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Dynamic Changes of Nitrogen and Phosphorus Concentrations in Surface Waters of Paddy Soils in the
Northern Area of Erhai Lake
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Abstract: A field experiment was conducted to study dynamic changes in ammonium(NH;-N), nitrate(NO5-N) concentrations, dissolved
total N(DTN), total N(TN ), total P(TP) and dissolved total P(DTP) concentrations in the surface waters of paddy fields applied with differ—
ent treatments of N and P fertilizers in the northern region of Erhai Lake. Results showed that TN and DTN peaked after 1~3 days, and de—
creased rapidly and then leveled off after 9 days of the basal fertilizer applied, while TN and DTN reached their respective peak values in
concentrations quickly during milk stage. Dynamic changes of DTN fitted a quadratic equation(Y=4 X*+BX+C). NH{-N peaked 3~5 days af—
ter the basal fertilizer applied, but NHi-N peaked 1~2 days after the milk fertilizer applied. TP and DTP concentrations were exponentially
declined after basal fertilizer application. However, there were no differences in these indexes 12 days later, this change could be described
with an exponential equation (Y=Cyxe", k<0 ). Therefore, 9 days after fertilizing were the key period for controlling the N loss from the paddy
fields, but two weeks for controlling the P loss. Fertilizing season should avoid rainfall period to reduce nutrient losses through runoff.
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Figure 1 Rainfall during experimental period in 2011
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Table 1 Effects of N levels on the contents of different forms of N in the surface water

N K- TN/mg-1! DTN/mg-L" NO;>—~N/mg-L"! NHi-N/mg-L" DON/mg-L" PN/mg-L"
NO 8.3420.5f 5.22:0.51f 1.62+1.19a 0.55:0.52f 3.0420.58¢ 3.120.05¢
N1 57.6622.61e 42.6+5.06e 2.58+2.41a 14.3523.2¢ 25.66+6.17d 15.0624.73b
N2 78.08+9.26d 66.42+2.47d 2.66+1.35a 22.04x2.77d 41.72+1.82d 11.65+6.95he
N3 108.19+11.02¢ 91.57+10.37¢ 2.98+1.95a 27.82+2.21c 60.78+9.73¢ 16.62+2.13b
N4 136.46+8.78b 114.45+22.7h 2.35+0.44a 33.3824.71b 78.7317.96b 22.01x14.1b
N5 196.5+16.09%a 159.93+17.53a 2.17+0.91a 43.53+3.39 114.23+14.11a 36.57+2.51a

r(n=18) 0.980" 0.972" 0.142 0.985~ 0.958~ 0.847"

T R RISV 5N R TR 22 ik 5% 28 7K 3 AHSEHELE 0.01 25K CRURAG B8 ) s A 21U 2 2011 AESLAEI 1 (5 A 19 H—S5
J1 28 H )5 Yl B i - (AN AR R (7 JT 29 H—8 J1 4 H )5yl B i) -3 2
Note: Values followed by different letters in a column were significant among treatments at the 5% level. ** Correlation was significant at the 0.01 level
(2-tailed ). Values were the sum of the mean values respectively averaged during the base(19 May to 28 May ) and milk fertilizing stages(29 July to 4 August)
in 2011.
R 2 REIHE N KEXERERRSE LB (%)
Table 2 Effects of N levels on the proportions of different forms of N(% )

N K DTN/TN NO3;-N/TN NH:-N/TN DON/TN PN/TN
NO 62.48+2.38¢ 19.08+12.81a 6.67+6.43¢ 36.73+8.89¢ 37.52+2.38a
N1 73.88+8.16b 4.49+4.2b 25.01+6.48b 44.39+9.32b¢ 26.12+8.16b
N2 85.54+7.65a 3.55+2.27b 28.26+2.04a 53.74+4.99ab 14.46+7.65¢
N3 84.59+1.99a 2.67+1.55b 25.93+4.25b 55.99+3.51a 15.41+1.99¢
N4 83.49+11.6ab 1.72+0.27b 24.41+2.07b 57.37+9.73a 16.51+11.6bc
N5 81.29+2.55ab 1.11+0.43b 22.16+0.1b 58.03+2.8a 18.71+2.55b¢

r(n=18) 0.674™ -0.732" 0.616™ 0.779" -0.674"

TE: RN ISR G R AR R L Tk 5% 8B 7K 3+ MIDCHEAE 0.01 7K 7 CRUBARE ) ; A 30 2011 AEJLIBES (5 A 19 H—5
728 H)S5 YRl Bl i I E A RN (7 29 H—8 J1 4 H)5 Wil B it V-2

Note : Values followed by different letters in a column were significant among treatments at the 5% level. ** Correlation was significant at the 0.01 level
(2-tailed ). Values were the sum of the mean values respectively averaged during the base(19 May to 28 May ) and milk fertilizing stages(29 July to 4 August)
in 2011.
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Figure 2 Effects of different N levels on changes in TN concentrations in the surface water
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Figure 3 Effects of different N levels on changes in DTN concentrations in the surface water
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Table 3 Quadratic simulation of the changes in the DTN concentration in the surface water after N fertilizing

25 DTN (s AJEAE )5 ) DTN AZ2HEIE SR )
N1 N2 N3 N4 N5 N1 N2 N3 N4 N5
A -6.311 ~7.404 -8.823 -13.223 -17.520 1.964 1.856 1.934 0.552 2.533
B 26.694 26.278 30.330 48.983 65.083 -18.080 -20.500 -23.621 -15.024 -34.957
C 21.518 52.002 75.016 85.544 110.229 43.058 58.111 72.206 66.416 124.185
r 0.879 0.898 0.884 0.906 0.883 0.920 0.978 0.995 0.981 0.948
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

T A AR Ul R K B AR — IR R KL C AR RO K r AURADC R B P AR FARR IR ST LS AR L A HER

Note: A was the quadratic coefficient, B was the monomial coefficient, C was the constant, r was the correlation coefficient, P was the probability of the

observed value in F—test.
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Figure 4 Effect of different N levels on changes in NH;—N concentrations in the surface water
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Figure 5 Effect of different N levels on changes in NO;—N concentrations in the surface water
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T 2 28 i SR AR [ AR A RS, AR S 3RHH ,
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{8, SR e i R, it A PR 12 d 5 AS ] it 7K SF- 7]
25, 15 d UG HNE KA E T EEIAE (K 6).

%5 PREMEABEEK TP 1 DTP iR EELIsHEilg R
Table 5 Exponential simulation of the decrease in the TP and DTP

concentrations in the surface water after P fertilizing

TP DTP
ZH
P1 p2 P3 P1 P2 P3
Co/mg-L" 12243  19.880 40.856 10338  11.554  23.760
kid™! -0.305 -0.262 -0.281 -0.317 -0.230 -0.258
r 0.948 0.924 0911 0.954 0.920 0.910
P 0.000 0.000 0.000 0.000 0.000 0.000

e Co RRH BIREGE RER M REG B REGP K
F RS ge it 0 USSR AH I I E S
Note: C was the constant,k was the regression coefficient,r was the

correlation coefficient, P was the probability of the observed value in F-test.

& 4 REHE P IBAKEX B P BRI

Table 4 P fertilizer to different levels of each type P the influence of the distribution

P K- TP/mg- L™ DTP/mg- L PP/mg- L DTP/TP/% PP/TP/%
PO 0.24+0.07¢ 0.12+0.01d 0.12+0.02b 50.69+0.67b 49.31+0.67a
P1 2.09+0.08¢ 1.64+0.15¢ 0.45+0.17b 78.71x13.06a 21.29+13.06b
P2 4.39+1.18b 2.83+0.44b 1.56+1.26b 77.71+11.88a 22.29+11.88b
P3 8.64+2.46a 5.46+1.35a 3.19+1.44a 71.03+2.91a 28.97+2.91b

r(n=12) 0.954™ 0.967" 0.856™ 0.410 -0.410

TE: RN RFVEAE G AR TR 22598 5% 035K 5 MSEETE 0.01 B3 /KF CBUBAR SR ) ; Ir A 4t 2011 AESEARI (5 A 19 H—o6

F3 H)S Y2 ol - EI{E.

Note: Values followed by different letters in a column were significant among treatments at the 5% level. ** Correlation was significant at the 0.01 level

(2-tailed ). Values were the average of data measured in five times during the base(19 May to 3 June ).
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Figure 6 Effects of different P levels on changes in TP and DTP concentrations in the surface water of paddy



EEE T, 26« R s DA [ 8L A R 5 K SR 8 25 A5 A B 845

HAAL a3 n] FAE BRI (Y =Coxe k<0 )AL
L WEHRILER 5, X S ABFTAREMI. HIt,
ZK R A I B4 7P PN R AL O XU ) e e 3
WA WFTE R W R Z el 3R U 2R (9 B R XU e 24
TERFER R — > A NP B AR A A A i L PP
HERH, e, ARG P KA AR )
W1, XA A [RTE S FE A2 ma K, HLRGE it P
R RN, AN [ B 2500 1 e JEE A A3 o, L 7 25 8
B (TP ) M ik 2 JCA LA (DTP ) JEE 3 T 32 e AP

3 &g

(1)JtEhe )5 9 d ARG TR K TN DTN NH;-N PN
TON -5 55 1 Rt B i S S5 35 1A DG (R OG R 8000
S 0.980™, 0.9727.0.985™, 0.847™ F1 0.958™), filiZs
Rt N S (0] JC s 25 AR DG (RO R ECh 0.142) 5 )i
NS 15 d P9 HITRT K TP DTP PP -3 v 5 5 7K [
i P K2R A SE (AR R 3110 0.954™
0.967" #10.856™) ,{HDTP PP (! TP [ 5] 5t Pt ]
Je s AR M R C R 55053 718 0.410 F1-0.410) .

(2)TN P K DTN 7 Jifi 5 8 J5 52 e T 5 B
BO1~3 d IRFNIEAE L9 d J5 & 22 SR, 7Eil A 22 Fl
JNEJE TN ¥ B2 7 BRI (A 5 AR TR 7E 9 d /S
SRR TR . DTN e B R AS (b R3] Fl—
WHIZR AR Y =A X>+BX +C K434 ; H1E K TP FIDTP
W AR AL AR T AR BB ARSI (Y =Coxe™ k<0 ) e H
A iEAESE TN DTN TP A[/E ARG H N (P ik () 2
N P #5845, KG9 d PUEF 6 N (%) SCHa 1, i
il P A5 B SRR A I A Rt I S R R DY

(3)NH: =N ¥ i A8 AL AEAS [m] e AR B 500 A B 4 [X
S, SR e R B BT B IR S B THE . it
JEAEJS 7K NH;-N ¥R EETE 3~5 d INFI TR, T7E
SBARSE 1~2 d NETHG

(4 )8 50 DX A g it A B8 7 3 - % W B4
PIs/ DA JE AR T AR o

ORI O K e FH 0B O 2R A7 100 R 5 R
A 4, VERV I A P SRR AL ™ R, A% P K A it
NEASAE HE , FH TR K AR AT Bifi 22 HE I, A &) 365 1l HH THTZK 57
AR o TR, WA Tl it A 58 B 2 A2 /KA
FH BRI A 00, PR R LR I B 7K N B i, %of
P 2 AT U YR AT PR L T s
ARSI AEAR SR 2 7 T I RF TR A Ak ST e
AR EE R AT

Sk

T sk R, 8BS, % 2 5tm sl K BBk &2 Wi
Fl2#, 2010, 22(6) : 820-828.
YU Yang, ZHANG Min, QIAN Shan—qin, et al. Current status and de-
velopment of water quality of lakes in Yunnan-—Guizhou Pateau[]].
Journal of Lake Sciences, 2010, 22(6) : 820-828.

[2] W BENE, AR IR TR IS DX A A Ml IS YL 1T X 5[] Alh B
AR SE, 2006, 27(6) : 428-431.
YANG Shu-hui, SONG Tian-qing. Problems of pollution derived from
agriculture in Erhai Lake district and countermeasures[J]. Research of
Agricultural Modernization, 2006, 27(6) :428— 431.

B] ARk, AL KK, W30, 55, LR DOR R AR AR TR B 25
FHEOFEN]. R E SR S IERHR, 2011, 17(3):608-615.
TANG Qiu—xiang, REN Tian-zhi, LEI Bao—kun, et al. Characteristics of
nitrogen and phosphorus loss in various crop rotation systems in north—
ern watershed of Erhai Lake [J]. Plant Nutrition and Fertilizer Science,
2011, 17(3):608-615.

4] HEA, Bk, 7t K, 5. AR RUBERC G e I K B 2085 50
BASEBFSEIT]. 135, 2006, 38(6) :727-733.
TIAN Yu-hua, HE Fa—yun, YIN Bin, et al. Dynamic changes of nitrogen
and phosphorus concentrations in surface water of paddy field[]]. Soils,
2006, 38(6):727-733.

[5] AT 55, PR DN, DMPP 78 FH R THT 2K 038 7 1k K it 2R TS BB 4 52 11
[J]. H E R AL, 2010, 30(9): 1274-1280.
YU Qiao—gang, CHEN Ying—xu. Influences of nitrification inhibitor 3,
4 -dimethylpyrazole phosphate on nitrogen transformation and potential
runoff loss in rice fields[J]. China Environmental Science, 2010, 30(9):
1274-1280.

[6] /NG, AREE, ST, 5. b IR RS H R 2K AR M shAE
P RAEXFALLT]. AL PR 4241, 2004, 23(5 ) - 852-856.
WANG Xiao—-zhi, ZHU Jian—guo, HOSEN Yasu—kazu, et al. Dynamic
changes and modeling of nitrogen in paddy field surface water after ap—
plication with different doses of urea [J]. Journal of Agro—Environment
Science, 2004, 23(5) : 852-856.

(7] skakss, AKRL, 20 ok, S5 BTG RT A5 1R T ORI DR AR = 1%
TRTRRAFALL] WIHLAOLRLE, 2000, 48(11):2688-2692.
ZHANG Ji-zong, LEI Qiu-liang, ZUO Qiang, et al. Nitrogen loss char—
acteristics with runoff under simulated rainfall conditions in paddy field
of Taihu Lake Region[J]. Hubei Agricultural Sciences, 2009, 48(11):
2688-2692.

[8] FRIE 3L, WhibE H , 25454, BILTRE R EH ™ i A EUIE A I3 1 52
[J] VPR 241, 1997, 28(4) :292-296.
SU Zheng—yi, HAN Xiao-ri, LI Chun—quan, et al. Effect of deep place—
ment N on fertilizers crop yields and use efficiency of nitrogen[J]. Jour—
nal of Shenyang Agricultural University, 1997, 28(4):292-296.

(9] ARJE K. A 15 A K HE SR 545 BREOR BB 5ET]. 23, 1991, 23
241-245.

[10] 2RIE R . A& H P ZAE RIS S X[ T3 53755, 2000, 9(1):1-
6.



846

R Sy et Y 5 2 EF 4

ZHU Zhao-liang. Loss of fertilizer N from plants—soil system and the
strategies and techniques for its reduction[]J]. Soil and Environmental
Sciences, 2000, 9(1):1-6.

[11] Datta S K. Nitrogen transformations in wetland rice ecosystems[J]. Nu—
trient Cycling in Agro—Ecosystems, 1995, 42(13):193-203.

[12] Fillery R P, De Dana S K, Ammonia volatilization from nitrogen
volatilization as a N loss mechanism in flooded rice fields[J]. Fertilizer
Research, 1986, 9:78-98.

[13] R ES, AL, SUARIE. SomiXT ATt e 5% S th ol 2R T 2R 11

S HEFREERIE, 2007, 27(4) 1 518-523.
YANG Li—xia, YANG Gui-shan, YUAN Shao—feng. Effects of phos—
phorus application on phosphorus loss in the typical vegetable plot of
Taihu Watershed[J]. China Environmental Science, 2007, 27(4):518-
523.

[14] Malhi S S, Mcgill W B. Nitrification in three Albert soils: Effect of
temperature, moisture and substrate concentration[J]. Soil Biol Biochem,
1982, 14:393-399.

(1517 AR, PR, BEHTIR, S5, FEMO0AS I AR h R R e fb 5 ml i

PERIFEIRLI]. 7K H 45540, 2006, 20(5):92-94, 129.
LI Hua, CHEN Ying-xu, LIANG Xin—gqiang, et al. Influence of duck—
weed on N conversion and dissolved N in floodwater after urea applica—
tion into paddy field[J]. Journal of Soil and Water Conservation, 2006,
20(5):92-94,129.

[16] XR3EAE, I+ 5, sRAipk, 55 ARt U AL Ty x4
FARAIFENAL]. 3, 2006, 38(3):263-269.

DENG Mei-hua, YIN Bin, ZHANG Shao-lin, et al. Effects of rate and
method of N application on ammonia volatilization in paddy field[J].
Soils, 2006, 38(3) :263-269.

7] AR R X L A R G R R R IR ER S5 D). M -
HMAKE, 2010.

LIN Zhong—cheng. Studies on nitrogen utilization in soil —crop system
in the Taihu Lake region[D]. Yangzhou : Yangzhou University, 2010.

[18] Ak, Mo se, Mpphan, 55 08 Fg W 18" e LRk £ AR 28 3R o
rEifg: I fH LSRR W R RRAELS]. L3R,
2005(5):799-804.

CAO Zhi-hong, LIN Xian-gui, YANG Lin-zhang, et al. Ecological

function of “Paddy field ring” to urban and rural environment: I .
Characterristics of soil P losses from paddy fields to waterbodies with
runoff[J]. A cta Pedologica Sinica, 2005(5 ) : 799-804.

[1912% i, &I, Bed A, 55, 381 b DX/ I sk i e v
DUBLGEREIFELI]. A0l TR0, 2008, 24(2) : 64-69.

LI Mian, YANG Jian—feng, HOU Jian—cai, et al. Sediment deposition
process for a silt dam in a small watershed in Loess Hilly region[J].
Transactions of the CSAE, 2008, 24(2) ; 64-69.

[20] EBRAZ, ZEth . IR BANE 5 - 3P0 1 T 2 SR (], RSBt
kg, 1999, 7(2):116-123.

WANG Qing—ren, LI Ji—yun. Fertilizer proper use and sustainable de—
velopment of soil environment in China[J]. Advances in Environmen—
tal Science, 1999, 7(2):116-123.

(207 5RL0%, sk, Bh 7. ) DX ML RR A - R -2 S fE i R A2

TR S LET]. A= AR, 2008, 27(1):17-23.
ZHANG Hong-ai, ZHANG Huan—chao, ZHONG Ping. Study on phos—
phorus concentrations in runoff from paddy soils of rice—wheat double
cropping system in Taihu Lake region[]]. Ecological Science, 2008, 27
(1):17-23.

2215k g, whda, A5 KRS B T 2R RRAE ) 22 AT ]
i A A A, 2009, 25(16) :237-243.

ZHANG Wei, Al Shao-ying, YAO Jian—wu, et al. Preliminary study on
characteristics of phosphorus losses from rice fields[J]. Agricultural
Science Bulletin, 2009, 25(16):237-243.

[23] W5 H, 20, SRR, &5 TR A BB 251 AR
e R TR 25T AR LARFAA, 2010, 24(3) : 13-17.
CAO Xue-yan, LI Yong—mei, ZHANG Huai-zhi, et al. Differences of
phosphorus loss on different soil texture in—situ under simulated rain—
fall conditions of Dianchi Lake watershed[J]. Journal of Soil and Wa—
ter Conservation, 2010, 24(3).13-17.

[24] A7 00 2, At L Tl X A I U K i P 2R A i T R B S 1 52
W], K A PREFEAR, 2010, 24(5):31-34.

YANG Li—xia, YANG Gui-shan. Effects of phosphorus application on
P forms in runoff from rice field of Taihu watershed|[J]. Journal of Soil

and Water Conservation, 2010, 24(5):31-34.



