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Effects of phosphorus stress on root exudates of floating
plant pistia stratiotes in plateau wetlands

ZHANG Jiancong ZHAO Yangyi™" DUAN Xu LIANG Xiaoxuan
(College of Ecology & Soil and Water Conservation, Southwest Forestry University, Kunming, 650224, China)

Abstract: Wetland eutrephication continues to worsen and reduce the self-purification capability of
wetlands.. Studies on the root-exudates adaptation mechanism of the floating plant Pistia stratiotes
under phosphorus stress may provide a scientific basis for the development of rhizosphere control
measures necessary to remediate plateau wetlands. Hydroponic experiments were performed in
nutrient solution, and the root exudates of P.stratiotes under different levels of phosphorus stress were
characterized. Results showed that the root exudates of P. stratiotes mainly comprised alkanes,
esters, alcohols, amines, benzene and acidic compounds. The relative content of alkane, acid and
amine in the non—phosphorus treatment secretions were high and accounted for 41.02%, 24.74%
and 12.11% of the total detection area, respectively. Among them, the most secreted substances in
the three types of compounds are cyclopentasiloxane 8.47%, phthalic acid 20%, naphthylamine

6.39%. Under phosphorus stress, the chemical species and corresponding relative contents of
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P.stratiotes root exudates varied greatly. The contents of specific compounds in P. stratiotes root
exudates gradually decreased. Nevertheless, phthalate content remained high under each stress
condition. The relative contents of organic acids in P.stratiotes root exudates were all higher in the
presence of phosphorus stress than those in the absence of phosphorus stress. As phosphorus
concentration increased, the types and relative contents of organic acids in P.stratiotes root exudates
decreased. The relative contents of phthalic acid, benzene dicarboxylic acid and cyclohexasiloxane in
root exudates under six level of phosphorus stresses varied and initially increased and then decreased.
Phosphorus stress level was negatively correlated with phthalic acid and benzene dicarboxylic acid
contents, whereas phthalic acid and benzene dicarboxylic acid were positively correlated. This study
indicated that the increased exudation of phthalic acid by P.stratiotes roots under phosphorus stress is
an important mechanism that underlies the response of this plant to environmental stress.

Keywords : phosphorus deficiency, Pisiia stratiotes, root exudates, organic acids.
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1 ¥ B5 7 ( Materials and methods)

L1 K7 X L

AR 3 AW RRTEVE me ARl K52 9256 28 2R Hoagland 8 FRMAE 20—30 C 26040 T H5 37 K %)
B4 AWIHEATHEI A AL B 5 )T 16 e AR 2R 20 W B SR L B 21 AR A K B T
ABCHI L Hoagland 75 %R VL [A] 1 % 26 59 AN R 0 R A M) A R 0 42 #k , B4 SR Hh 15 5% 2 Bk
AT K R 2 SR TR A C AT ELAR 300 mm AR UL R AU e ke i 3 o 3l e 1Y) MR SO LA BT Ik A ) AR
FRIERE Ryt G AT T B2 I i B, R PR A A TR AR Y RS IR A A 1 K B R LA E,
TE IR RS B R A R e DL Y R RS A B i 2 b SR PR EE R 0,021,510 .20 mg- L i E
6 NMIBHE T, T 3 N EE BAME T R ER 2 bR

FF Hoagland & % W #4715 37, Bt b2 K, 80, :0.75% 107 mol - L™, MgS0,: 0.75% 107> mol - L',
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KCl:1x107* mol-L™",Ca(NO,),:2.0x10™* mol - L™', H;BO,: 1x 107> mol - L™", CuSO,:1x1077 mol - L',
MnSO, :1x10™ mol -L.™", ZnS0, : 1x107° mol - L™, (NH, ) (Mo, 0,, :5x10™° mol - "', Fe-EDTA ; 1x10™ mol -L.™" , {E A
FIRICRRR AR 4 45 VBN KRR
1.2 WRERFIWYI IR 5 o B

PERE IR TR T 1A e B9 R E R bR B8 AR R 25 8 K o gk T, 1 AR 3R 40 i Wi 46
W (WEEWBC L : H,BO, 5 pmol - L™, CaCl, 600 wmol-L™",KC1 100 wmol - L™ Il MgCl, 200 pmol -L™", 3454
pH (HIH 2 5.6) )& ohidk 3 e, R SDRHAR R AR R 6 AE B AR REEREBIAEA 50 mL MR 43Ik
R TRTE ARG S5 T UREE 4 h(9:00—13.00) , 15 FIH R4 MWW, TER R E2A 1 L
0.5 mmol - L™ Y CaCL WP, 5557 4 h(13:00—17:00) , 15 BIAR VEWR. £ 36 H CH, C1, A2 UBCAR WORIAR Bk
W3 R (BRI 40 mL) 153 48 HURK. B J5 7E 38°C 4504 T X 200 mL U, FIFHIE7K Na,SO, T4, FHHIHHE
23 T 28 R ANE R 78 R e 4 =T
1.3 ARFR WY HI E

FEZST 1.2 T BRI ZE R IA 0.5 mL 2558 0.45 pum £FZ BEIKAY CH, CL, 28 84048 ),
TS RA R 0.45 wm B IRE S A/ MR E#E—2 19 GC-MS 23T AR R &
AU RN E SR AR G/ T T Ik T ek (22 S 7890B AN ) (B3 A5 4E ) O B A N HP-5ms A
(30 mx250 wmx0.25 pm) ; HEAE R 260 C, 2SN He (Z4EEA/NT 99.999% ), i 1 mL-min™', JEFE
o1 pL, APIEERE 1 min JEFTIFMA I  HERE P TR B LRI 50-°C, TREE2 min; LABE504H 20 °C B
THIRZ150 °C , LAFESMh 5 C FFETHRZE 220 °C, LA 4h 6 °C , FFTHRE 250 °C,144% 15 min.

JRRESAE PR TR (D) |, FLEIBE 70eV, B FIRIRAE 200 °C 3 MITEEE 280 °C , PURATIEEE 150 °C %
WHER ] 3.75 min, JFH7 2 23 (SCAN) | VG RT M/Z 33-453 , & SCHE bR,
1.4 Bt

KERZR WY 2858 R FHN T A S I 5 NISTO8 o it &5 e iAo Pl i A% x e i 1
AN R AT R I B0 | MR A € % P b 2 A HA 1800 By W TET AR ( 9% ) 1158 HE ) JBRH X 25 2
1.5 HEabre 553171k

AAHFEFR ] Excel WPS2016 F1 SPSS21 B i 47 448 Ak BRANGE 1 3 M7, R 1] origin®. 5 2 il 49 4
.

2 45 B 518 (Results and discussion)

2.1 REAR R 53 GC-MS J 4 K%

ASCHN T FE TG (0.2.1.5.10.20 mg - L™ IR EEBE MR A RZS T 1 RE R R 0 9 2 H#51 GC-MS
I, B 1 RR AR B I LA SR 0 A, SR TSRS AN K, il &4 21w 4 [ i 25 R b W A T ol vk
JEiR AT A e 1 22 S A B S, REAE W R s (PR T R A — B, ZE O IO RS T AR 3R M 1)
FRIEIE B B 22 T B e (AR R0 ). B — R E IR E — Mk &9, il HA RS v LU B R
H REAR R I IAEBE A T WAL A5 TR A T 125 S 0OR , BRI R BE B a T 1AR R 4304
25 SR I
2.2 RUEMRFRITIY) GC-MS %E 45 R

Wt N T4 6 PR R 2 T 43 A9 GC-MS F1 45 &1 I 5 NISTOS Jit i3k £ 4 22 1) o o L 335 A%
X B HH E AN TRV B 5 A B T 38 T SR AR 28 43 WA ) 1) 3 W 40 o B A 5 i | T i NI AF 98 2 50 - 45
BARWFFE R, W T VEECEAE 85% LA I BLAHXT & KT 0.5% (4 Tk H I fatt— 250, L3k 1.
2.2.1  TCBEALFRFERR R 45 R B

1 T ST Y, JCRA A K 15 2% 14 14 R AR 28 40 T 00 1) AELGS B ek % DG R 3 75 A 45 1R 1)
PIA 30 Fl, FEA LRSS (17 F) BRZE(T A) BESE (2 Fh) BSE(3 R AL Fh) RS (6 Fh) H
HBEIR IS RIS RIS AR XS B A, 0ol o ks R TR R 41.02% ,24.74% F1 12.11%  FE el ik &
Y, 22 oA T PR B SR AR, e P R R AR AR A, N 8.47% 5 FRZRAL B TR AT i
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KA AR Z IR |, ik 20% ; M5 W) AR & i m R 280, 7 6.39% AR R 43I h i bt J
2 RIS IEA B K LR A AR = W) A — 2 AR B 5400 ] o 8] B At b 1 i L B
XA P A R ) 2 B AR TR I R AR R I v A ) R BT — 2 AR LT
DA AR R A3 ke A il 1 B AR B AR A0 RN N ] BRI A BE . A 24 5 19 2SR ( Brassica campestris 1.) 21T 1Y
RS E BRI W TR R IR0 R A S Y SARE TS
Y SE AR R S U SR R (B A S W Fh R R A — B0 A 55 AR ( Bruguiera gymnorrhiza
(L.) Poir) I E MU R 73 WA W15 Hh HAR R 40 W) E SR 26 (1 A ) Fe k22 (1 Fh) (BE(L i) (Mg
(1) BEZECL B FIERZE (1 F0) 7 a8 A 2AE A il  S05 A0 P R U 4 ( Lilium brownii var.
viridulum Baker) (AR 73054 , 75 21 F BB U AR 28 0 A ) 28 R R TR AT A= 90, A Wb k4 MR A A
W 6 T HRRBEEATAEY) , AT AL R AT RS (B )y e b 55 19 B, SR B i S0 BT 2
AR R A Y R e 5 42 0 AR 9 SR Y G e A T 4 B, AU T 52 e S ST A5 S 110 512 60 25 B ok =5
HRZR I3 I A AR S BG4 HH AR 20 2R 5 0N LD 0 22 S ) D DR R R 0 R B AN — A, g T /K AR A W)
AR P ARG AR A AR TS E SRR ROR B 22 5, YR 24597 4RI 2808 I AR — 2L K
R RIS AN SR 54T (Arachis hypogaea Linn.) HR 2433 W) i I &35 51 ob i AL ) TRt A7
AR Z AR L T, i LAASHIF 2 v el 0 A 5, TS AR X 3 it e 1%, LA AR AR 15 B Al AR
A TR — L IRADIR.

50000001 a b
4500000 450000
[o3
2 4000000 ., 400000
2 3500000 F ;;f 350000 -
S 3000000 £ 300000}
£ 2500000 S 2500001
33 =
& 2000000 = 200000-
4
1500000 150000k
1000000 100000
500000
50000 sk u Ly |JLLW“,“- , ,
10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0
t/min t/min
3200001 ¢ 600000 d
ol , o
o 260000 F g 300000F
2 240000 2 450000}
2 220000 - 2 400000t
3 o)
2 160000} S 300000
< 140000 & 250000}
& 120000 F 200000}
100000 - 150000
80000 100000 l
60000 r
400002\4...4141.1 Lo Ly ‘M ) ) f ) 50000 Paeosy sl k l.““llll“l .J . |
10.0 15.0 20.0 250 30.0 35.0 40.0 45.0 50.0 55.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0
t/min t/min
7000001 ¢ 1400000} f
650000 1300000}
3 600000 . 1200000}
E 550000 2 1100000}F
2 500000 - < 1000000}
£ 450000 - 5 900000}
2 400000 S 800000-
£ 350000 F 2 700000}
Z 300000 < 600000}
250000 F & 500000}
200000 400000
150000 - MMM 300000}
100000 200000~ u
50000 Moy as il UL L J\.)’.)A 100000 oy L L ‘ T
10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0
t/min t/min

B 1 BRI T AR R WY GC-MS 14
(a. T#f;b. 0.2 mg-L 7 ;e. 1 mg-L7';d. 5 mg-L7';e. 10 mg-L7";f. 20 mg-L7")
Fig.1 GC-MS analysis of the root exudates of P.stratiotes under phosphorus stress
(a. No phosphorus;b. 0.2 mg-L™';c. 1 mg-L™';d. 5 mg-L™;e. 10 mg-L™";f. 20 mg-L™")
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Table 1 Major chemical species in the root exudates of P.stratiotes under different levels of phosphorus stress
Pzi ﬁ{ig s *ﬁﬁﬁ"ﬁ W‘ﬁ%ﬁ\ *Exiﬁf‘i W‘ﬁ%faﬁ Hix ﬁ%
concentration/ Chemical name Relative Chemical Relative Chemical Relative
(mg-17) content/ % mame content/ % name content/ %
BZNINE StiE 9t 3.68+0.36 9-FHAL ke 0.58+0.04 i 6.390.19
PR R b 1.18+0.58 TSk 5.65+0.25 LBk 1.2740.18
B7NRR G V5 2.17:0.23 “h ke 4.26+0.32 IT R B 4.45+0.39
ke 0.72+0.12 Ak 1.96+0.08 TERPE 2.45+0.11
0 AN 1.44+0.09 FIRE RS 8.47+0.25 KRR 1.35+0.28
2,6,10, 14-1-PUHTEE 750 0.73+0.06 By 1.3740.04 KA 2.57+0.23
P+ = 0.63+0.01 AV 1.41£0.05 A R 20+0.63
2 3.27+0.29 SRR TR 4.1240.48 TG 0.82+0.32
“w 0.76+0.29 . 1.66+0.07 AR 1.65+0.06
Z—k 2.7420.12 e AN 1.07+0.03 HER 0.42+0.02
e R 2.67+0.26 T 1.43+0.19 AP W R 49.83+0.56
WAV 0.52+0.01 kb 4.63+0.03 XA R 7.94:0.18
Iy AV 1.75+0.12 i 1.74+0.05 AR 4.98+0.01
0.2 I 1.26+0.04 AR R TR 1.97+0.08 HEIE 2 1.31£0.02
2,6,10,15-1-P4FF BE+H e 1.030.01 LR 2.62+0.01 R 2.62+0.05
TR R 1.89+0.18 M 4.2740.07 KRR 4.11£0.17
Tk 1.56+0.12
T T HEIRRE AR 0.73+0.07 KB R i 1.5120.13 SR HR 56.86+0.25
LB BTN =P 1.3920.11 HIR 2.26+0.09 KWW 5.360.11
IR PR b 1.90+0,01 IR 7.05+0.03 KR 1.89+0.09
1 e AN 1.27x0.21 LR 1.70+0.06 KM 6.23+0.01
g+ e 1.04+0.03 AR 2.27+0.01 IR 4.12+0.02
WO RS 3.39+0.35
T PUHE SR fk 4 Al 6.35+0.01 TkbE 1.76+0.00 AR 40.65+1.02
TIuke 2.08+0.03 e kb 5.02+0.15 AR 1.38+0.00
5 B 5 1.56=0.01 Y 1.83+0.03 B R 2.47+0.01
IR VR 4.11£0.09 BRI — 5 e 4.2540.15 P N 3.15+0.27
TRk e 9.45+0.03 HER LR 2.49+0.04
WO 2.45+0.53 g 1.85+0.11 M 2.1x0.06
ke 2.90+0.12 Tk b 9.92+0.23 SRR HR 34.65+0.72
=Rk 3.17:0.03 —bk 3.67+0.01 RIR5HiA 3.21:0.15
10 TR R 1.72£0.04 ZAduke 4.46+0.05 HER 1.57£0.01
Pk e 3.030.01 B 3.31+0.04 PRt 0.590.00
Tk 1.50+0.03 SRR R e 2.09+0.05 HI#R 1.59+0.04
RWAYE: 2.4320.05 KM 3.2720.00 K Bm 3.7920.38
ey 3 4.20+0.11
T BRI R U 0.90+0.13 BN =R 6.09+0.30 e i 0.84+0.01
0 LB BTN =P 6.95+0.01 R IURES e 0.80+0.01 AR IR 3.43+0.40
JNHSEPR 03— AR S b 0.95+0.02 AR R R 0.81+0.00 K 0.71£0.35
B2y, iV 16.11:0.14  ZKHE 15.82+0.22

TR 3 AR E bR 2.

Note: The figures in the table are the meantstandard error of three replicates.
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2.2.2 BEMNA T W RER R WY AR

I 1A KR R I TERE U B 0.2 mg- L™ W30 2542 F BOAR 22 20 MM i 12 46 1 i Bk iy
19 Fft, B ek 2 (10 Fh) BRZE(1 Fh) (2 M) (BRI (6 B L&Y, o ek 28 IR IS 2 A X &
TR, A1 S TR 18.48% (70.79% F1 6.89% , BRI AN A Wy HoRH X 5 45k J5e g ) S 41 2K VR
(7 49.83% ; BEHRIE R 1 mg- L™ AP AR R - Ry 16 B, SRR 2E (6 Bl (BRZS (L Fh) FIRRZE (9 Fl) 1k
G HRIE 5 mg- L7 AR RS- Yyl 14 B S A e (8 B BRIE (1 A BRZE (5 A LG,
LAk B B R AR AR AR IR R, 4090 56.86% Fil 40.65% 5 4 E VR R 10 mg- L™ AR R 4%
WECR R 22 B, FES A BRI (13 Fh) BRZE (1 FR) B2 Fh) (RRZE(6 Bl LAY, Hh AR
HR AR & i 2 | 117 34.65% ; MBI E AU B ) 20 mg- L7'B, 20 WA AR R 400G 11 i, B bede
(6 Fl) BRIS(1 Fl) TR (4 Fh) 4G W, H AR & 02 10 2 30 Bk 800, 7 16.11% , R OW IR
FALE YRR X 15,529 , i HAM AL G 4 60 5 AR AR SE B A0l R WX T 6 Al a4k
BT AR R 3 I I SIS 22 SR % T — AR ] (4 46 G W R 106, AR 25 i 2 S AR, HLFE B Y JBfh i
N, KRR FR I WA & 58 2 B R ST I A ST E /D, 0 W1 T A ) R v A 2 3 W e i, 25
Bl A R H IR S W 1 B3 VRS B R W AR A B SR AT ( Typha orientalis Presl.) IR
Jﬁ( Vetiveria zizanioides L.) E/‘J*Eﬁj\/‘/[é%ﬂﬂ‘,iﬁjﬁﬁz:[ﬁ]ﬁ R R R B S ,1%$f&%%ﬁfiﬂgﬁ%%ﬁ%%
HR AT AL 5 ik v T 1R 7R A A B Y A A AT SR R R A5 R A R AR R S I N
NN N NN NN TN RS SN N S FR L ER R S | NSRS 0L S A R S
AL EPIF R Z AR IR R A SCRIESE 1 6 FRERZS N RO R 20 4, BT 0 b i R AL G R 22,
HEIE L BETE 85% LA F HARXS & 1 KT 0.5% W9 W) AsudEs— 2573 BF RE R 25 B850 ¥R oAk 5 W e SC
ERLEI NN
2.3 BRME XS AR ZR 53 AW AT LI 1Y) 5 W)

N 1 AT FEA [V BERR 38 T AR 5 5 SVt PR BE AR il 12 2% 1 0 RBEEAR &R 40 ) h IR 2B A5 )
FRAFIXS 5 o GRS HE A BT ) L0105 R AR TE i 8 T R 25 73 I 6 R BILIR , 73 301 48 R 1R B tRIIRR |
SRR R EARIR R R RIR A AL R RIS 1 24.74% ; MR L 0.2 mg - L7, 43 WA 4R
AR R TR KRR WA SR TR BER R TRIRSE 6 R LS W, B A ML AR XS &
70.79% ; MBEAE N 1 mg- L7, 73U ARIRIR QB2 IR X "R KR AR  FERR R TR |
LR AERIRSE O P MLIRIL G, SR DLRR AR XS 55 5 R 87.74% s TEREVEE N 5 mg- LIRS, K
HEZR I3 5 FAHLIR , 430k FHARCHEIR SR8 W R R0 filf R | It R S 28 3R IR, L AR N 5 25
50.14% ;7 10 mg- Lo ' B0 RS F A HLIRA 6 B, 73 54 SRR W IR AR ERR ARHR | HH R B R
TRIR BRI A 46.24% 5 T M BEHREE A 20 mg- LT HE, A0 R H R RS R  ABOR H R K
FRIR 4 FE LR LAY , BIAERT 5 528 20.80% . R UITERE A T, K s IR v A& W i 4 W , (E
AWV BE RN LR 1% 2 B W N R M I VR BE R 20 mg- LTI A LR SR AR XS
UK 20.80% , /N TICHEAAT T (14 24.74% KX 55 6 foe e A LR S ) 1 24 IR A LI 43 W JE AL ) 7E
PREE IR0 T R YDA 28 00— i AL ) AR AR e o AR O A LR, R U A AR PR pH
{8, TG PR 22 JR BRI PR 58 vh ) XA Ml | DT R A4 e 88 7 1 O R3O Mk B2 1 mg+ L™
N, R 7 ) AR 2R O WA ) A I INR 1 R T 5 B R LR B b S die 22, b Q828 IR, HOAH X &5 B vy ik
56.86% , 7% W] A1 S (A B I3 A1 17 10 B 6% 5 i 380 A %) A LA B A AL R i k. RV L 2 15 A HILRR 1Y
53 W I A T 22 A R B BT () XAl DT 1 X 7K B 9 o 35 140 R T 36 A 2 A R TR K
HATHEY) OKIEVEA HURR 92 Bt e 2 2 A & IR s AL ot , XA ) BAT AL E T, HLAR R & i
() o — AT REAR 3= B A AR O AR 2R 43 rh oD A HILIR S PT B A T4 L I L
R A 52 B B8 I 304 v &4 RN R X R [ B AR PRy 45 A g5 AT 3 ok o
38 BRI ( Broussonetia papyrifera (1.) L Her. ex Vent.) 1 & 3% ( Orychophragmus violaceus ) FIH =% 55
TV RIAR Z I TS, 452 1 FERERA T AR 2R 080 vh AT HILIR A4 23 5 i e J LRy v A 1, HG
R R A B SRR 2R A I T B A MLIR F B R R BR A SRR R 4 K KL ( Glycine max ( Linn.)
Merr. ) 7EIRBA B0 PR5E P AR 2R 0B EAT 1 WH5T 15 B AR 2R 00 ) vh A HILIRR & R g vy, b
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Fig.2 Effects of different phosphorus stress levels on different chemical species in P.siratiotes root exudates.
(a) Phthalic acid, (b) Benzene dicarboxylic acid and (c¢) Cyclohexasiloxane
(Note: The same letter in the figure indicates that the difference in not significant ( P>0.05) ,

and different letters indicate a significant difference( P < 0.05) )

2.4.2  WEAHE S =R oA e v

T AHOCPE BT, 45 2 T B v B 5 AR OR Z H R R A B R ARG R (K 3) MR r =
-0.716,P=0.001<0.01 , & B bifi 5 il oip 360 Ve (9 338, R R 2R 43 A 400 08 2R HHY 2 P R X6 5 2 ) b 0
D BRREE S A Y R ORI E AR R O COCR (B 3) M X R E r=-0.537,P=0.022<
0.05 , VBt 25 il B30 34 88 (9388 4 — BRI P AR X 5 12 5 T AR A5 0 AR R — IR 5 R R [ i AR i
FHEM L ZR (B 3) , H A R AN 0.946, P=0.000<0.01 , Hi B K7 AR 22430840 Bt 5 4B 28 — 1 iR
SRR D R ORI I R S D PR O R AR S R R R L E A G W IR B AR DG M RO B 3 (P>
0.05).
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3 451 ( Conclusion)
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