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Table 1 Field fertilization of rapeseedseed and rice

under different treatments kg/hm’
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. N P,0O; K,O
Treatment

BRI R

Principal factor 120 90 150
optimization

SR tiAesb
Integrated 120 - -

optimization treatment
AL B
Conventional 135 105 150

treatment

i

Rapeseed

FER TR
Principal factor
optimization 180 90 150
Zia sk
Integrated 150 82.5 150
optimization treatment

LAk B

Conventional 207

IK R
Rice

112.5 180
treatment
TE M3 0 AR B - 45 52 S AU B AL, i 45 57E K 7 500
kg/hm”, 1 B A0 — MG A 5 KR8 32 B O £ b 3 - i K e s T

200%. Note: Principal factor optimization treatment of rapeseed-

seed: replacing P and K fertilizer with rice husk ash: 7 500 kg/hm?
rice husk ash was applied once as base fertilizer; Rice main factor op-
timization : applying 200% rice straw .
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Jr Z 5T Z 5 A, FILH Origin 2021 FRAHVER
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Integrated optimization treatment
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Rice growth
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[a]— B MR E AR RNG B R Ab P 2 8] 22 5355 3] i K- (P<<0.05) . R[], Different lowercase letters in the same column
(the same date) indicate significant differences between treatments at 0.05 level. The same as follows.
I FRAPER EERMBRSEASENTL(20205)

Fig.1 Changes of total nitrogen, nitrate nitrogen and ammonium nitrogen contents in runoff water in 2020
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Fig.2 Changes of total phosphorus and water-soluble phosphorus contents in runoff water in 2020
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FR 2T LA HY o AL BE A A A R 2
AT &AW N 2.64 011,215 mg/L, B &E
THABAL B, YW A FLICHLIE BCHE T AR K b2
B 2 IR A8 R 2R el b, Horh Tk Ak
PR O R, 5 R UL B L, AR K A
B A5 M AE A5 AP 2 A 0 iR R 314406,
45.45%.28.84 % "W HLAL B A BRI AT I MEBEF-1Y
B R T AR AL P (H 22 SR TR DR AT R
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Table 2 Average content of N and

P in runoff water mg/L
) ) ) N IR
s SH wmm mam o TR
L L Total  Dissolved
Treatment Total N NH,"-N NO; -N P P
FRETFA AL
Principal factor 1.81c 0.06¢ 1.53b  0.32a 0.29a
optimization
Za st
Integrated optimi-  2.05b 0.09b 1.52b  0.29a 0.24ab
zation treatment
AL B
Conventional 2.64a 0.11a 2.15a  0.24ab 0.21b

treatment

PR 0 A Ak B RN 25 B P A Ak B HILAE R A — v
it A T XF B R A B I it T, B A T Bl 2 ik
DB o XU BAR K B R O B il A B (Rl A K
o E LA DU R AU AL IS AL AR BC it RE 95 [
TR R IR, e TR Ab 3
24 AAEEEXTHEEREMNESERREX
R K R

H P 3 ] S AN S K R 2 (2019 4F 11 H —
2020 4F-10 H ) FLRE W 24 Y 0223 10 Wk, 25 I3 3
U KA 1T IR, fe e P R iR 1 215.6 mm, SRR
Ho42095.6 mm, &L ST (F3), 2 7E
SEAEIT LR KR T o BT T DL R
1, 3% S IRAR T 6 YR ZR W 2 K, - 349 [ T ik ]
165.3 mm, Y2750 1 583.9 L, il LAE i FEFi
AR e S A DG, WA TR o R R AR e K
25 AEEEERX TELENEREBHATELN
=2

A4 T A AR P 2R SR SR
SRS BN H AL B> 2 A Ak b 3> 32 R
TR A B T AR P IE PEREAS RA . A
A R BB R T R B AAL B 3 T Ak
B, 3 A A BN 25 A AR A B 4 R BRI AR
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Table 3 Runoff during rice-rapeseed growth period in 2020
=7 Rig i A 1] /h AHE B Rif i 4 /mm Ganp i) /L
Crop Rainfall time Growth stage Rainfall Rainfall patterns Volume of runoff
3H4—5H(38) 168 ZEF
215.6 2305.1455.8
March 4th to 5th Flowering stage Rainstorm 7
i S0 315D e 201.2 Em 2075.6+41.2
Rapeseed March 30th to 31th Flowering stage Rainstorm
SHT— L i
5H7—8H(25) hk‘.'. H 120.7 K . 1098.2420.3
May 7th to 8th Maturation stage Heavy rain
6 H 2526 H(32) L) ]
June 25th to 26th Seedling stage 193.4 Rainstorm 2118.44+35.9
2— k - a: TR
a0 JrE 162.5 S 1268.64-19.4
July 2nd to 3rd Tillering stage Rainstorm
KAE 7J19—10H(35) SrBE) ZEH
. 180.6 ) 1601.7£20.7
Rice July 9th to 10th Tillering stage Rainstorm
91112 H(26) TR B
175.8 1524.8+£26.7
September 11th to 12th Pustulation stage 7 Rainstorm
18H (21 g
9H 18 H(21) H A 20.8 PN . 748.44+12.4
September 18 Dough stage Heavy rain

VE BRI E B A R 5 BERRvEE (2 12 hiit, /N<C5.0 mm, FP R 5.0~14.9 mm, K 15.0~29.9 mm, £/ =30 mm). Note: Ac-

cording to the rainfall intensity standard stipulated by the meteorological department (12 h, light rain<<5.0 mm, moderate rain 5.0—14.9 mm,

heavy rain 15.0—29.9 mm, rainstorm = 30 mm).

250 3 = A NS
Rapeseed Fallow Rice growth
' season

growth season

200

150

100

[ R ft/mm Rainfall capacity

50

3 2019411 A —20204 10 AW ERBR
Fig.3 Rainfall collection from November 2019
to October 2020

TEH AL HE A B REAR T 31.41%0.22.99% , B S A
SRR R AAL R4y BIREAR T 43.24%.2.71%,
AS A5 R B A AR 4w FLAL B 43 BIREAR T 31.01% .
29.81%4 , 1 % W Vi Uit AT A1 A AL JC AL AR T i %) 42 3t
KR R 25 08 AU 2 A AR T G e el 8t S
ROR T AR F AL A 3 4 Wl R0 m] i PRl SRR A K i
AR At b 3, 33X 3% BH il 260t S R AT AL IE LA FiC

F4 RRAKPEHRERREIE
Table 4 Cumulative loss of N and P in runoff water
kg/hm?
. T
e AR mAR mam or TR
4 - Total  Dissolved
Treatment Total N NH,"-N NO,; -N p P
FHF AL 3
Principal factor 7.49¢ 0.21b 6.32b  1.19a 1.08a
optimization
e IR AR/ GEE
Integrated opti- 1.09a
o 8.41b 0.36a 6.43b 0.92ab
mization treat- b
ment
AL
Conventional 10.92a 0.37a 9.16a  0.89b 0.81b

treatment

Jit X A58 A 7K R A TR) T 285 198 Tl 3 2R A 185 o JRURS: |, (HL 3%
YN E T
2.6 AREMBIEER TRE-KBRIEFE

M Z 5 A LLAE SR R A LA b 3
(1 954.6 kg/hm*) & & & F Al Ab 28, 1b 32 7t
Ak A 38R BRI AL 357 4y )38 i 4.60 %6 F1 479065
IKFELE A AL AL B] 7= 5 R 6 375.5 kg/hm?, e 32 A
A Ak PR R A B 43 5138 i 3.76 %6 A1 0.81 %6 o
. B VB SRt T X S 7 T A R ) (EK R R T
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Table 5 Comparison of rapeseed-rice yield under

different treatments kg/hm?
fE# Crop  fl Cultivar Qb ¥R Treatment FEa Yield
F R ikt
jlil ,[%ﬁi{f%ﬂ 1868.5+
rmeipatfactor 26.25h
optimization
[LES il 730 AL 19546+
Rapesced  Fengyou 730  Integrated optimization 19.05a
treatment
g vt 1865.2+
Conventional treatment 23.25b
ERFEAMI o
Prmc.lpa41 féctor 53.71b
optimization
IKFE EH/di2% SRR 6 375,51
Rice Meixiangzhan 2 Integrated optimization T
39.15a
treatment
AL IR 6323.9+
Conventional treatment 46.25a

3 i
3.1 AEHEREN K P REERENT AT

REMBER MRS THEYAERKRZELEPIA
WENE B K 1a] B 7% 30 T BOVE Y AR F T MO 1 i A
BRI IS, L HIE KR T K&K, 76 W ZE ol
WA 25 5 e A R R R BOMR 5 4%

SRR A B B R R Rl Bk A
AT, B A B AR s m (B 1) o AE /KRS 2 5 M0 it
A 3 dJEFE 2 E S A A & 15 1 GR 2k
1N FRE a2 d, CK AN B2 Z A A
R N A AN TROE T LU i
RE S 1 P9 4 i) 238 I 2R 1 S B i 3, 3 5 i A
GE4E FO B I e oRe G H T EE K B 1k RR
TR o TERAKFEAK S, A YLV B it 4 2
S S K T FUAL B 1 I 38 3 A AILAE 56 4y
BACTEHLIE I , GEA A BEARAR 7K i 2 /U FNE 25
U i, T R 238 A AR 1 UGS, B R T R A
PUIE B2 AR JCHILIE it T AE % ok 3% £ e3R8 ]
A A7 ML 76 B A 4 W WSO FH 2 T, i Tl AR P Y e
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RS R RRE KR B T 2 d 5 s
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SEENEE 2 IR, 78 7~15 d N8 18 T 3 a2 /K F

Al BB R R K R 22 Ah F iR i AR IE JS PR 3R 2
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ol ORI O i A G e Ak RS I
e, BB AR e T TR S E TR S, 4F
A e A A A R B T R A PR A B
A1 R e Ak b 3 i B B A A HILAE it T 68 92 45
FESENRRRE . EKERESRA T2
f TIMEE R, JE R AT RE R AR AL TR T R W A R
R A HLICHUE Bk T IS5, 325 T1EY
X F5 3 B R R

TR R BB RN O] S M AR AR —
0, FOR R AT RN . FEI SRR S 3 d AR5 1
WG T J5 A T R R B A A 3 d JE Al A T
PE SRR T L AT 2 d 5 A 2055 2 YR TG, 1B
Jite FH 3 il 2 U0 R i 25 A BRI, I AR A W R A O
KU MM E S KR AR B LR AU T A T R
FAT VA PE VR B — PR FRRTE 3R R AT I AN B0 TE
FAL R0 SR R T BR SR 2R A DL AR A BRAE K FE RS A 1T
Jits AIKAEFEFT , th T oK RS AT it o0, iAok Rg A=
BB R AR R S VR IE X 5 A0 WS it A
HLAL BB AR FH Hhmls 22 2 KU (R 458 10T 38
32 AREBEEXIKERBEERRIRKB==
AN

FHUE &AM TR REICE B IcE M
FEW WA HLIESY, BEWE A SO v s H AR Ol Fn
AR R R R R A R TR
AR R A7 0 e L (R AR AL B B HLAT Bl
JIES B 25 i P (255 A A B ) 1 90t A (3 B Ab 1)
R, K B N Ak b B R 255 0 Ak Ak B AR 3 7K
A R B AS RS A R B R K A Ak B 4y
M REAR T 31.41%. 43.24% . 31.01% #I 22.99% .
2.71%.29.81% , MW 2 i R A im T % ALAL 3 . W]
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(R R SR 7E 48 R RN R U 2k o T Ak e it A
A HLICHLAE P i 5 fin e 5l 28 90 2 1R JRURG: o

ZEAAT AL AL IR 32 AR 7 H R AL R
G 4.79% F10.81% , 2 B HLAEHE 40 B AR TE AL
R FH RE 52 i VR P b . RS 2 A HILAE ] LAGE i
ZERNEERR AR L AR E W ik
P Fb B BT R Kb PR K 3 3 7 Ak R A T 3R
il 25 R SRR L 7 VA R D R /)N R
B, X 5T AFE S RS, A BT 2 A it
A HLAC X R H B R BRI AR A B ER W, A
HILIE it - A, R R o i ok 0T AR
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Effects of optimized fertilization on yield of crops and loss of nitrogen
and phosphorus in multiple cropping system of rapeseed-rice

ZHANG Lijin"*, CHAO Sigin"*, LU Mengzhen’, HUANG Guoqin',
QIAN Guoming®, XIA Liming*, SHENG Jinke’

1.Key Laboratory of Crop Physiology, Ecology and Genetic Breeding, Ministry of Education/
Center for Ecological Sciences, Jiangxi Agricultural University, Nanchang 330045, China;
2.Jiangxi Institute of Red Soil and Germplasm Resources, Nanchang 331717, China;
3.Key Laboratory of Agro-Ecological Processes in Subtropical Region, Institute of Subtropical
Agriculture, Chinese Academy of Sciences , Changsha 410125, China

Abstract The changes of the concentration of nitrogen and phosphorus in the multiple cropping system of
rapeseed-rice, the cumulative loss of nitrogen and phosphorus in the runoff water and the yield of crops were
studied through the positioning monitoring test under three different modes of fertilization including the optimiza-
tion of principal factor, the integrated optimization and the conventional treatment to investigate the effects of op-
timized fertilization on the yield of crops and the dynamic changes of the loss of nitrogen and phosphorus in the
runoff water of paddy field. The results showed that the content of total nitrogen, nitrate nitrogen, total phospho-
rus and soluble phosphorus in the runoff water during the whole growth period increased first, then decreased,
and then tended to be stable, while the content of ammonium nitrogen in rapeseed was always low.Compared
with the conventional treatment, the average content of total nitrogen, ammonium nitrogen and nitrate nitrogen
in the runoff water under the principal factor optimization decreased by 31.44 %, 45.45% and 28.84%, respec-
tively. The accumulative loss of total nitrogen, ammonium nitrogen and nitrate nitrogen under conventional treat-
ment were 10.92 kg/hm?, 0.37 kg/hm? and 9.16 kg/hm?*, respectively. Under the principal factor optimization
and the integrated optimization, the cumulative loss of the total nitrogen, ammonium nitrogen and nitrate nitro-
gen decreased by 31.41% and 22.99%, 2.71% and 43.24%, 31.01% and 29.81%, respectively. The yield of
rapeseedseed under the integrated optimization was 1 954.6 kg/hm?, which was 4.60% and 4.79% higher than
that under the principal factor optimization and conventional treatment, respectively.The yield of rice under inte-
grated optimization was 6 375.5 kg/hm?*, which was 3.76% and 0.81% higher than that under the principal fac-
tor optimization and conventional treatment, respectively.It is indicated that the integrated optimization can not
only significantly improve the yield of crops, but also effectively reduce the risk of the loss of nitrogen and phos-
phorus in paddy fields compared with conventional fertilization, which is of great significance for protecting the
environment and controlling the pollution of non-point source.

Keywords multiple cropping system of rapeseed-rice; fertilization reduction; loss of nitrogen and
phosphorus ; fertilizer utilization efficiency ; non-point pollution
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