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Effects of polyaspartic acid urea on rice yield and nitrogen concentrations in paddy field ponding water

WANG Na, XU Jia—yi, ZHANG Xin, SUI Shi—jiang, YE Xin, NIU Shi-wei"

(Plant Nutrition and Environmental Resources Research Institute, Liaoning Academy of Agricultural Sciences, Shenyang 110161, China)
Abstract: To investigate the effects of polyaspartic acid salt (PASP) urea on rice yield and nitrogen (N) concentrations in the ponding
water of paddy fields, a field experiment was conducted. We determined the effects of PASP—Ca urea on rice growth, N-uptake and
utilization, and N concentrations in paddy field ponding water. In addition, Grey Relational Analysis was used to evaluate the effects of
PASP-Ca urea on water pollution. The results showed that N concentrations in the ponding water were lower in the reduced—N treatment
test than they were in the conventional=N treatment test. In particular, TN concentrations were 12.70% and 17.23% lower in the reduced—N
treatment test than in the control on the first day after basal fertilization and topdressing. The reduction of N application was beneficial to
rice growth, with a 0.78% higher yield, 0.39% higher cumulative N—uptake, and 9.35 percent points higher efficiency in N use (P>0.05).
N concentrations in the field ponding water were lower with the PASP—Ca urea treatment than with the conventional urea treatment, with

NH:-N concentration decreasing by 24.94%~68.66% ( N fertilization ratio of basal : tillering : panicle=5:3:2) and 2.72%~51.30%
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(N fertilization ratio of basal: tillering=8:2) with the PASP—Ca urea treatment during one week after basal fertilization. The application of

PASP-Ca urea was beneficial to rice growth, nutrient absorption, and yield promotion, with a 0.87%~7.27% higher yield, a 7.05%~35.20%

higher accumulated N—uptake, and a 6.11~30.26 percent points higher N use—efficiency, compared to the control. In particular, the PASP-

Ca urea treatment, with a N fertilization ratio of 8: 2 (basal: tillering), enhanced N uptake in grain (30.08%), N absorption in straw

(46.27%) and N use—efficiency (30.26 percent points). Considering rice yield, the N absorption rate of paddy field ponding water, and its

resulting N concentration, the reduced—N treatment was more effective than the conventional-N treatment, and the PASP-Ca urea

treatment was better than the treatment using conventional urea. Moreover, the optimal N application ratio, of base fertilizer to tillering

fertilizer, was 8:2, and the effects of field application needed to be further verified.

Keywords: polyaspartic acid salt(PASP); rice yield; nitrogen of the paddy field ponding water; Grey Relational Analysis
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Table 1 Experiment treatments

Jifti 5 b 4] Nitrogen ratio/%

Ak LOBL RIS e B e

Treatments Treatments description Basal  Tillering Panicle
fertilizer fertilizer  fertilizer

CKO N O kg-hm™ 0 0 0

CK1 N 270 kg-hm™ 80 20 0

T1 N 210 kg-hm™ 80 20 0

T2 N 210 kg-hm™+PASP-Ca 80 20 0

T3 N 210 kg-hm™+PASP-Ca 50 30 20

T4 N 210 kg*hm™?+PASP-Ca 80 0 20

1.4 HRRESNE

JENE S 55 1.3.5.7.10.15 d 5 H F4-10:00 %4 H
TAZK , KFELE0.45 pom BRI 5 R T AA3 Tl 40X
(Bran Luebbe, 78[5 ) % B & (TN) Al A% (NO-N) |
B R(NHI-N)WR B . KRG , A/ DR 3
SUPURRTA Y LR CE KRG b 1Ry, B SR 1 mP R
J5, DIAFRL RIS FF A 4, DA P BEALZEERL 10 7 2
IKFEMR R AR BRI BT Ry Bk PR RIRS AL
K PG E e A o i TR A R B
W RUIE LA %

AR BN (kg-hm ) =FFFkL =& (kg hm ™) x

6or (A)

W
(=}
T

401

301

SRR

TN concentration/(mg-1.")

201

10F

i 3 5 7 10 15
it LN J5 K EL Time after basal fertilization/d

-~ CKO -O-CKl1 —=-TIl

1 MR A TN IR EZ L

Figure 1 TN concentrations in the ponding water after fertilization
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YR A8 SPSS 19.0 #4047 25 57 i 2 Ve 56
1.5.2 JRAASCHK L 23 A

7 FE A S B B 3220 AN [ it AL Ak R ) 97 5 35k
RIATLRA VRN o IE AR bRFFRLFIRS A 77 5 R
i SRUNE 2 0] P 5 s B G 36 o) 6 A IE
TN NH-N ¥ B e (IR B iy o PRI e e 3 i B 46 A
W A A B — AR P AR A “ S A0 B, DL S
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2 HERE5HH

2.1 KISHBEKERHET

ME 1 AT AR ), ANt JE CKO Ab 3 TE 7K TN ¥
B — AL F AR, HARX R E . e AL BENE S,
B ILPR 25 A 45 it A A B FH 1T 7K TN MR BE 34 /85 T CKO 4k
R, HAESE 1 dBD s (Y, 2 5 il TR, T25 10 d
[ ZE I (H Y 11.829%~16.01% . 17.86%~22.69% )i #4 T
FarE o FEAMEARIT 1~7 d, AR 4 1 T 7K TN R
TEENEH, JUHLAE RN 5 55 1 d, JENE I CK1 AR PR
T 7K TN i B 55 5 4 45.07 mg - L', BEE A TN v 7
FAR T LA 1] 68.35% , i b B 3 JIEL 100 R0 2% 97 2 XU
e THENCI o [a) IR WA R, 2% i TS T1 40 21 T

201 (B)

—_
W
T

BRI
TN concentration/(mg-L™")
I =)
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{5388 K, FH T 7K TN % 3 5L 438 s 34
22 KEHEKBESEIEEZL
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FI| 0 )5 W R B, T A 10 d B = IEE 1 3.119%-~
4.32% .3.32%~5.89% Ja ¥4 THaE .
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—
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T
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JE o o, CKI &k B FH T K TN VR 0 fe i, h
1113 mg- L', F R T1 AL # 8.46 mg- L' Fr A
PASP—Ca &b P FH T 7K NO3—N ¥ J& #4415 % B K K Ab
FROESS 1 G, 5 T1ACHAL H , T2 T3 F1 T4 4b
P T K NO3—N #k B2 43 51| B AIK 8.28% . 11.57% Fl
6.63%, 2= SE AN . FAERBEENE S, A i AT A 34 1)
FH T 7K NOs-N ¥ BESR 5 d 3k B IG5 bk R [, T56
10 d f& =I5 A 16.65%~61.48% ., I 1] PASP-Ca
Ak P H T 7K NO3—N ¥ BEAR T NHG-N ¥ B, HLUGE (i H
PR ) A X W S . 7RSS 5 d AR I, T2 T3 4b 3 H A

8 (B)
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~
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Figure 2 NHi=N concentrations in the ponding water after fertilization
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Figure 3 NO;-N concentrations in the ponding water after fertilization
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7K NO3=N ¥ i 43 S T T1 Ab 31 5.98% .7.05% , 22 5+
NTE N
2.4 REGEXKFE=E XK E RN

W% 2 FroR , Br A it AE A B KRB MR &0 A R0 B
B FEFF P B RURERL B B S T CKO AR X it
Tt AUIE S /K A 3 7 i DGR R &=, FLt U IS
Pl it AE 7 =X s e 3G RO

T1 ALK FERR R A R BER A FF 7= i Rk RL
Fe 5 CK1 AN TG B 3% 22 5, 1 W o i ES R s
KRG K I3RS TLAN AR HE, T2 T3 &b B 4
INT KRG AR5 BEE RS A P i FORF R i, 22 F A
25, UL BHEN N PASP n] A3 R K R AR K RN 4 BE
i KRG 77 0.87%~7.27% , FLJita NE s 33 1 451 5 7K R
AR BT A — R
2.5 ARIAEM/KERERKEFEAEH HEANZI

W4 FELS BT, A it BE Ak B K R R hr AN S
FER M I Y B 3 = TR IE CKO A BE . 55 Bt
HE CK 1A B, sk i 280 T1 40 35 Ak 7K e 80 2 FR I i
BT 0.39%, FNEFR WA R4 5 T 9350 E 4
S AR 2E ORI i BH s it B T i SR A
P RIE AR, 529 7 RE R, BRAR T PR o ot JES o
SR AR TR AR .

55 T1 A FRAR G , T4 PASP-Ca Ab 384 I 1 /K

A7 b FRS AR A R M, AR R R T
7.05%~35.20% , JuH: T2 &b Bokekr RS A ER I B 2%
HEMT 30.08% F146.27% , 32 B ¥ il PASP—Ca RE 5 1%
KFE A & . A PASP-Ca A PRI & T A B 2
SR 2, FE R A 2885 T 6.11~30.26 1 H 4
AU G T2 T3 A FA I 71.98% . 55.63% , #4 T1
A BRI B 2 B T 3026, 14.63 S 4 A, X KW
VNN PASP-Ca BE % #1255 2018 2R 00 F 28, HLJjiti & tb
15135 1) 280 R W AR FH o
2.6 AREITERALIEIE TR EEEN

I FE A D156 32 10 4 T A [ i JES Ak 380 %6F P 1T 7K
REAKRE =5 R R O DR R R S 5 A
(R LA B I IO 0t e FE R IR 2. IR 3 iR,
FE 45 B —F8 A5 G IR B, R R0 i OCHR E fe K R
0.855 4, H: Y JE B 359 FH 1 /K TN e J38 i {1 56 BE i Oy
0.851 6, £ B AS [ Jite T Ab H4 5o 7K A 7= 12 0 HH 1T ZK TN
WSR2 A K o 1 ) HU AR A5 B —FE AR I S ER R EK
OB T2 A B K RS B kR RS T 7 RN U A R
R FH RS2 i i A, T3 AL B S A 0 FH i 7K 6 TN
NHi-N W& B 2 i K. INERG IR S5 3 S HET
KF A PASP—Ca JRZAE I OCHK BE 15 T T1 AL 3,
Forp T2 b B OCHR FE By, FLUO= T3 AR B, 5 R it A
CK1 Ab B OCHR B ik

R2 FREMEKFE®RS AR EMRTE

Table 2 Plant height, effective tiller number, and rice yield under the different treatments

i Wi R RER B ) A FRL R
Treatments Height/cm Productive tillers/(panicle - plant™) Straw yield/(kg+hm™) Grain yield/(kg-hm™)

CKO 79.17+1.44c¢ 15.46+2.14¢ 5356.2+430.2¢ 6 791.25+626.55h
CK1 95.33+4.91a 22.47+0.50ah 9 893.85+682.2a 11 591.7+201.9a
T1 91.50+2.18ab 23.13+0.76ab 9 287.4+841.5ab 11 682.6+413.85a
T2 88.67+1.53b 24.87+2.39a 10 136.4+860.4a 12 531.45+866.25a
T3 89.50+2.65b 23.27+0.61ab 9 307.65+349.65ab 11 864.55+796.65a
T4 90.00+6.69b 19.60+3.30b 8 074.8+700.8b 11 783.7+386.25a

TE « [ A AS [ R AL B ) 22 57 18 35 (P<0.05) .

Notes: The different letters in a column indicate significant differences among treatments at P<0.05 level.

300 O REFT Straw a

& 250r O #7KL Grain b

E c be
:ﬂm v 2001 C - a
Ex !
= <5}
w = | d
& é 100

z 501

0 CKO CK1 T1 T2 T3 T4

Kb FH Treatments
4 AESEARTBRRKE

Figure 4 N uptake by rice under the different treatments
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Figure 5 Fertilizer N use efficiency under the different treatments
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Table 3 The correlation coefficients, correlation degree ,and comprensive evaluation sorting

R3 KERY XEERGEITNHF

Sl 2B Correlation coefficients

LEGARTR IR E

TN peak at basal ~ NHi-N peak at Grair; Sn'aw: N uptake (;f N uptake (;f Fertilizer N use of comizfieel;enswe Sorting
fertilizer stage basal fertilizer stage  yield yield grain straw efficiency
CK1 0.6214 0.4850 0.7939 09235 0.546 0 0.484 1 0.342 1 0.599 4 5
Tl 0.8373 0.483 5 08100 0.7752 0.555 4 0.4772 0.405 3 0.620 6 4
T2 0.936 2 0.507 6 1.0000  1.000 0 1.000 0 1.000 0 1.000 0 0.9205 1
T3 0.999 7 0.998 1 0.8444  0.7794 0.697 5 0.653 5 0.568 3 0.791 6 2
T4 0.863 7 0.548 4 0.8288 0.586 8 0.640 4 0.493 2 0.460 1 0.6316 3
LR PR IR 0.8516 0.604 5 0.8554 0.8130  0.6878 0.6216 0.5552 — —
3 LB B T (CO0—) , % FHES 7 A Bum A i 27 s 4 5
FH T ELZ% - Bk P 0 R X B 7 B BRGAE T OB
3.1 AEALEY HEKRRHSHFN T AER 2 W IR 2 BERE e R4 W 3 23 Wi,
TR PAFIE SRR AR, AT REHEZK NHI-N # B,

BTN R R IR RS S 15 3R . AR, 25t
JIES &b B FH 7 7K TN e B 359 7 F AN it IE CKO Ak 3, 333
A RUNE 2 TR K SRR MR B RS i) 2ok U6 . it s
FH 7 7K TN ¥ BEZESS 1 d Rk B (E , B f5 10 T R
2510 dJFETR0E, v WAL 10 d PRI R R i
) BRI L 3X 5 A7 I AR R AR SRR oY 4 R
— 5, A MEAEI T1 AL BE K TN ¥ B KT CK
b P, FLOEAE 43 KT CK1 AR FE 12.70% .20.82%,
3 1, A ok it TES 8 0% A KK P TG /K TN Ve BB, 28 T R AIG
Jite N XS A FH A 285 2R 49 it s 1 A 05 UGS o 7 D i it 2
TEULR L A PASP—Ca 19 T2 40 B FH 18 7K TN 9 AR T
T1 b PR, 3 AT BE 1 T PASP—Ca fE 2% JR 2 /K fift M [17]
FH TR K BT FR 43, AT RS T FH 7K TN MR B . T3 4b
LI I A0 T 1T K TN W B IR T T2 A 3 i BE AR M v T
T2 kb B, 33 58 BH e AT B 310 %o FH T 7K TN & A 5200
Wi 5 it 2 L 061 4 R T 81 ks 5 Bt A LA
UNGILER: Y a8 P o NI A 1 B T S
JIES S0 F L TR 7K TN e B v 1 BN D, D0 L2 it A A
JE 5 1 d, X 3% B 3 P A R AR 20K Tk 1 2 2 XU
1, DR B P IE , AR R K

NH;-N & IR Z it A H 8] 5 A FRTE S R R e
AL A . AR, T PASP-Ca Zb B NHi-N
WA T BLR AL B, 3 J2: i T 5 IR K 5 K i
51 FH K A NHG =N R BE R 5, 1 PASP-Ca JR
R BRLIR 2, K NHG-N W E 218 TR .
X &Kl PASP-Ca U MR ff I B BEUR R
JELE T PRZ Sl B 5 — Jy 1 PASP A B HAT R
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FH T 7K H NOS-N =222 i NHi-N fi fe e %1k
1%, 0 PR (9 B[R]0 /5 T NHE-N. A5, 78
Jite A A B9 7= A v MR B NOS=N, 13X ] g J2: Tt iR
R FH A 37 B UEA TR , R T B I BBOK R | IR R 7E -3
HLE T T A, DR T 7K NOS—N ¥ BE 7Rt AR e 26
1 d BPGASI A . BERAR, FH 7K NO—N 26 i IR )5 55 5
d kB WAE , H A it A A B 11 7K Fh NOS—N ¥ FE A%
F NH{-N ¥ &, St H o PASP-Ca &b 35X — 5 T J2&
i F NO3-N F= 2t NHi-N a4k 1/ FITE B, 1 NH;-N
T SRR 25 R AR S O AT G A NOs-N
1) 550 i AE X B /D T) B Pl T v K A5 T RS AR/ R 3R
55 RS AR AE T3 58, S 30 T 7K H NOS-N v B 4
), o5 — 7 T T fE & B F PASP r TR AL
NHiR A B AR L RS A RO NHEC Pk BEREAIR
W NHIFAL B NOS™ . P35, PASP 43 Hh g FR BE AT
G A R0 2 A v T T ) B AR T 6 A Y
] B RS A, S 2 B A 2R A Ak S,
FINERAE P, Wl UL, PR ZE ARG 5 A AU H
IKREZR TR ) FEIEAS, AR R A F KA T G W iy
FERE AR, B ST WA A 4 i TRK NHE-N
W AR5, B 1 R AR I A KU
32 AEAEIMKEEFE RERKERTBA AR
EpA

AR I, B it AT A B A ARG 7 e 2 i T ANt
JIEAb B S8 IR A AR RS ARG R AL Rk
R Az 7 i R b 78 RN R B . IR 2
270 kg - hm™ Ji & 210 kg - hm™, 7] 4 kK F5 34 =
—101—
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0.78% , B4 N ZK ARG 77 43 W U 0.39% , 32 2 RUE 2 WA
R 9.354 40 o5, X Ut BHZE SRIE K R R ™ 1 0L F
Tl it A o, S R Sk s, AT DL BRI RIS B
AU o

VRl IE A = R AN S 2, DR A e it T L
WS T PASP-Ca, S5H MR R AHLL, i PASP-Ca
PR A0 Fd K R 14 77 0.87%~7.27% , R BRI i 2t 44
T 7.05%~35.20% , AN LA FH R4 5 T 6.11~
30.26 4N 43 5, ] WLERII PASP—Ca 5230 T & ATyt .
TRAE G 7 IR = ORI S 2R AR . X — 7 T2
T I PASP—Ca f1 i T 0 2 1 PR BR ik, 14 TR
FAERL, 2B T IR B S KRG A 1 T IR P ] —
PR TIERRIHR . 55— 5T, PASP-Ca RERE I
B S G F KR 3R A 3543 R T R RTE S AL
A BK AR R, A R T KRS IR 53R SOR T4 o
R PR ARG
3.3 AEMEIEA RIS RNE SN

I B A T JRE 0 3R 5 8 P s T A DG 1Y) 2
BRI TER AN e A SR e A A
SENR T I —HE BRI A TS ROCR I B , B LS
S5 AN [] it A Ak R 1 52 B V5 00 2R o i 4 T K
U KRS 7= AR WL DL R BRI R 46
T AR AR, I K €8 IR R T AN (] it A Ak 34 g
VG RO AT LR BTN E AT o AR, K
0 SCHR B 0) 45 B —HE BREA T OGRS AT, R IR
TSI R e K, LR AT T B T K TN W TR e
1 7K RERTARE 77 0 FE TG 7K TN 3 2 A A AS [ e S A 2
PG RO EEIEAN FE bR . A A B —FR AR Y
SRIR ZR B, T2 A BEXTRE Ly d R AT 7™ ok R 2 o
2 EUE ) 2% 5 M 5 A, T3 A P 56 1 FH T 7K TN
NH—N ¥ F85 06 1532 1) 3 K, 3 3% HH T2 4 341t 21 L 191
FIET A T AL 25 5% 43 5 KRS T B R — 20, A R F KA
TR WCR TPy Fh LR AR E K R 1S 7™, 45 v ZUIE A
FH T T3 A 37t 22 L 91 R H91 A 1) B2 AR HH 1T 7K
AEESRIIE . WA RN SR S5HEFRE
PASP-Ca JR 2 Zb L OCHK BE 15 T T1 AR R, Hid T2 4k
PR JE foe sy, HLUE T3 AL B & Kbt AR C K1 A B G
W R A, 33X 6 B 8 i PASP—Ca 18 it 20 T #e5
H & R R B B i fE R, b PASP-Ca J&
S M) KR s 1 R R A T IR R o it s v R A
AR EL e — RN 2 . 27 ks, i R 8 0GBk
JEE 3 X6 AN T it FES Ak 3 ) 9 5 RIOR A T 25 5 PR
B T2 A By o A A it AR X e 5T A A 448 = A
—102—

HBHOE , X T OR3P B2 A P BRI 22 4 A WU 3
o AWFFACR—HER BRI, A F Tt — 4 TF
Ji& Z2 47 I R) LB IE , LAGRUEZ B AR A HE T 10 H]

4 £t

(1) ¥k 2 il R0 A B FAAIG T K /R MR, T
T AR J5 55 1 d, HH I 7K TN e BE S 25 A, 5 2 TR
Bl ARIE T KRR

(2) ik it F PASP—Ca JR 25, 3 | BE A it %0 Lt £91)
4 80% .20% , BEWE A S5 AT TR K 3R Wk B2, UL i
AR TH K NHE-N R B R A HEAE ) — Fh 425
ftaAEAR S

(3) V8 it F PASP—Ca JR 2 RE W5 7 25038 I /K Fe
FERL RS AT 7™t AR WL, R KA ™ PR M A
JEFI I

(4)PASP-Ca JR % BB TE— & FEE L ORBEIKFef ™
Tt PRI FH TR K RS VR B R AT A e DX T R e B
P EAFHE 1 — Rl AR
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