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Influence of different crop rotations and fertilization methods on nitrogen and phosphorus runoff losses in
Erhai Lake basin, China
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Abstract: This study explored the influence of different crop rotations and fertilization methods on the nitrogen and phosphorus runoff loss-
es in Erhai Lake basin. Field plot experiments were conducted to investigate the crop yields and characteristics of nitrogen and phosphorus
runoff losses under seven different rotation systems: Garlic—corn, barley-rice, oilseed rape-rice, broad bean—tobacco, garlic-tobacco, broad
bean-rice, and garlic-rice, combined with three fertilization methods: Fast-release fertilizer (CF), slow—release bulk blending fertilizer
(BB), and no fertilizer (CK). Compared with CF, application of BB reduced the amount of nitrogen and phosphorus fertilizer by 9.85%~
47.49% and 10.81%~63.33%, respectively, and there were obvious yield increases: 19.69% for rice in the barley-rice rotation, 16.99% for
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broad beans in the broad bean-rice rotation, 24.32% for garlic in the garlic-rice rotation, and 35.79% for oilseed rape in the oilseed rape—

rice rotation. Under the seven rotation systems, the total amounts of nitrogen and phosphorus runoff losses in BB treatments were lower by

10.72%~28.80% and 17.13%~47.87%, respectively, than those in the CF treatments. Higher amounts of fertilizer applied to flue—cured to-

bacco resulted in increased runoff losses of nitrogen and phosphorus of 5 907.00 g+-hm™and 821.25 g-hm™, respectively. The oilseed rape—

rice rotation resulted in high runoff loss of phosphorus (1 045.77 g+hm™). Our results indicated that BB fertilizers specifically tailored for

targeted crops and soils could effectively reduce the nitrogen and phosphorus runoff losses. Broad bean-rice is a good rotation system for

decreasing non—point pollution from nitrogen and phosphorus in Erhai Lake basin.

Keywords: Erhai Lake; rotation systems; fertilization methods; nitrogen and phosphorus losses; agricultural runoff
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Table 1 Soil physicochemical properties in different rotation systems before experiments

FerERRE Eoe A [EESE- S R AV AL
Rotation TN/mg-kg™' NO;-N/mg-kg' NH:-N/mg-kg™ TP/mg-kg™ Soluble P/mg kg™ OM/g kg™
Kar-Fok 2286.67 30.51 1.97 1296.67 36.93 43.37
K&K HE 2906.67 5.25 1.28 990.12 20.07 55.03
M-k A 3220.35 1.23 4.25 1 366.67 38.42 63.37
ENCR A 2473.33 10.94 3.25 913.33 30.90 38.33
K- M 3080.13 2091 5.69 1 066.67 35.71 47.15
ENCR €] 1 696.67 7.81 2.13 1366.67 35.23 33.83
Kar-7KH 1 630.05 8.59 4.23 1926.67 45.17 36.31
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Table 2 Fertilization status under different treatments in different

rotation systems

i AE HE 740 Net input/kg - hm™

R el ooy BB crop

Rotation  Treatments
N P,0s N P20
Kr-EK CF 53130 22635 46230 19035
BB 462.30 20235 358.80 15435
CK 0 0 0 0
K -KHE CF 320.55  189.75 55.50 48.00
BB 298.35 17775 36.00 9.00
CK 0 0 0 0
hZE-7K A CF 462.30 21435 18450  118.65
BB 39330 19035  171.90  106.65
CK 0 0 0 0
% I CF 117.30 21435 111.15 99.60
BB 117.30  166.35 88.65 65.10
CK 0 0 0 0
-G CF 53130 22635  118.65  107.10
BB 463.80 20475  103.65 92.10
CK 0 0 0 0
7 5 —IK CF 0 240.00 69.00 48.00
BB 18.00 96.60 36.00 9.00
CK 0 0 0 0
Kir—7K g CF 828.00  168.00 69.00 48.00
BB 450.00 89.70 21.00 9.00
CK 0 0 0 0

R A 3R VERI AR KSR 2 Fhde
YERSRE AR 5 55 AR A 4 M AR =R Al
IKFE 2 PSRRI G R . M 3 AT UL, R[] fy i
R b BV A ] Ab B[] — o 1 0 1) 7 et A 22
S, CK A F K 75 7 it i {0 10.59 ¢+ hm™, d5e i 0
14.48 t-hm™; ZK A5 77 5t Je A0 4.40 t-hm™, e = H
7.31 t-hm™, JAEALFR K55 S AE 15.42~20.56 t -
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Table 3 Crop output under different treatments in different rotation systems

N > i CK417= A8k B CF Al E b
Rk b3 R Yield change comparing with CK/% Yield change comparing with CF/%
Rotation  Treatments S WY WY WY i EY W EY
1" crop 2" crop 1" crop 2" crop 1" crop 2" crop
Kii-FK CF 16.57 13.17 56.47 93.68 0 0
BB 16.31 13.64 54.01 100.59 -1.57 3.57
CK 10.59 6.80 0 0 -36.09 -48.37
KAz -7KHG CF 5.56 5.08 26.08 15.45 0 0
BB 5.37 6.08 21.77 38.18 -3.41 19.69
CK 4.41 4.40 0 0 -20.68 -13.39
=R -k F CF 0.95 10.50 46.15 89.53 0 0
BB 1.29 10.89 98.46 96.57 35.79 3.71
CK 0.65 5.54 0 0 -31.58 -42.24
R CF 3.09 3.67 16.60 57.51 0 0
BB 3.36 3.92 26.79 68.24 8.74 6.81
CK 2.65 2.33 0 0 -14.24 -36.51
Kir—H5 40 CF 20.51 3.35 41.64 55.81 0 0
BB 20.56 3.63 41.99 68.84 0.24 8.36
CK 14.48 2.15 0 0 -29.40 -35.82
7 -7k AE CF 3.65 5.62 6.10 24.89 0 0
BB 4.27 5.85 24.13 30.00 16.99 4.09
CK 3.44 4.50 0 0 -5.75 -19.93
Kar—7K A CF 15.42 9.75 8.90 33.38 0 0
BB 19.17 10.42 35.38 42.54 2432 6.87
CK 14.16 7.31 0 0 -8.17 -25.03

hm™ 2 [A], 7K P2 76 5.08~10.89 t-hm 2 22 [i] . 5[5
7 2 S T D DR e S o A vt A o R R A - e o
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2396.10 g-hm™, B MH A= K =0 2 705.70~3 034.65 g-
hm ™5 7 A [A] A AR ASE 2, 908 A AE K 22 CKAR 3SR
iR S AE CK AL B rp 5 22 5 4 RO AR 1) 6 VR AR
Ao, Kas— KA e VR =R AU 2R B o 2 396.10
g-hm™, 7E CK &L PPk i 2 . CFALEE , 1B JH A=
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A K2 BRI R Ml 2 824.50 g-hm 2, R[] FE /A
K CFAFE SRR B AA7E2E . BB, K
AR ERE A D AR E S ®RREZ N4 797.60 g-
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Table 4 Loss amount of nitrogen and phosphorus in surface runoff under different treatments in different rotation systems

Pt AR fbFE BA AR FR Rk ALV HIRH B R
Rotation Treatments ~ TN/g-hm?  NO3-N/g-hm®  NHi-N/g+hm™  TP/g-hm™  Soluble P/g-hm®  Nloss rate/% P loss rate/%
PN P S CF 2 824.50 1584.15 22.20 541.41 395.80 0.28 0.13
BB 2521.65 1171.80 15.60 344.04 185.40 0.31 0.10
CK 1541.55 787.35 11.10 221.64 136.35 — —
KA -IKH CF 2762.40 2248.50 407.55 223.35 207.60 0.73 0.09
BB 2310.20 1767.15 136.05 185.10 175.50 0.69 0.10
CK 1853.10 1377.30 61.35 102.00 87.60 — —
TSk A CF 2963.55 1 605.45 282.45 1045.77 909.72 0.46 0.31
BB 2393.55 1258.65 127.80 600.47 550.85 0.42 0.20
CK 1936.80 938.25 79.95 330.87 289.68 — —
A -5 CF 4162.65 2097.30 256.05 439.38 409.25 1.82 0.14
BB 2963.85 1701.45 184.65 335.85 328.49 1.44 0.15
CK 2705.70 826.35 65.55 208.46 202.32 — —
Krr—FE M CF 5907.00 991.35 449.10 821.25 768.45 0.91 0.25
BB 4797.60 642.90 237.75 604.20 568.50 0.85 0.20
CK 3034.65 326.40 186.45 553.65 509.10 — —
w15k CF 2228.10 224.70 221.70 644.40 577.95 3.23 0.22
BB 1761.15 92.55 166.35 345.60 256.65 3.26 0.33
CK 1 456.80 40.35 121.35 291.75 186.00 — —
Koi-IKF CF 3523.80 163.80 387.30 500.10 466.05 0.39 0.23
BB 2 697.60 77.85 229.05 260.70 246.45 0.57 0.26
CK 2396.10 53.85 169.20 219.45 199.50 — —

1E 2.429%~10.99% Z [8] ; A [F AP AR 5 o BB A0 FRAH L
CF 2b FREL A R 2% e 0dl /) 24.979%~66.62%

7RIS A FeAERE S, 3440 B CF BB il CK &L
B R A5, CF AN PR =, BB AL FRYR 2, CK Ab
AR, CKARRR A, a5 R e VR X B it 2k
%K, 4 553.65 g-hm™, KAz KRR /N,
102.00 g-hm™. CF4bBRFI BB AL b | 33— K R4 1
MR, 050 1045.77 g-hm™>F1600.47 g-
hm™; KA K ARE VR BB R i/ N, 7390 R 223.35
g-hm>#1185.10 g-hm™, BB AbFEBEV 2 % K 0.10%~
0.33%, CF 2L BE 4 0.09%~0.31%., [a] — Fp Fp A A5 =L,
BB Ab 3T CF A 3585 3 2% 28 22 5 AN K 5 AN ] o Al A
3, BB AL FEAN CF b PRBR S F 22 Sk, T i PEwk
Ui 2 B ML A AN BRI, CF 40 B 7, CK A BRI 5
AR FRAE A X BB AL FEAR Eb CF AL B S8 It 2K
D 17.13%~47.87% INF% 4 3TFEAT L, AT i il o
W FL I HE 53.899%~97.81% 2 7] 5 7 R A [] B 45 VA =X
T, 3ANAL R A7 — K AR A AR P P A R A )
43594 207.60,175.50 g-hm 1 87.60 g-hm>; CF 4L #f
H SR - K R R AR R T I R I R R OR L R
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909.72 g-hm™; BB &b L Hh | I — % 5 A 55 =X
PERE IS R F K, 4 568.50 g+-hm™; CK ZbFEH | K-
H5 R % A AT 3 M O K o B R, O 509.10 ¢ -
hm™, AS[a] Fokg A 2 o BB AL BEAH H CF A0 38 B R R
2.3 FAEBIEEX hRER R KEHE

AN [R) 5 A X 8 A2 O B R0 2R R AE A R 1 o
MNo AETRORE B EEAERE X, CF BB #l CK b 31L&
R R FEAE AN [F i) A AE 25 5%, SR 2 3 CF>BB>
CKo BRRFE-IKFAEAER, Hofh 6 Fhde VEB A A 7E
Jit B I 565 1 Uk Ml R A28 0 SR AR v R R 2 R 3 e
B, ML RAR T B AT R BR L BLR H PR, K
A K RE AR A A B Ji — Wk b R AR TR A R R
TR R A K, M 3 ROR AR BRI R AN T
383.85 g-hm™, VHZE— K FEAEAERI AL S — IRAR TR
e rh BV R F AR K, S OR S SE A 5 B ik 3
HAS 2 AR i R AR Hh BV R /N TS 3 IR 4
W KK M VERE TR SRS 1 UCR AR BRI R =
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Figure 1 Dynamics of total nitrogen loss in surface runoff under different treatments in different rotation systems
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Figure 2 Dynamics of nitrate nitrogen loss in surface runoff under different treatments in different rotation systems
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Figure 3 Dynamics of ammonium nitrogen loss in surface runoff under different treatments in different rotation systems
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