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Characteristics of Phosphorus Runoff Losses from Typical Paddy Fields in Guangdong Province, China

NING Jian—feng, YAO Jian-wu, Al Shao—ying", LI Meng—jun, YU Dan-ni, WANG Si—yuan, LUO Ying—jian

(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, Guangdong
Engineering Research Center for Monitoring and Prevention of Agricultural Non—point Source Pollution, Guangzhou 510640, China )
Abstract ; Three experimental paddy fields located in the city of Zengcheng, Qingyuan and Gaozhou in Guangdong Province were selected to
monitor the runoff losses of phosphorus from the year of 2008 to 2012. The results showed that runoff event in paddy field occurred mainly in
the early rice season. The runoff concentration of total phosphorus (TP ) under conventional fertilization treatment was in the range of 0.02~
1.56 mg-L". It was recorded that TP concentration in 11%~18% of the total runoff samples exceeded the grade V of the national surface
water environmental quality (0.4 mg+L™). Peak concentration of different phosphorus forms[TP, dissolved total P(DTP) and particulate P
(PP)] were observed within 14 days after fertilization, which indicated the high environmental pollution risk of phosphorus during this period.
Application of phosphorus fertilizer increased runoff load of DTP in paddy field and showed no effect on that of PP and TP. The annual runoff
loads of 0.63~4.05, 0.33~2.91 kg+hm™ and 1.10~6.68 kg +hm™ for DTP, PP and TP, respectively, were recorded under conventional fertilizer
model. Runoff load of phosphorus exhibited wide spatial and temporal variation during experimental period. Runoff coefficient of 0.06% ~
6.81% of phosphorus was recorded. It was observed that DTP dominated the phosphorus runoff load. Phosphorus runoff losses from paddy field
was affected by a variety of natural and human factors, and fertilization, precipitation and runoff volume were identified as the main factors.
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Table 1 Basic properties of the soil in the experimental fields

I A WL Organic matter/ 4%, Total N/ 2:H Total P/ NO;-N/ NH;-N/ TR Olsen P/
Experimental site pH g kg g kg g-kg! mg-kg™! mg- kg™ mg-kg™!
135§ Zengcheng 6.20 22.8 1.28 0.47 5.09 2.59 23.80

Y Qingyuan 6.40 242 1.39 0.82 345 11.31 12.50
= Gaozhou 5.60 21.5 1.08 0.43 3.33 0.40 25.00
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Table 2 Annual inputs of chemical fertilizers in rice production(kg'hm’z)

2008 2009 2010 2011 2012
IR A L — — - - - - - - - -
Experimental site  Fertilizer LN R A g AR g R A g R A g R A
Early rice Late rice Early rice Late rice Early rice Late rice Early rice  Late rice  Early rice Late rice
Y3k Zengcheng N 107 122 168 113 192 114 68 68 143 142
P,0s 36 30 29 20 19 45 16 34 41 49
K0 29 93 78 61 19 45 43 34 89 115
W Qingyuan N 223 268 151 165 207 195 143 143 231 254
P,0s 78 172 87 127 160 166 56 56 88 82
K0 165 172 56 127 160 166 56 56 44 183
=9 Gaozhou N 156 139 107 115 242 175 181 208 91 72
P,0s 71 26 27 72 72 49 133 71 26 27
K0 0 47 60 51 96 94 133 188 71 60
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Figure 1 Precipitation, runoff volume( A ) and runoff coefficient(B ) in different paddy field sites
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Figure 3 Concentration of dissolved total phosphorus in runoff water from paddy field
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Figure 4 Concentration of particulate phosphorus in runoff water from paddy field
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Figure 5 Concentration of total phosphorus in runoff water from paddy field
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®3 BEHBELRRE AR (kg hm™)
Table 3 Runoff loads of total phosphorus in paddy fields(kg*hm)

i85 4 Experimental site #5475 Parameter Kb Treatments 2008 2009 2010 2011 2012
4yl Zengcheng Al S DTP CK 0.26b 0.97a 0.56b 0.49b 0.76b
CF 0.87a 1.23a 1.74a 0.96a 1.10a

Wik PP CK 2.10a 1.16a 0.46a 0.17a 0.51a

CF 1.23b 2.06a 0.49a 0.33a 0.48a

Ftgs TP CK 2.36a 2.13a 1.03a 0.60a 1.27a

CF 2.10a 3.29a 2.23a 1.32a 1.58a

WEIE Qingyuan Al S DTP CK 0.23b 0.39b 0.79b 0.75a 0.61a
CF 0.63a 0.68a 1.74a 0.86a 0.85a

WUk PP CK 1.43a 0.30a 0.55a 0.62a 0.66a

CF 1.11a 0.42a 0.70a 0.73a 0.72a

Bk TP CK 1.66a 0.69a 1.34b 1.37a 1.28a

CF 1.73a 1.10a 2.44a 1.60a 1.57a

#5H Gaozhou IR BE DTP CK 3.54a 1.54h 1.43b 0.61b 2.12b
CF 3.77a 2.12a 3.14a 0.88a 4.05a

kit PP CK 2.64a 1.31b 1.30b 0.36a 1.23b

CF 291a 1.66a 221a 0.40a 1.83a

Bk TP CK 6.18a 2.85b 2.73b 0.97b 3.35b

CF 6.68a 3.78a 5.35a 1.28a 5.88a

T : R R ING U CK M CF ARBHEZE 5 2 2% (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 Percentage of total phosphorus runoff load in early rice season and late rice season
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Figure 7 Runoff coefficient of total phosphorus in paddy fields
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Table 5 Principal component analysis of factors affecting
phosphorus runoff from paddy field

‘ Iﬁiﬁ‘ﬁﬂ( AR P& ?*ﬁ‘ﬁﬁlkﬁ
SR JRE W (XS IO ) J SRR, W) — 4R AT 2 8 Principal = by envalue Rate of Cumulative
e PE WA, o3 JRE WP e s P S X 17 AT A ) Complo e 120 Conm;u;:n/% Comr;zu;;n/%
KA xR 4 B AL AL RS AT SPSS 17.0 ) 179 29.89 83.15
BT ST 38T 3 0.61 1011 93.25

TR T a RN 5 PR o e 1 STk 4 030 491 98.17
53.25% , UL WA 1 RIS s i A FH AR I 0 2 TR 2 5 0.08 1.29 9945
A5 53.25%; 5T 2 REARRE 29.89% . i 2 A HUY ° o o il

* 4 BEBERRAZWER
Table 4 Factors affecting phosphorus runoff from paddy fields
P od A0y e o et it N Jiti, P20s Tt it K0 &2 JEAE 55 e T 1]
Experimental sites ~ Year  Precipitation/mm  Runoff/mm N level/kg-hm™  P.0s levellkg-hm? KO level/kg-hm?  Time interval/d
M3k Zengcheng 2008 1979 1599 228 65 121 2
2009 1383 914 281 49 139 12
2010 1507 909 305 64 64 13
2011 1017 529 285 113 113 13
2012 1708 979 285 90 203 7
W Qingyuan 2008 1141 742 491 250 337 3
2009 772 441 317 214 183 13
2010 1 652 912 402 326 326 8
2011 1123 732 389 204 321 3
=M Gaozhou 2008 998 539 486 170 227 7
2009 2 831 2292 294 98 47 12
2010 1429 1103 222 99 111 8
2011 1750 1138 418 121 190 6
2012 1210 576 137 50 77 12
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& 6 EM S AITHERE IRHIR S BT HE

Table 6 Rotated component matrix of principal component analysis

N FE RS F Factors
Principal component [ 5 Precipitation  #27i5 Runoff i fk N level  Jfifitat P,Os level  Jififfik KoO level jfifIE 5 i (]I Time interval
1 -0.094 -0.114 0.858 0.836 0.917 -0.754
2 0.970 0.979 -0.114 -0.257 -0.29 -0.248

BB FERZE . A HIX 80% A2 A7 4F [ W 4 Hp
F4—9 AWM s T AR E M, R SE CR
A DX R FAR I B 2 R AR B

MR R, R AR R % 1) 2 20
RS A T AR b X B AR TS e AR I
IK SRR BETE 0.02~1.56 mg- L™ 22 [A], Y JBEAB MR &
WAL 48 T B S5 (0.16~0.49 mg - L)1 g 44 W 2
T 2 50 5 (0.047~0.209 mg- L™ )P 37 v BEAR . e HH
AR TRV B 37 L M T (R R R i IE i BESE
ZFPR R 52, SO [R] b DR FH B A2 I R 8 2 R
EERARA o W T3 St A3 T X AT 9k
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S8R0 S N 113 P o A 3 D RA R & 5 1
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Ko [ AR X AE BB 2R 7 AT 7E 1.10~6.68 kg -
hm™ Z 6], 16 J5 BB = T b Rs ek (P) s ets
AT, B 0.179~0.454 kg-hm™ 0.07~0.15 kg-hm™=>,
55840 R WA i It 2R TAAT 0.52~3.20 kg - hm >R
R A RGO A% U U R £ 0.95 kg +hm 27
0.38~0.54 kg~ hm> P20, SR F 7 H 5] i X
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