J. Lake Sci. (4176 #4+5) , 2021, 33(1): 123-137
DOT 10. 18307/2021. 0115
© 2021 by Journal of Lake Sciences

& Hr 45 B 17k 35 & ( Eichhornia crassipes) &4 & & BV Al #8 M 45 4F
PO NEN-E-—F 2%/ & N:0]1 o) v

BEAAE MR, R E T, kA A R AER, kPR EFAR 0
AT R AT

(1P R X A E RN BT PEA AR S BT, ) Vs T o AR 5 5 A A 22 T T SE 00 28 BE AR 541006)
(27T AR X E R 2R BT PERE TS BT, | PR A D REH) ST 5% 5 ) FH B A 256 3, AR AR 541006)

(3. E M B 22 e 5 T M T 98 BT, E SRR IR/ 7 P v By 2 S SR 5 AR 541004)

7 E: R RRE Y, DOR R B E SRR AR A K 6 H (AR IR F 8 A (2K mIgd) B /K #H
J (Eichhornia crassipes) BTG, AR & B TR AL ARAE T A8 P 19 25 1 K 32 R m] S i) R AE , LLSE 70 7K 81 9 4R
[ 5 B FRAL AR PR LE 2535 REALR] . 5 R KB BBk e R RN 2 3R 5 SR AR 7 7 S AR B2 0 94 AR AR, v
AR TH AT FE - 8 T I D TR 2 ORI Bk R B K A R AR B T T 5 A PR S B R e 1 )
T 1o T A R RE AR s AR A W 2R W A e R AR ) i R K A T R AR E A I R TG, 25 A W TR
A=y AN AR Yt s KT A W A 3 e LA BPEAR T BAS A 52 2R (AR AR Wk b 28 A Wy L A Wy LRI ZE R LS ) [
A I ST B AN [ T 2 B 28 S e, R I iR Ay R Y W S PERRAE s K R B LB BV B RS R R R R R o YRR
SRR E R ZE A i T A ) SEBORI 3 B R (E) A7 A 3 A IE AR G FR, ARG bk A e LU R ZE L )
AFAE 35 W TSR AR 5 K A 32 B T SR8 7 0.009 ~0.792 2 (], I 2 L A T S8 V5 Bdm R, e e B/, B
EIRMOR AT AT RS B, TR T RHE AN [R5 5 3% (K MRERBE v K8 P T8 S TR A S5 40 18 3 A i
BOBC HEOGZR , 77 2 1A R T AR I 7% B0 B30 9 3R T T e R A A BT ) Tl e AL 2 —

KGRI WEITRRTHD s KB 5 B IR K A s SRR AT IR s A G

Growth and phenotypic plasticity variability of Eichhornia crassipes in response to
different eutrophic water in karst wetland*

Teng Qiumei', Sun Yingjie', Shen Yuyi’, Zhang Denan', Xu Guangping'”** , Zhou Longwu', Zhang Zhong-

feng' , Huang Kechao', He Wen' & He Chengxin'

(1: Guangxi Key Laboratory of Plant Conservation and Restoration Ecology in Karst Terrain, Guangxi Institute of Botany,
Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin 541006, P.R.China)

(2: Guangxi Key Laboratory of Functional Phytochemicals Research and Utilization, Guangxi Institute of Botany, Guangxi
Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin 541006, P.R.China)

(3: Key Laboratory of Karst Dynamics, MNR & GZAR, Institute of Karst Geology, CAGS, Guilin 541004, P.R.China)

Abstract: The invasion of an exotic species, Eichornia crassipes, has resulted in a series of ecological risks, with the potential con-
sequence on the structure and function of natural ecosystems. In order to investigate the adaptive mechanism of E. crassipes in re-
sponse to different environmental conditions, we conducted a field survey on phenotypic plasticity of E. crassipes under different eu-

trophic waters in the Huixian karst wetland. The results showed that there was a pronounced decrease in terms of plant height, root
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length, and chlorophyll content with the increase of eutrophicated water. The petiole number, petiole width, number of blades, leaf
length, leaf width, stolon number, and growth rate all increased significantly in eutrophic state, which was higher at the peak of
the E. crassipes invasion respectively. The total biomass, root biomass, stem biomass, and leaf biomass increased with the increase
of eutrophicated water. The stem biomass was higher than that of the roots and leaves significantly. The distribution of E. crassipes
biomass and the trade-off relationship among traits (root biomass ratio, stem biomass ratio, leaf biomass ratio, stem-to-leaf ratio,
etc.) varied at different growth stages. There was a significant positive correlation among the total organic carbon, total nitrogen, to-
tal phosphorus, nitrate-nitrogen, ammonia-nitrogen, chlorophyll-a and stem biomass, leaf width, and stolon number of E.
crassipes. It had a significant negative correlation among root length, plant height, leaf biomass ratio, stem-leaf ratio, etc. The phe-
notypic plasticity index of E. crassipes was ranging from 0.009 to 0.792, the leaf mass ratio was the highest and root/shoot of ramet
was the smallest. The phenotypic plasticity was the highest in hypereutrophic water. The results indicated that E. crassipes can pres-
ent a plastic adaptation in response to eutrophic water, with the improvement of the survival and behavior itself by adjusting the
morphology and the relative biomass of reproductive organs to somatic biomass. We also suggest that the phenotypic plasticity of E.
crassipes in the eutrophic water is one of the important mechanisms for its survival and reproduction, which might realize the spatial
niche expansion and population regeneration. This study can enhance the understanding of E. crassipes invasive mechanisms in wet-
lands.
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Fig.1 Location of the Huixian karst wetland in Guilin
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A S IRBEAE A5, SR TR LA A SRAE A, TR R A [R] K 38025 rh o i F SRR A5 R AR KR, A SRAE AT 10 4k
WEIE 3 ELERBE S 40 em HYRJZIK , B R AL e F IR B B0 4°C IRAFAT [B15C 50 22 047
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TLI(TN) = 10(5.453+1.694 In TN) (4)
TLI(SD)= 10(5.118-1.94 In SD) (5)
TLI(COD,, )= 10(0.109+2.661 In COD,,,) (6)
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Tab.1 Characteristics of comprehensive trophic status indexes in the study area

RAFERL 3A 41 6 A 8 J 10 7 127 EHTLI(E) EIRRESH
1 52.36 49.94 53.28 54.26 53.35 50.11 52.22 2y g
2 49.85 51.61 54.05 55.13 51.16 51.27 52.18 [y g
3 52.05 51.22 56.44 58.23 52.42 53.81 54.03 B E L
4 58.94 62.35 66.75 68.38 64.61 65.08 64.35 i =Yg
5 62.25 63.54 67.82 68.24 66.89 67.75 66.08 rh e L
6 61.22 60.38 64.64 66.18 61.22 61.01 62.44 R SRk
7 71.11 66.57 72.66 74.39 70.12 70.46 70.89 HEEERL
8 70.83 70.08 73.16 74.66 71.39 72.80 72.15 AR L
9 71.11 70.35 73.55 75.18 71.11 72.16 72.24 i E-tiye
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R R PR A D AE 5 328 W1 R 28 IR TA T E

RN AN ] B 5 TR UK IR B/ N X5 20 BROKF T HEATHEZEARIC , B0 S d ORI — UK, i /K BT AR
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IR A TEARFNER B IR T B K A KT 8RR E£F R 53 47 ( principal component analysis, PCA)

2HEREHM

2.1 FEAEEFMIKLE /N E fkEp LR

MR 2 A LK A RIS (6 7)) Fg K mige i (8 H ) KRB AP B A B IE AR HER
HIFEEER o WREAEAN TR &5 IR AR AR Ia) HAT 1 35 22 53 (P<0.05) , 3 B T B2 48 SR ALK AR vp i ¥k 2 A
B R S T KRR 2 R R B A A R AR 5 % D0 K K 1 B TR S AT i T A K R
URAE B R e W S AR 18 ST LAV B L A K RE BT 12 53.85% , L rP B B TR AR A i 56.41% , LLAR
FRAIK MRS 53.26% 5 71 5% A 1w W S0 /K (A B TN e B2 LG A I RE B30I W85 46.77% , LL HP B2 T8 FR AR K IR
27.93% , FWARFE BT E IR AR MR 8.19% . BEWITE/KH 2 S e U] , PR rhid 22 1078 FR W il BE IR 1 7K
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Tab.2 Physi-chemical characteristics of eutrophic water in different experimental plots
A R 1) ey a3
REFRERME BEEHERME HEEEERE RBREEERL PEEERLE EEEERL

MANER/ (mg/L)  14.25+0.56° 18.65+0.57" 22.41£0.57* 21.84+0.83" 29.17+0.58° 34.48+0.80¢

i H

BA/ (mg/L) 2.93+0.07° 3.58+0.05" 5.11+0.17* 3.17+0.04" 4.58+0.17° 7.50+0.20¢
W/ (mg/L) 0.03+0.01° 0.08+0.01" 0.12+0.04° 0.09+0.04 0.1320.05° 0.29+0.07¢
AL 4.88+0.27" 5.21+0.17* 4.41+0.20° 6.90+0.32¢ 6.42+0.33¢ 4.61+0.17°
A/ (mg/L) 0.13+0.01° 1.05+0.07" 2.20+0.09° 0.21+0.02f 1.69+0.04¢ 3.02+0.08¢
HAEE/ (mg/L) 0.99+0.04° 1.22+0.02" 1.43+0.03° 1.3320.07 1.52+0.03° 1.69+0.03¢

2 o/ (mg/m®)  70.16+2.32° 89.65+3.90"  121.74x+5.34*  118.74+4.86"  171.08+5.93°  222.60+8.22¢

o AR TR [FT NG 78 a b S0 6 HOHERIE I TEIE R HE JR ALK A A b 22 5 5 0
P d e F AR 8 FGYERIE e T BRI R R BRR 2 5 B, F B e SR S (P>0.05) 5
BRI 052 57 1.9 (P<0.05). T

22 AREEEFMAKGIIKFEE LR Z M

22,1 ARG ERMAGAAHE AT RK A EER P RERG Y K3 TLIE N FOR R —5
BT, B R K (KR RIS ) ) 2R ROM R 5 B T A I RE Y. 7 28 e e, %
BERTE TR AR A TR R A B e AR D ) 2R ORI 23 R R 3 1) LG A K I R DT 5 95.70% L 90.74%
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200.00% #11 88.80% , 1 & 75 FRAL K A K A R R AR A B ZE ORI A3 ik T R B L A K RE S v
102.22% .69.84% ,50.00% 1 31.98% , i ££ T B w5 ‘B SR Ak A A b, U] 43 31 b A= 4K HE RS A 755 128.17% ,81.10%
80.00% F 47.48% . 7K H ™ FRk = RS | H) B ZRB80RN 43k T 3R A (7] — A5 R B S ) 8 SR Ak K AR W) 77 7
5 (P<0.05) . 76K AT AR K V), MR AR K S B 5 8 SR AL R BE 38 s/ N, LR 08
FEAUAK AR 0 3 T BE RN B R KA (P<0.05) |, AR K B A B 0 85 SR A0 A K 7 1) e v
rP R R SR KR T 1.27 0179 4%, 75 2R K e W K 7 I R v R B R R B SR AR R
P 1.22 A1 1.53 4. MARTE SRR K = WS /K 8 P AR R e 2 A L AR A PR S BT b in, L B /K R B A R 1
TN, R IR AR, R B MR SR A B A o R AR R I T R, SR
oKk s> o B B B SR K RS B B B SRk IR, BB E B R K R R THEE SR, R EEER
KA T T B B B 3R Ak KR (P<0.05) . AT UL, B 7K AR 5 76 35 A0 AR B RO IR, 700 72 1% i g 8 s B4 Ak v
FARK /N, 2 BUARAE AL , J2 23 2 33411 40 ) 25 80N 40 ok 8 e ofe i vy LB 68 0, A1 0 LR E T BRURG O, 1A
P2 1R HEXH A IR B 0 U 2% 1 38 0 4

3 N[A) T E SR KA K bk AR ) SRR o R R A 5 e
Tab.3 Effect of different eutrophic waters on plant height, root length, stolon number,

and ramets rate of Eichhornia crassipes

i AR T B TR e
It
REFESA PEEESRE EEEERE BEEERE TEEERML BEEEERL
PR/ em 25.10£0.75*  19.84+0.47"  14.0620.71°  49.12+0.98'  40.12+0.94°  32.08+0.71'
WE/em 22.90+0.74*°  19.10£0.79"  14.50+0.73°  43.68+0.76"  32.44+0.42°  26.26+0.34
GRTE-Y ' 1.00+0.11" 4.00+£0.25" 5.00+0.31° 3.00+0.51" 6.0020.29° 9.00+0.57¢
AERER (B (m?-d))  1.16+£0.03° 2.47£0.23" 3.77+0.15" 2.19+0.06" 3.26+0.09° 5.56+0.32¢

2.2.2 TR EERMAE AREE R H3R 4 TR TEAR R EE SRR, K MR AT
F2E5 (P<0.05) , MEAREL AT TE 80 R A 8 45 B 7K (A SR AR E BRI 17 18 K, A7 A R P
ST BB IR AR bR (9 AR RS AR B R R R I B ) R R B IR A K AR B 3.00,2. 14
1.79.2.33 71 1.74 7. W4 25 5 5 2 M, B 38 SR AL R JEE 09 I R T AR, 7 2 4 E R e 8 B R AL
IR R P R I 3 R O TR AR AR 2.05 4%, 72 28 Kk im0 W 0 8 v SR AR K AR v K 1Y
-2 3R e DU B JBE T B TR ALK ARG 1.30 %, TR e W JUY A0 B2 v B 0 o 2 8 AR AR A b K 7 £
SR 2R S R AR KE B B2 | rp BE ML I B Rk MR 19 2.01.2.33 1 3.17 A% (Rt 8 5 IR AL P 2
TN EEL T A T , 2 W ] RE T BEAZ K MAE FRER K USSR 5 RR R SE TR ARARRL, 2K B 45 MR S AR (AR
B2 e WY 5 T A K HE R,

4 4 R FRHK K B AR R

Tab.4 Effect of different eutrophic waters on leaf traits of Eichhornia crassipes

5iH A KT ) 7R e
RESERE hEEERME BEEERM REFERNL PEFERLE FERERL
AR AL 5+0¢ 100" 150° 1020 160° 23101
4% 95/ cm 2.08+0.08° 3.10£0.13" 4.46+0.23" 3.86+0.10" 4.64+0.14° 6.06+0.13¢
IR 14+0° 19+0" 25+0° 36+0" 48+0° 59201
4/ cm 3.98+0.49° 6.32+0.51" 9.28+0.43" 9.24+0.30" 11.44+0.21°  13.48+0.42¢
H9%/cm 3.78+0.20° 5.38+0.30" 6.58+0.33" 7.12£0.23" 8.54+0.21°  10.16+0.50¢

MR R/ (pg/g) 24.94+0.91°  18.66+0.58"  12.18+0.56°  50.15+0.84¢  43.54+0.74°  38.57+0.58'

2.3 AEEEFUAEIKREBE EYMEHIH M
23.1 TR EERMAESARHAE EMERZE R AR EE SRR K LY A R e 2 Br
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. AN R E SRR K 0 SR i 4 B S AR AE e ZEAE R I A Yz R 2 R B 3 (P<0.05) ,
A R AN R = Ve, SR i AR 2R Wy i AL Y R Y R AR Y B T 8 K
FEA AR HE B, 3 3 78 F K K 3 7 1 BE (130.23 g/m®) ARAEM R (42,71 o/m?) (28R Y
(48.52 g/m’) Rt A i (39.0 g/m”) FUARFE 8 3R ALK AR I 23 78 22.0% 20.49% (19.89% Fil 26.33% , 1
TR R R, T B SRR MR ARG 1 A A A E /N BB B O SR A K R U 43 R 22.94% (27.52% |
18.71% F1 24.35% , R W] & B F2 AL FRBE B I FE 3G I T /K& i A= Wy i, KA P SR AR & B TR AL R I — 2
FAUTTIAVE. WK AR RS T E R, AR AR R R R — 5 SR R T, K R R 28 B A i
FLRR/NK R R INZES S M 7E 5 K e i), AR i B R o 25 W B (71,47~ 87.92 ¢/m?) fe A, 1
R (51.25~67.75 g/m”) IRZ AR A8 (43.56~60.10 g/m” ) Fe/), 3 58 B A= 4 B B 3R 45 3 T W A 7K
H ) B 2R BORN o MR SR A KA 5 (3 3) . W UK  AE 4y i 1 40 T 3 0 1) 253000 FE R B S 97
PRRREE T, 2 K T W 0 A i (166.28 ~ 215.78 g/m” ) i FAE K HE BS 1 (101,57 ~ 130.23 ¢/m*) , i g
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Fig.2 Effect of different eutrophic waters on biomass accumulation of Eichhornia crassipes
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Fig.3 Effect of different eutrophic waters on biomass allocation of Eichhornia crassipes
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Tab.5 Plasticity index of eutrophic water on the morphology and material distribution of Eichhornia crassipes
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LIS 0.157 0.223 0.236 0.205 0.095 0.071 0.249  0.138
4 0.491 0.351 0.225 0.356 0.165 0.107 0.169  0.147
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