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PHERDE (LSD) Bitfr 25 B EWHaLE, FIH
OriginPro8. 55X {F #1474 K

2 4 R

2.1 FEBEEXMEEAETLESLESE

ARG RS ENFEERNE,
bE & A A, LR AR S Inm
B (ED) o G =FEANFERER, 53R
HO(Noo) A, JEAEAU A 150 kg hm ™) &b 2
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in the winter rapeseed season; The dash line represents the initial soil total N content; Different capital letters in the same rotation mean
significant differences between N treatments by LSD test ( p <0.05)
K1 AFFAEEAXF AL O ~ 20 em L IERE G &

Fig. 1 Soil total N content in the 0~20 cm soil layer relative to N treatments and rotation mode

F1 AEREEXFEELEBREIREI~20 mTIERBRESARABRBSERE
Table 1  Soil total acidolysable and non-acidolysable N content in the 0 ~ 20 c¢m soil layer after rapeseed harvest relative to N treatment

and rotation mode

s MRS A Total acidolysable N (mg kg™) R M# 25 A Non-acidolysable N ( mg kg™ )
Treatment FEAMEE A IRtk (E Fa/im A ERice/ FRAmEE A

Rice/Rapeseed Cotton/Rapeseed Rapeseed Cotton/Rapeseed

Noso 270.9b (-6.8) 270.5b (-7.2) 449.1a (6.2) 438.2a (-4.7)

N 500 287.2b (9.5) 272.2b (-5.5) 450.7a (7.8) 453.4a (10.5)

No-150 278.4b (0.7) 294.1ab (16.4) 500.4a (57.5) 496.2a (53.3)

Niso-150 355.0a (77.3) 365.6a (87.9) 462.7a (19.8) 462.2a (19.3)

Nisoas 383.9a (106.2) 381.2a (103.5) 458.6a (15.7) 448.1a (5.2)
Nass_150 405.9a (128.2) 416.2a (138.5) 483.3a (40.4) 469.5a (26.6)
FTEZ A HTANOVA

AN N rate (N) * ns
#AE X Rotation (R) ns ns
AN x FEAERGN (NxR) ns ns

e iR E R R R AN A FUE AL B ] 22 57 B (p<0.05) 5 &5 NEUEFR/R 520 1 24FVE W R G R0 IR (AR L, 08
RS EMARMS A GBI E; *F£Rp<0.05, nsFRESALE; T Note: Different capital letters in the same column mean
significant differences between N treatments by LSD test ( p <0.05) ; The values in brackets indicate variation of soil total acidolysable
N and non-acidolysable N content against the initial values of the soil before the experiment in 2012; * stands for p <0.05, and ns for no

significant difference. The same below
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FINGys 150 ) HIHERR RS A S RAGEINT5.2 ~40.4
mg kg™, UG A S VEARE 204 A X 4 A 1 it A5
Rt AW e,
23 AEBEEXMBEAETLERBESRS

HAMEE

Jit FH A NE AL FE WA T 4 1 SR i S A i
TR MARSA N FRBELA TR EL (%
2) o FIEMMAERESA . AEBEA . B#
B ER R AR F A A o) o B B i R A
35.1% ~43.2% . 5.5% ~ 10.5% . 34.1% ~ 43.5%F
9.2% ~20.8%, FMHE R EZm T - k2 5t
FRAS S . PR AR B S E R R NS E W & . Bl
AR AR AR, LR A A X =
A S R, AR ERI T DL
AEFNE I 375 kg hm AR BRAY & BB . B AE
A O 4 R A A R X — AN oy i T B B
Mol , AE P FPFEVERI R IR M S A = A5 1A
2SR o SN ACBRAH L, R /m AR Ah fe 1R
TR E RS A . TR S AR MRS A
SR T 18.8% ~ 41.2% . 44.8% ~49.4% |

147.8% ~195.6%M24.9% ~33.2% . 75.0% ~
88.4% . 49.7% ~75.1%, F&/IMFSAE b R fift 84 75
RN T AMEEAE, R MR RS A S A8
W AR AR EAE . 5 0 IR R A R A 45 M
Fo, YJEAEEUIE B IE300 kg hm i, 3R %
BEMRESA . B SAMBRMARANER ST 2H
ANFEFREER I, Horh, B AR AR S g
ERN, MRARMSRA & RIS EE K., EMRZT
FHAETS A8/ 5 A v IR ik A 285 038 o v s /N T
MM FEAE T A A 20 A G B ek 4 hn e o R D
THa A e o it AR 5 IR i A S A S B
ATME, SHEMIHME (21.3 mg kg™) L, W
P VEAR R S A B i 1 o AR 1k .

DA 8 B R A A R BN A TR AR LS A AL
LMERIAMRSRET LIRS (E2) , [Al— g
SAEANEWARBHMES, KEAREMEET L
TR SR i A5 AR R A A ML A4S 40 0 1 A2 AR A A
M, FEAMACIET R ERSA . RFESAM
R ik A 60 25 20 R 0 BE 1 B A9 9 1) 3 1.5% . 33.8%
F136.0% , TR0 AR T = A~ 41 453 B A B ) A3

T2 FRBMEERNFNECLIEHRKIKEI~20 mTIERBESEZEHIEE

Table 2 Soil acidolysable N fractions in the 0 ~ 20 c¢m soil layer after rapeseed relative to N treatments and rotation mode

Koot e % il AL PR A A T i A S A T fifp i S T fige A TN A R
Rotation Freatment Amino acid N Amino sugar N Ammonium N Unidentified acidolysable N
(mgkg") (mgkg™) (mgkg™") (mgkg™)
FErmEeAE Noo 113.5¢ (-19.4) 28.5a (7.2) 101.9¢ (7.3) 27.0d (-1.3)
Rice/rapeseed Nisozo 103.0c (-29.9) 28.8a (7.5) 113.9¢ (19.3) 41.4¢ (13.1)
rotation Nooiso 114.9¢ (-18.0) 21.6¢ (0.3) 116.3¢ (21.7) 25.6d (-2.8)
N i50-150 129.0b (-3.9) 27.0ab (5.7) 135.6h (41.0) 63.4b (35.1)
N 150-225 134.8b (1.9) 21.7¢ (0.4) 147.6ab (53.0) 79.8a (51.5)
Noss_ 150 160.3a (27.4) 26.5b (5.2) 152.2a (57.6) 66.9h (38.6)
i E R (S Noo 116.7¢ (-16.2) 26.0a (4.7) 92.3d (-2.3) 35.4d (7.1)
Cotton/rapeseed Nisooo 103.3¢ (-29.6) 28.0a (6.7) 99.2d (4.6) 41.7¢ (13.4)
rotation Noosso 113.4¢ (~19.5) 21.4be (0.1) 126.6¢ (32.0) 32.8d (4.5)
N 150-150 133.9b (1.0) 23.3b (2.0) 158.9b (64.3) 49.5h (21.2)
N s0-225 145.8ab (12.9) 20.9¢ (-0.4) 161.5b (66.9) 53.0b (24.7)
Noos-150 155.5a (22.6) 24.8b (3.5) 173.9a (79.3) 62.0a (33.7)
75 225501 ANOVA
ANC A N rate (N) * ns * *
BAE# X Rotation (R) ns ns ns ns
FIC & x e ERIX (NxR) ns ns ns ns
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3 y=0.539x-44.2 = y=0.166x-9.5
& R2=0.93%* ® R =0382*
0 1 ! I 1 I 1 ! I | % 0 I 1 ! I 1 ! L 1 |
0 50 100 150 200 250 300 350 400 45 = 0 50 100 150 200 250 300 350 400 450

HIRAS Soil acidolysable N (mg kg™')

HERA S Soil acidolysable N (mg kg™')

K2 AREESAT SRR S A& R SMmA SRS H MR

Fig. 2 Relationships between soil total acidolysable N content and soil acidolysable N fractions relative to rotation mode

SM31.5% . 53.9%HM116.6%, PIREEVERIR T 1 HE
T it e 2 SRR AR ok A R0 25 L0 B LE 9] 25 57 I 4
24 FRABERAMTLCAETLE—HEYKR

BaEmRF&

F3I BT K FE A =8 AR AL /il SR 5 /R T AN TR
AL FE2012—20 1 S4F A R R WP . AIEHEA
FIE P 28 W S0 2 3 A R 3R 0 i AR 1R 1 32
B, RS AR o K R AR RN B Z AL A
FZORVE, XS R RN ZARE
TR EEE R FEA AL, ARKE
WP T, JCHORAR AR, AR RN
A -226.7 kg hm™ . JA4EEUIE A A 150 kg hm™
Aib 3 R BR R AW A B, ELAE A S A A
FMA R VAR N B . A AR RNC A it
300 kg hm i, BAERAEMR R T I2E AR A B
RAEYI R R, HAR VPRI B AR, o
FEREAREAE P A R B AYK319.9 ~ 463.8 kg hm ™7,
A= R AT E X (2

MR ERE AT IR WA R A . L5
SRV A WE A AR (K3) ]
PEH, BNARARS IHELEA . RESA. B

il B BERAER . RS R LR RAR SR & &
VIR AR, P RERTNIH0.69
0.69. 0.58. 0.57F10.80, Tfi5 KB A R L
KR R FAS A S RO ARG, [RIRE, B 1
AR, TR RS AL LR RS
A BEERAMAMEAT B2 ELE m&H

3 W ®

30 REEAMEEAENIIEERSENZI

RIEEZm IELSA SR EERER, K
FE, YRR AR AL AR SRR b R AR IR A
#2300 kg hm/F, 258 Z4ENBREE TSR
SRR X5 O R B — sy a R L
AL, A6 kK W e A B S AR, PR
it ML b B A R A AN T 0.12 ¢ kg 1
SR AE— 26 KM A 7" Al e B, K
it F R S AL AR X e R S B LB EM . R
[] e 36 o5 0 it FH A0 BB X 1 8 4 R B 8 I s oA
[, XATRES BRIk it Al B
DL 3548 PR AR HE A 5 DI C &R o Christopher il
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£33 FREBERAMTAMAIE2012—2015FREZRUTFE
Table 3 Apparent N balance of the period from 2012 to 2015 relative to N treatment and rotation mode
AZEHA Ninput (kg hm™) R ZE L H N output (kg hm™) A E A
AR AR R ET - TCALA Apparent N
. T AR EBOK WGERE HMEENUR Rl
Rotation Treatment N,... before balance
Seedling N fertilizer Irrigation N,.., after harvest Crop N uptake 5
experiment (kg hm™)
FEAMEEAE No_o 16.7 17.7 0 137 14.4 237.2 -76.0
Rice/rapeseed N _ 16.7 17.7 450 137 14.9 436.0 173.5
rotation Noosso 16.7 17.7 450 137 19.0 507.4 87.7
Niso-150 16.7 17.7 900 137 21.4 722.3 319.9
N 5025 16.7 17.7 1125 137 21.6 828.3 438.7
Nos 150 16.7 17.7 1125 137 20.7 805.1 463.8
iTaliE R (H Nooo 16.7 12.8 0 0 11.8 259.3 -226.7
Cotton/rapeseed N, _ 16.7 12.8 450 0 13.1 570.2 -93.4
rotation Noiso 16.7 12.8 450 0 18.1 571.6 ~118.0
Nisorso 16.7 12.8 900 0 20.6 882.0 24.9
NP 16.7 12.8 1125 0 227 951.3 166.9
I\ P 16.7 12.8 1125 0 22.0 1047.0 85.6
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Fig. 3 Correlation matrix between apparent N balance, soil total N and soil organic N fraction relative to rotation mode



1554 + e

S ¢

54 4

Lal " 5 G0 G 4R 3 7 A LR & &, X
FEJE i T A ARG I T RS DL A PR
Yrit. fEAMR T, REEYRF BB, |
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SR TEARM ST R I R e, A
DAAEIA TS r RAE A VR iH AR i, PR AE
T V& v T4 5 5 51595 ~ 3 979 kg hm™?
F1650 ~ 4 740 kg hm™, %A IS &5 0 ¢ 45 120
W RIS AR (2 162 kg hm ™, (il
SRR T B M 013.3% ) o MJEIAE B ER & W)
HoRAE, MERCHEMR N, BERS T A
BRIV )0 B AR A, T R R A IR
300 kg hm Ab L, 5% 959 0934 H 2 TR A A
P OFRE, WA R AR RUAR B
F, A Y RFEEAE R A 300 kg hm AT,
AR RA RN B W AR R ARE
DE AR EIR R AR Lm, IF HRWA R -

WAL ZETO ~ 20 emWy+ )2, FH EHAEAE
BATRAZERmMESVE Y, UHEE 1
TRRS T2 TR, REWMERERLT L
B YR R AR A AGERE, (A NRIA
RRARM LA G BT AR, BE R
REBABIIIN, 58455 50 W30t
B LA FEAKRS L AR ZE R SR 2R 1 it
RAIEA BELAE Rl B = H N0 Ty, X F LRk AL 1 841K
M, B SE — 2Rt F AR IE B AR AN T A
JE R4 b, AR LR IR AR S
(0.72 ¢ kg™ ) BARMEB T, ) =4 3% 2t H A
JE (AR RBBEA M IE300 kg hm™) J5 BIESE S
EH R, RASMRLu ' 2 KW, wAKEF
T HEAVANRAE, KFAAE LI B R
T RHARAE, (AR AMT, KAl
FRAE AR sefE LA A S I T R 25, Xl
AEZ T A0 1 e sl (B AR AT 450, PRI RR R VR
B YLE S RO R, I H AR
FIAFRARBARA IR

R4 TRBEHERMEILLIE2013—204FEEDTFHRE

Table 4 Dry matter weight of crop residue relative to N treatment and rotation mode during 2013/2014 season

FE/M % fERice/rapeseed rotation

i/ im#E 1E Cotton/rapeseed rotation

sz TKAEMRAE et R HiAET&nt st A
Treatment Rice root residue Oilseed rape leaves Cotton fallen leaves Oilseed rape leaves

(kghm™) (kg hm™) (kghm™) (kg hm™)
Nooo 1653 595 335 650
Nisoo 2503 784 1410 776
Nooiso 1737 3306 388 3764
Nisoiso 2515 3494 1491 3891
N sooa2s 3072 3979 1659 4746
Nops 150 3048 3562 1971 3970

F M A A IARE S, N A EM R Z VK Note: Leaves of oilseed rape were sampled during flowering period, when old

leaves began to fall

3.2 RERAXMELAEN LIEANFTAES T
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APLRA S, EOR R S A LA S 5 U R ]
i, B ORI S A WL R B S TR
AR . KB 2 XA [ oA A B AR
A PR S A A R I 2R AR, &
VAEFE S, AR MBI BAS AR S =] WY
I, AR R i 25 R B AE P AR N TR R A W] B R

b, AU SRR AEBR AT 104F 5, H I3 R e A A
TR PR M A5 R & S LRI . A5 38 0% rh
NG ERA A IY, TRIAT HLE M 5 32 B4 B it
fRZIR, EAESE Y R BN ~ 24F )5, BRI
IR AL BN R E A LAE S, #E—2 N
IR, it A 3 i IR B TR O B R
BRMBBEERSESA P . RIAEN 2+ 1%
hECNTRRE . EF LA ILR A, ERRLETE
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4 4 g

JEV A 56 A v RONE A Bt P 2 2 15 sl 4R i -
HE TR JEAl A YSKRE . AL ZE RS R A A
AE A R 300 kg hm R, A4S+ HE— R W) R R R
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Effects of Nitrogen Application Rate on Fractionation of Soil Organic Nitrogen
Relative to Crop Rotation Mode

JIA Qian LIAO Shipeng BU Rongyan ZHANG Meng REN Tao' LI Xiaokun CONG Rihuan LU Jianwei
( College of Resource and Environment, HuazhongAgricultural University, Key Laboratory of Arable Land Conservation ( Middle

and Lower Reaches of Yangtse River ) , Ministry of Agriculture, Wuhan 430070, China )

Abstract A 3 a field experiment, consisting of 6 croppings, was conducted to investigate effects of
N fertilizationon content and fractionation of soil organic N relative to N application rate and crop rotation
mode, paddy/upland (rice/rapeseed, RR ) rotation and upland ( cotton/rapeseed, CR) rotation. Results
show that after the 3 years of crop rotations cultivations, soil total N content in the 0 ~ 20 e¢m soil layer
increased remarkably in plots more than 300 kg hm™ in N input. Compared with CK ( No N fertilization,
Noo) , soil total N content increased by 13.6% ~ 23.5% and 15.0% ~ 23.0%, respectively, in the treatments
300 kg hm™ and 375 kg hm™ in N application rate under either RR or CR rotation. The increase in soil total
acidolysable N content accounted for most of the increase in soil total N. Although no significant difference
in soil total acidolysable N content was observed between plots under RR and CR rotations, fractionation of
the soil acidolysable N varied between plots. The proportion of soil acidolysable ammonium N increased by
33.8% in the plots under RR rotation, much lower than that (53.9% ) in the plots under CR rotation, but the
increment of unidentified soil acidolysable N in proportion was higher in plots under RR rotation ( 36.0% )
than that ( 16.6% ) in the plots under CR rotation. To sum up, reasonable N fertilization may significantly
increase soil organic N content. Fractionation of the soil organic N pool varies sharply between plots under RR
and CR rotations. It is, therefore, of important significance to optimize N fertilization for high crop yield and
high N utilization efficiency in the light of the characteristics of soil organic N transformation under different
rotation systems.

Key words Nitrogen fertilizer; Paddy-upland rotation ( RR ) ; Continuous upland rotation (CR) ;
Soil total N; Soil acidolysable nitrogen
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