ISSN 1000-0933
CN 11-2031/Q




& s 2R

') (SHENGTAI XUEBAO)
smmemiemmienney. 0 B 34 B F2H 204 F1H (FATF)
E] V4

AR 5FER R

HE S RIS R B R AG E EIE IR A PE A A0 e A E B E (239)
F AT B S LA B A 85 e T 2 1] S5 TR By wvvvvevnnnnnnnnnnssssissiitintias WA EBRE, A (247)
REKERT P RBAE RN EFETERATHRRE Yol e THEF,KANE, G M, F (258)
G e R b I A L P A RER, &L E (269)
SR BT S A S AR HE R veeeeeeeeeeeen ettt a e e TRAL,E ¥ (282)
B R A S F Btk BB S B R B o veenreeneeenre e ee e Bl bR B T (294)
W Z M T A G IE SR AT GO HE b ceveereernnrere et x| 4 kA& A L% (307)
R T Ll T PP wT A (316)
MESEMETS

NaCl Mt F i R4 A KA A & T B E M5 Bt e X B KR M HE, F (326)
AR A E B H AR R T S Ao vt 2R E M ARG PLEL «ooveererrrrreeneen WooZR, B R, W R, % (337)
Oy FE LAT-2000 L AE X558 55 JE B AL GG O T v vvvernernennsennennenneinenennees T O EKALINER,E (345)
K* Cr® 5 ) B 4 kK B A B T W vy eeevveeeenneesneseniie e, VIR F O Bk (353)
WA R R R E A 3 HLAE cvveeeenreeeeineee ettt £ MY M EBE. % (359)
B BHENAESRESR

EMBRAETORREEBZEMOET T oo IVETREEE R B (367)
HEPHTRRAN @B EFER MBI SHPE oo BHE TR REE, L (377)
T R A B G E AR A AR B IRAT LR R AT coeveeeeeeeeennns RN ENE B3R % (390)
AT A M IR H A K H B AT R A IRAG R om e eeeeeeeeneeen BEUAT X KR (400)
LA RN R AR A RS EHAEB G A B T e Rl s EENR,F (410)
1961—2010 £ 2 F 23 K B B E K = B YR GGAEIUGAHT vvvvvrrenmennnnne ¥ ML LB B2 (421)
LRI B 20 B LE AR AL B A B AT A B G R verreerereeeee e UTIE, EES T I % (430)
R R FEE N A LIRS D AR REBFFFAE  -oooeeerermeeeeeiinens FRE,RFE, I (442)
N SEBI 6 FRARMER LEMAED T T RACHAE oo x| gk k| FE e ot (451)

=W KFEMEIRER
FREH R T L EACHAEB X AR TACH oL woveeereneensenns tRESE B, X % (460)



BEHEH X NE TR L E Z oo kxS, ZF,KANFE,E (471)

FHPABEELEG LIEANBREEDTHAL ooeeereeen ks Rk, ), % (482)

BT A BT ) L T ARG A E AR e R, A, EHL, & (491)

W3 R

FREFREATEE TN TR IR T T TR o Xk K FE & L, % (500)

B i o - e WEH  EZWMA (509)

SWAT HERL 332 WAL By ZAL 8 BB HT——ATHL 0 B R AT TR A ] -oeeeeeresseremsnesssneseee
............................................................................................. oL R KA (517)

HAFIE A S CN 11-2031/Q * 1981 # m * 16 * 288  zh * P % ¥90. 00 * 1510 * 29 * 2014-01

ECEEECEEECEECEEECEECEEECEEE

SR & AR —— P ERA A R oA LA B (Y 1 5K, A T R TR T e S LA R T R R DA T
SElT A, SR WA SR A (L MR SRS R R SR IR A S R e rh T A AL A . R
TR I8 SR RARTE 0. 2—3 wm Z I BDGH H IR BRI A Y . BUCRTR WA A (U HE A S R G h AR ) i
AL P g 5 B 2 DRR R R A S R G AR . BIFTE W , KA P 2 5 il A R 7 B A )
TE 33 A 2 R L ) 2 DR, R R 3 1 45 2 2 0 41 K A e I 2 v W L 400 - T A1 B R
SERZHRL (PRI P282) .

FHERM. FEAEdE  Jbm Ml K% E-mail; cites. chenjw@ 163. com



55 34 45 2 4 = 3 i Vol.34,No.2
2014 4F 1 J ACTA ECOLOGICA SINICA Jan.,2014

DOI: 10.5846/stxb201301110081

VRERF-, sl/NGE, B, S0 XIS, X B 58 AR PRI h O BEURNA SO0 5 B R B T A P Y S AR 252, 2014, 34(2) 1258-268.
Xu J P, Zhang X P, Zeng B, Yuan S H, Liu J H, Liu M Z.Effects of light and dissolved oxygen on the phenotypic plasticity of Alternanthera philoxeroides
in submergence conditions.Acta Ecologica Sinica,2014,34(2) :258-268.

TEKBIMERARMABSR
MEREFEREAEERN RN

FEF, KDET G Ok, ZMWEHE, N EE X RAY

(e DX A A PRI B TR e S 2, TR R T = e P DA ) AR A 5 R IR A S 3, P R R A AR 224 B R 400715)

TEE O IR NA SR K A 0 i b 2 85 18] 25 55 0 2 A RS SRS TR XK AL ) A KRR B B X, DA =R X R
WA ALY & 53 T 5 (Alternanthera philoxeroides) WFFTXT 4, %28 T KM i A6 BE (1) AR 480 (DO) X 58 4K #E #4458
BRI T R T AR A AR B 43 WO S5 SR T AT SR AR I TR B K I A K I e R T Ak B X AR A 1 FE T S
AR F M E R (+) JE(-) LEGE (+) (=) BFKT, 6T 4 AN BE, STEess R0 . (1) KBt 5 R 7
TR R R AR Bl R A K, KR, AN A 3225 DR T B A A A AR R H BRI, (2) 5
KR, B BT 22 (A T2 G RIS A =2 A, Forp 22500 Mk K B2 S R2 ) i i
F BRI 22 G, RV AR T R TR B AR KB (P<0.05) . FEAHRDGIRRM T, M in A b B
TERETFRMEZER WA YRR R EER/ FEEAYI RS TRERLH, MEACERIOE, SiEEAH T &2
FEFE R ZE R DU R P 3 K S i F R R K, il 61.8% 34.2% , BREHE T RN A LR MER ST %R
PRASTE i 2 FFE e R S L | eI AR LA R B A 43 TS K T TSN T 39. 65% .28.3% .45.9°, (3) IR AR EST T E R
FET R E R AL 0 K R R SRAFAE R 2557 . A T P SEAE AR SRS | 17 v 73 SeU A BRI B0 8 1) AR A AR . X SE T
AN BT 5 R FREY A S IA FI A8, PR m MK TIRERE T

SRR : e /KM JC IR VA 4 R AU I S R T

Effects of light and dissolved oxygen on the phenotypic plasticity of Alternanthera

philoxeroides in submergence conditions
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Research in Three Gorges Reservoir Region, College of Life Science, Southwest University, Chongqing 400715, China

Abstract; Plants show phenotypic plasticity in response to changing environments via variations of morphological and
ecophysiological traits, and the plasticity of plants can increase markedly the capability of survival, growth, establishment,
recruitment and distribution. In the real world, terrestrial plants suffer multiple stresses when they are submerged, such as
oxygen deficiency and shading due to the lower gas diffusion and light intensity in water. Light climate and dissolved oxygen
availability are strikingly different in aquatic environments from that in terrestrial habitats. It has been reported in many
studies that most flooding-tolerant plants adapt to flooding through high phenotypic plasticity. However, few studies have
investigated the effect of both light and dissolved oxygen levels on functional response in morphological plasticity of plants

under submergence condition. To reveal the effects of light (1.) and dissolved oxygen ( DO) in water on the morphology and
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growth of Alternanthera philoxeroides, one of the common invasive plant species in the Three Gorges reservoir region, an
experiment was conducted and the morphological traits and biomass allocation of A. philoxeroides were analyzed in the
ecological garden of Southwest University. Flooded groups and non-flooded control group were set in the experiment, A.
philoxeroides were put to grow in water with light (+) or dark (=) and high (+) or low (=) levels of dissolved oxygen.
Flooded groups included L+DO+, L+DO-, L-DO+ and L.-DO- four treatments. The following parameters were measured
before flooding; stem length, internode number, internode length, stem diameter, leaf number, leaf length, leaf width,
leaf thickness, leaf angle. At the end of the experiment, we harvested the whole plant, including above-ground parts and
below-ground parts, and measured the same parameters above mentioned and some new parameters, such as leaf disk area,
adventitious root number, adventitious root length, shoot number and shoot length. The plants were separated into main
stem, leaf, adventitious root, shoot, and under-ground parts, and cleaned by tap water. All plant parts were oven-dried for
72h at 75°C and then weighed respectively. It was found that; (1) Inundation promoted the plastic responses of A.
philoxeroides and caused the stem and leaf elongation growth. Stems and leaves became slender and erect during the flood.
The elongated stems help to keep the top parts of plant above the water surface for gaseous change and photosynthesis. (2)
Phenotypic plasticity of A. philoxeroides was influenced by light and dissolved oxygen in water. There were significant
differences of responses to light and dissolved oxygen among various parts of A. philoxeroides. The stem elongation growth
was mainly affected by dissolved oxygen level, while the leaf was mainly influenced by light intensity. Under the same
illumination level, stem length, internode length and number, and stem length-to-diameter ratios were found to be greater
for plants living in high dissolved oxygen environments. Whether light existed or not, the largest stem length and internode
number of A. Philoxeroides were found at the high dissolved oxygen levels after flooding, 61.8% and 34.2%, respectively.
In addition, foliar morphological characteristics of A. philoxeroides altered significantly when the light existed. The ratio of
leaf length-to-width, specific leaf area and leaf angle of A. philoxeroides were increased by 39.65% , 28.3% and 45.9° after
flooding. (3) Light and high dissolved oxygen can promote the emergence and growth of shoots and adventitious roots,
respectively, and therefore, they improved the ability of survival and spread of A. philoxeroides under water. This study may
help to further understand the mechanism of A. philoxeroides how to escape from the submergence. It also confirmed the
importance of light and dissolved oxygen in affecting the population establishment of invasive A. philoxeroides under

submergence condition.

Key Words: submergence; light; dissolved oxygen; phenotypic plasticity ; Alternanthera philoxeroides

TEFR I, A SR TR LA KK (9 8 K ATl 8 8 42
TECA R BOK I B, VF 2 R AR AR ) A AT A
HIB R TR T o K TR Y K 35 55 0
AR AUR AN R] i R B K T AR R
A A (VAT B B0 A e 2 S0P IR 10°47%)
AR 585 BRI 2 b QAL PR AR T S
BT, 38 2 BOK TN A K T A 25 e 1 Il )
I, KR BREEE R OGRS IR

RS TBE AR ALY, KW AR P00 22 00 S 2 A 5508
FRAR M, A B IOLE A, B AR A
ORI AR 2 TR ¥ AR ) 1 7S PR 85 R ATE AR T LK
IRFI) A A RAE 36 I 9T BF 5 e B, Bk AR M ( Salix
variegata) 7K #E 90 d JF A7 A5 R 1009 ; 4 i £

( Hemarthria altissima) 7] 22T 120 d /)58 4K 5 4
TR ( Cynodon dactylon) Z.iit st 1] L Kk 180 d'7)
VAR R A AT E 2R B KMt 52 6 ) 5
AR EAE S Ak e B2 ) 98 U T 9 M ok 34 o P 5 A
T B DA RE S A 3 B I 1) 9 2 - 58 4 KO S A
T, B ( Echinochloa spp.) F| H 1 #&5% K AL & 9 7=
PE I RE AR A A K A R R B i R
i 5L (Arundinella anomala ) W] DLl o8 3 R 41 g 8]
BT BT S ORI i S T A P o B AN S
LT KRR K HE 0 18] U 3o 7= 2R T 2 RS AR
SRR AN B ; 7K 17 ( Oenanthe javanica) 7K F
S AT )T AR R 45 R B K R BE G
H3E W K HE BR BRI Ah, i 4K K AL ( Myricaria

http ;. //www.ecologica.cn



260 AR

o 34

laxiflora ) ) 2 MR 25 15 ¥ A1 490 e ] LA e o 2 48 A 33
A MEHERHOGHER (REAYA LA B PRBR A5 T SE
7RI PO K HE 1

HRE R TR E =R XCE I A R A
Pt ATHERG A KA AR R 2 R A B AR 2
— PR T A AR T A R BT 4K
120 d G HAAE Rk 90% Y . B FE T R AR
T IR B S ANE AL Bl A ] 8 PR A 9] 2 Al
B AR H R IR K Z S5 W METR e b )z a0 A
AR R A A3 P B AR B DRk 9 A KB ) —
SRR R SR T K T 2% 1 T A%
PR 00 8 3 R A AR A 52 T [ P O 1 R 5
EIETE AR 7R R S ST M B e 2 35 A A PR35
PRF, JEHRFIEA 4850 30 0] 12l 8 WA R AR AE )
BRI TR TR WA SO U R 7
FAT |5 3 7 R X A BRI PR 1 B 5 R E R
AR T AT AR 2 Y mT S8 B i O W
IX L [R] R, A SCAE PR AE T LA B T O
Bl N AT 2 5 7S 2% A I 5 1l /K 3R 358 vh Ot 1
AR 0 LRI S B e AR, AR5 AS (] D' R S Ak
N E R ROE SRR R R YR oy B 22 5, LAY
R I PR X Aok A=A B B 2 4t A 2 2 Al
GRS

1 #RExFZ®

1.1 WF5Ehbk

HRYF R E R T, BT R A0
AR KACAE HAr R, N R RR 2 AR A e
REAMY), ZEK FHBE KN, 22 KiK 1.5—
2.5 m, 1930 4FA% A E, 753 B KT B4 1, 951
NE AR YR
1.2 W5k

SEEGF 2012 4F 4—8 H 78 P4 g R 2 A A Y i
1To 2012 4F 4 4 i) — 5 538 - 50 v R PR v 32
BRI ST A — B0 5 5238 - FOR AR 55 B 20
em KZEBFHETEIR 15 em, AL 20 em MG O.18
RHEE T A 2 fR . BERE IR & B AR B
e M Ak AR i S ORI AR AR S ) |
A, REFRMRSS T T A AR AR [ (4 D6 BER K 43 2%
F, e R4 T bR R A5 LA B, 2012 4F 7 H BEML
FHERL 75 BRAEOH: 0 P 55y AR R b,

75% W 1 RS AL PR A 115 U 4K PLE AR B AR A
FEMR 2 R B — APk 225 B SC S RE R BEIL 7
BURGZH 60 #RIKHEFT 15 BRA KM, /K EZH 1Y 60
PR R FERAML S B 4 41, B2 15 Bk, X T A M Ak F
17 23d BY7KHE FIAN K HEAL P

S K AR K X T O 2 b B RGP o
JKIEHRIE IR (L) A (DO) PSR R 2313
WA (+) (=) Lk (+) AR (=) PifhKF 2t
4RI S50k A G REE A (L+DO+) AL
F (L+DO-) TG A (L-DO+) | JGRH 4 (L
-DO-), BB EIT . L+ DO+Ab P47 1E 4 [ 9%
S RN A fa] A2 5 it L+ DO - b B 4% 32 IR % A
SROGRERY R I FEZK T _EAHI R BN 1 em 224 TC
A, HLAERE 3 H oK B i E £ H B
HAEUK (0.07—0.25 mg/L) ; L-DO+ALFE{fi ] 6 /2 5B
RN 7o 5, AR T8 H 8h MiEL:
BES, BRI A] 49 :00—12.00 1 13.00—18 00, i
TR A AT LK b P I A S B AR S ; L-DO -
AFRAEFH 6 )2 FA (i 1 ) 72 434 o, (W) s A K e b
BRI 1 em ZEAT W TC AR YT . X B4 AR R
I FE K BRI A L, 257 ARG IR R AT IE R UK 4y
HERE, BEFE 4 AT EARAY 2m TREE A LLK
AbFR BEAS A ERBR L R & AN, H T IR I SRR
B8l i, B 0E 15 AE 5 TR, B 1
AMERE, A AR 30 om , BARAR R 5%
o, ARSI BIS 5050 1A (] %% G T AR BR
AE RO, S PR T s 5 25 K AT 20 em B 57 BV 7K
£ 50 em, PRIFAEPRAE A SL00 i AR P o8 /K N 2
WK, # ] HYDROLab ZZ8UK BN EL | LI-
1400 Yt I f i S AN J 5 PR B R SR
FOKARE A KR A 8O ST (PAR) S 5518
b, AR O L2 1,
1.3 FEARIE Fogich b 2

K HT— A, SHMEBGH A 75 R R T gk T
TR TR TR B EAE AR AR
R R IR i A (R S KT e A )
BTN AE 7K 25 TR WSO R K s A AR /K 4 P A
PR P Hb L R b R 43, PV A K T R BT T A 4
P DA SRR 37 A 2 B S RE AR AL B 0 H K B
FHE R DR AR bR 3225 i AN E AR 3 R 25 DL b
TSy (L35 EARKARIRZE) 76 75 C FHET 72 h

http ;. //www.ecologica.cn



2 44 -

S5 L S8 KPR PO IRV S0 2 e - R R T SR P ) 261

JEarbri . J3oh KA, X B SAEpR AL B AT
(& K HE IS 00T A e AFT AL A 20 50 37 B

3—8 M HAN 0.7 em MR A, 4L S AR T,
A AL (SLA)

R1 ZWIRIT R AR R IR S SR

Table 1 The environmental design and the treatment conditions
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Fig.1

Internode number and internode length of A. philoxeroides experienced different light and dissolved oxygen treatments ( +SE)
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Fig.2 Stem length and stem length/diameter of A. philoxeroides experienced different light and dissolved oxygen treatments ( +SE)
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Table 2 Foliar morphological characteristics of A. philoxeroides subjected to different light intensities and dissolved oxygen levels ( means+SE)

T T i s
b3 Leaf number Leaf length/leaf width Leaf thickness/mm Leaf angle/(°)

Treatments KW i KW I KA HIT KW I IKHE i KA KW Hif KW I
Before flooding  After flooding ~ Before flooding ~ After flooding ~ Before flooding  After flooding Before flooding  After flooding
L+DO+ 16.50+0.93a 7.30+1.04b 2.49+0.09a 2.97+0.11b 0.27+0.004a 0.19+0.003b 15.14+7.50a 74.29+3.62b
L+DO- 11.07+£0.93a 1.13+0.58b 2.78+0.12a 4.45+0.36b 0.29+0.006a 0.13+0.004b 16.85+5.51a 49.48+2.41b
L-DO+ 13.60+0.80a 3.07+1.04b 2.63+0.12a 2.56+0.17a 0.29+0.006a 0.15+0.008b 10.67+£10.85a  22.00+5.33a
L-DO- 12.80+0.95a 2.50+1.11b 2.88+0.29a 2.97+0.31a 0.27+£0.012a 0.22+0.012b  -1.00+8.92a 14.13+4.81a
XTHE Control  17.43£1.26a  19.93+1.45a 3.13+0.08a 3.16+0.06a 0.28+0.004a 0.27+0.003a 15.48+2.96a 15.59+1.66a
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F Control 5 X 4 — & EFNIA S£U/K -, AT AN W) - BF (14 45 A 3 ) 22 57 25 ( W 3K 7 P=0.05)
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Table 3 Biomass allocation of A. philoxeroides subjected to different light intensities and dissolved oxygen levels ( means+SE)

qE==i
*EXT'.h%E e L+DO+ L+DO- L-DO+ L-DO- X} 18 Control P
Relative characteristics

224 Stem mass ratio 0.29 + 0.023a 0.28 + 0.045a 0.39 + 0.035b 0.27 + 0.046a 0.22 +0.037a *
IR B Shoot mass ratio 0.030 £ 0.015ab  0.056 + 0.014a  0.033+0.011lab  0.003 = 0.001b 0.01 + 0.004ab *

A= )8 FE Leaf mass ratio 0.009 + 0.001a

0.010 + 0.002a

0.006 + 0.001a 0.009 + 0.004a 0.054 + 0.009b ® ok

Lo AH Specific leaf area/(em?/g)  232.33+10.40  291.19+27.56  215.81+22.29 19229 +21.64  256.08 = 5.02 ns
A=) L Root mass ratio 0.54 +0.022a 0.55+0.038a 0.56 + 0.034a 0.71 + 0.042b 0.63 + 0.038ab *
M7 Root shoot ratio 1.31 £ 0.109a 1.58 + 0.271ac 1.48 £0.173ac ~ 3.07 £ 0.529bc  2.183 + 0.344c * ok

ANEFEEAYEMZE T B3, « P<0.05, = = P<0.01

FEK HEAD | B 5 Bl AR R
SRR ECE] T 2R SR R RS A
R/ AR F2 2500 7 T e A 5 1 UK Ak
FE(L+DO+/L-DO+) H B g K F H & /K #E AL B 1
S Py i X T 43R R K 43 T T BRAE A A R
JKHEAE R (L+DO-) H, A= &% T H (9 43 ic 78
JITA K HE AL B R /N G R 8 25 57 (P>0.05) . It
A, A A R R 1) B i TR (A EE T AR ) 2
(i) f19 22 57t ) R A 8 31 {8 25 7K (P>0.05)

3 itig

AR AR AR — b AT T 28 R0 F1%) A 40 T A SR s,
AT AR AP DA Ay i 10 e AR TR 9 A ) T K o
Hh A I B AT I R 2 — 0 e R Y i
K AT DL A PR 5 DR AR 42 4 v MR S8 8 1Y
AR 6 7K I A 4 AT i P 45 S I R AT O A VR T 22
fEfesfa L, mT LA, R A R ) 1Y 3 58 1E — &
FRJE b AT LS e AE ) 00 T S BB ), o HOK T A7 T
AOBHEI AR 25, Setter Al Laureles X 7K #§ FWF 5% K&
IR IKFE (Oryza sativa) 7] DL 32 25 25K A - 8%
HH K T RS W K R BT 2 Dinka Fl Szeglet [R] £ N
LR IK X 535 ( Phrogmites australis ) WAF- 15 F2 38 1
SR e BIA KT DL BB BGHE AT DG AR
F = A B KA A R 4R 002 LA, Mommer
YR YITRIR ( Rumex palustris ) FIRF5E b & BE
JKHE T LB G 5 SO A A R e Y B AT EE
XF it e AE ) 0 AR K AR IR AR R |
Tt LA B o I DR () 638 45 D T 7Y BRI, PR BE I
FEAE A5 M A P PR ) o PR 3R TR T v A ) A 2
KAFFE AR — AT [BLkE A I 25

TEAS S B B 15 22 5 B AR
TIE X550 HE RN 75 S8 28 A 2% B ¢ v 118 6 Y ] 9k

FZER 5 RGN B AT A R R R
H 22 K T, HLAK Y 3225 DA A T 38 A B (8
B A SR AR VI R - - 1.00°—16.85°, 7K
T )5 LS KT e i R 45° M43 5, KT 450 A B
SEE N RIAET 450 (0 R F S it ) TE A R T N 3
ZERIE R R AR RIS 225 B AR AN DL R
F TR (R AV IV R LA D/ 25 1 B S AT LA X 16
Hpp ) iR s R T R A K TR AR,
XFFHEARAR I 5, K TR A K A2 06 BURNE A
MEARm, K 52 EFE EEXNMRARE
TR , BESER WY, KA AR A K Y
AEJ) FEZ O IR R (GA) FMIBVE R (ABA ) 3 Fif
FIPBR VAT IS0 e B R N 530 ABA
WRIEPRAC GA MR 3G, 3 46 P 38 L[] P 17 A B
ZEEERUME T SR AR A AN T BE A 40 AR B
BE S BT KA, R 12 3 B TN BE-1-5R TR
(ACC) THEIHFE 0,4 fiEfE ACC EALTE (ACO) M 1E
R AR 205, Pt DS & i m i, A R T
FEMR I 0 A A B 2R 0P, AR as R
TN, e A PR R AT DR A 2 2R AR
A HOR & R 2R K DU R K T, AR A
FDCHRBE T, mE UK B, & R 2
K OWHEH WK U R EER/ FEHES AT
R EKBALER,, BLAh, RS H IR 2 T08, A&
BAEM IR (L+DO+/L-DO+) T B2 FR 25K D)
T [AIE A 1S 4 A 24 b T BT A Ab 3 e v /KO-, B
SRR AR 61.8% 34.2%
MEZEARE, - F s M R A
SCRITE T A RE e A L, A O FE R KT
RN A TR AN o TSR i S ) @0 B B ey 1
FR(SLA) RP 7 1o FRORR o & 9 LUAR, 2 9F 0 A 4 i
R ORERFME R EE S SLA I 4 A4 K X 3
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JEHEXF BT IR A IO SR s 55 AH G, e AL )
SEARRIEB SRR . R 3 0l L, A
AKH AL I L+DO+HT L+DO -1 5 537wt
AR R F A TCK AL B L-DO+HI L-DO-, H
FEE R 28.3% . X ATRER TR FOEIR AL
AT ERE TR R AY SR, AR
T e i e B0 7 R i A= Wy it DAt 7 JEE B ) 2R
FUERS BN AR L, DA B A 25 1) K T 559
SRS H B ROCEE 7 RE ST AN R ZH ] A9 b i
FRIC 0 2P 2 S, LB PR 9 3 2 't IR A 9 4L A 3L 1Y
SR EE AN B K 0 S H B B PR X6 b i AR
TRRHIWER, A fr ik — R, 57 A
Fb, ST R — A g R R AR 7R 5
T, B AL A R i S S A i HL ) LA
O, RORHE = T AR R G RER TR, Tk 7 5k
JEI, L2 RHFHDEAEREAR T B SOt 7
AERHILAR 38 2k S S I T LA 45 PR G g — 26 2 s
HMEDIGE | A H AT A, O A AR R A Y O IR AR A
A 30 GBS K R S5 AT E oK (Zea mays) NEE
( Triticum aestivum ) . ¥ ( Castanopsis fargesii) HJ
R R B, - e A S B AR b ke A T
ARG, DT 52 i R A 0 11 7 i LA R ] it g e )
ARET T RIS BoR, TOOGKHE AL R R
M5 K, A Y LU N, KRR i )R
J3E 8 AT, (HL A b S ) it T 1) A8 AL I L 52
XAVERI: RS e R 2 A 06, — T,
NS Ees i e Sl M W NG Sl T =Y 7 € L g v
GREAATER KRR S —Jr i, bR G HE 5 i
RS RSN, HOGRI R EE R KO PR i e 4
PEARACHER S X Uy JEERE 7= A 5, B AR S A F
UL B R JEERE Y H 72 Ak 5 6 IR 5 B8 S AR B 25 Y
TAHICICR G 2 B R AR IC R, HAHRHE
J R IE AR Y
BREFRE M AN AR Y, BA BG4
RUHUKAERI R ER FEAR SIS | 1) 7K SR 5T
Jit e s AR 3 e ) O AT I v S i AR R 4
R e A 8 A i 5 2 1 T ol i A 28 ) oK AR R
b, WA AR AN FDE AN A AL BT 5 R
TSR 028 AL A 3 25— T AEK O A
BT A H AR W35 5 T H B KA ] 224 5
RIS T A SR AR N 0% (B kR T

PEHEREI Y D b1 A2 A, 3 AT LRI ) 7 A AN
SEARSS AN, R S N M E T A R — 8, 5
B rh IR & I R T R B A R R AR Y
T HAEA SRR E AL B (L+DO-) Hh, X HRET
XK PR O BRIV SR AR A Y — o B B B
B b 553 19 A ) B O RE R R B xR
TR B T3 05 53 - B0 G T R B IR WA A
J5EIR = G Y  AE E S AL L N N = e 5
X T RE T RS RS R Y, —
Ji D, WK T B 1Y A AR R A AN H
A LAY O 5 T B AR AR B R B b K B 5
A BRI 48, T LA AT DL B AT R JR AR R T
MR G RAEYIK TOLE ME AR, RORAh
B R A A [R) 8 [R] I e 4 R A B 2 KR
ARGV, WA AR —FARYIFI, B2 B AR
BCHIE AL IE I 15 5 1 A T e Il S A A RE
TIRITEAS 2 BT EC: , W)l ) A A7 R AT HR 3t
THEZMHLE, J3— i, NEHAK TR X Fpe]
SRV ORI G TN T 3 R T A R A 2
i AR 2278 1 % 25 PR 5 25 A, AT RE DR b 365 17 7
RS IFAL N TR I LR R

I T PN S M5 3l O3 516 IR T ¥ A 400 1)
SO X AR AR RIS R 2210 T e R
Ve SEON TR 5 1T TR AR K A2 G i 2
BANERDS, P b BRI eR B Ah 7 A R A
SEK IR G B A S R WK AR B AR KA
(BRI, e /KM E T WA IR S 2 Y
BOHCRER LR 2 S D Mg 22 X W ) 38 LA )
B KE MR 45 R R, — B i St 0K
T AR AR L 15 388 55 1Y 1E W As AT, I AR
(RT3 ORI R LR
T — BV AE (A AU, SR B IS
RIS AR 2 7/ I0iORRI DA - €k o s S
PRAE T A W ek D, B 2 5] R R A 1R 58 4 U
ToU L K B VR 22 T A A LG AN R AR A
( Pterocarya  stenoptera )™ F /K # ( Polygonum
hydropiper) " (G A RE I A S Z B KM, 3%
J2 PR A 7S SEURRAF P PR BT T ) 2 S SR R AN 2 A1
e T ICE AT A A, R E 7 R R
TR iz A2 B, %G G A R B i ) 1
o ZKHIE R S AU 2 A M 6 &
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i1, Glaz 5 H: 3 2 INAT BT 8 A W A6 K HE I, B
YEF 2 3 . Mommer tAH, X T fE & th F
Tt S0 A O o TG O B f T e
2, ZiA BT DI, X T /K HE 40 4 2 i T
Bl A RE O C IR B

KT B S — PR X 52 2% I IR B AR, 32 2Rk
YRR A ) &R B IR AR R K AR
T BRI AnA S IR CO, LA B TR PE
X IK M A W B A K RAF 305 77 AR BRI 5
M), AL o 3k S R ) Tt 7 PR R AT, i
A NG, AKX T i s A 4 e H R it 38 B 41 ok A
AW AEA RGBS A (R TRDDG BR AR B D't i ] 49
PLRO S ) A S A i (O TRV R ) T~ OB 548
fiE S-S50 IR TERE AR R L L R e A
A AR Ak KT P S M A 45 1 o 7 A A 1
— IR SE . ACAER, AN ST 3 B & BAS [F] K
R X it v A 0 1 A KA AR S i 22 T B
HKHETREE ) AR S NTR 5 52 3 - 7 A5 1 3 A ) XoF
TR TR K T8 B 558 v o BEORD 7% 480 S5 DR 7 1) A8 b LT 227
77 )RR B S o ano] (EAS FRAT TR S G TE R 5T

4 FEZL

(1) 7Kg n] g 3 5230 1 225 Jy ke A )
BAPERORNE, 51 AR A, AR R, AR i =25 U
AR 4 B SO M TR H R K, [
I 3225 EAR AU/ N LR I R TR B R AR R A 1 25
M-REFE SCRA XT3 I T 2 7, it — e it 5 B3 1
R AR AR AR

(2) SERIRMEARAT T B T R A ] I 52
JCHRIA AR A R, H T F XA AR [ SR A
B AAEZE S, o 2R AR K ) i
SR AR FE I | T R R 25 A ) A O B Y
SN, AN AT AT 5 T R, T
e T SN LA ) T AR AR AR K 2808 2SR AT
By T8 5 T R 5 A R AR i — 2D R
I REAR BIK AR RE DT .
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