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1.1 Rewist
ARG AE KA K 22 A 22 Bt JE Hu b E AR It/ X g
17, 2019 FE/KFE2EEH (5 H29 H—9 A 24 H) F

PRI 275 °C, MEKEN 3335 mm (B 1), HHEEAE

[ 719.8 ho BHEZ (0~20 cm) HIEFEAMRA: pH

i 7.15. HHLF & 28.25 glkg. &% & 2.13 glkg. 4

& 1.15 glkg. 445 15.41 g/kg. BHfEEE 113.05

mg/kg- 3E R B 12.89 mg/kg FIE XA & 219.65 mg/kg.
BER AR 332, JEAeACHE, TEMIILE1E—ZF

HRgER, 2B 114 d A4, Bk 126 om A4,

5 H 30 H¥#F, 8 H %%, 9 H ) mih.
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Fig.1 Main meteorological elements in rice growth period
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I R R X B, £ X AR M 2K RS
(EIER. PUERD, BIXKA 4 MEIEEE: A
JEMI A XTI (CKOL 43t AL (FFP). 2245 R
HIRZEMCHE (CRF) A B2 PEEE A (HTND,
HARMAE T 3% 1. Rt 8 N, RAbEE 3
ANEH, 24 MRINX . DX TS 50 m?, /)
(X [B) A 3 R T, B 1k /N X 2 A B /K B A,
BN X ST (VEE R SRR . 421 2 R
BHESIBE, A RTHEATEIRE, TR KRR RT3 T et
YH. PUERST 5 H 29 HEUEIEAE, HE3EAEE AT
HOF, BT WEBRT (B 20 d) AN TR 43
RIG/NX, FE %5 N 25 cmx25 cm, &% 3 T, i

JE - P~ Kk - Tt 43 BE R i OR4F HH [A] 2~3 em kK2, 6
H 9 Bk s> BEAE, il Ew KA SR, BiERET
5 A 30 HiR/KERGERAE, RIS N TR, I
FrNX B RGA REL A CNX A FAD, HEPE 1.5 m,
V9% 0.3 m, IR 0.1~0.2 m. FEFETIFAT HIEHEK,
PRAE H A1 e K2, FEFPE 3547 N LRIAT I 2 36 F,
FEFEAT TR 22.5 kg/hm?, $EF0 07 6 R 73T 18
WRMEZE, EFKN 3 mm AR, & 4T
MG 3d AT AERR L, FERR- =t — O R R
THI TG /K VA 7K I 7K 20 BEAR X, Gl i B /K HH TR AR
KB R HEK, 6 A 11 HEZ/KZE HTHE 2~3 cm /K
=, 6 H 13 H#UE 2 BEE, /K& 5146
—

k1 e
5 3 2 S L1 M= RIS el
AT e 4 AR & (kg hm?) UMt A B A5 ?ET,\%HE%f Tm{/\\ﬁ? BEALE R
N P20s K20 QU P LR EHEE
CK 0 75 105
FFP 180 75 105 7:3 WA RE
bilKGiE
CRF 0 75 105 7:3 BRIBRE RE
HTN 180 75 105 7:3 W WEIRER HELREIRE
CK 0 75 105
FFP 180 75 105 4 M HimE A WRE
HAER
CRF 0 75 105 7:3 ERBIRA RE
HTN 180 75 105 4:6 R HEIRER L REIRE

EOEEEAHIE: N, POs. KO RELLN 18181 15; EBBIEA: N. P,0s. KO FiELLAN 24112 12, HEFRH MR ARHIFER, HHE
E IR 25 CHF RN 60 d; WML PERE: & N &=46%, WHLHE &R =500 mo/kg. FACEEREAE. HRAEAS 55 2 3 T BEER S (&
P,0s EE=12%) FIEALHT (& KO E=60%) #h7e, BEADFIATARII(EIE AT .
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1.3 HmRESNE

AIERRESNE: 235 Kl xR i <EN
o M ELE E LR PVC & IR, M2 20 cm,
M4 19 cm, 550 cm, EEBEE 1 Ak, BAIEREK
S SR AR RS20 o 5 R R 2 K 2 B
FEY N 2 em. ELARN 20 cm B4R SR L 15 mL
MR HmERUs, ¥ 2 JZ4E T PVC &d, T
JE R EE T 15 cm, b2 KIS S TA M.
TERSH TR TR B ES, FERSHT
B 1k 2 SR R SRR AR SN o TR R 3R
FHALE M RIFLG, RS/ NXARFELE, 7 alBE
2 MR E, CH 10:00 BUFE. BURERT, BimA
BT 2RI, Bl N E B SR A7 RN
5 RNR S R H I 1SR . R AR AT
THL 3~7 d B3 1 k. AREEMN G, % E =
A, FRUETR 1R FEARE 1A, AR
1k 2R, B3 dIFE LIk 253 A, iz
RS R R Z />, B0 3~5d BUFE 17k, PUREURE
ARG T IE KB 7~10 d, ELE WA &% RN E.
FEECF MR AL =, BN 500 mL 2R
1, 0 1 mol/L &AL HRER 200 mL, H4iE4R 2R T
Hr, $E% 1 h, A Alliance-Futura 11 ZE4E7 3070 Hr
A T2 FR R P B S

FH TR KR AE S5 52« /KR F TR KR 465 ZE KR
LRI — 3, 2 AU HEKEE I TR GEBAR L
SR T, [ S 5 20 B A FE e i b B

BRAKRES N E: HRIEEFREIR S, s
FEARE R TC/KE, AR I [ AL FE A0 B R R 7
BRI E, FEIRKRE AR A & R K B A T HE
K, e /NX R BB 5 AR, BRI,
BARR KBRS G BR A RN R LIRS RHH
i Bl S . ERRAE S T 5 H 30 HA6 H 6 Hi= A
B, WU AT e /RR. KH Alliance-Futura Il
LR AT OO B BAFRAHSRE.

PR K R R R E . T RN X
29 3 m* YR, A0SR SR A . ORI T, R
IEIE BRI TR, ARE R TSR & . 7E I
VK HA RORRECR H RN X354 R0R R, AR 4
S OREBOHAT IR, TEREAS/ N XEURE 5 . id5k
T A OREEORT 2R BE R . KRR 5 R FH 7K IR v 52
RLAERL o T, 3 FFORE S AR M CEAE 2t
KD, RGBT FMEEE T (S TEN
R i R 7K 3D o FR B SR SRR PR KT A o 2
FHM SR EL 3 4y 30.0 g /M, JERIFEL3 4 2.0 g
INFE, DR NRERRIEL . BT DREE TR
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80 CHTZEIEFEGMRETRE. 5B
OGRS, K. 450k, TREE. A Em
WHRFEED it
1.4 BURDHR

N H DPS AT Z 7 #r, LSD LT AbEE R 2
#HE#E, FIR Excel fEE.

KHAUT AKX A E AR ERMALE (P,
kg/hm?). BEREE (Y, %), BIEKEE (X, kg/
(hm? €)). FIEEBKE (R, %) MEIFL AR
E (Q, kg/t).

P=(AxHx10%10"°)x10%s, (D
Y=(Pn-Pg)/N>100%, (2)
X=Bx10°/(J=D =10, (3)

R=Y(Xn-Xo)/N, (4)
Q=3X>C, (5)

X A APNXBRUKERFTERE (mg/L); H N
TAARA (m®); SAVNXIEA (m?); Py MK A
FWAKE (kghm®); Py AR A X B F &&=
(kg/hm®); N A% E (kg/hm?); B il ik i
BRI ESEE (mg); I NI B HH
B (m?); D NGRS (d); Xy N
Tt IX RAN A R CRAVEIE R R 5 i 1)
SHEREEZ A (kg/ (hm?d)); Xo ARHEEX
S B FE R & (kgl (hm? 6)); C H7KAE =& (thm?).,

2 BERE 5

2.1 FEMEZRETHEERERMKIFHE
R T I 2 AR, SR 5 H
30 HHFKHEM, 6 H 6 HFEK G (FR/KEH 32.3 mm)
FIF R MHEK, “FHHEKE S 518 655, 211 m*/hm?,
MU 24 B AR A . REEEACE T B
HAR MR TR E LR R IR 2, hE 27
PLEH, 5 H30H. 6 H 6 HAFALALE R SR
B4R 7.76~25.55. 0.15~0.32 kg/hm?, 5 J1 30
HRFEAR R S48, FER T BT 5 H
29 HNIiENFEAE, 106 H 5 HONME 1 58K
HeKo XHLBCPIRM S, ERATMEAN G 1 5 88504
K, AR 2 1E RO AR BEAR ™ AR, H B ARRS
HAR G AR R THIEREE . 8N4 F i,
AN AR A R R A, & e AT AL B A e
i S P FFP AL FE>HTN 4L >CRF 4b¥E, CRF
HTN b2 5 i k267 il Lt FRP AR EEF#(K T 3.0%
1 1.8%, FEJFERA FFP AFARR P RER Bk
ST HA 2 MR 4R . CK. FFP. CRF. HTN
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ALFR K NH, -N. NO3-N 1 Org-N 2351l 5 M B e &
HIELBIATE, CK A 78.9%. 1.9%F1 19.1%, FFP 4t
T4 52.7%-1.5%71 45.7%, CRF 4b¥ 4 52.1%.1.4%,
HTN 4bFH 46.4%, 52.8%. 1.4%F1 45.8%. ] UL, 7K

PFLASZEF, NH,-N ZRH K EZE KT NO3-N, J&H
F PR 2N K B 5 72 IR B 4 F I e N K R R 2%
IKAE N NH,™-N, AT AR K G NH, =N 5 ik 5 3
K, M-SR BB,

RN L E N ATKERIESDESENE, T
%2 RAEAXETARBERRAZRARALE

Table 2  Nitrogen loss from surface runoff in the paddy fields for direct seeding rice under different nitrogen application

2 TSR IR (mg L) i SR (kg-hm™)
o b E
A I TR TN NH,*-N NOs-N TN NH,"-N NOz-N Org-N
CK 11.38¢ 9.78b 0.21c 7.76¢ 6.33¢ 0.13¢ 1.30b
FFP 56.75a 21.47a 0.48a 25.55a 13.60 a 0.34a 11.61a
5H30H
CRF 30.74b 18.35a 0.44a 20.39 b 10.66 b 0.24b 9.47a
HTN 35.45h 20.72a 0.36b 22.46 b 11.96 b 0.25b 10.25a
CcK 2.09a 0.30a 0.12c 0.30a 0.03a 0.02d 0.24a
FFP 1.57b 0.36a 0.24b 0.32a 0.05a 0.06 b 0.21a
6H6H
CRF 0.94d 0.12b 0.19 0.15b 0.04a 0.04¢ 0.07b
HTN 1.28¢ 0.18b 0.45a 0.27a 0.04a 0.07a 0.16 ab
AR R S BUE JE AN R B R AN R AR B ) 7E 5%k EE R, T
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Fig.2 Dynamic process of ammonia volatilization flux in paddy fields under different treatments of nitrogen application

22 AEIRFACIETHEENSELXBE (HEIER), &IFERIEEIEP|GE G RGERFK, %4ab

24 TAFMREAE PR HEE AfE, N HEEEREEEEEGEAGS 10 REEELHEZE
K2 LA N, HUERG. EFmEAEILEREEE %, 0.26~0.53 kg/(hm? d) (HLEFE), 0.2~0.51 kg/(hm? d)
ROAGETE, ARG 3 d ARG, AR5 (HFERD. MAFEG 2d, 2% KBS EIER
N 1.18~5.34 kg/(hm? d)(HLIERG ). 1.10~8.27 kg/(hm? d) >y FFP &b >HTN 4b3E > CRF 4, 1M B #% %y FFP
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AbFE>CRF AbEE>HTN 4 FE, X2 H T EH#fE CRF
AEFRIEAE R T HTN ACFE, 5 B P U S i
LE A1 BT B ARAE R - N7 BERL 5 , WLAdFE
BIFREEE RIEESEIEALE 2 d A BEE, EEY
58 151~11.25 kg/(hm® d) (HLAERG) . 0.69~15.18
kg/(hm® d) (ELIERR), BEJEEHE T 12, &4k
HEERBEFEESEEINBANGSE 10 REETHE
Z5. HAEER, 2 kiEE FEE PG
1 JH, iR EIE KB A T RARAKCPIRE, i
REACER ) FE R B E RN FFP AL >HTN Ab3E >
CRF Ab3i. HUAHLLI@% FFP 4b3E, CRF AbFEAN
HTN b3 S5 m] R 44 R & .
2.3 FEIERAE TIEANSE A INKLE RIRKER
£ 3 NG E AT AN [F I BoRE H s K
PR B R F . R 3 AT, RN A R
PR R AR FEIEHEN JG B BEALENRT . 4
BE N J5 UL SR RG A B 1, S AL a5 Rk
BRI RN FFP AbFE >HTN b3 >CRF 4L FE.
5 FFP AbEEAHLE, 7EIEARHEN G 25 BEAL AT 2
BENE N J5 LSRRG A B 1, MRS CRF b3
FIERIRF A HIBEIL 10.1%. 18.3%F1 12.5%, #l
AR HTN A2 2 4% K 40 2 2 75 70 FEAIC 3.4%. 6.7%
F14.3%, ELIERS CRF Ab P 5 K 152 0 59 FAG

25.5%. 14.7%F1 23.2%, EIER HTN AFKERE K
12 303 IBEAG 16.2%. 3.4%H11 12.2%. B[ ] 424%
TR RN 788 22 W TR 2 R 0 25 PRI RS HH 4 R Bk i
3 it AL B ELIR AR E I KA RN THERG, &
L5 R R A it N S5 0 B At O\ T L R R A A
KRR THUGERG, FFP. CRF. HTN AbBRIEAE-/3 BEAE
W E R RE E I R AR T B LA LERE = 19.5%. 4.1%.
6.7% (& 3). EIEM FFP. HTN AbF (1) ZUIE 5 it
REPUEFEN 57.14%, MEIERBKESHIERH
2 {EAHIFIR) CRF AGFEN, JEARHEN G 255 BEA it
N BT BRI 23 R R B UERE N 1.37 %, &
IR REA 3 ml: — A& ELARAE MUt JIE 21 it 73 BE I B
(i) % P B LU RE S, MLARE N 12 d, BRSO 15 d;
T B R AT R 2 R s I LR, B
Rt 3 d IR IE K iE R E R NLIERE T
1.15~2.13 £i5 (W 2); =2 H BT A B & F H
HAK, FEALHEN JG 2275 BERC i\ BT I B[R] 2 B R
MFbFEA R = — ORI A B, R ENTREM
TR, R AR TP

S RTAR Y, K B RS IR L A B 21 40%, AT
WHBEMEIE MK T, MWBEREERHIE,
BK T R N L it LU 497 P 1) 40% DL R o

%3 RRARKET AR EAED G AFELMKZRMEE
Table 3 Ammonia volatilization and loss rate in rice field indifferent fertilization periods under different nitrogen treatments

o LAy BEAR Par 30 Mt
Fis SRR ——— - » —— - , . »
17 (kg hm?) it Tkl EES it EP N S S ) ik
(kg hm™®) (kg hm?) 1% (kg hm™) (kg hm?) 1% (kg hm?) F%
CK 0 0 5.780.56¢ 0.0 9.1940.49d 14.97+1.04c
FFP 180 126 25.8842.5% 16.0 54.0 36.1640.90a 49.9 62.0442.04a  26.2
IR
CRF 180 126 14.242.330 6.7 54.0 32.48:+1.36b 431 46.743.69b 17.6
HTN 180 126 21.6242.32a 12.6 54.0 24.70:1.00¢ 28.7 46.3242.82b  17.4
CK 0 0 5.5240.21¢ 0.0 7.5740.84d 13.140.87d
FFP 180 72 26.10:1.5a 35.5 108.0 56.27+4.12a 45.1 82.3743.19%a  38.4
HLER
CRF 180 126 18.112.35h 10.0 54.0 17.7342.27¢ 18.8 35.8440.39c  12.6
HTN 180 72 19.44+1.88b 19.3 108.0 47.09:+1.86b 36.6 62972837  27.7

24 FEXBESHEKESEKRERXMES T

AN it A FE T FH TR ZK NH, T -N B ik B n A 3,
H A MNES R ERE SR &S E, PIAhREE
AMEKH] CK HH/KESE — B T BRIRKKE, H
fih it AL BEAE il FH S AR S, S W RS TE AR )5 56 2
FRIE B KAB, AN [ it A A B e 265 U IR R
1.77~23.13 mg/L, £ 3 K H [ 7KE AR Bl T FF,
S BEAE &AL BE F T K B A B AR S FEIEAR AL, 58 2
KM KESREIAREE, FFP. CRF ZAEA HTN
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AbF T R FE R /INA A 30.45,.25.28 F1125.02 mg/L,

BT H 10 RiZWEr T CK. EHEFAE 5 H 29 Hii A
AR, T EARREAE = O S AR AR AR TRV T
IKEARAS, BT AR BE 0 2 H KSR = 2. 6
H 13 HiEA/BEAR Cit AL AT H K SRR B 55
CK M), HITHIZK NH, N B E 7E b\ 7> BE A
%52 RiEF|EME, FFP. CRF ALHAN HTN AL Bk
JE K/ )8 57.08. 34.04 F168.01 mg/L. HittAILA
S H, EARFE I FHTHIZK NH, N 5 SR B v T A LA e
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Fig.3 Dynamic changes of NH,"-N concentration in surface water after tillerin
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Fig4 Relationship between NH4*-N concentration in surface water and ammonia volatilization flux after rice tillering fertilizer applied
2.5 FEMRALE T KEN~S MK BRI, ATRAE AR R S . B i 5E
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TAKFET RS, LREREIEENIER, 805 CRF

REFE>HTN &3 >FFP 4b7 ., 5 FFP ALFRAREL, #L
HEAEAE CRFVHTN AL 2R 43 751 38 7= 9.31%7F1 4.70%),

BB FG 4 53 72 9.25% K1 4.91%., M= B R ZE,
5 FFP b FEAHEL, CRF. HTN &b ¥ = i Ji5 P 2 ix
2 it Ak B Bt 4 on B AR BR85S

* 4 TR 36 RAL T KAGH = 2K
Table 4 Yield components under different nitrogen application

Fifr A b3 FFRRIEY LI TR Rg SEF7= i/ (kg hm%)
CK 160.62:40.6d 66.42+1.38¢ 22.7840.38b 4128+132¢
FFP 175.14:4.24c 74.8642.59b 23.4240.29ab 88174201c
B
CRF 184.62+0.61a 80.8840.92a 23.6340.28a 9633:154.6a
HTN 180.54:49.96b 78.8040.41a 23.1740.07b 9250187
CK 161.95:1.32d 69.4240.78¢ 21.3940.22b 4295120.55¢
FFP 176.8340.83c 77.761.32b 22.2040.15b 9026:4265.4b
WA
CRF 184.2549.45a 81.564.73a 23.7340.98a 98664852
HTN 180.76:40.0.66b 79.69:4.83ab 22.3940.18b 94504216ab
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Table5 Ammonia volatilization emission intensity in paddy

fields under different nitrogen application

FE AR AL FR AT R HTBORE (kg 47)
CK 3.3440.29¢
3 FFP 7.074.51a
RG]
CRF 4.0240.31b
HTN 5.8140.24b
CK 3.18+0.33c
3 FFP 10.46+0.62a
P
CRF 4.29+0.24a
HTN 7.61+0.62b
33 %
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Nitrogen Loss from Surface Runoff and Ammonia Volatilization from Paddy
Field as Impacted by Different Fertilizers and Planting Methods

QIAO Yue, ZHU lJianggiang’, WU Qixia", XIE Chunjiao, LI Minghui, HUANG Siging
(Hubei Key Laboratory of Waterlogging Disaster and Agricultural Use of Wetland, Yangtze University, Jingzhou 434025, China)

Abstract: [Objectives] Nitrogen loss from agricultural soils is an environmental concern worldwide and the
purpose of this paper is to investigate the impact of the types of nitrogen fertilizers and planting methods on
reducing nitrogen loss from surface runoff and ammonia volatilization from paddy field. [ Method]l The
experiment was conducted in a field with the rice established either from machine transplanting (MTR) or direct
drill (DSR). Added to these were four nitrogen fertilizations: conventional fertilization (FFP), slow-controlled
fertilizer combined with urea (CRF) and seaweed polysaccharide nitrogen fertilizer (HTN), with no nitrogen
application as control (CK). In each treatment, we measured nitrogen loss from the surface runoff and ammonia
volatilization. [Result] Nitrogen lost from surface runoff was dominated by ammonium nitrogen (NH,"-N), with
the loss from the drainage prior to the planting accounted for approximately 52% of the total nitrogen loss from
the surface runoff. The impact of fertilizers on total nitrogen loss from the surface runoff was ranked in the order
of FFP > HTN > CREF, the same as the loss rate and intensity of ammonia volatilization (AV) for both MTR and
DSR. Compared with FFP, CRF and HTN each in combination with MTR reduced the AV loss during the whole
growth season by 12.5% and 4.3% respectively, with their associated AV intensity reduced by 43.1% and 17.8%
respectively; when combining each with DSR, they reduced AV loss rate by 23.2% and 12.2% respectively, with
their associated AV intensity reduced by 53.3% and 26.8% respectively. Compared with FFP, CRF and HTN
increased the yield by 9.31% and 4.70%, respectively, for rice planted using MRT, and 9.25% and 4.91%,
respectively, for rice planted using DSR. [ Conclusion] During the whole growth season, planting rice using DSR
increased the AV flux, nitrogen loss rate and AV intensity than planting with MTR. The impact of fertilizers on
nitrogen loss from the surface runoff was ranked in the order of FFP > HTN > CRF. When the amounts of all
applied nutrients were the same, selecting an appropriate nitrogen fertilizer with a rational combination with basal
fertilization and tillering-stage dressing can not only reduce nitrogen loss, but also improve nitrogen use efficiency
and ultimate yield.

Key words: nitrogen loss; surface runoff; ammonia volatilization; machine-transplanting; direct drill
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