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Effects of different fertilization treatments on runoff losses of nitrogen and phosphorus in paddy fields in
Erhai Lake basin, China

JIANG Hai-bin"**, SHEN Shi—zhou'?, GU Yan-ru', YU Shuang’, ZOU Hong—tao®, Arif Husain'?, ZHANG Lei‘, ZHANG Ke—qiang'*

(1. Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. College of Land and
Environment, Shenyang Agriculture University, Shenyang 110866, China; 3. Dali Observation and Experimental Station of National
Agricultural Environment, Dali 671004, China; 4. Dali Agricultural Environmental Protection Monitoring Station, Dali 671000, China)
Abstract: To explore the rice planting fertilization mode in Erhai Lake basin and reduce runoff losses of nitrogen and phosphorus in paddy
fields, this study investigated the effects of different fertilization treatments through field plot experiments. Results showed that the total
phosphorus (TP) concentration in the T6 runoff was significantly higher than that of other fertilization treatments. The TP concentration in
the T4 runoff was significantly higher than the other fertilization treatments. The total nitrogen (TN) loss of the chemical fertilizer reduction
pattern (T1) exhibited no significant difference as compared to the conventional fertilization pattern (CF), while the TN loss of the organic
fertilizer replacement patterns (T2~T5) decreased by 31.6%~40.4%. The slow and controlled release fertilizer pattern (T6) decreased by
15.7%. Compared to the CF, the TP losses of T1, T4, and T6 increased by 16.3%, 57.0%, and 45.3%, respectively. There was no significant
difference in the TP losses between T2 and the CF. The grain yields of T1 and T2~T5 decreased by 9.5% and 11.8%~42.9%, respectively,
compared to the CF. The grain yield of T6 did not differ significantly from the CF. Moreover, there were no significant differences in straw

yields of the CF, T1, T4, and T6, whereas compared to the CF, the T2, T3, and TS5 straw yields decreased by 15.5%, 16.0%, and 36.0%,
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respectively. Considering the runoff losses and rice yields of the different fertilization patterns and the loss of the chemical fertilizer

reduction pattern (T1), the combined application of organic and inorganic fertilizer patterns (T3 and T5) and the slow/controlled—release

fertilizer pattern(T6) are more environmentally—friendly fertilization models for paddy fields in Erhai Lake basin.

Keywords: Erhai Lake basin; fertilization pattern; paddy field; runoff; N and P loss; yield
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F1 AELEERERFHEIRE (kg-hm™)

Table 1 Types and amount of fertilization application of different treaments (kg+hm™)

FLNE Base fertilizer

S BENE Tillering fertilizer

FENE Spike fertilizer 334748 Fold pure total

s FOUE RE RS P TR R% . o ko
Organic fertilizer ~ Urea  Superphosphate Potassium muriate Control released fertilizer Urea

CK 0 0 0 0 0 0 0 0
CF 0 297 450 180 127 195 72 90
Tl 0 237 375 144 102 156 60 72
T2 6 500 0 0 0 0 156 150 375
T3 2 609 142 0 0 61 156 60 149
T4 26 000 0 0 0 0 624 598 1482
T5 10 436 142 0 0 61 343 240 595
T6 0 0 0 0 624 0 156 68 81

AT B2 o SRAEHITJE TR S KA, PR K A2 T 100 mL
L2 S S i e R = AEIN N | DN R R DAEL I R I = '
T4 CIKFARRIRAT . RESTRIFHEE R, &
P B R AN B LA BT 1 B3 T e o AR v 0 31
FEKAE R SVE B A AR B TR
BRI 1) B R B0 il 2 M0 e G R s B A AR
FHAA PR 20 606 BE s, S A EUR 5840 o O B
2, SR T PR B 40 DO B, mI I P SR T H 6
PUHAIE KA RE 73 5 R A A /N X R K AR
FEHRL AR AT
1.5 HiRAES 5

{5 FH Microsoft Excel 2010 #4750 85 #£ # |, Origin
2018 2z &1, >R HH SPSS 19 HIN 3 )5 22 o Ml A7 . 2 1k
K 56 (P<0.05 78 22 5 . % ) , LSD Ml Duncan % #47
BIH I

2 HR5HH
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AR A BN 0.20~43.20 mm - d™', B R R
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TN 7K R A A D0 LA % 626 R 56k 5 58 PR 3252 i, X e
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A [m] it A A XA A% 0 RV AN T 2 T
AR AR S AT HE 4 0.27~10.39 mg- L,
XU R 3.69 mg- L. i/ BENEJE 2 6 d L RUR
i, N 1.61~10.39 mg- L' 7 F 2 H % CF A4, H:
454 BEE R SR T 3.72 mg- L. 7 5 HFER
R, A AR BRAR L AR B A T e HLA
UL, 4 6.85~7.98 mg-1™'. 7 H 27 H i 47 Jite A Ab PE 1Y
MR TR B, 027 mg- L', 8 H24 H il
TREAE At , 45 it AR A PR BE WA T o FE KRR AN
[F) I B AE 5, 45 it A A A J00 B R0 B 34 2 80 R 4

= &l 150
140
130

[% 5 Rainfall amount/(mm-d™")

o
9
0
(=]

<
T 7
D
(=]

09-20

07-31 +
08-03
08-05
08-09
08-14
09-14
09-27
10-11

H # Date( H - H Month-Day )

2 200 |

=

E

< 150t

=

=

=]

g

Z 100}

3

=]

=

50

i)

ES

& . . .
<t o n = v =~ O a O o < O
T 9999 7099
© O YV > > > > > >
S © O o o o o ©o o <o o o<

Figure 1

| KFBERKPERENZRE

Rainfall and runoff during rice growing period
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RN (T6) Ab B, 3 55 77 8 RUSE A BF 5% 45 2
—%,

A v it A ASE 2 e FH A2 9 0 25 MR B L] 3 BT
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L BE R 0.80 mg- L. 6 7 18 H CF AN PR
RRERZE6.19mg- L. N7 H 2 HIF R ERESR
WP A F 3K, B TR, 76 0.13~1.35 mg- L
Z I, EERE R AL TR AR SR WE 6
H 18 HoRAEM R HAR RS ZIREY ST HASK
RAEM U, Jo MR T B A R AR T 1.35 mg- L7,
P R IES 1 it A 2 /N Lt AL B ) B 8 % AR AR
i i) ) P, RTS8 7 e A R A f 2 T
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Figure 2 Concentrations of total nitrogen in runoff water

from rice fields
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Figure 3 Concentrations of ammonia nitrogen in runoff water

from rice fields
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Figure 4 Concentrations of nitrate nitrogen in runoff water

from rice fields
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T A RE A B, 7 ) 24 HORT27 HSRAE B9 KRR AT
VAWV B S AR T T4 A T6 A3, T4 (1 A Vs Wl Uk i
A5, 7E 0.17~0.35 mg- L' 2Z 8], Fil 5 UCRAE 0] %
WP B8 TH 76 7 A 27 Hik #84H 0.35 mg- L7, Fifi
Ji AT R R FE TF AR AR . T6 1 T I i vk 2 Rl RE A T
AR e T H 24 HIKFIE(H 0.45 mg- L',
24 AEBEREXNBHERRERRLXENTN
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Qb B BRI R 1 43 ) R 32.26 kg - hm ™ F132.30 kg -
hm™, # AL T8 =K, g Z M 2ZE S AR E . To kb
PR R S B R 2718 kg -hm™, [ CF B9 B AU 26
FEAK T 15.7%. Jiti G ML A T3 T4 TS 1 T2 40 B
R W CF A 10.19,12.47 .12.62 kg - hm™ FlI
13.03 kg - hm™, Bl 73 51 B A% 31.6% . 38.6% . 39.1% F
40.4% . R HIA2 3 B A5 R 2R L AF 2.56~8.55 kg - hm™
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Figure 5 Concentrations of total phosphorus in runoff water

from rice fields

Z 6], 5 A AR S A 13.29%~30.6%, & CF>T1>
T4>T2>T3>T5>CK>T6, CF A4b B () 4% 25 & i 2k & i
K, 4 8.55 kg-hm™, T1 4 A] FEAGAT HAZH A S A
TR, B CF AL PEREAL T 2.03 kg-hm™. Jiti G HLAE
() T4 T2 T3 TS b AL A5 FU R 1 0 5l 3¢ CF Ah %
1% 2.49.2.98 .4.00.5.17 kg - hm™, Bl 43 51| B A 29.1% .
34.9% .46.8% 1 60.5% ., T6 &b BN RE H A2 i 2 A A
Uit AR 1Y) OB R SR G B A AR IR & 2.16 kg -
hm?, fF H A2 0 & A& S B A& R B 22.5%~
37.2% , 5 A% It A 28 000 It 2K o 52t CF>T1>T4>TS>
T3>T2>T6>CK R4 #, CF AL PR RIS S A AR ek,
5% 9.12 kg-hm?, T1AEFEAT RERRAR T RS AR,
Fb CFAR T 14.7%. T6 Ab#L LR T A5 45 & B i 5
i, BEIR N 32.9%. it AT HLAIE AL BE A T4 T5 . T3 Fl
T2 kb P AS [6) 2 B A T A A AR R, B IE N
19.3%~30.2%.

—& CK-+ CF-@ T1-O- T2 & T3 /A T4 - T5 -O-T6
0571

o e N
to w iS

e
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concentration/(mg-L™")

YW Soluble phosphorus
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Figure 6 Concentrations of soluble phosphorus in

runoff water from rice fields

R2 BHEREABRKE (kg-hm™)
Table 2 N and P loss in runoff water from rice fields(kg+hm™)

b3 MR BEASH A B A
Treatments TN NH:i-N NOs>-N TP SP

CK 19.42+0.04b 2.56+0.21e 5.96+0.11d 0.73+0.08¢ 0.61+0.04b
CF 32.26+0.03a 8.55+0.13a 9.12+0.21a 0.86+0.10bc 0.85+0.03ab
Tl 32.30+0.03a 6.52+0.15b 7.78+0.22b 1.00+0.07abe 0.91+0.02ab
T2 19.23+0.02b 5.57+0.22¢ 6.37+0.09d 0.88+0.03bc 0.78+0.11ab
T3 22.07+0.02b 4.55+0.34¢ 6.49+0.21cd 0.66+0.12¢ 0.61+0.06b
T4 19.79+0.05b 6.06+0.25bc 7.36+0.05bc 1.43+0.05a 1.28+0.05a
TS 19.64+0.02b 3.38+0.22d 6.55+0.18cd 0.71+0.12¢ 0.65+0.11b
T6 27.18+0.06a 2.16+0.33e 6.12+0.20d 1.25+0.07ab 1.10+0.09ab

1 R BAN [R) - B3R b #i A) 25 55 8 35 (P<0.05) o T[]

Note: Different letters in a row indicate significant differences (P<0.05). The same below.
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PR RRAERWME 2R, FHHARR
e I 2 i AT W O 2K A 3 2 T4>T6>TI>CF>T2>
CK>T5>T3. 5 CFARFEAH L, T1. T4 FIT6 ZbFEHE i T
ST ) 16.3% .66.3% F145.3%, 11 T3 F1 TS &
KT MR AR 23.3% M 17.4%, T2 LR & 25,
Fef FH A28 O AT i O K o o W U 2K R 1Y 83.6%~
98.8% , W 2 I R IE A LA AT sl Ry =
2.5 AEBIREX I ABEERZN

AN TR it A A X K e RS AT 7 B DL 3.
FH AF L 77 4 52 T6>CF>T1>T5>T3>T4>T2>CK, T6 Ab
PR R B 3] 11.24 t-hm ™, 5 CF AL HC i % 2%
St T1 AL B A FERL P 4 10.00 t-hm™, b CF AR HEF
K% 9.5%, iiti A HLAE AL E (T2 T3 T4 A1 TS) AR
G CF AL 38 T % 11.8%~42.9% , Hiv T2 ¥ki 7= 54X
76.31 t-hm™. HFTEEZ (B ) 45 A A Ak JE il 122 A5 =X
T1 AL FEAH HE | Jiti FH A AL AR 28 AY T3 FI TS Ak BRAGFF
R 2R CKKRE R R ™ & 5%, AN
5.91 t-hm™, FFH A FF 7~ & 5 R HFFR ™ 248 A
8, 5 T6>CF>T1>T4>T3>T5>CK>T2, T6.T1 T4 &b
FEFRSFF RS CFAH R & 25 A ILEr
T2 . T3 Fl T5 Ab 344 [) 7 B B AIG 1 A% HH RS #F 19 7
L FEIR N 15.5%~36% ., CKKFERSFF = B Ak, (Ul
5.50 t-hm™.

3 g

3.1 AEFERAE X &\ EE R KRB0
ABIFE Hb T A D R R 3 52 it JIES R e I 52 )
R, BEAS KA 2= A2 It S B B S 1 0.27~10.39
mg-L", 6118 H S AWK ETE 1.61~10.39 mg- L™, H
JE IR A 6 7 12 Hjitii A3 BERE PP S, AL AL it AR S B
— R BAE YW A , IR AR T T K, A
TAE R A FIAR TR KRR B de sy o 7 1 5 HIE R A

3 AFBIRAREFZE (- hm?)

Table 3 Grain and straw yield of rice(t-hm™)

I3 FAHL T AP
Treatments Grain yield Straw yield
CK 5.91+0.76e 5.50+0.86¢

CF 11.05+1.58ab 7.27+1.40ab

T1 10.00+0.16be 7.16+0.50ab

T2 6.31+0.90e 4.65+1.31c¢

T3 9.67+1.30cd 6.14+1.56b

T4 8.84+0.77d 6.53+0.27b

TS5 9.75+1.53¢d 6.11+1.23b

T6 11.24+0.84a 7.52+0.72a

1% WHART]

AR, A5 it A Ah P AR i A UMk B A T e LA
VT, AT 6.85~7.98 mg- L7 22 8] . 5 [ R X6 AR HH 4
s F1 R AR H A B R AR I KO 2 18 XU T
KFAGFIET HIEP AR BMSHE TR Em TR
TR IE . 6 J1 18 H R AR AR H AR Ui B A8 B B
££0.49~6.19 mg- L™, 5 FHA 5 A AR i S AW
We B, KRR s A R LT 1.35 mg- L7, Ui ]
B R AR R AE K AT B & TR A KA, X &
B Tt I S B A K R A T, HKRE A K D
IN XS RERNFR AT SR /N o K REAR AN A SR 22 it A
FIREE TR 52 M Ak B BN KRR AR A A A
AL TE K 0.21~3.00 mg- L. 6 1 18 H 4%t I ik 34t
HA AW SIMEN 1.92 mg- L', 8 F 24 H & i e b 3
TS AR M 2.48 mg- L7, 55 T HoAt 4 YRS HI A2
TR A MR B, 33X mT B DR A i K RS A 5 /N
R, HE K R KR A AR A 72 T A2
=

A Ti) it AL Ak LT e FH AR 9 R Ui Ak i R 19.23~
32.30 kg-hm™ Z 8], fF FH A2 I B &0 2% 18 52 T1>CF>
T6>T3>T4>T5>CK>T2, CF 4b Fjita 1 1 IR 2 TeHL 55
53, A IR R, T KRS AR A K N T At
L FR43 T LA S50 43 AR A A 5 43 BEAR I i 2R
R 2 W, CF AR SR R 5 32.26 kg-hm ™, T1
1 T6 A PR BRI R A CF AN JC i 22 5% (H g
FETAYLUEAL B T2~T5 1 CK 2L (P<0.05) . 514
&R ER R IT A — B, Te AL BRAY B RUR K i B
AR R 1 A A R R 14 i Oy 27.18.2.16 kg -
hm?F16.12 kg-hm™, YL T CF AL B A R i 2k 1+ .
5 SRR I T 45 FARARL, it T A HLIE AT DL B
TR R AR I R B ASBIF 9 T2 T3 T4 R TS Ab FHLEL
R B 19.23.22.07.19.79 F1119.64 kg-hm™, 535
5 CF AL PRFEAI 40.4% 31.6% .38.6% .39.1% , Jita AT HL
NERIRERRAR T4 S A A ZR R B 7k -5 F
FEERWRY AEER SRS A PLIEHL
I et A 1) AR A1 e 32 R AR T K o
3.2 AEBEEXGHERRAENIG

AT 5T R, A HH AR AL B T AT I R B A oA AR
FE B AR BB B 7E 0.03~0.91 mg- L Z [8] , SF-1y
e N 0.30 mg- L' T6 &b P Bl vk B 7 K A A2 K
AR R AR S A3 A R AL 2, i AT g 5
G RENE TS R D212, B 53 AR M ) 2 3 R N 4 ok
AR, FEAR AR T S . 5 I RIE SR
Oy R = T T K AR SRR T AR A
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WV . T4 SRR EEAE T A 24 HIF IR TR, X
A MUERE R AA LR IR Bl e A 5. 4
FH A% 37 W] T2 W 1 W J3 7 0.04~0.45 mg - L7 22 Ji] , -1
W R 0.34 mg - Lo KRR AR K v 10 45 it A A BHELAS 3
ATV B R KRR AR AT, 33X nT BB AT K I 7E
WEK SN T Z R R A2l , Bl th T — 3 o [ 4 A 1
BB R N R R ERRE TS . RS
JE b PR AR A K RE AT i v B R AR AR, X SR s
IR B T A G o AN TR] b 3R] AT A AR AR
A A — 8, T4 FI T AbFAET H 24 HAN7 H 27 H
T 2R e Y i oy T LAt it A Al 2V

AN Tl it A AR T R FH AR 3 A O 2K B R 0.66~
1.43 kg hm™, A% FH AR I BB 26 & 52 T4>ST6>T1>T2>
CF>CK>T5>T3. 5 CFALHAHFL, T1.T4 71 T6 Ab BR 4
T R 2R 51 16.3% .66.3% Fil 45.3%, T T3 Al
TS5 ZEFRREAR T BB % 1 19 23.3% F1 17.4% , T2 /b FH
TR FEES . TAPAEYUIER A &5 ik 26 000 ke -
hm™2, 5 B0i% b #AR R A B R K N 1.43 ke
hm2078 0 T6 Zh HK RE AR i BB R B R, 1.25
kg - hm™, 33X AT BB & H T 1m0 5 B FA N9 XoF - 398 7 ool e
BERE A, T I T b e YR - 9 A SR AR S, Ay R 2
e, T INORL AR T K S R AR T, A i b YR v
ok, TP S B S B0 R T B I R
IR A UL B T3 A1 TS Ab PR B
14 0.66 kg~ hm?H10.71 kg-hm™>, T3 4b B A 1
KTk AA PR, A5 HUIE o A 2= LA HLAS BN
F, ANBE EL AR SR A ML T 2 — i )
E] 7K A 1 Ak BTG HLAS B | RIS T3 b BEAT MLAE $¢ A &
2 609 kg - hm™, KT At 3 4~ HILIE &b 240t N 5
JIF LA T3 Sl 2k i A T e ARk, T5 AR A Bl
NEH A G & T T2 A0, A HUIERALT R R HIR R
ANFERTEE R, S ECTS Ab B A AT DLAE A B
TR AT T2 4B, A0 AT B it A FLIE W] BH S I
R R, AR TKRE R, T4 0B Sk
TR A MR i P 2 9 26 000 kg - hm™, B 7 2k
49 1.43 kg-hm™,  CF 4L BRI 1 66.3% , 156 B it FH A7 AL
NE 3 2 — @ BRI, S 23 S e i, K
FE AR UL T I Wl O 2 e 3 SR U R 2R AL, B A
£ T4>T6>T1>CF>T2>T5>T3>CK , Al i 2 2 i
1l 3 2% I 83.6%~98.8% , it WA B 2 A% I Ok LA AT A 7
33 AEEREXTKBEERZN

IKFE KR P 5 T6>CF>T1>T5>T3>T4>T2>CK

T6 b FUFFRL P A 3 11.24 t-hm™, 5 CF AN B 4k kE
PRI EZES . BEBEAE R, RRAR 4T H
Tl SR AEPIAS )2 R B T 0 5 40 oKl 3 S PR AR
K5 IR AEAE BE 7 , f F 3 5 R o X AR A K g it
I, NTTB 5 T /KRR FRLRIRS AT B 7= 4 T1 AR FRAT
K774 10.00 t-hm™, 1 CF AL AR F R H B 2505
7o 5 TLACRRAR LE it F S w3 A A MU AR 2 T3
FTS it F AT HUAE A4 S Atk 33 it PR 2% $RAIL R0, 78
A HLICHLEC ) B Atk b BB PR UEAE D ™ i, 3 b 3
R F 7= 5 G 3 25 57, 3K MR I I S I T 58 24

— 3, AU AL FE T4 F T2 HoFE R R YA P
TR H A T2 BRI 2 AU 6.31 t-hm™, HF R R
WAA VIR, A HUE RS 735 a8, ASRe 2
KR AR BRI R T oK, ST 1 K R, CK
Ab FROK A RERL P i A, A 5.91 t-hm ™, 15 B it /2
FIA SR KRR R = . KRR RS FF = R 5K
FERERL = B AL, & T6>CF>T1>T4>T3>T5>CK>
T2, AL B, T6 4b PR A i 4 v T K R A b ARG T
7=, A AILAE it FH Y TS VT3 A1 T2 b BRFS FF 7 & [H]
FET B 1 T4 A0 B FF 7 i KT HAb A AL Zb 3, w]
A JRL R T4 A A ML A &, 1 WK R 07
BGFEFE SRR, NI KRR R ™ £ AR

4 ZEig

(1) 55 Bt AR AR Eb , fh A sk 2 Ak B A B A 3
TR IG5 2 5, A HUIE AR b B RN 22 2 B A Ak 3
WAL B R AR T R 15 5 W FUE NS A 1, A LIS =
FALFE T2 BB IR R I 2 5%, st A
HLRE it FH 2% 3 A A A BRAA 38 i S B AR R I O o

(2) 5% it AEAH L, it P 28 42 16 LAk B 18
PO 25 AR A ATLIE AR A B AR
B o S REAT 9.5% F1 11.8%~42.9% , 5 sk & it I AH
e, it FH A HLAE AL BE T3 F1TS B9 A7k 7= = G B 35 22
S5 58 FUE AR AR B, AR AR s i it A LR &b 2R TS
TRt FF 28 47 TR A Ak B o A 7 o T B 22 5, HL it
JIES A B R RS 7 R PR AIR 15.5%~36.0%

(3) 254575 B [ it AT ABE X ) AR FH A8 3 3 2 et R
KRG = A 2 LB A AL IC ML L it A X it
FHGZ4 PR NE 2 ] e 5 10 PR A 4 AR it A
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