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Characteristics of Nitrogen Runoff from Paddy Fields in Guangdong Province

YAO Jian-wu', NING Jian—feng', LI Meng—jun', WANG Rong-hui', ZENG Zhao-bing', LUO Ying—jian', Al Shao-ying", Ll Zhen-sen?,
CHEN Wei-chao?, OU Ji—yin?

(1.Institute of Agricultural Resources and Environment, Guangdong Academy of Agricultural Sciences, Key Laboratory of Plant Nutrition and
Fertilizer in South Region, Ministry of Agriculture, Guangdong Key Laboratory of Nutrient Cycling and Farmland Conservation, Guangzhou
510640, China; 2.Guangdong Master Station of Agricultural Environment Protection and Rural Energy, Guangzhou 510500, China)

Abstract : Nitrogen loss from agricultural fields is a important source for eutrophication in aquatic ecosystems. In this study, characteristics
and potential environmental risks of nitrogen runoff were studied from 2008 to 2012 under conventionally managed paddy fields in
Zengcheng, Qingyuan and Gaozhou, which represent central, north and western regions of traditional paddy production area in Guangdong
Province, respectively. Nitrogen runoff from paddy fields occurred mainly during the early period of rice growth in these regions, which was
associated with the local precipitation. In nitrogen fertilization treatment, concentrations of NHi—N in runoff water were from 0.05 to 25.05
mg- L7, 0.02 to 19.83 mg- L', and 0.02 to 55.4 mg- L' for Zengcheng, Qingyuan and Gaozhou region, respectively. The corresponding total
nitrogen( TN ) concentrations were from 0.33 to 36.51 mg-L™", 0.46 to 21.01 mg-L™", and 0.49 to 61.96 mg-L". Nitrogen application in—
creased the concentrations of NH;—N and TN in runoff water from paddy fields, both exceeding the grade V (2.0 mg+L™") of the national sur—
face water quality standards within 10 days after nitrogen application, implying that nitrogen runoff during this period would impose potential
risks to the water environment. Although nitrogen fertilization affected NO;—N concentrations in the runoff water, it was less than 10 mg-L™

in all three experimental regions. The nitrate concentrations in the runoff met the fifth grade(grade V) of national surface water quality
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standards. Annual loads of nitrogen runoff in Zengcheng, Qingyuan and Gaozhou regions were from 24.31 to 53.68 kg-hm™, 8.71 to 23.76

kg+hm™ and 13.32 to 88.16 kg-hm™, respectively, and the corresponding runoff coefficients were from 1.4% to 3.9%, 0.1% to 5.5% and

0.9% to 21.6%. Approximately 53% to 86% of nitrogen runoff loads were observed in the early rice season, which was directly related to the

local rainfall distribution.

Keywords: paddy field; nutrient runoff; nitrogen load; Guangdong Province
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Table 1 Basic properties of soils in experimental fields
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Table 2 Annual inputs of chemical fertilizers in rice production
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Year  season CK CF CK CF CK CF

2008 RLFE 0 223 0 106 0 156
Mk 0 268 0 122 0 138
Gt 0 491 0 228 0 294
2009 LA 0 151 0 168 0 107
W 0 165 0 113 0 115
&t 0 317 0 281 0 222
2010 R 0 207 0 192 0 243
WA 0 195 0 114 0 175
Gt 0 402 0 305 0 418
2011 R 0 181 0 143 0 69
WS 0 208 0 142 0 68
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Hit 0 486 0 285 0 163

AN A B P e >3 1%, SR FH A 7 =X A pILIE A
KRB AGERAFE HA VUL, fLIE P RIE E R —
JC. SICE AN, b PRE R S B - 1l ]
IKFEHETK AR 2 Wit  FH 5] o3 0 545 B it 14 e R Y
oA R R T, AR 4 AR T A,
MR K 8 HE 11 A,

AN H ]/ DCRAS S AR ], /N XA 24
m*(6 mx4 m) . K5 15 RS 7K 430 ) 3 5y, A2 /MK Y
AR SRR, AN X A S T 15— 2% PVC HEZK
B (AR 8 em, K 50 em) K FERN 7 A4 AR K A
R (K 3 m, 98 1 m, % 1 m), TARMERNGGES:
BRI AHE AT 3 d)RAEFRTIK , KK Hij Se i R 12 37 vt
TR FRARTL, HH 3t N AR I FE B 51 e, SRR I
IKFET 2.5 LG Rbi Y, 2 [0 5236 % 407 o 1
[ o T A o W T, SR AR KR A 2R A T 40
Mo BRUCRAERRIRE A AKHLEAR KT, I
PR, TN IR A
1.3 HRRESHHFAZE

R S (TN) R TC/TN 43 H1 % (multi N/C
21008, P& )M E", A A (NO; -N ) FIEE A A (NHi -
N) ¥4 5% R 35 43 B AL (Alliance —Futura 1T, ¥ [ ) ]
JE o AR AT (kg hm™)=/NXARIE N #HEE (mg- L)
x 72 it KRB (L)/1000]x 10 000 (m?)/7IN X i £ (m?) 5
RIMKRE (%)=Citi Z AL N i 2% 61 faf — A it AE Ak
PN R G )x 100/t N 4

brdllE7Npsiesto2icl 55 34 528 4 HA
1.4 RS

i ] Excel 2007 F&J% Fil SAS 9.0 45343 1 #
VAT AL PR

2 HR5iTie

2.1 BFREMRRE

2008—2012 4, B3k 3 Al JH =N K
et A 3 18] 7 R TR 2 43 51 R 1017 ~1978 . 772~1652
mm 1 1210~2831 mm, A 7" A: iR i i Ry 441~912
529~1599 mm Fl 576~2292 mm( [& 1B), 4> 5 R &%
TAESD 6453 YR 67 IR, Hoh P34 85% . 72% 11 66%
AR R A R . NI 1 A ] YRR &40
AT VEIRT LATE SRR A ) P 3 T o 4 o R o
LA s L G A 55%~5T% 2 1) 5 W A A= K 30 1al 1
R TR o 7 AR R Y 229%~36% . F& AR s K
AR A 5 e TR AR AL AR, 150 B [ R e AR HH M5k
B — D EZ N R, SHAIRESS R,

22 IBHESERRRE

P 2 Fp e EH it A Ak BERAR 37E 7 Ae 25 R JE43 T A
0.05~25.05 (435 ) .0.02~19.83 mg - L™ (31 ) Fl 0.02~
55.4 mg- L7 (i), 34978 AR LA REAR#E 0.01~1.88
0.01~5.73.0.02~2.9 mg- L™ (e . Jita B 12 TR R ()
[i) B 2 2 M A FH SR A R R M B R R 2 — 12
TR PR R R R TR K BUHR B LA D B
IR, IRZE E N ARG 5 2~3 d, T A S A A
FERP IR SR U8, 32 B PR it ARG H S & K
fift o 38 3R G s, R AR R TR NH =N ¥ B 0 (E
(2008.04.28 .2009.04.17 ,2010.05.15 ,2011.05.05 Fl
2012.04. 13 ) BAE ARG Z= (K 2 A), 43391k 25.05 .
5.20.3.99 .1.83.2.53 mg- L', P &5 f5 i — Vit &L ]
I 2.5.7.2. 8 do TEREIRE A RS AR IR B S
RN B A LA AR 2R (| 2 B, 40 o
10.31,1.84.7.12 mg <L, %F 1 42 3 & A= w} | 4
2008.04.24.2010.05.09 F12012.04.29, P fixii—IK A,
NERE G 6~9 do M S (K 2 C), F AR K
BSR4 5 1.81.2.21 1.47 14,12 .55.4 .26.2
mg - L™, & A= #£2008.04.14 ,2008.08.25 ,2009.08.20 .
2010.04.26 .2010.08.13 ,2012.04.24 , i f J5 — Uit &
Bt 3~10 d,

AT, AN SRR AR T AR 2 50
AR, il —a AR R kIR Sk . TR
A NE R R 53 RS TG AR T8 T2 i /U (R 2=
S5 ), RO I A A0 A T e A R (B A



20154 4 B WRARI, 5 ) AR AR AR TR R AL 731
350
g I35
£ 001 mwi a
£ 50l BEM N —
S 200 (A)
&
oy 1501
Z 100l
pin 1l E (15 e [
0
1 2 3 4 5 6 7 11
Aty
T eI =M
2008 2009 2010 2011 2012 2008 2009 2010 2011 2012|2008 2009 2010 2011 2012 6000
\
OO
1 £
£ 000 14500 £
-8 =
E 2000 =
5 s 13000 £
) L E
£ 3000+ — =
iy I EIE,H
&E 40001 H 11500 @
=it RERR=E HHI_IHO
2008 2009 2010 2011 2012‘2008 2009 2010 2011 2012 ‘ 2008 2009 2010 2011 2012
HR eI i
B 1 i3 2008—2012 £ AH(AFEH(B EMERERRE
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Figure 2 Concentrations of ammonium nitrogen in runoff water from rice fields( A: Zengcheng; B: Qingyuan ; C: Gaozhou )
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Figure 3 Concentrations of nitrate nitrogen in runoff water from rice fields( A : Zengcheng ; B: Qingyuan; C: Gaozhou )
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Figure 4 Total nitrogen concentrations in runoff water from rice fields( A : Zengcheng; B: Qingyuan ; C : Gaozhou )
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SRV XTI i AR AR I 8 R, B S R AT L
RBRARBERBIRN EREARIEE. 540 FHL
BAIE AT — e R F A B K
SRHEE . FSEFIE oR |, TEIE B AR I pH 2514
T, FEH KA WA ] B S m R
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AW AL e A5 RIS A RO 2 e S S Ak S A
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FEA AN A3 B A T B TR, 2O
WENTF 1~2 mg- L Z[a],
25 BHRERERRE AR

Tt A X R LA™ o 0 R 20 I8 2 A7 A 114 52 T 485
TEAS [ 1 2 7] — 33 A R AR 03 22 (R A AR R
e (36 3) . I b, it IE 2 3 s HH A o
FURLEVRUAL IR B far , Xof HE A AT J 60T 2RI 4k 7o
4350k 8.15~12.88 kg -hm™ F1 13.17~38.14 kg +hm™,
Jit A A LA™ ot 0 R S T 2R 97 Ay AR I %o A 343
L 26.5%~121.4%F1 39.2%~65.3% ., 5 LIRS
Bk 2008 F1 2010 4EAR , HoAth AR A I Z5 R R
Jite A X A FE ™ o5 2R S0 2K 17 g G J8 52 1, %o e
A PR IO R BRI R B ar 430 3.7~11.18 kg-hm™
1 8.66~16.72 kg-hm™, Jifi I A HH45™ o7 0 FH A U 2R
g Ay 4.46~16.18 kg-hm™ Fil 8.66~16.72 kg-hm?, &
HNIRTE s, it A S 2 R IR P o U % B A, i
XoF S GRUIAE % 7 A ) S M 26 AN [R) AR 22 ) 2 S R A
AL i P A5t A A PR FH 4 Jo R0 B U AR
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Table 3 Annual loads of nitrogen runoff from paddy fields

I 5 Ay Years

EXPe:kmgeﬁr‘l‘t‘él site AP Nitrogen form - LS Trcatment 2008 2009 2010 2011 2012
Hii4 Zengcheng (NH;+NO;3)-N CK 8.15b 9.11a 12.88b 6.99h 10.28b
CF 18.04a 11.52a 19.59 12.24a 17.49
TN CK 19.49b 19.53b 38.14b 13.17b 17.53b

CF 32.21a 27.19a 53.68a 25.62a 24.31a

JHE Qingyuan (NH;+NO;3)-N CK 6.38h 3.70a 7.72h 8.80a 11.18a
CF 16.18a 4.46a 12.82a 10.33a 12.32a

TN CK 11.26b 8.66a 15.01b 16.72a 14.76a
CF 23.76a 8.71a 24.05a 16.89a 16.45a
5 Gaozhou (NH;+NO3)-N CK 19.69b 6.98b 13.15b 4.33a 13.38b
CF 25.71a 12.2a 65.91a 6.5% 42.19a
TN CK 47.28b 16.38a 23.74b 11.58a 29.67b

CF 61.30a 18.37a 88.16a 13.32a 64.94a

T [FAIA R NE FEFR CK R CF AR R2E 5 35 (P<0.05).,

Note: Different letters in the same column represent significant difference between CK and CF treatments at P<0.05 level.
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Figure 6 Distribution of nitrogen runoff loads between early and

late rice( A : Zengcheng ; B: Qingyuan ; C: Gaozhou )
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