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Effects of polyaspartic—acid/salt on nitrogen loss from paddy surface water and nutrients utilization

XU Jia—yi, NIU Shi—-wei, SUI Shi—jiang, ZHANG Xin, YE Xin, CAI Guang-xing, WANG Na’

(Institute of Plant Nutrient and Environmental Resources, Liaoning Academy of Agricultural Sciences, Shenyang 110161, China)
Abstract: To investigate the effects of polyaspartic—acid/salt(PASP) on paddy nitrogen(N) loss and nutrients utilization, PASP—Ca/Zn and
modified PASP-Ca/Zn were used for pot experiments conducted in a rainproof tank. We evaluated the impacts of PASP on N concentrations
in surface water, rice growth and its N, P, K uptake, and soil nutrients. The results showed that PASP treatments decreased NHi=N, NO;-N,
and TN concentrations of surface water, with 16.8%~44.7% lower NHi;=N and 20.4%~42.8% lower NO;=N in PASP than the control in day
3 d and 5 d after fertilization, respectively. Addition of PASP promoted rice growth and yield; modified PASP—Ca/Zn significantly increased
rice height (12.0%), productive tillers (13.8% ), straw yield (9.26%), and grain N concentration(8.32% ), with 8.4% higher N use efficien-
cy. NHi=N concentrations in paddy soil were significantly increased by 28.4%~62.2% in PASP treatments compared to the control, where-
as no significant difference in soil available P and K was observed. Considering rice yield, nutrients utilization, and N loss risk of surface
water, modified PASP—Ca/Zn was more effective than PASP—Ca/Zn. In this study, modified PASP-Ca treatment was evaluated to be the
best, with grain yield 9.21% greater and NHi=N of the surface water 44.7% lower than the control. However, PASP application effects need
to be verified further by field experiments.
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Bl K R BT 78 40 W i, FH T K R R AR
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RE , FEAR M A= 77 v g AV AR 348 3505 A0 28 g 5]
el PASP e A B, 38 2 b 2% o tBE PASP 43 155
EEIAEREHA, 5Ok 48 G EIE A R AT
REfL , B AR PASP 40 T4 19 25 [R] 43 A1, 1K 44
S 8 YE AR EE R, A U P SCE PASPARLRE ¢
HHaE . AR REARME AR, PASP R 4 A
i AR FR A LA A A R TR IR 53 R, A R A
YA B SRR RS, R R B, 5
IR AL, S50 1Y PASP B84 TR 2 AT 1l 5 R Ak A
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1.1 iRBa w4

PR B AKRE 1, B B T 2 1L B T
KA, B2 (0~20 em) S PRALE A A0 1.58 g-
kg, BV 1.17 g- kg, BVHH 287 g - kg, B AR AL 71.0
mg kg, AR 18.9 mg kg, HALHH 154 mg-kg ', A
ML 17.7 g-kg ™', pH 7.8, HXZNE R IR ZE (N 46%) ,
Tl B A 2k s R 45 (P.0s 12%) , B IR B 2 B (KLO
50%) . 1EFTEFEAL T A B2 F A7 1) PASP-Ca Fl
PASP-Zn {E %38 PASP #4 B}, I 76 L 3L fify I ph 5256
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JICHR 2
1.2 R5E it
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XoF FH TT 7K 7K R B G0 B (A 52 i), i A I % W B 40, e
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H M %2482 ho X503 & 6 MEFE(FR 1), T1 B
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W L2440, BEVLHES . & B AR 44 B H ()
Jifi AE 5 (N 270 kg + hm™, P,0s 90 kg - hm™? K0 90 kg -
hm™) (1 2.5 ff% — WML it , TR AL AL FH A N 4.5 ¢,
P,0s 1.5 g, K,0 1.5 g, Ho T1 A0 PRA it 5 L4 IE . T
A7 PASP FhUN It ¥y R K it 519 0.3% 1153

FAIE 5 15.0 kg KT /K FE IR AT 5 # ARl
7 BIJE KR, AR5 I PASP £h 10T 24 A 1 b
JZKE(0~5cm) ., BFE1d)G, EHEKE R H—5
B RRET HEATHE R, B4 3 0, B MBIl
15 cmo R MK EHR, A5 HoHZE 625 HE
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Table 1 Experiment treatments
"5 Number LEFRFEIA Treatments description
T1(CK) TRZA
T2(N) HHRE

T3(N+PASP-Ca) HHLIR 3 +0.3% T8 R KT 1 & A MRS+
T4(N+PASP-Zn) WK +0.3% Tl R R T4 2 R ER
T5(N+MPASP-Ca) WK +0.3% BVER R T T4 Z RS+
T6(N+MPASP-Zn) WK R +0.3% MVER R T T4 R IR R

Fr3em/KJZ,6 H25 HE7H 10 H R TR
A, 7H 10 HZE 9 H 20 HARFFEIKZ(2~3 ¢m) ,9 H 20
H2Z )5 B ARIE T, HA5 A0 2 FH T K = B AR — 3
1.3 H@mXESNUE

MEARSEEE 1.2.3.5.7.9. 12,15 d B H 4 10:00
e P 1 G #5 x T K 2EA T HORE (25 mL) , K FE 42 0.45
o JE 1 5 SR B AA3 3 3643 B4 (Bran Luebbe,
D)W SR SR SRR . KRR,
A g L 1 R B 2 1 7 R = SR €28
il A 0 FTOF PR A B i, ST A A AR R A
i, >R FHEILFG A /A 4 2 R BA BT HL B vk 4
B A B A i KA IO L R A3
SIRA DR 0~15 em 12 T4, - IEEERER F 41
A3 60 EE TR DU A A R, E M i b ) A
R AT 3R i 2o L G R0 5 42 %0, NaHCOs
ZHE-ERBA BT HL 0 0 5 SO , NHLOA C 23— K I
O RETHE D HALCHR!, B A 7K A Y UIE 2 WA ]
RS T L,

FUIE AN T 2 = Ot 104k K A A WO i - AN
Jit A B K R R S )/ it R X 100%
1.4 BIEAEBES S0

*H SigmaPlot 13.0 A AT B A B S AR A
F£ R FH SAS B4 X AN i) Acb 4 27 T ) B4 ik A 7 22 57
RSB, BIDR 5 25 40 i (ANOVA) 4b BR K 45
FEi 1 Tukey test f B £ 7)1 21 25 5 (P<0.05) .

2 HER5HH

2.1 PASPXI/KfEHE/KRZIKER T
2.1.1 PASP XJ 7K & H [fi 7K NHi—N ¥ BE (1) 5% i)

5 it AL B P T 7K NHE-N ¥ e it AE 5 565 3 d
IR F) AR S R R, T A9 d [ IR Y
15.1%~24.1% J5 ¥ ThaE (B 1) o e s — =i, 3
JTPASP AR FE (T3~T6) FH i 7K NH;—N ¥ B Ho i #LR %
R FR(T2) FEAK 5.82%~55.3% ; T HAE NHi-N W& {1,

T3.T4.T5 F1T6 Ab B NHi—N ¥k & bb T2 &b F i 2 /b
T 16.8% .21.8% .44.7% #139.9% , Vi, B %5 7l PASP A
SUREAIR T FH AT ZK NHE-N ¥R B2 3X 0] BB J& 5 ok PASP 43
TR LI AT 5 NHUR A2 A S8 5% T It 5 H
A 7K NHi-N ¥ BE ol Tt o

AR PASPARFEZ [8] , ik PASPALFE FH I K NHi-N
W B3 PASP Ab P . it HE J5 — FE N, TS Ab P
TR 7K NHi=N ¥ 2 H T3 4b BRYE /D T 4.929%~45.9% , T6
Ak 3 T 7K NHE-N % B2 L T4 20 3 /D T 18.5%~
42.2% , Ui B B0 PASP b B L X5 PASP Ab HH AT )
TR HH TR 7K NHG-N R 2, 3 ] RE A2 A el Pk PASP
AT % A PERE TR .
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Figure 1 NHi-N concentrations in the surface water

after fertilization

2.1.2 PASP XJ 7K 5 H i 7K NO3—N ¥ B i 52 i)

55 HRIZK NHG-N Ve A8 b SO ] |, 45 it 20 Ak
P 177K NO3—N e 5 W4 1 i 300 Bsf ) A X ¥ )5, T it
NEJS 5 S d ik BIWEAE , 3X 5 PASP Al i AL A R A ¢,
M5 28T N Rt TR (B 2) . RIS 5E 3 d, % RUR
FALFE(T2) FH 7K NO-N Ve Ji 151 iR W 1) 94.5%, T
NI PASP AR R (T3~T6) H T 7K NO3—N ¥ Ji Ay W AEL )
66.1%~76.8% , Ut B PASP #il1 il T H [ 7K NO;-N ¥ &
PRI

Wi HE S5 — R N, T3 . T4 . T5 . T6 b B H i 7K NO3-N
W S L T2 A FFRAR T 20.4%~57.2% ; 1t HiAE NO5-N
W A, T3 . T4 T5 F1 T6 Ab ¥ Eb T2 4b P & 98/ T
22.4% 20.4% 42.8% F1139.1% , 3 B TS 11 PASP A 2 [
ik T HTHIZK NO-N W BE . AS[R] PASP Zb B2 [1] , kot
PASP b P H i 7K NO3—N ¥ B2 1% 3453 PASP 4b #f
Jiti NE J& — JE P, T5 A B3 T 7K NOS—N ¥R b T3 b2
/0T 3.00%~26.4% ,T6 A PR THI 7K NO;-N ¥ i Lt T4
A FRE D T 10.9%~32.7% , Ut BH Bt PASP &b B HE 3%
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Figure 2 NO;-N concentrations in the surface water
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38 PASP b R A ) TR T 7K NOs-N ¥R B .
2.1.3 PASP X 7K Ff FH i 7K TN e B 6 52

5 it AL BTN ¢ 8 4 it AL F 55 1 ol okt T 2 i
{1 75.4%~84.2% , FFAE5 3 d iR B, 1M f5 s
M, 25 o dlaTioe (K 3). maeE—Fm, T3,
T4, T5 1 T6 &b BFFH i 7K TN ¥ FF L T2 &b BRFEAR T
9.50%~25.8% .5.42%~22.7% .8.36%~38.4% 1 2.96 %~

18-
8 | >¢ T1(CK)
_ 16 -o- T2(N)
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Figure 3 TN concentrations in the surface water after fertilization

30.6%. Pk PASP 4b B HH 1H /K TN ¥ B IK T 3%
PASP Ab L, Jiti B J5 5 d P, TS A BE FH 17 7K TN ¥ F
T3 AR T 16.5%~24.8% , T6 b B HH [ 7K TN He &
Fe T4 4b 38 /0 T 6.51%~16.2%., 256 2 1, %
PASP BE#% [ H T 7K TN ¥ B, Hoork: PASP b B4
R,

2.2 PASPX/KFEAERK K== HF M

it AIE A B (T2 T3 . T4 T5 . T6) /K R bk 5 A 5003
BB RS AT P B FURF R ™ 3 B S T A M4l
(T1) (F2), 158 B i FH 2008 2 K R 8 7 B S B TR 2R
BRI 1A BRI (T3 T4 . T5 . T6) KAk = A 5K
Ay BER R FE = B FURFRL P B 2 TR R R AL HE
(T2), PEHA BB K| ) & G RAR AL VE T /KR A K T =
P

5 T2 M E, T3 Ab PR RO BN T K RS AR =
(8.26% ) FIAT 5 43 BERR (12.0%) , K5 FF FUFERL = 2t
A d i (L 35 25 5% ) 5 TS AL FUA AL 2 2534 i 17K
ek = (12.0% ) FA 3405 BEEL (13.8%) , T HL RS #F 7
EW R ERE T 9.26%, X R, RIS U N E L
U BR R T T4 AR ES Eh 1 B 2 $2 = T /K Rk v A
AR BERL, B R SE BRI = L (B B K
et b A R . T4 RN T6 &b B RS A K e e
FEFRIA R F T2, Horb T6 Ab BRAS FT 7= e i , X AT REIA
R A G KRG 4 SR B (0.88 mg - kg™ ) BAIE it
R R4 ARREEEL AR AE 4 78 138 Zn> F2 0 IE 25 K
KA A K AR I B 5%

Mtk PASP AR PR (TS T6) /K AF A K K = e F8 Al
T3 38 PASP AR B (T3 . T4) , HoHp T5 A B ARG RS AT A
KPR L T3 3N T 5.36% H15.56% , T6 AbFH /K i fs
FFAURRL 7 B HE T4 38T T 5.26% F14.09% , H. TS 4b
PRARE A KA b AR R B A, 16 B e R R 11442
MRk A A A K R AR K R = 4 v, e & ek

R2 FRELEKERS ARAEHRTE

Table 2 Rice height, effective tiller number, and yield among the different treatments

AL P Treatments Pk 55 Height/cm 1555 BERL Productive tillers/f# - ff T AT 7= 2 Straw yield/g* pot™ FFRLF i Grain yield/g- pot™
T1(CK) 72.0+3.16¢ 3.33+0.33¢ 62.5+4.33¢ 55.1+6.45b
T2(N) 87.8+4.79b 16.7+0.88b 135+4.66b 152+14.6a
T3(N+PASP-Ca) 95.0+1.41a 18.7+1.15a 140+10.0ab 158+21.0a
T4(N+PASP-Zn) 92.8+5.74ab 17.4+1.17ab 143+6.61ab 154+25.1a
T5(N+MPASP-Ca) 98.3+5.32a 19.0+0.58a 148+4.33a 166+11.3a
T6(N+MPASP-Zn) 94.8+2.50a 17.9+1.26ab 150+10.0a 160+19.0a

T BN R AR A B 22 5 8 2 (P<0.05) . Rl

Notes: The different letters in a column indicate significant differences among different treatments at P<0.05 levels. The same below.
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PERR 1A R BREGER RO s«
2.3 PASPX$7k & Fr 4 IR Y B & BB ) A Z2 B 2 i)

BRI TAATRAERAL F KRR RS FF RS HE
B RLR Z AL FRA BN, 6 R TS A KPR i
SLEIEIN T 8.329% (% 3) ;T3 . T4 . 'T5 b B /K g kfRi A1
FEFF B & S AT T3S , X SR ZE SRR T T4 2 R/
Bt T, KRS L B o i S B Bt #, e ot
BRI T4 ARG R BN T RPRL R & &, KR B
TrRAZ AN K o KRS A IR A, S B A
RIEaHA, T3 T4 TS T6 A BFFRL AL i AR Wi i HE T2
WY 7.18%~18.9% . 3.75%~17.3% . 1.34%~5.38%,
FEAT B BRI A s n (181 4) , BB KT
LA BRIEA R T KRS WA . BRITEA
R /8 1) it P 8 1 7K R R0 i, R 2R 08 ) R
AH R Ho A T 45 8, T3 T4 T5 . T6 &b 3 UIE 26 W A1) %
FT2 485 T 2.5%~8.4% , fH A 35 3] I & KF (E5) .
T5 Ab PEAK R 2 W B IS e s, HLRUIE 2001
I (417%) o KRR KT ARAL AR
R FH 8 1, HOOrE R T4 RS 7
P 7K Rt R RN e R A R 5 TR Ty e Ko
2.4 PASPXI/KTELIEF S EEMFIT

it AE &b FE (T2 . T3 . T4.T5.T6) + 3 TN \NH;-N
MNO:-N TR E T LAE (T, kK4, 5

WOHLIR 2 (T2) M e, PASP Zb B (T3 . T4 . T5 . T6) + 1%
NH;-N & & 5 F W T 28.4%~62.2%, X ] fig &
PASP X 13857255 25 IR BT 25 UIAROG . 3 NHI-N &%
IR FEIRAL T 254 IE I 2.2 F 2.3 45
7 PASP Ab 3 K A5 57 o K 55 43 W AC ok 3 2 303 i
P L HETN ONOS-N & &N T 0.69%~9.72% F
5.81%~12.1% ,fHARIEF 2 5 /KF- .

5+ R R IR AN 254k 35 8] 4 A 20wk
MHEBH R GRILREZES, HS5 T T2 4 A
Lt , PASP 4b B (T3 T4 . T5 . T6 ) 358 4 R4 i A1 35 %5 4
IS AT TR, 3 AT BRSO U i PSAP {2 F T
KRR AR R R Tl B 5 43 WA, IR T K R ) - A A%
e SR SR A RO THAE R (B EA s PASP Ab 3R
XoF A A RO RN 7 43 0 0 R

3 iFig

Jifts 4 Ah P FH TET 7K R Z R B (NHG-N U NO5—N Al
TN) & 5 T IR S AL BR, 156 I 0N 45 A2 /K e
AT 7K R0 28 B ) e D R 02 KR it I, R T 7K
TN .NH:-N FI NO:-N ¥ B 73 B 7E 55 3 d Fl 5 d ik 51 1
i, M5 FREEE TR, iR EIE S 9 d N
Shy A il KA T TH K R R Y G B B, axX 5 T
N2 gk 5

#®3 RELEAER B HHENSE (g kg")

Table 3 Nitrogen(N ), phosphorus(P), and potassium(K) concentrations in rice(g-kg™")

Qb PR FFRLFE 4>t Grain nutrients concentrations FEFT 743 7 i Straw nulrients concentrations

Treatments A W P " i p
T1(CK) 8.80+0.74¢ 4.03+0.27a 4.05+0.11a 4.76+0.62b 2.46+0.30b 13.9+2.17a
T2(N) 9.97+0.38b 4.01£0.19a 4.13+0.09a 5.72+0.63a 2.70+0.18ab 15.4+0.85a
T3(N+PASP-Ca) 10.3+0.34ab 4.28+0.10a 4.08+0.06a 5.95+0.50a 2.83+0.10ab 15.3+2.02a
T4(N+PASP-Zn) 10.5+0.44ab 4.23+0.06a 4.15+0.40a 5.58+0.69a 2.97+0.27ab 14.9+2.14a
T5(N+MPASP-Ca) 10.8+0.42a 4.32+0.19a 3.99+0.13a 5.82+0.17a 3.16+0.37a 15.3+2.27a
T6(N+MPASP-Zn) 10.3+0.50ab 3.96+0.34a 3.95+0.20a 5.73+0.39a 2.70+0.15ab 16.0+1.43a

R4 FRMEXELERSSE

Table 4 Soil nutrients concentrations among the different treatments

Qb /g ke B R /mg kg™ Tl E /mg kg™ A5 /mg - kg™ B /mg - kg™
Treatments TN NH:-N NO;-N Available P Available K
T1(CK) 1.42+0.03a 0.53+0.07d 6.88+0.58h 27.0+3.11a 178+9.90a
T2(N) 1.45+0.01a 0.75+0.06¢ 12.0+2.26a 26.9+2.33a 183+12.7a
T3(N+PASP-Ca) 1.55+0.04a 0.96+0.04b 12.7+2.30a 24.9+2.69a 174+3.54a
T4(N+PASP-Zn) 1.44+0.08a 1.21+0.12a 12.7+2.79a 23.5+0.57a 168+3.54a
T5(N+MPASP—Ca) 1.58+0.25a 1.19+0.08a 13.5+2.16a 26.0x1.13a 180+6.36a
T6(N+MPASP-Zn) 1.52+0.16a 1.22+0.09a 13.3+2.51a 24.1+2.62a 171+8.49a
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Figure 5 Fertilizer N use efficiency among different treatments
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