YGRS B2, 2024, 33(1) : 14-25

Journal of Plant Resources and Environment

ANTRYE IR SR AF R JRUHIR W AR 1 SR B o A= W0 5 F) 52 Wi

jlj%;—_:j,»r__l,za,zb, ;ﬂ\%%\za,zh, %ﬁz{ﬁiZa,Zb’ jlj,é:\iza,%, j‘]ﬂ%ﬁ 2a,2}), fx/%iﬂﬁl’@, @E}Eﬁ%za’%ﬂ)

(L B R R 205 B, VL5 B At 2100955 2. YLFRAE 1 E Rl Beat Wi ir (s i el )
a. VLINE KA AR B IR S K A B A E TR ST .0, b LIRS IR 5T 5 A S0 %, VII5 F At 210014)

FEE: DIAEIRA 000 X 1R 5 TH i 20 R0 B il 2 Fhsk 2 A 3, 43 07 R W) 38 3% 45 4 1 RUBR 5 ( Eichhornia crassipes
(Mart.) Solms)IEA45 DUEAEM PUEM ARG FUS & WS B LB IR A2 1L, 45 R R BUR B B
TR Ak B AT A 40 ) SRR i P 5 I R ORI ) B 2 B IR AT, SR AR T, L R AL BT
AR A A A BB A 00 T S Y S e R e e Ak B8R T 5 40 ) XU W Pt ) Dl S RS RN AR L B, Ak 3
AP AR Ik S 5 B R SRV OGS RUIR S I 6 A T AR A R CR R BiA B, el A PRl XU
W R il S A U o ST Tt AR S T B A A LA R 9 B e AL B o R o i
3 PGS PRI R A SR TC I, Gl SRR SRt A A RURR G P R B BRI, B BT RIS
TC [ AR, S5he ol A 35 | Al i %) AR ) 8 o T SR R A 5 | P R S A BRI e SR St gt Ak 3L XU 3 AR B
T PR 2 R RRATG, b AR OC (AR ER AR I | 1 280 R0 IR R A PG ) A2 00 P AR X = B 2 35
%, HAEROCR ST R, B Z BT R PR RUIR BEAR PR ZACHAR SR i w4 . S B ST 45 2R R « SRR Bl
Ak PR RE T A DG AT L BR ] S QA O A s 4 A5 T X ol JRUHIR S 2 4 A B0, L il e Ak 0T XU i 7
A AR AP0 SR 0 RUNR WA A ) PR T S S e s XU 0 e 2R A WA By 4 XU 3 o BAT ¢
KRBT

KR KR, BIRouR,; WRIGEY; EMZ L, e

FESES: Q178.171; Q948.1272.3; X171 XHFER: A XEHS: 1674-7895(2024)01-0014-12
DOI; 10.3969/].issn.1674-7895.2024.01.02

Effects of different nutritional conditions on growth and rhizosphere microbial community of
Eichhornia crassipes 1IU Fangyu'®  SUN Linhe®, CHANG Yajun™®, LIU Jixiang™*, LIU
Xiaojing™?, XU Yingchun"®, YAO Dongrui®*® [1. College of Horticulture, Nanjing Agricultural
University, Nanjing 210095, China; 2. Institute of Botany, Jiangsu Province and Chinese Academy of
Sciences ( Nanjing Botanical Garden Mem. Sun Yat-Sen): a. Jiangsu Engineering Research Center of
Aquatic Plant Resources and Water Environment Remediation, b. Jiangsu Key Laboratory for the
Research and Utilization of Plant Resources, Nanjing 210014, China), J. Plant Resour. & Environ. ,
2024, 33(1). 14-25

Abstract; Taking total nutrient treatment as the control, two nutrient deficiency treatments namely
nitrogen deficiency and phosphorus deficiency were employed, and the variations of morphology,
photosynthesis, antioxidant system, nitrogen content, phosphorus content, and rhizosphere microbial
community of Eichhornia crassipes ( Mart.) Solms under different nutritional conditions were analyzed.
The results show that in general, nitrogen deficiency and phosphorus deficiency treatments can
significantly inhibit the fresh mass, leaf number, leaf width, ramet number, and stolon total length of E.
crassipes , impair leaf development, enhance root development, and phosphorus deficiency treatment has
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more evident inhibitory effect on plant growth and propagation; nitrogen deficiency and phosphorus
deficiency treatments can significantly inhibit net photosynthetic rate and stomatal conductance of leaves
of E. crassipes, nitrogen deficiency treatment can significantly decrease leaf chlorophyll relative content,
and the inhibitory effect of nitrogen deficiency treatment on leaf photosynthesis of E. crassipes is stronger
than that of phosphorus deficiency treatment. Phosphorus deficiency treatment evidently increases
activities of catalase, peroxidase, and superoxide dismutase and malondialdehyde content in leaves of E.
crassipes, while nitrogen deficiency treatment generally has no evident effect on above three enzyme
activities and malondialdehyde contents in leaves and roots. Nitrogen deficiency and phosphorus
deficiency treatments can cause decrease of contents of nitrogen and phosphorus in leaves of E. crassipes,
and nitrogen and phosphorus elements are preferentially allocated to root, and the decrement of
phosphorus content caused by phosphorus deficiency treatment is evidently higher than that of nitrogen
content caused by nitrogen deficiency treatment. Nitrogen deficiency and phosphorus deficiency treatments
can cause decrease of diversity of rhizosphere microbial community composition of E. crassipes, in which,
the relative abundance of nitrogen metabolism-related ( nitrate reduction, nitrogen fixation, nitrogen
respiration, and nitrate respiration) microorganisms significantly decrease, and when nitrogen element is
sufficient, phosphorus element deficiency can decrease the enrichment of rhizosphere nitrogen
metabolism-related microorganisms of E. crassipes. It is suggested that nitrogen deficiency and phosphorus
deficiency treatments can both inhibit the growth and propagation of E. crassipes by the ways including
inhibition of photosynthesis and limitation of enrichment of nitrogen metabolism-related microorganisms,
and phosphorus deficiency treatment causes stronger abiotic stress to E. crassipes, and has more evident
inhibitory effect on growth of E. crassipes. It has a great application potential to prevent and control the
outbreak of E. crassipes by the way of controlling phosphorus element absorption of E. crassipes.

Key words: Eichhornia crassipes ( Mart.) Solms; nutrient element; rhizosphere microorganism;
biodiversity ; biosecurity

JUHR % ( Eichhornia crassipes ( Mart.) Solms ), X
A RCHR L K B K O E, 2 W A B R
( Pontederiaceae ) RUIR ¥ J& ( Eichhornia Kunth) 244
TR, R ERE A AR 22— A
TR A A b B R 45 oK B, 6P K R K B i 18 &
W RIS T A I R A Y RUIR i 1
TR UM Ay 2 B O THE V& A i /K T T B K AR v 77 i
S, B2 KA S S AR S 4 K B s T 2%
TATERTE , BELASA L aE 17 5 RUBR B8 55 A K T 5 A
FhsE 4060 0, FIFR 53, I 4a AR A 1 AR A K s 1]
AR e

JRUHRE 35 RE A 7E T 525 MR AR K A b LBl 9 el
SERRREIR R BB TR M A R B
FERE T3 T8 A= A W DL K 36 B AT B PR AR OA(R
P00 RUAR i WE AT AR AT A A, AT L
HATICHE B R AR AR T KU B A Y =
RUAEAE BF ZR G0 R T B 5635 8000 10 A 1A R 1Y
AR FE A IRUHR 5 TR 08 5 00 ke 1 A ) 2 R
BERl, AKAAE T TR A v I K R T I £ 7™ 0 ) R
Z 00 UM W B 6% ) o R oK R b i R
TR TR SRR KA R B 2

IR ] JXUHIRE 3 A= R0 BB Y e A 1, L S
XA K R 7S AR I L B TT R AR XUIR i
ARG RRAC Y A R R R A YR
T, RUHR 3 A0 A i S R b A B 2 e
N AR

KAL) 5 AR B Bl A W ) B B X AL A AT
AR, KA R IR FR BB S O U AR A R
Mo, I REME T8 I 73 AR | R AR TR P S5 2 T i 7 AR
RIS e 2540 1S I B AR TR AR B 1 B
YL RERS N A )5 TG HERL P AR AT Bl A 4R
TBE A ( Oryza sativa subsp. japonica Kato) Rl A5
(Oryza sativa subsp. indica Kato) R 3 & & 2 A AH
SN 1Y BE g B 58, 36 6 AR G 20 T BE A% 1 hn Kl
Tkt R AR IRCREN L R R S AR AR
FLTR P AHATY S5, M A0 A 5 SR I T IS AR L R
REAE I X i W90 190 6 VA fifk , 0F T 4 5% L 0 X W98 1 )
FHNT S KB A A BE A S 1oL B AR B iR W B I
e HETT S W0 K PR T R B A5 5 SR TT R I R RAICE
WA AR BRI Wi A 53 AR AR A A R A LA
AR e S A AR A A B A R Y — L
FEAUESE IR 15 REAE 52 il /KA P A MRV AL 1, fiE



16

N7/ I AR SRS A

33 4%

R KPR T 20 B C R R H T, K
AR 2 0 WX 4T o) XU A A A 1 AR AT 2R G4l
18, HHLHE A TFRABTIE

Z S Funtaa e NEIlUF7S SoRTH IESTEr= £ 0 R
AT AL, 2 M RUIR B 25 O & 1T B AL &
GE R B R BRI WIS N AN [ B R 4
PRI R, R A P 2 e 0 IRUHIR 3 A R A
SEFE A | UG B R e JRUAR DR A K A S B TN
5, i ERUHR S A AR (I B AR

1 A7 &k

1.1 ##

MR RUR T 2022 4F 12 5 H SR A BE B
X (A4 103°57705.57" , AL45 30°51706.99") , 2022
AE 12 H 8 HFME TR v BB Bl Pk 58 il
F(HRZ 118°50714.72" b4 32°03722.15”) , £ BTG
W 6 307 A JC R 2R A 1 RUIR

AT
1.2 FHix
1.2.1 8% K 46 em 5% 36 em 5 14 cm

FRRE Z, 43 0 A 4l K e B 4B TR (NP) | BA
(QN) Fnskm (QP)3 Fek B Hoagland 2 #7 W ( b 5% it
AR AR AT ) 4 10 L, DL NP %) B8 | & 4b 34
BRWWHR WL 1, B NAEIHKE 3 M EY 7
BE Lo AL B3 HAIREE, TEIR(25+1) C,
JEREEE 5 000 Ix JEHRESE] 14 h - A7 ARG FRE P EAT
SEHG SCHEH 2023 4E 3 A 15 HITHA, 2 4 A 26 HEE
WA 42 d, BEFR ) KT R BRI AR, TR
W (ALFE 21 d) T4 1 IRE TR

1.2.2  4em &

1.2.2.1 AERKIEFRE  SLWTGRES 6 d 4T 1k
AR AEAR I, GE T R RUIR 3 A9 i 50R 2 bR 4R

*1 FAELEHKR Hoagland’s E 35 K AR

W RUIR #5825 0 T K 43 A 4y 2 — T RKFFr i
Tk RUHR 5 1 I 5 P B RO RS B 1 mm) 00
PRRUER 5 1 R (422 2 R RARR A &) bk
(RSB A R A R B ES ) R A (HE
ZER AR R A A AL R B R Z N ) ; 45 Ab HE
BEALM 3 BRI ZERANEISE 3 =55 5 Aot i b sk B
3 MOSEGHT R, AH ELRO B (A e v Ab Y
L JE ) R (AR 5 R g A Ak 2 e s T ) B
B TERERE, FHEZ—BFRERES
R IXUHIR W 118 S 8 0 4 o o, 3 F S AR e L (AR
i I b 5 e S e R Y U A e A B EOS M6 A
HL( HA Cannon 23] X RUIR 5 AE AR T THAHR
1.2.2.2  MEEFEMXT G RME LR
SPAD-502Plus M4 Z Al {1 ( H 4% Konica Minolta
AT B 6 d MAE 1 RS R AR A, 25 AL S L
M3 Bk BEER 10 H G BE A R 2GE R AT E
SER T,

1.2.2.3 #auaSENE  LRITFHEMHEH LI-
6800 AY{HHE A G A 2 AL (36 [F LI-COR A #) B
6 diY 9:00 F 11.00 P& 1 KIEHSH, SIS
HR(Pn) ZEREHE R (Tr) MISFLFE (Gs), M
FEAHN 2 em®, i BE CO, ¥ B 400 pmol - mol ™", &
25 °C, 23 SASHBIE 75% , 65N 90% 415, 64y
BHRERS 1500 wmol - m™ « 7' A ALFREHHLM 3 Bk
IR 10 ACTCHE BE A BLAGHT v R HEA T 25 SR DA
BIEI,

1.2.2.4 PUAALEESIERIN B SEIE  SCEBIT
U5 EE 10 d 79 9.00 BURE 1 ¥k, AL FRBENLAN 3 % |
WL 2 o 2245 TR BEIY BT I e B 1 B
O ARG T-80 CUKEAfRAE, B 8k A
fitf (CAT) | i S L ¥ il (POD ) | #8 & 1k 4 15 1k il
(SOD) FIA [ (MDA ) 4 F ELISA &7 & (7175 &
LA R A B2 ) W B A A TG M AT MDA

Table 1 Composition of improved Hoagland’s nutrient solutions of different treatment groups

By R )IE/ (mg - L™')Y Mass concentration of each component"

Ab P

Treatment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
423 Total nutrient 506.0 0 136 169 8 86 241 025 367 0.025 083 0.025 62 945 0
B Nitrogen deficiency 0.0 435 136 16.9 0 86 241 025 367 0.025 083 0.025 62 0 444
5L Phosphorus deficiency — 607.2 0 0 169 40 86 241 025 367 0.025 0.83 0.025 62 945 0

D1, KNOs; 2: K,80,; 3: KH,PO,; 4: MnSO, + H,0; 5: NH,NO,; 6. ZnSO, - 7H,0; 7. MgSO,; 8: Na,MaO, + 2H,0; 9, FeNaEDTA; 10:
CuSO, - 5SH,0; 11; KI; 12; CoCl, - 6H,0; 13; HyBO,; 14, Ca(NO,), - 4H,0; 15; CaCl,.
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Table 2 Effects of different nutritional conditions on growth indexes of Eichhornia crassipes (Mart.) Solms (X+SD) !

b gm2) R[] b PR B R ¢ i £ /g Fresh mass at different treatment times
Treatment® 0d 6 d 12d 18d 244 30 d 36 d 24
NP 19.87+2.20a 21.97+1.28a 23.18+1.57a 23.64+1.57a 27.87+0.26a 28.03+1.57a 31.85+2.33a 42.55+7.49a
QN 21.23+0.75a 22.10+£1.05a 20.68+1.70a 20.88+2.03a 19.85+2.14b 19.83+2.28h 19.67+3.32b 17.51£3.41b
QP 19.25+2.54a 21.00+3.71a 20.55+3.62a 20.73+3.23a 19.66+2.76b 18.66+3.65b 21.25£2.07b 18.61£1.67b
b gm2) AR AP E A %% Leaf number at different treatment times
Treatment® 0d 6d 12d 18 d 24.4d 30 d 36 d 24
NP 6.3+0.3a 6.3+0.7a 6.8+0.4a 7.1x0.4a 7.0+0.6a 7.0+0.7a 7.8+0.4a 8.0+0.7a
QN 6.1+£0.8a 6.0+£0.7a 7.1£0.7a 7.8+1.4a 6.3+1.2ab 6.1+1.3ab 5.8+1.1b 6.6+0.2b
QP 7.3£0.7a 6.6+£0.4a 7.1£0.2a 6.8+0.4a 4.9+0.8b 4.9+0.5b 5.3+0.3b 4.7+0.3¢
b2 AIEALERAF A 9 40k EL Ramet number at different treatment times
Treatment® 0d 6d 124d 18 d 24 d 30d 36 d 42d
NP 0.0£0.0a 0.0£0.0a 0.5+0.4a 1.4+0.2a 1.9+£0.2a 3.1+£0.5a 3.8+1.1a 4.7+1.8a
ON 0.1+£0.2a 0.1+0.2a 0.1x0.2a 0.2+0.4b 0.2+0.4b 0.2+0.4b 0.2+0.4b 0.2+0.4b
QP 0.1+£0.2a 0.1+£0.2a 0.1+0.2a 0.1+0.2b 0.1+0.2b 0.1+0.2b 0.1+0.2b 0.1+0.2b
b2 ANEAEEESE] A AR K /em Main root length at different treatment times
Treatment® 0d 6d 12d 18 d 24 d 30d 36 d 42d
NP 12.14+1.04a 12.31+1.04a 11.93+1.35a 13.43+1.52a 13.39+1.28a 13.44+1.22a 13.77£0.91a 13.73+1.18a
ON 11.09+1.77a 11.31+£1.48a 11.35+1.14a 11.94+1.60a 12.01+£1.27a 12.18+1.66a 12.39+1.30a 12.96+1.41a
QP 11.29+£0.90a 12.95+1.71a 13.00£2.10a 13.51+1.35a 13.64+1.59a 14.10+2.19a 14.49+1.31a 14.95+1.35a
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£iR2 Table 2 ( Continued)
LbEp2) R IR) b BRI BT AR RS /cm - Height at different treatment times
Treatment® 0d 6d 12.d 18 d 244 30 d 36 d 24
NP 7.18+£0.34a 6.99+0.40a 8.12+0.73a 7.83+£0.34a 7.79+0.57a 7.19+0.49a 7.46+0.95a 7.88+0.62a
ON 7.35+0.62a 8.33+0.66a 8.22+0.80a 8.80+1.51a 8.46+0.50a 8.29+0.36a 8.69+1.37a 8.26+1.09a
QP 7.12+£0.58a 7.57+0.88a 6.62+0.44h 7.62+0.42a 7.56+0.66a 6.87+1.12a 8.28+0.45a 6.75+0.89a
) ASTRIAb FR RS [E] A4 ) B 25 B K /em - Stonlon total length at different treatment times
Treatment” 0d 6d 12d 18 d 24 d 30d 36 d 42 d
NP 0.00+£0.00a 0.00+£0.00a 0.43+£0.38a 2.51+0.50a 5.40+1.09a 11.40+£2.93a 23.15+5.44a 38.06+£12.81a
QN 0.19+0.32a 0.22+0.39a 0.22+0.38a 0.36+0.62b 0.46+0.80b 0.60+1.03b 0.90+1.56b 0.93+1.61b
QP 0.21+0.36a 0.25+0.43a 0.27+0.46a 0.26+0.45b 0.26+0.45b 0.26+0.46b 0.24+0.42b 0.24+0.42b
b2 ANIEAE PR A Y4 /cm  Leaf length at different treatment times
Treatment”) 0d 6d 12d 18 d 24.d 30 d 36 d 24
NP 3.14+0.24a 3.45+0.30a 3.55+0.22a 3.66+0.07a 3.41+0.09a 3.51+£0.25a 3.23+0.04a 3.40+0.21ab
QN 3.44+0.12a 3.51+0.44a 3.66+0.23a 3.67+0.28a 3.36+0.23a 3.37+0.26a 3.50+0.21a 3.49+0.33a
QP 3.38+0.13a 3.80+0.34a 3.87+0.31a 3.48+0.16a 3.27+0.35a 3.26+0.40a 3.08+0.27a 2.85+0.30b
L2 AR AL BAS (] 155 /cm Leaf width at different treatment times
Treatment?) 0d 6d 12d 18 d 244 30 d 36 d 24
NP 4.59+0.24a 4.65+0.40a 4.67+£0.21a 4.98+0.09a 4.98+0.18a 5.32+0.07a 4.91+0.07a 5.32+0.07a
QN 4.64+0.16a 4.28+0.59a 4.12+0.34a 4.09+0.46b 4.06+0.22b 4.18+0.27b 4.28+0.32b 4.64+0.28b
QP 4.43+0.34a 4.61+£0.50a 4.62+0.47a 4.33+0.20b 4.03+0.49h 4.00+0.51b 3.81+0.22¢ 3.72+0.16¢

D @51 vh R[] NE St R AN R A B4 1] 25 5 1835 ( P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) differences

between different treatment groups.

NP, 4E 35 Total nutrient; QN fr A Nitrogen deficiency; QP Tl Phosphorus deficiency.
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AR BSR4 o i o A (% 3) A bR 42 d,
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F NP 41 ; NP 21 e o faf J bt i 3% 5 QN Ml QP 4,

R3 AEAEFZFHLERLXZ JHRRERBMNEBHRES
(X+SD)V
Table 3 Mass distribution of root and shoot of Eichhornia crassipes
(Mart.) Solms after 42 d of different nutritional condition treatments
(X+SD)V

b RER M /g EEEE R R/ ¢ MR 7
] ) Fresh mass of Fresh mass of Root
Treatment root shoot shoot ratio
NP 10.45+0.53b 16.49+0.65a 0.65+0.02¢
ON 11.30+0.73b 8.87+2.44b 1.37+0.42b
QP 14.26+0.56a 7.23+0.86b 2.09+0.25a

VRIS A [ /NG T2 R A (7] Ak A (1] 22 57 235 (P<0.05)
Different lowercases in the same column indicate the significant ( P<
0.05) differences between different treatment groups.

NP, 4 ¥ 5% Total nutrient; QN : $4( Nitrogen deficiency; QP B
Phosphorus deficiency.
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NP 47# 5% Total nutrient; QN: HtZ{ Nitrogen deficiency; QP. &k

Phosphorus deficiency.

E1 AEEFZFELE 92 dHRREMAES
Fig. 1  Appearance morphology of Eichhornia crassipes ( Mart.)

Solms after 42 d of different nutritional condition treatments
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Table 4 Effects of different nutritional conditions on photosynthetic indexes of leaves of Eichhornia crassipes (Mart.) Solms (X+SD)"

fb3m2 A TRl Ak BB E] Al -4 AR XTS5 f Chlorophyll relative content at different treatment times
Treatment® 0d 6d 12d 18 d 24.d 30 d 36 d 24
NP 45.09+1.17a 48.76+1.36b 51.38+2.09b 52.52+3.31a 53.08+4.50a 53.72+2.44a 57.01£1.62a 54.95+1.23a
QN 47.32+3.01a 44.40+1.84b 44.86+1.86¢ 43.93+0.63b 44.28+0.51b 45.20+1.62b 48.03+0.72b 47.52+0.31c¢
QP 49.75+1.35a 52.76+1.90a 54.45+1.79a 51.86+1.68a 55.80+1.16a 52.68+2.11a 55.68+0.27a 51.13£0.92b
b2 ST A FR s ] E’J;B“Hfsﬂj%:/(mmol em2 .7 ) Transpiration rate at different treatment times
Treatment”) 0d 6d 12d 18 d 24.d 30 d 36 d 24
NP 9.26+2.15a 8.78+1.70a 10.88+0.98a 13.51+3.27a 11.34+1.55a 11.68+2.12a 12.03+1.22a 11.96+0.76ab
QN 8.86+1.07a 8.54+2.92a 8.50+2.18b 8.15+2.07b 7.05+1.75b 10.33+3.15a 11.26+£0.93a 13.77+£1.22a
QP 9.23+0.87a 8.55+2.01a 9.11+1.80ab 8.65+1.52b 8.86+1.91ab 9.25+1.60a 11.25+1.00a 11.09+2.44b
Jisie) AN TRV AL BEAS E] A7 A %/ (umol - m™2 - s7')  Net photosynthetic rate at different treatment times
Treatment® 0d 6d 12d 18 d 24 d 30d 36 d 42.d
NP 24.38+3.40a 23.40+2.52ab 28.59+3.04a 33.99+1.70a 31.01+£2.09a 28.15+2.61a 33.66+0.89a 32.00+2.13a
ON 21.63+£1.82a 20.07+3.24b 22.55+5.27a 18.02+3.99¢ 17.65+2.50¢ 16.22+4.82b 25.53+4.52¢ 24.99+4.65b
QP 22.09+1.04a  24.77+3.50a 24.86+5.53a 23.28+5.74b 24.02+3.03b 20.08+6.57b 29.80+2.30b 22.80+5.01b
LhEp® AE AL F A S FLSEE/ (mol - m™2 - s7!)  Stomatal conductance at different treatment times
Treatment® 0d 6d 12.d 18 d 24.d 30 d 36 d 04
NP 0.69+0.19a 0.62+0.29a 0.91+0.10a 1.08+0.19a 1.00+0.11a 1.03+0.37a 0.99+0.12a 0.92+0.09a
QN 0.64+0.13a 0.68+0.21a 0.65+0.20b 0.66+0.14b 0.48+0.13b 0.55+0.21b 0.90+0.08a 0.84+0.10a
QP 0.71£0.07a 0.63+0.18a 0.66+0.20b 0.66+0.16b 0.66+0.17b 0.69+0.14b 0.90+0.10a 0.67+0.17b

D[] 31) A ] NG B R AN [ Ab B (] 25 57 i 25 ( P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) differences

between different treatment groups.

DNP; 43 Total nutrient; QN B Nitrogen deficiency; QP B Phosphorus deficiency.
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Table 5 Effects of different nutritional conditions on antioxidant enzyme activity and malondialdehyde content in leaves and roots of Eichhornia

crassipes (Mart.) Solms (X+SD)"

N[ AL BRSPS SRR P/ (U - g7

AN TRI A R AR s S A ARG P/ (U - g7

IRy Catalase activity in leaf at different treatment times Catalase activity in root at different treatment times
Treatment?)
0d 10 d 20d 30d 0d 10 d 20d 30d 40 d
NP 54.84+2.63a  44.50+5.07a 55.00£17.55a 33.32+4.83b 43.10+19.82b  38.89+3.70a 53.99+13.50a 53.14+8.80a 54.38+6.02a 38.20+2.73a
ON 54.27£9.13a  41.41x4.43a 51.67£22.49a 34.71x+10.29b 35.11+8.69b 38.72+2.61a 40.66+3.61a  33.76+1.94b 30.99+1.99b  37.69+4.94a
QP 44.48+10.48a 56.11+22.76a 77.98+6.82a  62.64+15.42a 92.44+12.75a  40.86+3.34a 50.96+8.12a  51.82+13.23ab 36.75+4.53b  34.66+1.18a

N[ b B ) e o AR A/ (mU - g1

N[ b PR (AR i AR A/ (mU - g7 1)

b3 Peroxidase activity in leaf at different treatment times Peroxidase activity in root at different treatment times
Treatment?)
0d 10 d 20d 30d 0d 10d 20d 30d 40 d
NP 200.22+13.32a 248.82+43.00a 206.10+81.76a 152.51+43.14a 163.50+£47.16b  188.80+7.24a  221.70+6.07a 187.24+42.58a 208.93+22.52a 149.63+36.41a
ON 179.19£10.74a 188.66+48.10a 175.31+64.09a 153.66+65.37a 138.76+15.05b  165.58+11.62b 171.46+28.72a 141.05+£8.73a  159.70+44.54a 164.37+2.54a
QP 192.23+16.29a 261.10+93.63a 281.55+53.15a 257.76+53.80a 425.05+110.86a  166.67+11.83b 204.76+42.51a 211.63+49.42a 176.63+36.00a 192.21+69.67a

R[4 BR AT ] 1 PR AL B ARG P/ (U - g7

ANTRIAE B AR O AL ARG/ (U - g71)

b ¥ Superoxide dismutase activity in leaf at different treatment times Superoxide dismutase activity in root at different treatment times
Treatment?)
0d 10d 20 d 30d 0d 10d 20d 30d 40 d
NP 34.84+1.71a 38.52+11.33a 39.08+12.12a 24.51+0.68b 27.89+4.57b 32.00+2.66a 35.61+2.49a 33.02+11.73a 40.44+6.81a 28.48+2.26a
QN 25.44+5.25b 31.50+8.79a 37.66+14.53a 24.42+7.79b 21.05+1.95b  30.73%4.62a  37.03+6.00a 27.79+3.00a  27.50+5.27a 23.36+0.35a
QP 31.81+2.69ab 40.13+£12.86a 58.33+15.49a 47.87£13.97a 70.04+11.27a  35.32+7.15a 36.48+7.27a 38.38+2.97a  30.66+8.67a 28.17+3.66a

I [ Ak B ) R P R S/ (pmol - ™)

AT b B (R AR P % 5 e/ (pmol - g71)

A3 Malondialdehyde content in leaf at different treatment times Malondialdehyde content in root at different treatment times
Treatment?)
0d 10 d 20d 30d 0d 10 d 20d 30d 40d
NP 64.13+24.14a  50.03+8.47a 51.20+22.69a 30.64+7.21b 56.15+24.20ab 40.55+15.71a 55.04+1.61a 46.63+9.87a 50.39+22.36a 48.59+1.82a
ON 60.28+5.25a  48.95+0.68a 38.41+9.0la  32.43+6.16b 33.35+24.00b  49.18+9.88a  41.17+5.28a 33.88+1.77a 32.58+7.39a  43.43+8.35ab
QP 61.06+7.58a  71.48+33.19a 70.09+15.21a 51.56+8.75a 98.07+31.0la  52.58+3.17a  52.96+12.98a 41.16+9.76a 37.55+6.58a  34.36+5.18b

D 115 s R[] /NG b s AN [ Ab B 8] 22 57 2 3% ( P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) differences

between different treatment groups.

NP 4535 Total nutrient; QN BR% Nitrogen deficiency; QP : B Phosphorus deficiency.
2 y P y
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Table 6 Changes of nitrogen and phosphorus contents in leaves and
roots of Eichhornia crassipes ( Mart.) Solms after 42 d of different
nutritional condition treatments (X+SD)!

A&/ (g- kg™ Wa i/ (mg - kg™!)
sz Y Nitrogen content Phosphorus content

Treatment?)

A Leaf 2 Root
NP 7.61+0.50a 1.03+0.19b
QN 3.49+0.88b  0.65+0.16¢
QP 6.72+0.28a 1.51£0.17a

i H Leaf # Root
1337.00+112.66a 653.33+338.21a
1 073.33+47.44h  947.67+322.00a

189.33+24.01c 40.70+4.43b

D RIS [ /N T 5k R R AR [ A 32 [R] 22 57 (P <0.05)
Different lowercases in the same column indicate the significant ( P<
0.05) differences between different treatment groups.

2 NP £ 7% Total nutrient; QN; % Nitrogen deficiency; QP Bk
Phosphorus deficiency.
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Fig. 2 Heatmap of relative abundance of top 20 genera of
rhizosphere microorganisms of Eichhornia crassipes ( Mart.) Solms
under different nutritional conditions
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Fig. 3 Principal component ( PC ) analysis on rhizosphere
microorganisms of Eichhornia crassipes ( Mart.) Solms under
different nutritional conditions
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Fig. 4 Heatmap of relative abundance of top 20 functional groups in
rhizosphere of Eichhornia crassipes ( Mart.) Solms under different
nutritional conditions
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