FEHE 55 I0R2AR 2019, 25(1): 64-73 doi: 10.11674/zwyf.18031
Journal of Plant Nutrition and Fertilizers http://www.plantnutrifert.org

KILHBEH- S EZ - BRERRAEFIRCIER

K OFE, Bmg, x| 2, B, AR R, ARIRT, £48l4
(Ao o R PG e Al TP T DA 7 T A S 2 M K ORE B I, I 430070 )

ZE: [ HA ] PPl 1990—2017 FER VLI R AR A R RAE SR 0 ICOTA ,  HeBah R85 &2 -Ffe R IR R 550
W 225, MRS AR SRR HRCE . ALK R K R A IR & P FC AR AR . [ ek ] i T KT
WP, ERE. M. WG, WIRE . VIS . SR TIOR . WITDR RIS (D)) 513 M a5
AR RS WA AL . AW (SREFFRRA RIE M IAE) . 20 & at . BURE, /00 Tih-HE 5 2 -Rade e
WRRFEE . B BIRBCOTA, RRCRITAL TR IR R A MBI B (& NH, #4% . N,O HEl L A
IR AR [ BR ] R /E A E AR A KA N 378.5 kg/hm®, P,0; 169.9 kg/hm’ Il K,0 225.7
kg/hm®, F-FE#AFEH N 394.4 kg/hm®, P,0, 172.5 kg/hm’® 1 K,0 210.8 kg/hm®, PHRMFEAE 5 20t AE 12 o 32 91 H 1
S M-FEESVER HAE Y (18984 kg/hm?) & T2 —Fa4CAE (18123 kg/hm?), M—FA#E1EA4EFR 406 B N
142.5 kg/hm® | P,O, 46.4 kg/hm’ Fl K,O 441.3 kg/hm’, #E-FAFAESM M 9.7% . 6.7% F1 27.4%. F& &z
ISR EZ A, o AME. B, B3R5 0 o B SRGA SR B Y 29.3% . 18.5% Fi1 16.3%, fifi
ISR IR AR W T/NE S /NE R TR K, PIR R VER KRS 22 0 3740 A LA 22 —Feife
YERSI . (BRRBRAN) . 22 -REFeAE AR 1335 404 2 &t N 333.9 kg/hm®. P,O; 125.8 kg/hm® 1 K,0 379.3
kg/hm®, 43 BB —FEAeVER ) 14.6% . 2.1% F1—13.4%, M- -5 2 -5 /R R 4E R MR B3 98 N 96.7 F1 88.8
kg/hm?, 5 BRI 22.5%~25.5%, BRI 3T N 34.5 kg/hm®, B = T/ 221 N 29.8 kg/hm’,
IKFERE I I = TR EEY, PIFRER R A28/ (N 59.0~62.2 kg/hm®), ARIE#IKERE T, NH, #
BRI R, 54T A R 7.2%~18.4%; HUCRAMME BRI, A1 6.7%~12.7%;
NLO HERCT A7 e BN (1.1%~2.1%), FEFEAEHBEE, h-RRIER R AR AR N 373 kg/hm®, Z-RIERARFT
B 75 (N —6.0 kg/hm?), TIFMEEVEIR R PO, Z14% 53.3~58.4 kg/hm®. K,O 5t 138.3~145.0 kg/hm®, FHFFE
HG, Th—FEEe 1R 2 R 4R 35 43 Wi S0 i N 133.0 kg/hm? . P,0O, 93.1 kg/hm? T K,0 229.0 kg/hm?, 43 Ril#5#
~FERRVER H 30.9% . 3.2% F128.7%. [ 458 ] KERIERRIERBIEAL TN, W-FEERE R, Z-FiER
AFFPogA 78, PR RBEA BRI RL T 7H0RES, BAFEHE, PFRIERRA . B fRmN
JBA, UIHIRSFRIL RS IRt EFF RIS P, B Pl I KR AR IR R
ZRERlER R AR BN, I, Ih-REEeVE T % RS T e

XA Th-RERRTE; A -RERRAE; RS KILH

Differences of annual nutrient budgets between rapeseed—rice and wheat—rice
rotations in the Yangtze River Basin
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Abstract: [ Objectives ] The differences of annual nutrient budgets were evaluated and compared between
rapeseed—rice (R-R) and wheat—rice(W-R) rotations in the Yangtze River Basin during 1990 to 2017, aiming to
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provide basis for improving annual nutrient use efficiency and optimizing rational distribution of nutrient
resources in paddy-upland rotation systems. [ Methods ] Total of 513 field experiments for R-R and W-R
rotations were collected, covering Sichuan, Chongqing, Guizhou, Hubei, Hunan, Jiangxi, Anhui, Jiangsu,
Shanghai and Zhejiang provinces, China. The data included fertilizer rates, crop biomass, nutrient concentration,
nutrient accumulation, nitrogen losses and so on, and the return of straw, stubble and litter loss were involved in
crop biomass, and ammonia volatilization, nitrous oxide emissions, nitrogen leaching and runoff were involved in
nitrogen losses. Then annual nutrient budgets of nitrogen (N), phosphorus (P) and potassium (K) were analyzed,
and the nitrogen losses were calculated. [ Results ] There was no significant difference in fertilizer rates for the
two rotation systems. The average annual N, P,O;, K,O rates were 378.5 kg/hm’, 169.9 kg/hm?, 225.7 kg/hm’ for
the R-R rotation and 394.4 kg/hm’, 172.5 kg/hm?, 210.8 kg/hm’ for the W-R rotation. The returning biomass of R-
R rotation was 18984 kg/hm’, which was higher than that of 18123 kg/hm’ in W-R rotation. The average annual N,
P,O; and K,O returning for R-R rotation were 142.5 kg/hm’, 46.4 kg/hm’® and 441.3 kg/hm’, which were 9.7%,
6.7% and 27.4% higher than those of W-R rotation, respectively. The N, P,O; and K,O returning by litter loss
accounted for 29.3%, 18.5% and 16.3% of the total nutrient returning of rapeseed, as a result, the nutrient inputs of
rapeseed season were significantly higher than those of wheat season. For the rice season, nutrient inputs in the
W-R rotation showed an obvious advantage (except for K) due to the large population of wheat biomass.
Averaged annual N, P,0; and K,O uptake of W-R rotation were 333.9 kg/hm?®, 125.8 kg/hm’ and 379.3 kg/hm?,
which were 14.6%, 2.1% and —13.4% higher than those of R-R rotation. Annual N loss from R-R and W-R
rotations were respective N 96.7 and 88.8 kg/hm?, accounting for 22.5%—25.5% of the annual fertilizer N input.
The N loss in rapeseed season was 34.5 kg/hm’, slightly higher than that of 29.8 kg/hm’ in wheat season, and that
in rice season was N 59.0—-62.2 kg/hm’, significantly higher than that in winter crops, so there was little difference
between the two rotations. The highest N loss proportion (7.2%—18.4%) was from NH, volatilization, then was
from N runoff and leaching (6.7%—12.7%), and the lowest (1.1%—2.1%) was from N,O emission. When there was
no straw returned, there was N surplus of 37.3 kg/hm’® in R-R rotation and —6.0 kg/hm* in W-R rotation, P surplus
of P,O; 53.3-58.4 kg/hm’® and K deficit of K,0 138.3—145.0 kg/hm® in both the rotations. In case of straw
returning to the field, the average annual nutrient budgets of R-R rotation were N 133.0 kg/hmv’, P,O; 93.1 kg/hm’
and K,0 229.0 kg/hm?*, which were 30.9%, 3.2% and 28.7% higher than those of W-R rotation. [ Conclusions ]
Without straw returning, N is surplus in rapeseed-rice rotation and keeps balanced or slightly deficit in wheat-rice
rotation, P is surplus and K is deficient in both rotations. With straw returning, all the N, P and K nutrients are
surplus in both the rotations. Straw returning is thus an important factor for annual nutrient balance in soil. As the
large amount of N returning brought by high biomass of rapeseed, N fertilizer could be minimized to some extent
in rapeseed-rice rotation.
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Table 1 Soil basic properties in the planting area of different rotations in the Yangtze River Basin

AR i H HHUE (gkg) AR (gkg) WA (mgkg) AR (mg/kg) B (mg/ke) i
Rotation Item oM Total N Available N Available P Available K p
THEE—K AR {8 Mean 25.0 1.5 1152 16.1 104.6 6.5
Rapeseed-rice .
[ Range 6.0~53.6 0.3~3.2 9.8~203.0 3.9~51.8 29.2~242.5 39~8.4
INEEIKAR {8 Mean 235 15 813 13.6 103.4 6.9
Wheat—-rice e
[ Range 8.8~579 0.8~2.8 12.4~210.0 4.0~49.9 46.0~246.8 5.1~83




14 R, e RILHENH -5 & R e VR R R R AR TR 22 57 67

®2 H-REEE-RERECREDREL . SEAFSSEMFIUCRIEH

Table 2 Root/shoot ratios, nutrient concentrations and nutrient harvest index in rapeseed—rice and wheat—rice

rotation systems

THZE—7KF§ Rapeseed-rice

/INF —7KFE Wheat—rice

RE| s Fror E =BT
ftem Part  Nutrient i3 Rapesced /KA Rice /A Wheat KRG Rice Reference
HR5e Lb Root/shoot ratio 0.14 (12) 0.08 (7) 0.11 (4) 0.08 (7) [15-18]
FeorE i (gke) b b 13.7 (28) 9.7 (14) 12.0 (9) 10.4 (14) [16, 19-23]
Nutrient concentration ~ Shoot P 29(11) 1.7 (4) 23(5) 1.5(2)
K 18.8 (10) 11.8(5) 107 (5) 10.8 (3)
1 N 5.7 (6) 8.0 (4) 6.6 (3) 8.0 (4) [16, 17, 24, 25]
Root P 1.0 (3) 1.1(1) 0.9(1) 1.1(1)
K 8.9 (3) 8.0 (1) 82(2) 8.0 (1)
N 10.8 (2) [16,26]
Giis P 17O
K 193 (1)
FRITWRAE R (%) N 70 (6) 64 (14) 73 (13) 63 (15) [27-29]
Harvest index P 78 (4) 66 (7) 72(6) 69 (3)
K 12 (4) 17 (5) 15 (4) 17 (4)

i (Note) : FRHFEE NG, F65 NEIE I EFTRIER SIS EL The data inside brackets after the mean is the number of papers cited.
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Table 3 Rates of N, P,O; and K,O in rapeseed—rice and wheat—rice rotation systems

I = iH
. n N P,O, K,0
Rotation Crop season Item
3K 3% Z Rapeseed 115 H){H Mean 184.9 89.6 113.1
Rapeseed—rice .
Ju i Range 50~300 38~150 45~225
JKF#ZE Rice 106 {8 Mean 193.6 80.3 112.6
J [l Range 122~330 30~150 45~240
JHIAF: Annual 378.5 169.9 225.7
INFE—IK TR /A ZE Wheat 74 H{H Mean 192.2 93.8 103.7
Wheat-rice -
715 [ Range 50~300 45~150 60~150
JKFEZE Rice 58 {8 Mean 202.2 78.7 107.1
J [l Range 135~300 30~150 45~225
JAI4F: Annual 394.4 172.5 210.8
4 (Note ) : n FiRIEEL n is the number of experiments.
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Fig. 1 Crops biomass and nitrogen, phosphorus and potassium accumulation of returning matter in rapeseed—rice
and wheat—rice rotations
[FE (Note ) : iM3E5/NEZeki ARk H A BTG HT ZK FARAE . AT, IS s A TN TE s KR b A Ry it B9 T e 45 i
EMSe s NERIERRERT . A EARFE/NE FREFROR SRR NSRS 5/ E ] 22 b B B KT (P<0.05), # FARRKE FREFRIRS RIS
PR VE K RE 2 ) 22 58 B B35 K (P < 0.05); #55 WEHRKIK E R IFEFE . ARFEFYE A%, For the rapeseed and wheat seasons,
returning matter included rice root and straw, and fallen leaves in the rapeseed season; the returning matter of rice season included rapeseed or wheat
root and straw. Different small letters above the bars indicate significant differences between rapeseed and wheat seasons at 0.05 level, and different
capitals above the bars indicate significant difference between the two rice seasons at 0.05 level. The digitals in brackets represent sample numbers of

straw, root and litter loss, respectively.]
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Fig.2 Aboveground biomass and nitrogen, phosphorus and potassium uptakes in the rapeseed—rice and wheat-rice
rotations
[FE (Note) : FAIEHE b A BELLFIIE I TE 43 5 3 Bim S A T EFIE 3, B Nl R B8R 1) 25% I 75% sifin, b RKPAIL
FRBARAER 10% F190% sG40; F 1 EAR/NG PR R B8RS ZE 5/ A T H 22 58 B BFKF (P <0.05), FT EARREFHE%
TR FRAR RIS AE K RG22 0] 22 A B B 3EKF (P < 0.05); F55 WIWEISR/RFEAEL . The horizontal lines and solid squares inside boxes

indicate the median and the mean of dataset, the upper and lower box edges represent 25% and 75% percentiles of dataset, the upper and lower short

lines outside box indicate the 10% and 90% percentiles of dataset, respectively. Different small letters above the boxes indicate significant differences

between rapeseed and wheat seasons at 0.05 level, and different capitals above the boxes indicate significant difference between the two rice seasons

at 0.05 level. The digitals in bracket indicate the sample number.]
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A AR B FE AL The digitals in brackets indicate the sample
numbers of N,O emission, NH; volatilization, N leaching and N runoff.]
e VR A 2 JA AF 0 2% 5 53931 1 N 96.7 kg/hm? Fl
88.8 kg/hm?*, Hif, NH, ¥4 #15 B R T 5 H il B
K, NBEFRAMELSED 46.6%~57.2%, iR E
(1) 7.2%~184%; HUCEMAFFRILR, Y0k 374%~
43.0%, HIEAER 6.7%~12.7%; N,O HE & kb
Bilfe/ N (3.4%~11.3%), AR 1.1%~2.1%;
23 AEREFRREMAFAIVUZER

A4 — e 0 22— PR D SV A R 0 3R 0 A R
A, HHRRAEFR OGO (R 4) KB, TEFT
AN B, 3R ROl RN N 54.0
kg/hm?; KRR R T7H0RE, -
VERwh—Fa%e Ve 10,7 kg/hm?, AR A Z W kM
h AT AR A T o, - EIR RN AR N
373 kg/hm®, FEFFAHIEN T, #RA R VP
B, R E AR RSO R N 133.0 kg/hm?,
wFE-FiselEm i 30.9%.

T8 R - R R AR R R SR AR Bl T i Y R I 2
Ao EERARAEHMFET, WMRTR/NE 2
ROV A 3G N 49.0%, KAEEWRI N ZZ-FEFe/Er
VAT A (3R 4)o PIRMARAE IR R JEAR B R ICE
AR IR H B 5 25 5 (P,0; 53.3~58.4 kg/hm?), 1l
RAEFIEH, W PIRREEAE AR 8 R i AW ) 42
B (P,0, 90.2~93.1 kg/hm?).,

TERSFEA IR BN, Wh-F & R e iRk &R
ANE A2 L TR I S JR AR PR WS P B 4 T etk
o Hrp, s MUNE W R 5B 5 K0

39.6 kg/hm® i1 49.5 kg/hm?® (5 4), KAEEHE 7 g
IR A FE AR R 77 B K (K,0 105.4 kg/hm?);
PR AR IR R AR 2 5 Bl ik 3] K,0 138.3 kg/hm?
A1 145.0 kg/hm?, SFEFFA HEF, FEFFIEHAR K
fEBn, FsR R AR RN E R 21.0%,
(R E Ry N R Rl = B o S O AN L S R T
VERR 2 B AR (K0 229.0 kg/hm?) B i 55 T2 -F 46
fF (K0 178.0 kg/hm), $ i i A F 28.7%.

3 e

AR50 o XK VT S — e 5 2 AR R AR A B
TR AL S R B, RKILTEOm S . N
FIK ARG = Fl M R FFAS 148 Ao 5 0 A Sl S i e k&2
MR, BEA, R TIRES. X5KRZHM
e S G N B S (K S 15 =
F-FRelE, — i SR EREE A C, R,
AHLC/NEZEREFE, TSRS A A T 02 A AL 1 9
oS AR R R 5 — 7T, /INEREARA:
Pk, ARWERRE (P<0.05) m Tl (K 2).
MEBR A S, MR AVEIR R EREHR
HIAF N 88.8~96.7 kg/hm?, & J&4F Jiti & & 10
22.5%~25.5%., NH, #% . N,O HEHTE & O AR
FMFENS, W RAI5Y . Wik, FRIRTR 5
A DB R . R B R E R T
B SER O - (51O N ) - N L B U A A5 U Y
FNHL PR R NIE 2 BT AR08 > J R R,
WAL, FEFFA HREAS IR o RO IE PERE , 4 i £ 4
Feordrar, PR RS FR A F A5 Y s AE kLY
AL,

ARSCHFSE KB, I RN 22 —RE R AR IR & v JR4F
BER AR B E R (R AL - &M F L3 P,0;
53.3~58.4 kg/hm?), {HJ& A 2 & 2 13.6~
16.1 mg/kg (& 1), AbFIEH K. XATHEFE 2 5
1E e il b o [ AR A G Rl Ry int ik
WK TR, 553l 28 o 23 Bl W9 7K & 26 i 9 4% O ik
PRI o 2R SOME S50 R L R e A R 48 B Y
TF 5% 3¢ BB e 2Rl N0 2 B 1) 22 2 e g ik /0 4% Tt B il
WEE 12.0%. Rk, BRSNS, Tk —
A 2% R W 0 B B2 25 RN A a] 75 43 1) FE 8 0 IS B
WK IR AR . RS, B —
PR S BR R IR . KEF IR AR L H BE U8
PR WGV T B, IF HLREMS A — e R Lk
AR it 02 il R A P R TR I R T et
AR R R B AR AW, SEmie s 1
PRPEZ &
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x4 H-BEZ-ERERREFSBEEE (kg/hm?)
Table 4 Nutrient budget in rapeseed-rice and wheat-rice rotations
i A Input i tH Output -1 Budget
i TEYZA
Rotation Crop season it A MezE ey FEFF Wiezk ERIES S s
Fertilizer Root Litter Straw Harvest N loss -
N
37K HE JHZ%7% Rapeseed  184.9 10.9 28.4 57.5 130.8 34.5 58.9 116.4
Rapeseed-rice _ .
P JKAEZE Rice 193.6 7.5 — 38.2 160.5 62.2 -21.6 16.6
JE4E Annual 378.5 18.4 28.4 95.7 291.3 96.7 373 133.0
INFE—IKFG /N#ZE Wheat 192.2 10.7 — 62.3 168.2 29.8 49 67.2
Wheat-rice - .
JKAEZE Rice 202.2 11.6 — 453 165.7 59.0 -10.9 34.4
JA4FE Annual 394.4 223 — 107.6 333.9 88.8 -6.0 101.6
P,0,
TSk A 2% 7% Rapeseed 89.6 3.4 6.0 21.4 60.7 383 59.7
Rapeseed-rice _ .
i 7K 25 Rice 80.3 2.3 — 13.3 62.5 20.1 33.4
JH4E Annual 169.9 5.7 6.0 34.7 123.2 58.4 93.1
INEE—IKFE /N#2 7% Wheat 93.8 33 — 16.9 71.4 25.7 426
Wheat-rice _ .
JKAHZE Rice 78.7 33 — 20 54.4 27.6 47.6
JE4E Annual 172.5 6.6 — 36.9 125.8 53.3 90.2
K,O
SRR M=% 2 Rapeseed  113.1 13.3 40.0 192.8 206.0 -39.6 153.2
Rapeseed—rice _ .
P JKAEZE Rice 112.6 14.0 — 181.2 232.0 -105.4 75.8
JH4E Annual 225.7 27.3 40.0 374 438.0 ~145.0 229.0
INEE—IKRE /N# ZE Wheat 103.7 12.9 — 176.1 166.1 495 126.6
Wheat—rice e
JKFEZE Rice 107.1 17.3 — 140.2 213.2 -88.8 51.4
JA4F Annual 210.8 30.2 — 316.3 379.3 ~138.3 178.0

1 (Note) : —S—FEFAif [ No-straw returned; +S—FF i Straw returned.

i F ARG REAR R A, PR AR 5% oKk %5 L
WK RATTRE L SR A Wy 1 255 57 A 4% A R
PR SR . S H R H M dRE | X5
MECIR A TE, R H ol BE K A SR 2 N
9.0~11.2 kg/hm®, P,O, 1.4~1.5 kg/hm* 1 K,O 8.1~
14.8 kg/hm?; MBUTKEH AT T2 N 4.5~18.2
kg/hm?, P,O, 1.2~1.4 kg/hm? 1 K,0 2.7~8.3
kg/hm?; WAk, T IR B M e g [ 25 S
FREE, B EFREEZ N N 15.0 kg/hm?™, 1E57
YR T, AR . B AR —
&K, REBERTBKL A PO, 1.4~7.3 kg/hm? 49,
JK HERZE RIABEA T KO 12.0 kg/hm?™, 3% iR S8
A AABIEIT 485 b Al & B, IR AR &
ROV A B, ARATY SR R B Tk~ e T & —#

AR, W, AP EA AR, DL AR —
FEFRFE [ REUS AR LT b S W52 o A W AR,
AR R TR B IR AR A T B PR LA
4 45

1) I -FEFE YRR R A AF 5 00 IH ik i T 22 - Fa 4
YEIRZR, i —FAeAEIAR & JRAR RSl e i
TR R

2) PIFPAE VR R JRAR R R B % & o a4 it A =
1 22.5%~25.5%, HrKRg=A A ZE Bk 20 0
KFBUNETN 1.7~2.1 f%,

3) FEFFA L I, JEAE TRV A R A —Fide
VER B AR 2 R R VBl A 7 Bk, AP EE/E
RZWE. TS, BIRICIBEES . 6,
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