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WE: [ BN ] S E TS B AR . RSO T HIE B = AR R e et e, bE
ORGSR . el DR T DR e s . [ e ] D s R LA K ( Polygonum
hydropiper ) W55, Aea INAESTRKINNTR, #5477 L8808 - ten ki +, 84 (61)
Bt 6 kg, HLhiti 800 mg/kg W, FRAL 4 JEJE 4 AiE AALBEGRE A (0, 25, 50, 100, 200 mg/kg ) , BRLE
I KW 457 mg/kg, B 2.5 kg BAEAER 15em. & 7.5 cm B B RIARAE (400 H, fL#AE% 38 um)
, BETAP Y, HA S kg RRAZ . SE ORI K SRR EARAS T, FEAR 2 Bk, SR EEK
Y 70% B HE K, Bodk 10 UG IGR, A KSR PTREREE & i . LHR)E 2 om 13, RS
WL A EIEERRPR . JEMRPRE, AT HEA SR, (SR ] D REEEEE R, 57 LESRKSH,
LEBAEY R B R, BER BRI 100 mg/ke DA R N IABIRK, NANEALIEM 4.57, 1.33, 6.10 1%, b
B Bk 228 me/bk; AT ILAE S A [ EREE S AR B R AE 50, 100, 200 mg/kg TR E T B E
TAED LRSS, SR AET LA S E Y 1,14, 1.08, 1.03 f%F1 1.25, 1.11, 1.09 /%, 2) B & &8, o1l
SN TR AR, e, SR BRI, (AT IEY ISR, TR ROy IET 4
I 39.5%~84.2%, 3) iLAULERAMET , 7 ISR E 4 R FHE REIIRT 1, 7 100 mg/kg LA
NI ERORME, 4r00h 12.5 A1 1.33, W& AR A TR A SR, SHIETT LA S R 1,09,
1.53 4%, XFRMR ILBOKSE ) Fi s Be I ER . 4) AN T8 IR S BOK SRR 1A S S, 106
AR 50, 100, 200 mg/kg + B ECH AR, HBH RS TAERER L8, S R F AR B 0 OB R .
(458 ] SB U T, AR TARPR Eh A R0 & i, 350 T Il A 8Bk 2, R Sk aE 1, 100
mg/kg AR M AR IE B R, LR A B R T i — R
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Application of nitrogen to increase phosphorus accumulation of Polygonum
hydropiper with mining ecotype

GUO Yu, LI Ting-xuan®, ZHANG Xi-zhou
( College of Resources, Sichuan Agricultural University, Chengdu 611130, China )

Abstract: [ Objectives ] Appropriate nitrogen (N) application can improve phosphorus (P) accumulation in
plants. The effect were testified using phosphorous hyper accumulator plants in this paper, which would provide
practical support for effective remediation in environmental P pollution and the non-point source pollution of P.

[ Methods ] Taking mining ecotype (ME) of Polygonum hydropiper as tested materials and non-mining ecotype
(NME) as control, a pot experiment was conducted in a greenhouse under natural light at Sichuan Agricultural
University, Sichuan Province, China in 2015. The used soil, calcareous alluvial soil, was applied 800 mg/kg of P
and then designed N levels (0, 25, 50, 100 and 200 mg/kg soil) after standing for 4 weeks for stabilizing. The soil
available P concentration became 425 mg/kg afterwards. Total 6 kg of the treated soils, 2.5 kg was loaded inside
the root bags with 38 um of pores in the central of pots and 3.5 kg outside the bags. 2 plants at age of three leaves

S HER: 2017-12-22 S HHEA: 2018-04-17
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and one sprout were transplanted inside the root bags for each pot, and the soil moisture was kept 75% of the field
capacity. After growing for 10 weeks, the plants were harvested, the biomass were weighed and the P
concentrations were determined. The soil samples both inside and outside the root bags were raped off the top 2
cm surface, and the available P concentrations were analyzed separately. [ Results ] 1) The biomass, P
concentration and P accumulation in shoots of ME reached the maximum under the N application rate of 100
mg/kg, which were 4.57, 1.33 and 6.10 times of those in the control plants. The P accumulation in shoots was
increased to 228 mg/plant. The P concentration and P accumulation in shoots of ME were significantly higher than
those in NME under N application rate of 50, 100 and 200 mg/kg, respectively, which were 1.14, 1.08, 1.03 and
1.25, 1.11, 1.09 times of NME. 2) The biomass, P concentration and P accumulation in roots of ME were
increased with increasing N application. ME presented lower P concentration and P accumulation in roots, the P
accumulation in roots were only 39.5% - 84.2% of NME. 3) Under the condition of N application, both
bioaccumulation coefficient and translocation factor of P in ME were larger than 1, and reached the maximum
under 100 mg/kg N application, which were 12.5 and 1.33, respectively. The bioaccumulation coefficient and
translocation factor of P in ME were significantly higher than those in NME, which were 1.08 and 1.53 times of
NME under 100 mg/kg N application, respectively. This indicated that the higher P transportation from roots to
shoots in ME than the NME. 4) The N application improved P availability in rhizosphere soils of ME, which was
more pronounced at 50, 100 and 200 mg/kg. In addition, it was higher than the corresponding bulk soil at any N
treatments, thus promoting its P accumulation. [ Conclusions ] N application could effectively improve the up
transportation and accumulation of P in the shoot of mining ecotype of Polygonum hydropiper, which are obtained
by increasing the shoot biomass and the availability of soil P under high P condition. The optimal N application
was 100 mg/kg in the pot experimental condition, and further experiment is needed for the practice of the
remediation of P pollution in large scale.

Key words: nitrogen; Polygonum hydropiper; phosphorus accumulation; ecotype; phytoremediation
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JK (Cucumis sativus). Vi#if" (Cucurbita pepo). ¥
¥ (Cynodon dactylon), HF % (Lolium multiflorum)
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[ VEFPAE GRMEY . B INE BE A P s s B
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B (Iris tectorum) ., Eii (Acorus calamus) 55 /AR
HiAE )R 35 A ) BRI 1 B A 1 R BRAOR™
HEINAE W 1 R B 0t AT 3 R e oK &
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AEZSIRPR A PO BT X (104°017 E, 31°25'N),
e AR SRR 2R A )1 4 ERVLHE T R
(103°36' E, 31°00’ N).,

e B B, SR B WU A RV T B
POSAAR, HEATAYERTY pH 6.32. FHLI 15.9
g/kg. A 1.39 g/kg. WEA 53.1 mg/kg. B
51.8 mg/kg. AR 4.65 mg/kg.

HERIEEL: FRZE (N 46.67%) . B2 &4 (P,0;
52.1%, K,0 34.6%), ¥ hobrat.
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2t 6 kg, IAHMEABE, Wik 48, BAHEEA
RAE, B . A AR LUARIEINA, 97201
Ao W 25kg THEAEAL 15em, & 7.5 cm JE B 2b
MARASH (400 H, fL#EZY 38 um), B TP, H
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RSB it 3EA ORI 2 >R A 0.5 mol/L NaHCO,
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1.5 HIELIE

AR B = MR A i

B2 ZRB = AR L S M R i

K DPS (11.0) #4751 0r, #E#% LSD vkt
T E R, FIFEHERH Excel (2013) #1 Origin 8.1,
2 R0
2.1 SHEFHTRENT LESBEKELEYEN
A

AL R, BEE R AR, PR A S A
L E R R A A e T R R AR, e R
100 mg/kg IR FI K, H LA 25584 - FR AN
FEBA MBI A 40.03 g/FRFN 3.24 g/Bk, Hb LB
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it %\ 5= N dosage (mg/kg)
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1 ARERETAMESEKEM Mt THRNEME
Fig. 1 Biomass of the shoots and the roots in two ecotypes of Polygonum hydropiper grown
under different dosages of N
[IE (Note) : i FA[AFREFRIR A AR 1] 22 7 B3 (P <0.05), *FRos[a]—Ab A A A 58 ] 22 7 [ 3 (P < 0.05) Different letters above
the bars mean significantly different among the N treatments (P < 0.05) and * means significantly different between the ecotypes (P < 0.05)].
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PR T T, SELHT, 7 1hAsR
Mo EFRAEYR, AR A AL 3 2,58, 3.91,
4.57. 2.59 fi5. (HPRN LA M LA 90 i 3 2%
5o SARGTIIAEAH LG, il EUCE A A L AR AR TR M
TEAE RN, SHALET, 7SR
THEAEYRE A ALIEN 2.10, 3.19, 3.48,
2.90 fi5, AEFHINAZEAI N 176, 2.17, 2.76., 1.85
fo B LA SR A YRAE 0. 25, 100 mg/kg
it R T BT AR AR SR, SCHERT I AR
R 56.7%. 67.7%. 71.1%, VL 453K, 100 mgkg
Jith 288 2t A R Kl bR AR A B

22 SBEHTHAXNT LWESBEKERINERE
FIRIE 0

221 BEEE ORER D ATAL, BREECRE ROHTm, Wi

A ST M R R R S TS, I A
T bR AR 1A A5 R B AE 100 mg/kg JE#aT
ARG, BT, BTSRRI R R
TR AL B B W TR A A5 A
AAERR, B AEAS A bR AN AL F Y
114, 1.25, 1.33, 1.32 4%, & ILA AR M T e
SRR AEAL TR 1,13, 1.20, 1.22, 1.53 1%, &
A ZS R 38 & B 7E 50, 100, 200 mg/kg i &
B ES TS LS, AET IS
1.14. 1.08. 1.03 fi5; {HAHFILIET, & ILASHE
R A BN AES I AR SR, ARSIl
AT 70.0% ., 73.1%., 74.4%. 70.8%. 91.8%.
FAT R A A R I A S T R i

222 BHERER WK 2 AT, b EER AR,

x1 TREERE TRMESEKSNHBLE (gke)

Table 1 P concentrations in two ecotypes of Polygonum hydropiper grown under different dosages of N

Hb_I-3#B Shoot

T Root

i (mg/kg)

N dosage WLl AR SR JE8 AR AT Il AR SR E[ZIMITEER S
Mining ecotype Non-mining ecotype Mining ecotype Non-mining ecotype

0 427+0.04d 423+0.03d 3.52+0.03 ¢ 5.03+0.07d"

25 485+0.01c¢ 482+0.01c¢ 3.99+£0.01b 5.46 +0.06 c*

50 535+0.01b" 4.70+£0.02 ¢ 422+0.08b 5.67+0.01b"

100 5.70 +£0.07 a* 527+0.01b 429+0.02b 6.06 +0.01 a*

200 5.65+0.03 a" 551+0.10a 5.38+£0.06 a 5.86+0.03 a*

{E (Note) : [AFVEE)R AN A FH: 2R A AU 7] 2253 B35 (P < 0.05), *3In [Al— AR [A AR A5 B ) 22 5 .35 (P < 0.05) Values

followed by different letters mean significantly different among the N treatments (P < 0.05) and * means significantly different between the ecotypes

(P <0.05).
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Fig. 2 P accumulation of the shoots and the roots in two ecotypes of Polygonum hydropiper grown

under different dosages of N
[ (Note) : H FAFRFRFERAFAMARAZEF B (P <0.05), *FnRF—bFARR A AT E 2 S B (P <0.05) Different letters

above the bars mean significantly different among the N treatments (P < 0.05) and * means significantly different between the ecotypes (P < 0.05).]
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PR A A5 7 b LR e A R,
Fofr A 25 A0 -3 e AR A 1L AR 2SR M R SR A B R R
TE 100 mg/kg iR El ek, Hham 1 AR R
RN 228 mg/bk . A WA T I AR
Ho LA N BE A R, A AT, L
A AR b 1 AR AR B A A ) AN it AL B 2.93
4.89, 6.10, 3.43 fif; W LA ASHHL T ERBEFL R 8N
AHEE Y 2.38. 3.83. 4.44. 4.24 %, ) A &=
T, B AES A HL FAREE A Ra E m T AR
ARSAL, SRR ISR 1,08, 1.25, 1.11, 1.09
fi s AR 1L AR L R B A R a3 B e
AR, ACRAER LSRN 39.5% . 49.4% .
62.2%. 52.5%. 77.7%. #W, AEAF T L4
AAIKE M - A R

223 WEEERPONEIZ FZE BHEREUM 7Y
SR SCRE . I EE 2 T, ARG N T PiRh
SRR B RE, Hohw A SR w4 R R0
100 mg/kg Jifi A i T iA B A, MR ET, 0

AR 4 A0 TR I AEZS AL, 78 50, 100
mg/kg B3R AE AR ZSRIAY 114, 1.08 15, &M
Tt AR HE T LA A F K SO () IR AL

38 F B A R AR AW ) M L A B8 W 1Y g
F1o BfEEE MG, Ol SRUK S s Rk
PR TR R RS . #E 25, 50, 100 mg/kg Jifi A AL B
T, B AE SRS R T A AL, &
Alik 1,33, tHEGEAE T, BRI E 250
FAEF AR, 7825, 50, 100 mg/kg A5 K3k
WL AE SR 1,38, 1.53, 1.53 4%, Kk, Jtisl A
T A S ROK S B 2 BB B L E, R
FERRHL b EBXTBEAE
23 RN ILESEKERGFTIEEUHRSE
oA

R 3 AT, BEE AR, 7 lAsR
ISR PR A R0 & T e R TR, ik
1 Ly A 25 7R AR s - SR 9 o 2 25 AU AR s+ 1 TG
B, £E 50, 100, 200 mg/kg MEAE T, Bl

#2 TEEAETAMESEKENBREEREMZTRAY
Table 2 Bioaccumulation coefficients and translocation factors of P in two ecotypes of Polygonum hydropiper grown
under different dosages of N

= % Z %1 Bioaccumulation coefficient

32 Z 480 Translocation factor

S (mg/kg)
N dosage RIS Sl A il s
Mining ecotype Non-mining ecotype Mining ecotype Non-mining ecotype

0 9.35 9.26 1.21 0.84

25 10.60 10.60 1.22 0.88

50 11.70 10.30 1.27 0.83

100 12.50 11.50 1.33 0.87

200 12.40 12.10 1.05 0.94

®3 TEERE TAMESEKEN RS E (mg/ke)

Table 3 Soil available P content in two ecotypes of Polygonum hydropiper grown under different N dosages

# P51 Rhizosphere soil JEARFR £ Bulk soil
iR (mg/ke)
N dosage il A A 1l A il A A 1A
Mining ecotype Non-mining ecotype Mining ecotype Non-mining ecotype
0 155+0¢" 120+ 1a 123+ 1a 112+2a
25 159+ 5 be" 120+ 1a 121+2a 114+3a
50 168 +0a" 121+0a 118+ 1a 118+ 1a
100 165+2 ab” 124+5a 118+3a 117+1a
200 167+2a" 118+1a 120+ 5a 117+2a

& (Note) : [FISIEE G AR F B R AR AU 225 .3 (P < 0.05), *FUR [P A28 B 2% 5 .3 (P < 0.05) Values

followed by different letters mean significantly different among the N treatments (P < 0.05) and * means significantly different between the ecotypes

(P <0.05).
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Az A TR R - S A 0 7 i 5 AN ZRUAH B S 38 o
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5N URE LU AR P el B0 139% 5 FhiE 7E = 9+ 4
R A A R A AR, RS B R AR
THEAFERMAEYRED, AR, SR,
it A AR HE T 1L AR AR T K S M A a3
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FURRE S22, Dodd 48, it FH AU g i 2 2
ORI AR R, BRI el A R
WD R KRS . ASBIEgE Y, MG N T LA A
Rl IR SR PR R, Hp i R et
At h 100 mg/kg BAEIR AR, o~ 228 mg/bk. 16
WK S E R R B 2N BT, A I AR SRR 2
R A RN 40.5 mg/BR AT 65.9 mg/RRUT; ZAF
A E AR LU A A AR 1 ¥ K AR 1 AR s R 2R
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PR I AESBOK S FE B R, BLUE Fi
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EWERIRETT . MR B 2LE A R Eh s R
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A HE 5 AR 25 [ Hb 1 BB 0032, 1l bR A
S B W BERR L a8 B 1 B R R A b
PR AR PR IE R, BT LA AT b R AR SR
o T AR WE AR R AR, W RER TR EAE
e BERR R IS TR . A 1B B BOR Je R 13
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BATE A rhea, Il A SRR SR B T 2 i B SR 7 b
R, MR RS A, HEA R T b A
A, E I R
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A, RN LEERE ) B ERER AERIEAL Y
LT, R AR A 2 AR AE P AR P 1 38 b oAy 2
M 1O, AL AAFIE Y, B i U B S N
AR S R, RFRRE, 54
TAAR L, it A 5 = T LA SRR B - e
Wi, KT RE AR R AU A D it AT B
TR RS- I i & i, S8 IR AR PR % pH, B
R EXT BRI, $ AR PR A0 A Rl 25 B0
AN, I AR SIS IR A S A W S T
JEHT LR, W1l A AR K SR FR 43 WA 1 R
PR AR PR G M 2 2 TR LU AR 25 R BRI
PRGN, AT IR R B A RS A
P, 07 AR SRR B b i & B ey, o
A F TR BRI R

4 25

FBEARAES , MENG I T A LA SRR Y)
i, BEE R ABEA R &, IR TR b B
LARIERS, 7R 100 mg/kg BT, M AHEA R
ik 228 mg/tk . HARIAERAIML, A EAR T
W I AR SRR AR R BE I 4R T o A BT LU A 2
IR PR R AL T S 2 al M w28t 7Y
XA R . AR, A LA S RUK S HE A
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