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Nitrogen loss and utilization characteristics of different N fertilizer translocations in direct—seeded rice

PENG Ruixue"?, ZHU Jianqiang', WU Qixia'", QIAO Yue', ZHOU Qianshun', FAN Chujiang', DUAN Xiaoli*, YANG Li*

(1. College of Agriculture, Yangtze University/Engineering Research Center for Wetland Ecology and Agricultural Utilization, Ministry of
Education, Jingzhou 434025, China; 2. Institute of Plant Protection and Soil Fertilizer, Hubei Academy of Agricultural Sciences, Wuhan
430064, China)

Abstract: To explore the effects of different types of nitrogen fertilizers and different tillering ratios on runoff nitrogen loss, ammonia
volatilization, and nitrogen fertilizer use efficiency in direct—seeded rice fields, seven nitrogen application treatments were arranged in field
plot experiments with three replicates, including the blank control (CK) without nitrogen fertilizer, common compound fertilizer (base
fertilizer), and urea (tiller fertilizer) at ratios of 4:6(Uy) and 6: 4 (Uy), controlled—release blended fertilizer (base fertilizer) and urea
(tiller fertilizer) at ratios of 7:3(Cs) and 10:0(Cin), and seaweed polysaccharide urea at ratios of 4:6(Hy) and 6:4(Hg). The results
showed that runoff N loss mainly occurred after basal fertilizer application and was dominated by ammonium nitrogen (NH;—N). Compared

with the Ug treatment, Total N loss in the Cio, Heo, Uso, Cr, and Hyy treatments decreased by 7.20%, 13.36%, 24.30%, 26.41%, and
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35.92%, respectively. The order of the amount and rate of ammonia volatilization loss between different N fertilizers was as follows :

treatment of common compound fertilizer with urea > treatment of seaweed polysaccharide urea > treatment of controlled—release blended

fertilizer with urea. Compared with the Ug treatment, the total ammonia volatilization loss in the Ui, Heo, Hao, Cro, and Cioo treatments
decreased by 7.89%, 20.81%, 27.84%, 42.08%, and 47.00%, respectively, with significant differences between the Cs and Cig treatments
(P<0.05). The total N losses from runoff were reduced by 24.30%, 20.70%, and 26.04% for Us, Cro, and Hyo treatments compared with Ug,

Cioo, and Hgo treatments, respectively. N fertilizer setback reduced runoff N loss and ammonia volatilization loss in the Ui, C7, and Hug

treatments, with no yield loss. The maximum yield of 9 116.67 kg+hm™ and the highest N fertilizer agronomic utilization of 29.64 kg« kg™

occurred in the Cs treatment, and the apparent N fertilizer utilization was 41.99%. The study suggested that the Cs and Cioo treatments both

significantly reduced runoff N loss and ammonia volatilization loss in direct—seeded rice fields, while improving N fertilizer utilization

efficiency and yield. The ratio of 7:3 between controlled—release blended fertilizer (base fertilizer) and urea (tiller fertilizer) at the base

tiller fertilizer ratio is worth pursuing for productivity and environmental protection.

Keywords: direct—seeded rice; controlled-release blended fertilizer; nitrogen loss; N fertilizer utilization efficiency; yield
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Figure 1 Main meteorological elements in rice growth period
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Table 1 Total nitrogen runoff loss in paddy fields under different

nitrogen application treatments (kg+hm™)

Qb3 5H27H 6H8H 6H22H THO9H

Treatment May 27 June 8 June 22 July 9
CK 1.70£0.08¢  1.47+0.06bc  3.78+0.15a  1.78+0.10a
Uso 15.75+£0.82b 1.61+0.17ab  4.79+0.34a  1.80+0.06a
Ueo 23.96+0.52a 1.24+0.12¢  4.69+0.42a  1.77+0.13a
Cro 15.27+3.33b  1.75+0.14ab  4.48+0.43a  1.79+0.08a
Cioo 21.86+2.91a 1.81+0.17a  3.85+0.74a  1.85+0.09a
Hao 12.87+1.74b 1.68+0.15ab  4.05+0.04a  1.68+0.03a
Hgo 20.20+1.05a  1.23+0.03¢c  4.31+0.19a  1.67+0.09a

1 AR ING FEE R R AR B 22 53 1 2% (P<0.05) . Rl

Note: Different lowercase letters in the same column indicate

significant differences among treatments (P<0.05). The same below.

JE 5513 K) & it BALFL T Ak s Ak, 5 27 H
WA T 86.95%~94.82%; 6 J1 22 H (Jiti 43 BENE J5 45 12
K571 9 H Giti /3 BENEJ5 55 29 K ) 45 it JE Ak 3R 1] 7y
AR CKALFAE Y (H7 ] 9 H £ it A A #E i &
MR 6 ] 22 HBEAK T 51.95%~62.42%. iR %5
JER W AR HE ARG Ry O A R AR 4 2k 5
M 4 2%

i 3% 2 AT, 4% it AL BRAZ A TN W 2k BN
20.28~31.65 kg - hm™, i NH-N i 2% 5 10.75~
15.11 kg-hm™, 5 TN Ji 2K & (1) 47.74%~54.01% ; 45 it
FAL PR NOT-N Ji K i 0.64~1.22 kg - hm ™, 5 CK
ARFRAH Y, 5 TN R 51 2.33%~5.15% . TEEA
BN, 5 U A FEAH EE , Cioo Heo Uso, Cro T Hy 420 FH
TN ¥t 2% &t 40 3 k2> T 7.20% ., 13.36% . 24.30% .
26.41% F135.92% ;5 Uso , Cioo Al Hoo AEFEAR HE , Uso . Cro

4R
=R

®2 TEEARLAETHEEZRARREE (kg-hm?)
Table 2 Nitrogen loss from rice paddy runoff under different N

application treatments(kg+hm™)

QLT Treatment TN NHi-N NO;-N
CK 8.73+0.09d 4.86+0.05d 0.88+0.10ab
Uso 23.96+0.75bc 12.86+0.42h 1.22+0.11a
Ueo 31.65+0.67a 15.11+0.28a 0.92+0.13ab
Cao 23.29+2.64bc 12.30+0.06b 1.20+0.21a
Cioo 29.37+2.61a 14.77£0.03a 0.78+0.20ab
Hao 20.28+1.29¢ 10.75+0.07¢ 0.82+0.23ab
Heo 27.42+0.76ab 14.81+£0.31a 0.64+0.07b
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Figure 2 Dynamic change of ammonia volatilization flux in paddy fields under different treatments of nitrogen application
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significant differences in ammonia volatilization loss among the treatments

(P<0.05).
B3 AEEAAETEERETFHARRAE
Figure 3 Total nitrogen loss of direct—seeded rice during growth

period under different nitrogen application treatments

215 A 43 0455 Heo b FRAH EE , Hlao b H1 A9 RUCFEEK
T RO RN 45 S22 43 BB TN T 2.12% .0.98% Fi12.30
ANES A XRGEZIIR R SEBEBIRIE A
FHIAA R T EAER HE 04t

24 AEABRAEN EERED MR EWRIEE RE
T A ZE R %

KRG SRR R R IR R R RO A E
DIME R, WA — 20 3 b T A R Ak 38 F 2
RIS B, 45 506 S FIiR o AE 4 v -0 BE R4
Ueo 20 B M | 38 0 2 W I 8 35 v F At &b 3 (P<
0.05) 5 £ 47 BETTHA -4 BE BRI, 203 W icaet I S 7o
JEIKFEAEA L b 0 AR R S e 2

R3 TEERLETARMNREHNSERIGAERRAE

Table 3 Ammonia volatilization and loss rate in rice field in different fertilizer periods under different nitrogen treatments

AL ] Base fertilizer period ST BEAEIY Tiller fertilizer period STt Total
s WL BRR kR WAL BURR Bk BUkR BURE
Treatment N application rate/ Amount lost/ Rate of loss/ N application rate/  Amount lost/  Rate of loss/  Amount lost/  Rate of loss/
(kg+hm™) (kg+-hm™) % (kg+hm™) (kg+hm™) % (kg+-hm™) %

CK 0 1.02+0.19¢ 0 4.12+0.36d 5.13+0.23g

Uao 72 4.36+0.15¢ 4.64 108 11.75+0.08a 7.06 16.11+0.18b 6.10
Uso 108 8.37+0.41a 6.81 72 9.12+0.18b 6.94 17.49+0.26a 6.87
Cno 126 1.86+0.39d 2.17 54 6.77+0.25¢ 491 10.13+0.58e 2.78
Cioo 180 4.91+0.21c 2.16 0 4.36+0.09d 9.27+0.13f 2.30
Huao 72 3.56+0.01d 3.53 108 9.06+0.37h 4.57 12.62+0.38d 4.16
Heo 108 6.62+0.18b 5.19 72 7.23+0.14¢ 4.32 13.85+0.32¢ 4.84

TE AR 5 H 26 H GGEAEREA ) Z 6 A 10 H (JEERLHEART— ) s 70 BEHEII N 6 A 11 H (S BEALHEA) 29 A 25 H (AT .

Note: The base fertilizer period is from May 26th to June 10th, the day before tiller fertilizer application ; The tiller fertilizer period is from June 11th to

September 25th.

http://'www.aed.org.cn
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Table 4 Direct—seeded rice yield and component factors under different nitrogen treatments

T R TR I TR =
Tromrrent et e romlbed U0 2) | S ol Tk morm pereeningl® | Temss —sesalmosss | 00k )
CK 157.33+5.73f 160.86+1.81e 66.42+1.38e 22.25+0.66a 3 781.33+240.72f
Ui 227.00+8.29d 176.81+1.49¢ 73.86+1.75¢ 23.42+0.29a 8270.00+230.88d
Uso 210.67+3.40e 170.42+1.72d 70.42+1.70d 22.88+1.14a 7 683.33+131.23¢
Cao 256.67+8.18a 183.85+2.14a 80.83+1.65a 23.81+0.76a 9116.67+117.85a
Cioo 248.00+1.63ab 181.53+0.73ab 78.68+1.19ab 22.69+0.95a 8 806.67+114.41ab
Huo 240.33+3.68bc 180.05+2.15be 76.31+0.83bc 22.95+1.41a 8 663.33+106.56hc
Heo 235.33+2.49¢d 178.30+1.53be 74.01+1.29¢ 22.22+0.65a 8420.00+128.32¢d
x5 AEERETEERM EBRZERE (kg-hm™)
Table 5 The net nitrogen uptake of direct—seeded rice under different nitrogen treatments (kg+hm™)
ISty iﬁéﬁ‘f‘ﬁ—ﬁ%ﬁﬁ%ﬁ ﬁj\ﬁﬁﬁ.f‘ﬁ—.ﬁ%ﬂifﬂi ﬁj\ﬁ%;ﬁtﬁ—ffi%ﬁﬂ S 2 @%%ﬁ—ﬁﬁ%‘i ?F%%FH—@%?@H
Treatment S eedll.ng t'() before  Before llnerlflg to peak Peak. t%lle'nng to Jointing to booting Booting F() full Full head}ng to
tillering tillering jointing heading maturing
CK 0.71+0.04d 14.00+0.72e¢ 8.49+0.60ab 15.87+3.04b 9.68+2.13¢ 3.59+1.71b
Uao 2.67+0.17bhe 36.29+0.37be 6.04+1.88b 21.36+0.68ah 20.37+4.38ab 22.47+6.01a
Uso 3.98+0.34a 30.77+3.32d 7.77+3.23ab 19.38+3.93ab 18.38+0.82b 23.48+4.39a
Cro 2.75+0.14bc 41.25+0.79a 11.61+1.52ab 24.91+2.57a 26.21+5.38a 22.04+6.59a
Cioo 3.49+0.28h 40.02+3.38ab 14.01+6.38a 25.02+5.92a 27.30+2.78a 22.00+6.28a
Huo 2.03+0.07¢ 34.82+2.96¢d 13.33+3.72a 20.38+5.20ab 25.69+1.38a 21.01+2.58a
Heo 2.73+0.21be 34.70+1.16¢d 8.28+1.15ab 21.69+4.14ab 25.25+3.96ab 20.32+5.46a

i} s %ﬁ@ﬁﬁfﬂﬂgﬁ% W IR FE IR R Cro>Cro0>Uso>Hao>
Heo>Uso, H. Cro 5 Coo 2 BRI 35 w8 T LA A BE B R0 2 T
Wi (P<0.05) o SR, 7653 BE R HA 21 BLAA 2 8], Uso
55 Usor Cro5 Cuoo s Hao 15 Heo 20 B 27 1] 4 520 28 W Wi 2 35
T EXER.

e S0 1) ) 23 e A o i Ay 2 5 4 B %)
BHEARZ — , W 6 AT S, Uso, Coo Fll Hao Z 18] 1 Ugo Cioo
A Hoo 22 8] 119 280 28 R 28 i | RUE 2 LRI FH SR R A 2
FIFH R %25 5 (P<0.05) , AN A 26 8 AU By F1
REPN AR BB IR NE 5 PR 2 it A 1>V 38 2 4% IR
R STEE G SR Z AR, FiRgE R R
A AE ELRE A PR ol B rh s BB TR I 5 PR R i 2 —
R Jy & PR RAE 5 X0 b — % e g s T g0, 5
Caoo A0 FRAH EL | Coo ik 7K AT RN A 27 ) FH 2R 38 i 1
6.16% , R &= TR R B 5 A5 R LA %A AL,
Iy AR T 2.74% F12.00 4N 43 53 5 Heo AEFEAR L,
oAb UK AE R R B R B AU S0 R A &
A 22 F) R 4 B 38 T 4.98% . 3.08 4 4 s
5.24% ; 5 AL BE Uso HH L , Usso 20 BR A9 RUIE A 27 ) FH K i
FHEIN 15.04% , R R BLR B 5 R2UIE R WA %
Y 5.229% F13.02 4 43
— 656 —

3 itig

3.1 ARERAEMNEEBHERESIRAENN

NH-N A T RDK R 1 E2IR A iRV 7 d
PN 2 By LA 22038 U 2 % SR B I 31, e P 2 A
HE BE 05 . 35 3% AT R 2= A P s e A2 U 8 40 o R vk JE
BRI AWFFE A S8R R HE K s R
BUKFEAEA: B WIS R 0K B B, NHi-N
TR R 10.75~15.11 kg-hm™, 5485 TN Ji & & 1

xR o6 TREMEEAEX B EHRERENRRNFIT
Table 6 Effects of different nitrogen fertilizer on nitrogen

utilization efficiency of direct—seeded rice

qham AXMBEEE AERUWHHE  FUIERH R
N accumulation/ N apparent N agronomic

Treatment - . - -

(kg+hm™) efficiency/% efficiency/(kg-kg™")

CK 52.34+1.20e — —

U 109.19+2.71cd 31.59+1.51ed 24.94+1.28d
Uso 103.77+1.91d 28.57+1.06d 21.68+0.73e
Cno 127.91+1.73a 41.99+0.96a 29.64+0.65a
Cioo 131.52+3.09a 43.99+1.72a 27.92+0.64ab
Hao 117.27+£3.22b 36.07+1.79b 27.12+0.59bc
Heo 111.71+4.09bc 32.99+2.27be 25.77+0.71cd

http://www.aed.org.cn
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47.74%~54.01% , NH;-N A2 A &R i K 1) F 2B
A, X ST AFREE R —E FEHEAR GRS (5 A 27
H ), 2% it JE A0 23 % 200 2K 7 12.87~23.96 kg - hm™,
b A F WA AR AR BUR Y 63.46%0~75.68% , 3X AT
RE I 24 YR A8 T ) 18] 5 e AE B (R) 45830 o 5 Uso A0 BRAH
FE , Uao Coo F1 Hao S0 B TN 2255 2 43 9008020 T 24.30%
26.41% F135.92% , I8 /28 R 1) I PR B NE v 19 388 4
R 5 B8 2 40 BE Tt FH 5 Coo b LA SR B i, 3 ] B 2
P G2 45 PR 2 L 3 G 5 L 0 i ) 7 ol P 0 2%
HAE KA B R R FR 20 BEGH 2, i /b T R4k
FCAEARAE T 5 kS 9 0 3 P 2R Hao A FRSOR ey
B, 3] 8 U1 R T v i 22 0 R0 b A T e 2, L
VER—Fh R AR - SR 5], BERG n + & < e 1 1
A NG B R AR NS A AR, R e 1 s
Z W N R = ZUIE AR, vl B A 2R
32 AEBRAEMNEREBHSIELZNZMN

ARG Uso Coo R Hao Ab PR 28 44 R WEAE 558 Ugo
Coo0 Fl Heo Ab 43 T FEAR T 38.52% .16.67% F139.42%,
Ul WL R0 % P Y St A AR HH 2 e it ok, L rp DA
Coo R PR R RIE hy 25, R W i 1 22 45 R I v I %
I /D B I 28 4 R o, 3K 5 A B A ST A SR 45 SR
ho A BEAE G FH S 265 2 K, Cloo b B S CK Y &% &
HH 2, DA Cooo b B R NE AR 2 AE — Wk Vit 1, 40 B8
WIARNNE . AH R R ACE T A R B Z 6] i 2 5 &
SRR AR R R R B < A A IR 5 PR Bt A
P> g 5 22 B PR 28 A 3> P BB TR I 5 PR 2R I it Ak
P, 32 R AT g 2 02 4 BN A ok D % 5 A TR T
B RRAK I  NHE-N & 200, s/ 2 #E R 4K 5
Vi 2 R R eI 2k, O s 2 iR e i+
AR S5 A TR B, 38 i - S R AR s 1 SR R R 1Y
W IS0 S 2% FR R AE 3 iR R A
3.3 AEERAENEBEFEMEETARNFMm

RNE ST o 01 958 25 33 0 A A48 A it
A 2 P R KR S A LR AR A P R S
KRG RN SRR o AAEE ST e B, ELAE R G
1y o AR B AR R AR, T AR KX ER 37 43 oK
PO s R B T MG I KRG () A A RE R L e R R
B TR BT RN A5 S0 AR AE I 4 s e, A
FEH, Croo Tl Coo A0 B 7 2 A0, v Coo b Bl vy, HL
LY oo A0 B ) A5 25BN | g RREORE B0 45 S0 38 1 A BT 1
e 33X R R R R s R NI AL B BE R4 27 18 R R
a3, N AL JE RS AT R TR UE AR Hh s A R X 57 4
(R, R A R 2 A i, [R) i — U it
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REFE—EFERE AR M=,

AT GE v 43 BE R 91 3] 43 BE R I 2 AR W R o o
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RV REA], DT ) R B GH e, I a7k
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R, 45 T EUEFI R DA KRG =

KRR 7 e R it Iy R A HLA ) (Y
FEAEAR, TR B e PR UE K R = A I O T, I 45
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(1)7£ 180 kg-hm MR i &K F T , HiEAFEHEZE
TR R R £ ZAE PRIt A5 HE KB R0, /UIE
Y5 AT A RO R R R
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Jite N = I B B S 44 v 208 2R BRI %6 (41.99% ) il
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