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Effects of different rotation patterns on nitrogen and phosphorus loss in paddy fields under an optimal ratio
of cow manure and fertilizer

PU Yan-shuang', WANG Chun—xue', CHEN Jian—jun', LI Yuan', ZU Yan—-qun', ZHANG Ke—qiang’

(1.College of Resources and Environment, Yunnan Agricultural University, Yunnan Engineering Laboratory for Agricultural Environment
Pollution Control and Ecological Remediation, Kunming 650201, China; 2.Dali Scientific Observing and Experimental Station of Agro—
Environment, Ministry of Agriculture and Rural Affairs, Dali 671004, China)

Abstract: In this study, based on a field plot experiment, we aimed to investigate the effects of different crop rotation methods on the loss of
nitrogen and phosphorus in paddy fields under an optimal ratio of cow manure and fertilizer. To examine the changes in rice yield and total
nitrogen (TN) and total phosphorus (TP) concentrations in paddy field surface water, infiltrated water, and runoff under different rotation

patterns, we applied the following three rotation treatments: Y-OL(70% chemical fertilizer+30% cow manure—Lolium multiflorum Lamk.—
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rice); Y=OV (70% chemical fertilizer+30% cow manure—Vicia villosa Roth—rice); and Y-ON(70% chemical fertilizer+30% cow manure—

winter fallow—rice). A conventional fertilization and tillage mode (C-ON: 100% chemical fertilizer—winter fallow—rice) was used as a
control treatment. The results reveled that the TN concentration in the surface water in different treatments peaked on the 2" day after
applying spiked fertilizer, the TP concentration peaked on the 2™ day of applying the basal fertilizer, and the highest values were obtained
using the Y=ON treatment. In the C-ON and Y-ON treatments, the TN concentrations in infiltrated water peaked on the 2" day of applying
the basal fertilizer, whereas TN concentrations in the Y=OL and Y-OV treatments showed a peak on the 2" day after applying panicle
fertilizer. The overall TP concentration in infiltrated water during the entire rice growth period under Y=OV treatment was lower than other
treatments. There were no significant differences in the amounts of nitrogen and phosphorus runoff loss between paddy fields. The amounts
of nitrogen and phosphorus runoff loss in paddy fields were significantly correlated with rainfall, with TN runoff loss in each treatment
accounting for 70.24%~73.42% of the total runoff loss, and TP runoff loss accounted for 35.12%~42.42% of the total runoff loss. Compared
with the C-ON treatment, TN total loss in the Y-OV, Y-OL, and Y-ON treatments decreased by 43.92%, 25.21%, and 35.74%,
respectively, whereas compared with C—=ON, TP loss in the Y-OL and Y-ON treatments increased by 66.67% and 13.13%, respectively.
However, TP total loss in the Y=OV treatment showed no significant difference from that in C=ON. Furthermore, we detected no significant
differences in the rice yields obtained in the Y-=OV, Y-OL, and Y-ON treatments and that obtained in the C~ON treatment. In summary,
application of 70% chemical fertilizer+30% cow dung fertilization in the Vicia villosa Roth—rice rotation system can ensure a high rice
yield, effectively reduce the amounts of nitrogen loss in infiltration water and runoff, and maintain a low level of phosphorus loss, and can
thus be considered an effective planting model for reducing non—point source nitrogen and phosphorus pollution and enhancing land-use
efficiency.

Keywords: chemical fertilizer; cow manure; rotation; paddy field; nitrogen and phosphorus loss
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% HH Excel 2010 #E47 120 56 B 45 ¢ 21, >R 4T SPSS
21.0 1722 S PEGE 0BT (P<0.05) , 2R Origin 9.0 %
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Table 1 The amount of cow manure and fertilizer application in different treatments (kg+hm™)

it B HA ST EENE AL
Kb Total amount of fertilizer Base fertilizer Tillering fertilizer Panicle fertilizer
Treatments  JRZ(N, 1 HEREE B e PR%E T RS T h IRE IRE
46.4%) (P,05,16%) (K,0,50%) 2 (N,46.4%) (P,05,16%) (K,0,50%) 28 (N,46.4%) (N,46.4%)
Rt 345 687 116 0 115 687 116 0 115 115
LAk it e 265 481 116 7535 0 481 116 7535 132 132
—288— http://www.aed.org.cn
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N5 %Zd A Ah B TH 7K TN e B2 Y [ R 2.42~12.44
mg- L7, Hirf, C-ON Zb PRk 5 e, Y- ON Ab PR AR
Jite o BENEJE 26 2 d, 4540 P HH T /K TN ¥R S oM 3.55~
520 mg- L™, HH, Y-ONZb PRV FF 5, Y-OL AL $§
WP Fe i o it 20 BEAT 5 T K TN e B 2812 BT
FRaE o FH T 7K TN VR B R 8l BT it A
JE A 2 d, HISIRE  AE A KA 2 b ik S0 E vk
JEYEREI A 17.15~38.16 mg-L™', 5 C-ON AL EEAf L, Y-ON
SEFRHRE T 62.66%, Y -0V AL FHRJE T % 16.16%,
Y-OLAbFEHR B T K4 16.90% ., 5 e HH H THi 7K TN #e
JETFREIFE TRE (R2) . A0 HH HIK TP Y70 i
NEJ5 55 2 d ik BN0EAE , H A= ZEAb I8 B i (9 4k 2 T K
TP ¥ B ¥4 1 2 5 1 Rt A I B Ak B (P<0.05) , Hirp
Y—ONALIE%EF%%W mg- L™, & C—ON 4bH (1} 3.58

o THEFEAE S A 2 dAR EL it A BEAL SR 5 2 d 45 A B
Eﬂﬁﬂ(TPdU“i‘ﬂ‘l&p T R 2 v Y [ 0.29~0.37
mg- L7 2 BEAE IS (K5 10 d 4% 4 33 FH 1 K TP 3 i
A TS H A 2 B ) £ A R B 34 v T
WA Bt i 45 A T K TP MR B B it R i [ o 22
0.34~0.50 mg- L™, Z J5 W & MR % 0.15~0.17 mg- L™
(#£2),
2.2 TiBKTN.TPiREIL4FE

TBIK TN TPV AR N 2% 3 iR . TeHeAEm
PRI A BT 227K TN W 32 1 70 it BT F5 56 2 d 3 3] 0
i, BV BE 3 & T4 AR AL FE (P<0.05) , Hith C-ON
A IR B 8.12 mg- L', b Y-ON 4b 3 % 88.30%; %t
FER PR AL LR 18K TN Wk B2 I 7E it RRIE 5 56 2 d ik

FEAE , o Y-OL Ab B 5 4 2.88 mg- L7, L Y-OV
AL F T 24.68% . Jiti 4 BERL IS (26 10 d 5t 4 BEAR J5
552 dMIEL, 2R 2 AL MR Lt i = Fh AL B R 3B 7K TN ¥
YA LIS, Rt b I A BRI B T R i IE IS
552 d 45 it AR AL B 8 K TP e Y LM 0.22~0.79
mg - L7, JCRE AR AL Bk B2 3 B 3 = TR AR A B (P<
0.05) , HHr Y-ON Zb #H¥ J& 4 0.79 mg - L™, C-ON 4k
PR FE N 0.64 mg- L, FEHEA KR AR K ZRak BI04 {H
Jiti 53 BENE J5 B 55 10 d 5 43 BENE IS 55 2 d AH HL A5 b
R B K TP YRS FTF, Y-ON Ab Bk B TH e fie Ak,
Y-OVIRZ,Y-OLI/h. £EBE S 1P R AL 45 4b
N BK TPYR BERFE IR, 727 H 21 HIREA EF+
B Y-OL AL FEFF iR e K . AR5 25 2 d, Y-ON
SEFERBIOK TP U BE bt LA — i b B 2 3 R I
Y-OV ¥ & kb C-ON A FRAIK 0.09 mg- L', iRk, i
FENEJ5 265 20 d 5 VR AL B R 98K TP YR EE Y B TF, Jofe
VEANFR T 1B K TP YR BE T [
2.3 HEEAKITEK TN TP i ig) i8] B i T 243 B
S

FH 2% 4 AT, Y—ON Ab B i FH 1 7K TN S [a] [ B Jin
FBOP- 2k B 2 v T oAl 3 A B (P<0.05) , At Ak it
JIES Ak 38 ) FEL T 7K TP B [ ) B RSO 2 i 450 J 2 s
T HUENE AL $E (P<0.05) . C-ONAbBRAY T &K TN
Fis 1] (1) B TASCS- 2 e 32 Sk 2 v 1 At 3 b b 38 s FE L
AR it A B 45 A B AR, Y—OL AR FR %) 98 7K TN B[] 1]
HIACESAHR B B2 T Y-0V H Y-ON AbFE , Horb Y -0V
A B G2 A e RUBS: 5 1K 5 W TP I &, Y—OL Ab #L (1)

R2 ARAEFEBBHMEAKTN. TPREZHL (mg- L)

Table 2 TN and TP concentration changes in paddy field surface water with different treatments (mg-L™")

H i Date AN L
C-ON Y-OL Y-0V C-ON Y-OL Y-0V Y-ON
2019-06-04  12.44+1.95a 3.65+0.23b 2.48+0.22¢ 2.42+0.15¢ 1.11£0.19¢ 3.87+0.26a 1.91+0.19b 3.97+0.05a
2019-06-11 3.89+0.26a 3.55+0.67a 4.39+0.57a 5.20+1.21a 0.29+0.03b 0.37+0.03a 0.33+0.01ab 0.35+0.04a
2019-06-21 1.85+0.21b 2.07+0.36b 4.04+0.28a 4.06+0.11a 0.37+0.05b 0.50+0.07h 0.93+0.05a 1.08+0.17a
2019-07-01 1.83+0.77b 2.44+0.24a 2.31+0.38ab 2.16+0.29ab 0.69+0.01a 0.70+0.04a 0.68+0.07a 0.72+0.02a
2019-07-11 1.57+0.27h 2.21+0.14a 1.67+0.16b 1.53+0.24b 0.37+0.02b 0.65+0.12a 0.63+0.03a 0.57+0.06a
2019-07-21 1.24+0.01a 1.24+0.20a 1.41£0.10a 1.21+0.08a 0.28+0.03ab 0.25+0.04b 0.32+0.03a 0.30+0.02ab
2019-07-31  23.46+0.87b 17.15+1.51c 19.67+1.89¢ 38.16+6.38a 0.50+0.10a 0.38+0.06ab 0.34+0.07b 0.46+0.03ab
2019-08-20 1.40+0.30a 1.02+0.17ab 0.99+0.10b 0.93+0.14b 0.19+0.03a 0.24+0.05a 0.21+0.05a 0.18+0.00a
2019-09-09 1.76+0.12b 2.27+0.26a 2.04+0.21ab 1.98+0.13ab 0.16+0.01a 0.14+0.02ab 0.15+0.01ab 0.13+0.02b
2019-09-29 1.33+0.15a 1.38+0.22a 1.13+0.07ab 0.93+0.07b 0.17+0.02a 0.17+0.03a 0.15+0.02a 0.17+0.01a

TE : RT3 S R R DAL BRLIR] 22 57 (235 (P<0.05) PRI+ ARifERE ) o TRl

Note : Different letters in the same line indicate significant differences among treatments of TN or TP(P<0.05) (Mean value+SD). The same below.
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3 NEIAIRFEHE TSR TN TP R E AL (mg- L)
Table 3 TN and TP concentration changes in infiltration water of paddy field with different treatment (mg-L™")

H ] Date BATN HBTP
C-ON Y-OL Y-OV Y-ON C-ON Y-OL Y-OV Y-ON
2019-06-04 8.21+0.75a 2.84+0.39¢ 2.14+0.22¢ 4.36+0.63b 0.64+0.12a 0.30+0.05b 0.22+0.03b 0.79+0.19a
2019-06-11 4.09+0.35a 1.09+0.21b 0.73+0.07¢ 1.22+0.23b 0.10+0.01a 0.08+0.00a 0.06+0.01b 0.08+0.01a
2019-06-21 3.94+0.33a 2.49+0.19b 1.43+0.32¢ 2.18+0.14b 0.29+0.05¢ 0.18+0.02d 0.38+0.02b 0.46+0.02a
2019-07-01 2.54+0.38a 1.82+0.17b 0.95+0.20¢ 1.33+0.19¢ 0.24+0.01a 0.25+0.03a 0.27+0.02a 0.23+0.01a
2019-07-11 2.25+0.24a 2.13+0.41ab 0.80+0.09¢ 1.69+0.21b 0.04+0.01ab 0.06+0.01a 0.03+0.01b 0.03+0.01b
2019-07-21 1.90+0.14a 2.00+0.32a 1.01+0.15b 1.11£0.24b 0.25+0.03b 0.56+0.06a 0.26+0.04b 0.19+0.01b
2019-07-31 2.75+0.30a 2.88+0.15a 2.31+0.28ab 2.10+0.49b 0.24+0.03be 0.32+0.06ab 0.15+0.02¢ 0.36+0.08a
2019-08-20 2.30+0.28a 1.58+0.10b 1.02+0.12¢ 0.94+0.12¢ 0.23+0.02b 0.66+0.12a 0.26+0.05b 0.27+0.05b
2019-09-09 1.53+0.26a 0.62+0.04b 0.74+0.09b 0.77+0.13b 0.03+0.01b 0.07+0.02a 0.03+0.00b 0.02+0.00b
2019-09-29 1.07+0.13a 1.21+0.16a 1.21+0.18a 1.13+0.16a 0.05+0.01b 0.20+0.05a 0.06+0.01b 0.07+0.01b
F4 FAEALIEEEKFTEAK TN TP B E (8 FE N F 247K E (mg- L)
Table 4 Weighted average concentration of TN and TP time—intervals of field surface water and infiltrating water
under different treatments(mg-1™")
hb¥p HTE 7K Field surface water TBK Infiltrating water
Treatments HMAETN SBETP HMATN B TP

C-ON 3.43+0.04b 0.29+0.01c 2.15+0.14a 0.15+0.01c

Y-OL 2.98+0.21b 0.34+0.00b 1.53+0.09b 0.26+0.02a

Y-OV 3.26+0.16b 0.35+0.02ab 1.05+0.10¢ 0.15+0.01¢

Y-ON 4.69+0.73a 0.38+0.02a 1.23+0.07¢ 0.17+0.00b

TE - RIS )7 B3 b B i 22 57 B 35 (P<0.05) o R Tl

Note: Different letters in a column indicate significant differences among treatments ( P<0.05). The same below.

T8 7K B[] 1] B IR Y- 25 v B S 2 v T A A AR
2, HoH Y-0V b B ) v 3 fe 1K o
2.4 FBRTN . TPREAET WIS

MBI ATLUE #0008 X e R A K F 2R 4k 7 AR
S5RARTE , HAR U TN TP 3t 2% 1 bifl [ W 2 22 £k i A2
A, , BT 22 A TN TP 3 2% 2 9 AH OGP 43 A 485 2R
e S 2 A G (P<0.01) , 1 BH o T A2 5 i e P R0 A2 O
MR FLRNRZ— . TERETN R i, AN [F] L 2]
PV TN Y2k 5 G S 35 25 57, LIS TN i i 7 R
BTN JE R 19 70% L b o A KRR T BN,
PSR AL B A A2 TN JiE 2% /U0 i 3% 25 55 HL AR fb
PHA—F(E 1A) . FEHARH TP I 5 52 BT
SN A, o T P e v ), 2% A 3L ) TP 3t 2K 4 TG b 2
25, TP ik 5 AR F W 35% L (K]
1B) . H13R5 AT, £5 Ab B i) Z8 il A28 U Ik 2K ik TG J 2
225, P LIt NE 75 =X 5 58 AR A M) AR I AU 2R 1 5
WA/ AR R EE S W A X,
2.5 TBAMEREBALSENT

FH 2% 6 AT, O Ak it HE 45 b TN 3 2% 2 44 4 2%
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x5 FRLEERBERDMAE (kg-hm™)
Table 5 Total runoff loss of nitrogen and phosphorus runoff under

different treatments (kg+hm™)

4 HE Treatments BATN JBE TP
C-ON 3.60+0.23a 0.43+0.04a
Y-OL 3.46+0.28a 0.50+0.03a
Y-0V 3.64+0.23a 0.46+0.04a
Y-ON 3.65+0.29a 0.45+0.04a

I T8 HUME A AL B, ELY-OV b BE TN 37 25 5 A%, %
T8 G AE AL 35 43.92% , Y -OL AL FE T Y -ON 40 34 43
BT Bt A AL B 25.219% F135.74% ., 8 FitE B AL
B TP 3t 2% 1 1% T 00 fh it I 5 Ab 3, 6 DL ko it JES Ak
FA Y -0V b2 TP i 2% f e A%, HL-5 it AT 4k 23
TREER.
2.6 AEIRERERENKBIEENT

FH 28 7 AT, Y-OL Ab B () /K e = i e i, Y-0V
IR Z , C-ON A FRAR A o A [] 4cb B 1) 2 S M 53 A
SR, 4% Ak BRIA] KR 7 5 0 8 3 25 7 (P<0.05) o
I, WA IR A 3G e VR IR B K e 7 T
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Figure 1 Runoff loss amount changes of TN and TP at different treatments in rice field

4R3I
=i

Fo6 AELLERBETEHM

Table 6 The total nitrogen and phosphorus loss of infiltrating

B2 (kg-hm™)

water and runoff under different treatments (kg+hm™)

AbF Treatments MATN SETP
C-ON 26.30x1.70a 1.98+0.11¢
Y-OL 19.67+£0.91b 3.30+0.17a
Y-0OV 14.75+1.22¢ 2.01+0.01¢
Y-ON 16.90+0.36¢ 2.24+0.01b

M, LLC—ON AL BEARXS 7= &4 100%, Y-OL . Y-0V
Y - ON [ 41 X 7= & 43 51 24 116.50% . 115.15% .
102.69% , —Fl b BRIE) & B0 Ay R XS 18 77

3 itig
3.0 MUEREZFETARBIERSETFEHEBE®EIK TN,
TP B i

Ro it S 7 A A X A6 ) Sy 5 i A ] R
TMARMEZEEERS, A5, a2 d, ik
Jit AL A FHE TN R 1 5 Rt TS AR B8 T TP 3k B
M) 2 v T8 MU AR AL H . s RN R E BT
K, HAERALRIAS etk 18 [ , 3 350 7K o TN i
FE T, SR A 2 i AR (R 20,69, BT LA
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R NEIEKFE = (kg-hm™)
Table 7 The yield of rice under different treatments (kg+hm™)

Jb 3 KR 7 GiERONa Y
Treatments Rice yield/(kg-hm™) Relative yield/%
C-ON 9 900+860a 100.00+10.64a
Y-OL 11 533+555a 116.50+6.87a
Y-OV 11 400+1 435a 115.15+17.75a
Y-ON 10 166+449a 102.69+5.56a

it A 2R 2 d, 0t A Ak B FH 17 7K TN e B 3 8 1A AL
JIES Ak ES P e Ak 381 5 A 40 %o 3 Tl 65 1 ) P A A1, A
B K R TR B 25 B Bk e, B sh b 22, i 4R 2
e ) R ARl R R 3k 61,39, LA HLIE 5 Ak B e e
it D/ T RE A5 1 4 e, DA T 4 FH TG K H TP ik
JE i TR RN A B Azt SRR 5 3R B A AL
JIES T 5 i FEFEL T 7K TN VA B B R A B I 34.05%
A RS A Y — 8. IR S 5 2 d HTE K
TN Wk B 7E R AR R 2= bk B0 ME , B CHAF A TN
WREE o TR EAREL . Hoh, Y-ON &b PR R 3 f 5, A
F C-ON F T} 62.66%. % H 4 (1 )5 K AT BE 2

HE U0 A e HES Ak B PR 287 A 2 L 8 MG AE Ak BE 2
AUEACHEBEHE AT, S8 A BE e 23 5 AR FH H THi
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JK TNLTP W BE (A8 A . ASBIE 58 LAt I 25140 T,
TGS AR Ak H % FH 1 7K TN TP B8] [ B fin AT 347 3 i
2 TR AR AL I, S5 R AT R R AR A A T AL -
R A S AL R R AR B AL A R T
H SRR A, TE 8 R G 110 11 SR (A 2 i 245 ), 44 5
H 8 By REK RK R I, NI A1) T X AR E
HUE SRR M .
32 U EGTARRIERZEXFTEHTIEKTN,
TP B %M

A A R 3B 7K R e XU A1 Y 2
Y-OV AL BR B IR b PR 5 7K TN B[] 7] B fin AL
Rk B B TR IR AR B . LR AT RE A
HLAE AR FC A it FH P 2 5 - S JOR T 55 - 5 1,
HERERE R il A AR 380 - 45 e R RN R S A
T 0 TR AR IR SRS AR R AR A
RSN 1] 2 (A N N S =0 717 S 1 A /1Y £ 1) W 0
FRABR YOV ZMIL43 B P A B R 35 7K TP B[] [8] B i
ROT- ¥ B 35 3 2 8 T8 BB I AL 38, 3 A BB 2 i
TA HUIEANE BT it v] 0 5 5 0 1= e rh i 22 i 2R, %
IR A SR B35 %) W2 BEE RE 7, 1 Bl A
- R A A M R B 2 B R T A Sl R B A A
JE 0 T B 2 A I A AU, AN R AR RS R 13K
TP¥BEAET H 21 H ETHE IR R Al g2 R4 h B R 1
FEREIAE IR FYE, 5 DR TR Bk B R
FHE . AU EN, 2P Olsen—P & E ik 5] —
JE M0 I, o RIERER T2, ik B
e MK AR R G LT A A
BILJTT 375 ik TG0 0 A R e 0 i, P R 1 ok, 42
o A RO i, TS R B A P R R K
R, AR 2R IR O AU, 7 RRAIG  3E 05 h mle i
B SR8 184 5t A 0 ) ol 2R ) R AR FH R, oK e - 5%
A FEAEAE PR T oK — R AR AR AL R,
33 RMUBHEEGETARARIEREXNBHEABE TS
MERTEBENFIT

ABIFFE A [ it A R A Ak 3 ) SR A I U
O 2 25 R EUE R R K, AU R RS T
AR TR 2 S M A AR AR T R i E N R L I A
25 b 3 TN TP 42 3 U 2K 1 40 ) o7 R I R 1| Y
13.69%~24.68% . 15.15%~22.89%, i Ak jiti HE 4% kb 3
TN Pt 2R o 33 4 20 T 8 L I Ak 2, it JES Ak
PR TP 3t 2% 1 IR F 00 Ak it NE &5 Ab 31, 6 P £ it JES Ak
HR Y-0V b3 TP i 2% i e A%, H 5 8 Bt It ¢
FE5 . RO RE AN R AP A B R B
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Ze 5 BRI TR B R B A, BAC I =M
AP EEE R AR N BRI R .
3.4 RUTERRZ B TR RRIE RGN KTE~ BRI
A P A AL P HE P e A0 48 A 2 mT AR AR
AR MA R, B0 i e AU, $
A ML & R AR i A M T KRR 3R 2
AR 70 DA T 412 e 7K A ) A 2 BRSO R AR 2
KRS o ARPFFEH, BRDE A It AL 4 2% 4k BEK
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4 g

(1) 20 T it T o 5 B PR 1 8 A it
TN P2, B 5 B RS R B AR b TP 2k it .
TCRAESMET 2R 28 AL M T it 55 PR it AL AE AR EE , e 1
B ARG TN 3R S0 35.74% , TP i 2k w4 0
13.13%.

(2) K FE-H AR VR B, RS H R B FIAR IR TN %
SEBL T H R NE AN VR AL B, T KRS O S A X
HI R 2 AR TP IR e JCIH ISR . 5 H P AE AN
YEADFRAH L, KRGS 22 BT KRRG-S e AL FE TN
MR T 25.21%.43.92% ., 54 M IE A 1E
FHEL , KR — M 32 BB VEAL F TP i 2 i - T)66.67% ;7K
T8 VAL B TP 2k 1 JC B8 7281k

(3) 4= 2L I it 55 KA AR 5 A 1) 2% K A
P TR R
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