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1.1 FIRXEEL

ARG T VLT J5 IR b A Al A b 358 78 VA
NBZ3F 5 = R S VIR B e A B QT R SN
T DM ) 7. R s 7R X 8 A

WK, EWFEKENT 100 mm, FEHR
H16.1 C, 2FELFHEMLA250 d, L EFREDK
Feit o I R AR A T . A 1.07
g-kg”, AHLF22.8 g-kg™', &A1.87 gkg™', W
0.78 g-kg™', AMME14.68 mg-kg™', A 14.14
mg-kg™', BAA4.59 mg-kg™', pH 6.90,

1.2 RIEEt

AL WAMA (NO) | iz 157.5
kg-hm™ (N1) . JiZli&210 kg-hm™ (N2) . jifi
2i%262.5 kg-hm™ (N3 ) | Mi4i%315 kg-hm™
(N4) | jfizi 420 kg-hm™ (N5 ) 67AbHE, 4F
M= EE, 18X, BEHLIX A HES
25 4b BRI O A R A BE . FRE, e & W P,O5 75
kg-hm™, K,0 90 kg-hm™,

A . BOANERE (PO) | JEP,05 37.5
kg-hm™ (P1) | JiP,O5 75 kg-hm™ (P2) . jfi
P,05 112.5 kg-hm™ (P3) . jfiP,O5 150 kg-hm™
(P4) . JiP,O5 300 kg-hm™ (P5) 6 4bH, %
AP = E S, I I8A/NX, BEHLIX 4 HED
ARG AF A A . BRIE, A E AN 210
kg-hm™, K,0 90 kg-hm™,

ANIX ALY M40 mP. 3R IR AT AU R R R
(#N 463 g-kg™') , 43I (40% ) . 4rBENE
(30% ) FIFEEIE (30% ) jifi 5 B AE A i R 45
(&P,05 120 g-kg™') , 2WAERILALNGEH ; A0
JEAH (EHK,0 600 gkg™) L, AMEEAE (50% )
FIFEAL (50% ) Wi fH o JEAC 4 /Nt , it f5 P-4
B —K 5 4 BESFNAR AR 42 /N X 30 . ARG Sl A
Pith476, $#16.7 cm x 26.7 e85 A T AR,
RRiotk, W8 T4H28HEEFM, SH30HEH, 9
A7 Bk o g8 i B vh K 48 B 4% 24 1 > 45k
17, JABErAHEGE K, BEARS0% M2 1 J5 A SA Wt
KT, WK T — J8 AR WK dE
1.3 MEmMB5S57R%

BwiEAEEE, 8K LET8:00~10:00RK4E
KR, BN RESHEL, REFN
ERA (TN) | TEELAA (DTN) | FURE
A (PN) . A[EMANA (DON) . NO;-NFI
NH,-N. Ji H#t 5, &K E48:00 ~10:00%
B W KFE, BA/DNXCRESNHAL, BEE W
EMBE (TP) | nJEMEEEE (DTP) | Uk S
(PP) o TN 5 2 B0 & — 2540 ook
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LN RE I E 3 NH,-NR 22 b ¢
JE; PNHTNAIDTNZ 15381, DONMDTN S
NO;-N. NH,-NZEW I3RS . TPR A0 B iR
P A — W L kD2 ; DTPSEH0.45 w myE
b, P 0 A R I A —H I L R E
PPHITP 5DTPZ T8 K15 .
1.4 HIELIE

BE oy M AN 2 8 % FMicrosoft Office Excel
2010, SPSSI11.5MIR 3.0. 197, 25 BE 0 H
/R EZES (LSD) #Eilbfr.

2 4 R

2.1 MEREMHEKPRRHESEKRENEZN

X AR K PR R AR S (F1) 7]
L A8 d (ArEBEAESHT d) H KA
FZUDTNRE, B ANEZ IS 2 FDTN (5 TN
P35 AR, (H AL 75 15 62.4% , i HoAth it 20 I Ak B
DTN (5 TN FL I ¥ 7E88% LA |, H B it 20 f2: 11 4%

T e e g in . H K RPN EL BRI, B AN
RN LB, (AU A R 37.6%, T HoAth it U
b B AR T 12% , LB it 20 8 %) 384 Jan 1 i 37
ik, JLRPAiHEZAAE (NO;-N, NH,-NFIDON )
(A7 A L5t 280 5 AN/ A T RN TR] . 7
At BAC AT, DINOS-NR £, H 5 TN )
$}135.4%, DONFMINH,-NA L4354 H11.9%
M15.1%; AAEMAZMF, WEADONFMINH,-N
NE, ZHEE TN G50 E31.6% F144.7% L)
e, LB it SR A B i R i, WiINOS-N
BB MK T 12 %, HL R it 0 5 04 385 Jon g 28 7%
FEAR

=B R RS A RERE SHARXLR
LI, TN, DTN, NH;-NHIDON 4 v i 14 i i %0
HEHGIE R, W HEY A e —EEE, H
WiRSHEES (B1) o XFTN, YA 8
287.8 kg-hmJ5, HIRERIE SR 465, X+
DTN, Jifi % 2 #i5289.9 kg-hmJ5, Hoyk i b i 2>
Hm2.54%; X FNH-NFDON, 4jifi & /& 43 5l
7$231.5 kg-hm>H1336.7 kg-hm i}, HoHe 5t 250
WiEm (K1) .

®1 TRERKTETHEKFRELSHERK

Table 1 Fractionation of N in surface water relative to N application rate
SUSE] v
DTN/TN /% PN/TN /% NO;-N/TN /% NH,-N /TN /% DON/TN /%

Treatment

NO 62.4+6.5¢c 37.6 +6.5a 354+2.7a 11.9+£2.4b 15.1 +4.0b

N1 88.0 £ 1.5b 12.0+1.5b 11.7+6.2b 31.6+4.4a 44.7 +3.0a

N2 88.0 + 2.4ab 12.0 +2.4b 10.6 £7.7b 31.4+4.6a 46.1+5.4a

N3 89.9+0.7b 10.1£0.7b 8.1 +4.4b 36.7+11.7a 45.1+9.1a

N4 89.7 =+ 1.7ab 10.3+1.7b 6.9 +3.8b 37.0+12.7a 45.8 £10.4a

N5 92.3+0.9a 7.7+0.9¢ 5.5+4.4b 38.3+14.2a 48.5+12.3a
r (n=18) 0.856* 0.856* 0.886%** 0.908** 0.832*

o NO ~ N5/ R %00.0, 157.5, 210.0, 262.5, 315.0, 420.0 kg-hm™ (LINit) 5 TN, PN, DTN, DON%5I2R &

AOBRLSE . T TERA

TETEAPLA ;. RNEUEILNE | o> BENEFIAEEAE T8 d P I 5 B 09 249 s r I TB SR TN

A3 5 6 R (A DG R B RIBAS TR 28 R R P<0.057KF 22 5# B 3% . T [F Note: NO ~ N5 stands for N application at 0.0, 157.5,
210.0, 262.5, 315.0 and 420.0 kg'hm'z, respectively , and TN, PN, DTN, and DON for total N, total soluble N, soluble organic N,

respectively; values were means of the measurements in the first 8 day after basal, tillering and panical fertilization; » stands for

correlation coefficient of the proportion of each form of N to total N with N application rate; and different letters in the same column

mean significant difference at the P<0.05 level. The same below
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Fig. 1 Relationships between N application rate and concentrations of different forms of N in surface water
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S TNAIDTNAN A, H B A7 il 5 8 Fn 43 BEIE 5 2
dA R RNE(E, WS ZEiEAL, Et)ES dEAY
At R AL PRI, FEREARS 1 dor BP Ik B A, i
JE RS2 KR BRI 2 5 AN RS A LT . LAk,
Wit A I R B, it 56 A RN 43 BE IR I 45 it 20 Ak B A
SR ZWREHHE & TG WKE.
WIN2ALEE, FCTNMR FE Rt S NE M43 BENRJS 1 a4y 51

#5737 mg- L7 H162.6 mg-L™', MiAEALE{LR12.0
mg- L™, LB EENE 1 16% M119% .
2.3 FEMEXNHEKPBRREESRRENZI

YR W AFTEIE A (£2) AT, Tl
ARG ~8 dNAEH H /K P B R LIPP N F,
S TR) it 5 K- T PP TP L B 76% ~ 93% .
7K D TP b B AR, 4% it 85 A Ab 2 35 41K
F24%. AN, DTP S TPAY L2 b6 & it i &
1) S8 0T 2 B, I PP Y TP Y ) ) 2 P
REA

SINTEBEALIE 1 ~ 8 AN TE SR R E (A
3) JERB, JCie AR A EE, vk A 4 b it
S RIE G N, T R AR AR S T Lt A G
KF, MHEREIKT0.97, Hik—E0MH&H,
TP . PPk Ji it il 2 38 0 A9 3 iR ALK, MIDTPRY
BEWREL N
2.4 TEEXNHEKPBRINSTUHFG

W B HE 5 TP . DTPAIPPYE B (948 4k 8 S LA
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Fig. 2 Dynamic changes of different forms of N in surface water relative to N application rate
#2 AREME#HKFETHEKPHRESHER
Table 2 Fractionation of P in surface water relative to P application rate
Jb ¥ Treatment PP/TP /% DTP/TP /%
PO 91.2 +3.6a 8.8+3.6d
Pl 85.1+£2.7b 14.9+2.7¢
P2 81.2 +1.3bc 18.8 + 1.3bc
P3 78.8 £2.4cd 21.2 +2.4ab
P4 77.3 +2.2cd 22.7+2.2ab
P5 76.3 +£2.0d 23.7+2.0a
r (n=18) 0.829* 0.829*

W PO~ PS5/ I ERMifE0.0. 37.5, 75.0, 112.5, 150.0, 300.0 kg-hm™ ( LIP,Os3t) ; PP, TP, DTP/r4l3m k. ol
VR R . BURRE . R AIE AR 5 SR LU S E R B A OC R 8L, R [F] Note: PO ~ P5 stands for P,O; application rate of 0.0,
37.5, 75.0, 112.5, 150.0, and 300.0 kg‘hm’z, respectively, and PP, TP, DTP for particulate P, total P, and total soluble P. R stands for

correlation coefficient between P,Oy application rate and proportion of each form of P to TP. The same below
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Fig. 3 Relationships between P application rate and concentrations of different forms of P in surface water
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Fig. 4 Dynamic changes of different forms of P in surface water relative to P application rate
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Abstract [ Objective ] Because of extensive management of water and nutrients in rice cultivation,
especially artificial drainage of just fertilized paddy fields for mechanized rice transplanting and direct rice
seeding, non-point source N and P pollution turned out to be very serious in Jianghan Plain, posing a great
threat to the safety of agricultural water and drinking water. N and P in paddy field surface water are the
direct sources of non-point source N and P pollution. It is, therefore, essential to master rules of the changes
in N and P in paddy field surface water to preventing and controlling the non-point source N and P pollution
from paddy fields. However, at present, it is still unclear how N and P changes in paddy fields surface water
and how fertilizer application affects the changes in the Jianghan Plain. This is a topic that calls for further

studies. [ Method ] In this study, a field experiment, designed to have a number of treatments varying in
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N and P application rate along a gradient, was carried out to explore how N and P changes in paddy field
surface water and how fertilizer application affects the changes. Samples of paddy field surface water were
collected for 8 consecutive days after each fertilizer application for analysis of total N (TN), total soluble
N (DTN), soluble organic N (DON), NH,-N and NO;-N, total P (TP), total soluble P (DTP), and particulate
P (PP). [ Result ] Results show that total soluble N (DTN), soluble organic N (DON) and NH,-N accounted
for 88.0%, 44.7% and 31.6%, respectively, of the total N (TN) in surface water, after application of urea,
and increased with increasing N application rate, while particulate P (PP) made up 76% ~ 93% of the total
P (TP) after application of superphosphate, but decreased with increasing P application rate. A piecewise
linear correlation was observed between N concentration in surface water and N application rate. With
increasing N application rate, N in surface water would increase in concentrations, and when N application
rate exceeded 287.8, 289.9, 231.5 and 336.7 kg-hm™, TN, DTN, NH,-N and DON would jump by a large
margin, respectively. All forms of P in surface water would increase linearly in concentraton with increasing
P application rate. TN and DTN peaked 1 day after urea application, and then leveled off 5 days after basal
and tillering fertilization and 2 days after panicle fertilization. NH,-N reached its peak value 2 days after
basal and tillering fertilization and 1 day after panicle fertilization, and then leveled off 5 days after basal
and tillering fertilization and 2 days after panicle fertilization. TP, PP and total soluble P (DTP) reached
their respective peak values quickly just in 1 day, and then decreased sharply by over 79.0% 3 days after
superphosphate application. [ Conclusion ] DTN, especially DON and NH, -N are the main forms of N in
surface water after urea applicaton. PP is the main form of P after superphosphate application. Reducing
the N and P application rates can reduce the concentrations of N and P in surface water and their losses as
well. So it is advisable to control N application rate within 231.5 kg-hm™. The first 5 days after basal and
tillering fertilization and 2 days after panicle fertilization were the optimal periods key to controlling N loss
from paddy fields, and 3 days to controlling P loss.

Key words Jianghan Plain; Surface water; Forms; Dynamic change; Key controlling period
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