatieri -2.337 1.645 0.000 1.000 0.366 2
HLE Weight 0.634 0.366

CI(1): ZEG1etnfEL; CIQ2): ZETaPME2; w: FEREEL w: FEEEUE2; D: WML EFNE.

CI (1): comprehensive index value 1; CI (2): comprehensive index value 2; u;: subordinate function value 1; x,: subordinate function value 2; D:

comprehensive evaluation value of shade tolerance.
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=R/, TR 8 G AN EE R 8 1 PR 5 T N R B
o, DUVE R RN R R E LAY, 5 A%
Gk K AT B (Tradescantia flurnuensis *Vairidia”) ©”
IR 70 o HH I 2R L4 2R s CAT 3G ME7E CK A BT
b T E KA, Ul B B R A a2 25 3 9
KAEAER o A5, B A0 L 5 5 1) SOD.
POD Il CAT ¥ 1 R R I — H &, 5z
(Triticum aestivum) (81 pey B 9% 4 R 2 AL, 3 29 0 S
B AN B 0 P S AL Bl S R AL ) A AR 2
P, (H3MEEZ 5 1 iEE TR, H I k55 9
B =P, g b TR, TH XA R R BE (RO R 3R 8,
3FERERBHE Y E N 5 5 P A L 4E R a0 i A
H AL ) B A P, SR — i AR 00 5T A B N

MDA & T8 ¥ 15 5 41 A2 3k 46 A e B IS ) 32 22
PR, BB B R R A N R R R
EAL L, NP MDA & & BE & 8 R ) 1
I3z 5 AL RPY SRR B M A T RS, BRI 9 T
8 MDA & & 1F 9y fli] 5 16 ) 52 105 55 o) 38 72 B 1) 4
B o ASHIEFE T, BE A B R BE (3, 3 Fh B B AHE
VIt MDA & & 2 6 5 5 T 3, Ul B 14 B I B
R 6 Dok 4 i v It 52 000 A 5 5 T 4 ol R e 3 [ 8
HHFEL AR T 52 90 ], 38 RCRCEE B e . FE TN 4
YEAE (Trollius chinensis Bunge) U (56 b, 90 &
JEHEG] N MDA & & m T HR AW IR, Aut5
W3 R A T, A B () MDA & & R A T H AR 4
F, i BH RO BN R A 2 A AR O AR Ak AR FE
JaIl, o O JEE 2R 48 45 0 5 T e b 7 B AR, B R B
b4 G BB AR T 3 MiE Y A K.

Pro & T & H WM k5> 2 —, J& T A1
WM AR, TEVIFESMEEDEN, 2
FEMBE R RERD WENE T, My e m
W Pro & EORAEFF A M ZE K€, RIS
WgB, AR g ch, G 19 T N, B R R
FARH Pro & AR B R R THES, HH 20
AEE BEIE P A B R Pro s2 HELMBIE WY, A
WA L S B0 Pro & Bk 4 R4 s B R T fE
T, F1 T, A BE R, BN PR IL 2 5L Pro & B ¥ T B&, 1t

22 Y #k References:

B LA 3 B R B A 85 T 3240 U s AE Ty Ty A
HR, GREIE 5% B MDA & JF s 1 Pro & &R B,
Y B B B 6 HL o R T O™ A, Pro E B IC
A RE R RN 55 6 M B T ARG & R I Z R Pro &
F 2 B P, mT g 2 TR Pro 1F S U LI I, JEs 470
H#Z 5RW, s P& T KR AL, 1
oy T B 1B WO 22K e T H BRI TS & Y
Wy £

EL - BE 9 Sk i TR A R R AR BOIR
o, AHT g R, A I R s 3 R R R
Yo i b IR T B, X SR N R RS
(Ageratina adenophora) U5V BT 9 45 L — B, B0
B A 2R S5 fE AL ) G5k 5 AR R A AR AL, HE )
97 I8 B A 85 ) AR B AR W R N R A T R
EEAY Y T s

T B2 2 RSk a A B RN, A A AR
Y 1e) — 48 b5 B TS B 2 20AN ), 35 B3 AS [0 4 0 1) ) i
B AFAE 22 575 [F) — M AN A48 b B i 9] R EA (R,
Ui B 25 48 B o0k 8 B Ak PR B S S AN[R] o B, S
SRR OE S B R PR 3 R R R B BT
AT RS VRIE D, R UL £ S VR4 T 1
732 B Y, L R A A BT S 5 T A 1 2 B
TP KBTI T DB X 3 R B R
iy B 66 0 BEAT 255 40 B, R I 0& FE 3 B A R T L AR
s I SRR B TR R A AT, 3 M B REHEY
AT PR NI 9 2R AR B > BRI IE 2 5 > B

Zi BT Hn, 3P B R Y B R 2 — &
22 P (388 B, AE A [3) R 20 (1) 110 A R R AR B A )
THE B B i AN 56 4 A [, B A SRR P 3, 3 Fh AR
Yoyt AR G HESE L PR BRBE L 26 B
H . POD % ¥ f MDA & 8§ & L& % — 8, m
SOD {1+ CAT ¥ 11 A 20 R 7 5 1 A2 Al 35 A7 4
ZES o X 3 AT B BE 0 BEAT SR G HE R, FTON
FUAEAS [F) B AR B2 FR 38 AR SR AL iR 225 .
Ab, bR AR AR FAR bR AL, O 1% T B 45 AR IE T AO6
EARbR S M 5 R S5 T T AT s 2 S A AR
i Ji A R, W R I .
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