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AEEARE R AEXE-EEAFFERARTIHBZME®

MEF12, B B, E R
(1 HEBFEAGERE R RO, R 210008;

3 BRURN R E R SRR B, BRT 210095;

g g, EEMN
2 PR, Jba

4 R T EMEMY), ZHER 233704)

100049;

B OE: WEEREX, WE 5 ML CERIE . AL . MR + FEAT R A A I, HEREREIE + ok
FE, HEAEIEAE + B0, BRI SR AR A =i R R S R R s . 5 SRR, - AE A = i LR A +
FEFER A i B AbBE R 5 (12921 kg/hm®), HEFFENE + BB AR (12365 kg/hm®), H53 MU AL AL BE 43 M7= 12.5%.
T7%e Z/NFEZE: KPR, R SPE (NAA). ZUIEFIHZE (NUB). Z R (NUPE) #JLMHRIEIEAL + Ky A4k 2
B, 0 6134 kg/hn?y 180.0 kg/hm®, 42.1%. 0.80 kg/kgs H TKZE: FFhif“H. NAA. NUE. NUPE JUJ DA MR + Y
FE R4 B BB R, 400 6971 kg/hm?, 176.5 kg/hm?, 38.3%. 0.65 kg/kg. ARMAME N, LM + BHR A Ak #i
PRV B L X - R AR R - R EUIER R R SRR i, RIS, ML + REAPR A4 i A

KPR,
KRR FACHTAE; WREHLIX - RERE AR BEAA
FESES: S1583

TRV DX 22 R ) 2 A ] I R OB A
Hu, SRS 60% A HH A =, JL 328 1 Ik
Rl i B Y, B UIE A DX e AU it X e
HEC FHIX PR B 2R BAT S S, e b “ 5L
iy EL AR A RIEBYEAR] T - K/, FHAS T H
AR R R E RJa ik Eig K, S8 - F 2K
MAAR, =l T, WD 2 A XOR
TZE P2 BE DU, 2003 4ER & ¥ 2 102 kg/hm?,
AR AEAKER 50%0B) . 38 B X S/ E MG = 1) o —
L R F5 53 IR AR AR AR . T, WX 47 A
g mng s M= AR AN =, RS A S
B EAETEAPACS: FEFFRI RS 45%, B
FEFFAL I 7 K 2 59 (R FH B R AR, TRV 2f W2 U
TS, XORFIF N ZRAEY) (il R A g A K
RIS, REFFESA R IE g B 0 R OK NPT
BIRAES, $em THE AR == T, ghah, K
IRAE AP 2B ARSI RN, R T - R R
B, AT R O AT RS 2 B X
FEFEARE AT REIA T o 28 SR A O R S5 A [ it 5 it
TR AN TN FOK, BRI AR T X 22 - R R 4E

OEEINH : HEBEEHET RIS H (20090BADA6B04) #il).
* Wi (zhoujing@issas.ac.cn)

7 RS R R, B AR AR 2
DA MY A i 7 B BRI AL It o

1 MR57E%

1.1 58 X

00 B A B W AR IR Mg C117°21°E,
33°9'ND, FHHCF3E JE 8%, WRE X R TR 1220 m?,
IRE /MR R 60m*, /NXBEFE 20 cm, /NX [T 20
cm PRYT o Hr M R R AL AE LT B, R i
I U, TR 15.9°C, AERERT R 610
~1500mm, JoRGHH7E 220 KA AT BEEGIRE N &/
—H FoKERAE
1.2 fakarst

i oA, HRE (0~20 om) FEA
HALPERT: pH A 7.18, AN 13.98 g/kg, 4% 0.85
g/kg, THMRA 82.0mg/kg, HMAME 41.1 mg/kg, HRHH
118.3 mg/kg.

PERAORE: TR B R T R AR A 77,
N 46%; BRI A 2 BN EAL R A A PR A w) AR
77y N 17%, P05 44%; FALBI N InE KA, &

fEE T HEE (1985—), U5, IWARFDEA, WLWFRAE, FZRF5T A 1384 . E-mail: xbzheng@issas.ac.cn
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KO 60%; $2 0 T g Lo i oA BT BR A 7] A2 77,
N-P,05-K,0 4 23:17:5; Mt 4t v )42 fit

PSRl NFEONBERE 52, 48k, FEE 1875
kg/hm?, 47HE 23 em, - 2009 4F 10 H 22 AHLEE, 2010
6 120 HWOGR: FoKREK 8 5, 44k, FhaH
4 500 Fk/miT, FEEH 24.7 cm, 1THE 60 cm, 2010 46
H 24 HATAS4%, 2010 45 10 J1 14 Hgk.
1.3 It

R 6 ANMbHE, [N 3 RER, BEYLHES
BRI AN 6 MEEh: OXI (CKD: #-F4e
TERSEN AL @& ML (CG): A/NEFER
HEAKZE N-P,0s-K,0 73714 202-165-90 F1 310-0-0
kg/hm?, A&/ Zo A R St e R B — b N, 3
TR RN R = 5:5 SpBdiiAN; @
HEAE A X eI T R, TID: NFEE
N-P,05-K,0: 225-90-90 kg/hm?, % 1% [ A 3% 7 AE:
HWATE = 6:22 AN ; EKZF N-P,0s-K,0:
270-60-90 kg/hm®, ZUIE4 IR HE AL I\ 1R = 5:5 43
L) WP N B 9 AR i v AN [ £ oS
Wi, WAL PN A SO B R R — I PN s @HE
FEMENE + FEFPR R A E I (JTID: E TT AbBE At -,
B ERINEFEFT D B iE (KEE3 ~7 em) &
e G TH, B TR GREE 0~ 20 em),
TN REFF I B4R 5024 11250 A1 7 500 kg/hm?s
OHELMIE + F2E (KTD: ¥R P,0s &N
PR, AR N T KO KA H AN L s ©HERE it
HE + B3R (FTI: 76 TI ACFRIERE B, WP
BHZ T3 (0~ 20 em) JHELM 5% HtH, 1Nz
. A 112 500 kg/hm?,
1.4 M=, HEREESHH

W= SR AR HIK A S /N 20

e

m*//NX L K 40 BRVNKBGR R BORLGE T, A
AN IR BRI 5 ~ 10 BEZ R, T-HEAR 105°C 5%
T, 75°C BT, SRS FERURFRL 2y R 6 o 7 (0.25 mm)
i 1 A it A1 3 B A

FERAGSE N IR TN FORAE S 43
I HoSO,-HC1O0, 1, WL EG E B0 8 RS FFRIF R
AR R AR T R E R R R
TSR R AN S TEA bR B30y, AL bR 5
FAEW .
1.5 HiEMESIHESE

SBT3 it N\ 1 U4 2 2R A s R
%, RHZEEZRE, AR

FIEFIFIR (NUE, %) = CifigUX Rikkih b #m
B - WX A FR R SRR < 100;

REWIRE (NUPE, kgkg) = HikkH b %
F AP R M

RAEPFIFE (NPE, kgkg) = EWa/mibk ik
R B

FUWGRIEE (NHI, %) = ¥PRih &R /Au bk b
R B E>100;

ZNEAI 2% (NFE, kgkg) = &5/ M7

Pl
il

K AL HR ) P S R A I 22 =0k, B SPSS13.0
At ] ANOVA B34

2 HR5N

TR N E-FKEFEmE R EMEE
FHIFNE

ARG AE 2009 4E 10 H—2010 4F 10 H 4], K
H 6 FhAS [l AR MR At A N2 AN BOK, i K
FORI R 7 W3R 1 FIR 2.

2.1

TRMEARLIER %/ E-B EREFERFIT

Table 1  Effects of different fertilizer treatments on anniversary yields of winter wheat-summer maize

pusiil KN HEK JAAE
P B (%) P4 B (%) i B (%)

(kg/hm®) # CK B CG (kg/hm®) i CK B CG (kg/hm®) 5 CK B CG
CK 3740+ 209 b - - 30834999 ¢ - - 6823+ 1143 ¢ - -
CG 6035+196a 61.4 - 5448 £ 625b 76.7 - 11483 +431b 68.3 -
T 61482342 64.4 1.9 6030+ 1271 ab 95.6 10.7 12178 £1 078 ab 785 6.1
JTJ 5950+347 a 59.1 -1.4 6971+1134a 126.1 28.0 12921 £ 864 a 89.4 12.5
KTJ 61032604 63.2 1.1 6 062 + 234 ab 96.6 1.3 12165+ 27 ab 78.3 59
FTJ 6134+537a 64.0 1.6 6231+ 184 ab 102.1 14.4 12365+ 627 ab 81.2 7.7

e RSB R RN R R R A ) 22 5 1L B P<0.05 B2 KF (LSR i), Rl
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Table 2  Effects of different fertilizer treatments on yield components of winter wheat-summer maize

sl KNFE EE S
A3 (10°/hm?) MR (A4S THRIE (g BATEC U ITRi%L (4 HRIE (g)
CK 519+ 14e¢ 30.1+1.1¢c 4343+ 1.83a 13.0+£0.0b 29.0+44b 248+ 1.4 ab
CG 60.0+1.1d 34.1+06a 44.08+0.38a 143+06a 36.7+0.6a 235+24b
TJ 60.7+1.3cd 337+1.1a 4593+133a 147+£0.6a 357+0.6a 27.4+3.9ab
JTJ 66.5+15a 32.1+£04b 4350+ 1.26a 140+00a 373+06a 303+38a
KTJ 62.8+2.0 bc 31.6+0.7b 4578 +1.81 a 147+06a 353+1.2a 294 +2.4ab
FTJ 63.8+£6.7b 346+08a 44.63+2.18a 147+06a 357+15a 25.5+4.9ab
211 MAMNE-FRAFEFRIGEN 55 CG  AFLNE TR AR B

WEFAALL, SEAEAL R T AN (B ITD. B
Tk R H AR R, R 1. ZNETE DL TT AL
(6148 kg/hm?®), FTJ AFE. KTJAFIKRZ, 235tk
CG AbFEHEFZ 1.9%. 1.6% Al 1.1%; 1M JTI ALFAE T
CG A3, W R & %xmr. KT LLITY b8
B, FTI AMHRR Y, % CG ALEESJ 8677 28.0% F
14.4%, H JTI AbH5 CG AbBR[A] 22 5% W3 . A4y~ &
JTI M (12 921 kg/hm?), FTT AL (12 365 kg/hm®)
R, i CG A BRI ™ 12.5% F1 7.7%; TI A KTJ
AEFEAHIL, R CG ALBRIEF 6.1% Fl 5.9%; %5
SYHTRREIE, JTY ALERY CG AbHE ) 22 55 B, MR
Wb BRI ZE S AN W . RTINS AT AL AR K
f, ERGUEMEY (AN o™, Mgt EFEms,
ORI W2 s MR b B 452 R A 1) 8 7 o
o

2.1.2  RPA/NEE-B K= R R ()5 £]
® 2 WA, AN ARGEELL ITY b
(66.5x10°/hm*), KTJ F1 FTJ Ab3k, H ITI kbBR
5 A AL BRIE] . FTI AR BE S TI. CG Ab3[A]) 2 5 1) ik
F BURIELL FTT Ab3 R & (34.6 /), 405l ke JTI AN
KTJ AbHEE 7.2% F1 8.7%, FTJ Al TJ AbF#53 5] 5 ITT
HMUKTY ALBEIA) 22 5 W2 TORIE DL JTT A FRARA, LA
TJ B, 2390k 43.50 g F1 45.93 g, #5A0BEA) 2 55 R
W, HERKZE: BATHLLITI &A% (14.017), TI.
KTJ Fl FTJ AR AR —S H d5 i (14.7 47, 1 4t
AbH R 22 SN 3 ATRIA ITY b3 %, CG Ab3IK
2, FTI. KTJ F TJ AbEEAHT, 25 it I Ak 2 ) 22 S AN
B JTI MR E R R (303 g), K CG AbHfEm
28.9%, WiHIIZESFE . WL, JTT ALFE vy i 518
AN OREAL, P B ROKAT RO T OREEE, 1 FTJ
A F NPT S 2 B 0 A /N2 Rk, 3T 50 ITT R0 FTD

2.2 AEIMEAEAIEN &/ NEME ERFAWLEIZ M
2.2.1 HEBFENAADSEIFHRNUE)
3 WA, FHNEAREEA N T H OK SR LR A
WAEDIH E35 NAA BIZARIE 235508 145.3 ~ 180.0+
150.1~176.5 F1 298.8 ~343 .8 kg/hm?, K /NIFF 435
4 FTI>KTJI>JTIXTI>CG. JTI>FTJ>CG>KTJ>
TJ A JTI>FTI>KTI>TI>CG, Hh&/NEZE FTI
AEFREE CG ALBENE N 23.8%, WH M ZESEE; F-k
JASEPN JTT ALFAN FTI ACFR) 525w T CG bR, %
CG b3y IHE S 15.1% F113.6%. 3t NUE M5, &
INEZERDL N FTT (42.1%) 5 KTT (40.2%) Ab#E
Fi T CGALEE, 43758 CG AL FEHR 1 12.5% F110.5%,
11755 FCAB AL BRIR) G 035 7 s B FOKRERLL JTT Ab3ia
m (38.3%), H'5 CG AbHin 2582, bt
HWI I 2 s FTJ IR (32.0%) {HE CG
AP 22 ARG 2 . nT AL, FTT ARFERA B3 T 4/
2 AN FORAEMN ZUIE R, T JTT Ab R 48
NRCEV N L7 SOV WL SRR 3 =h 7 S AT
WGk o )RR g AR TR AN A ARt 1458 /5 e HE v
M, BEORTALBREE, SetLIERUK. B, AR
A IR R TR R ON
FEFFAE G I AR b B R A AGAE T, B A= g - 438
HRE AR R, AR AEY) 5 B R e,
ERRAEFRE I E FEY (&N ON LRI, HE
T3 350 JTT AL BERT A /N2 I BB FH 225 i AN I X
2.2.2 A EWRE SR HAE A A
AFE (NPE). ZUCE%0 (NHD Febr R RAEA
FHRHRCE . SR N B RE KR E A R
WK (NUPE). &AEHECE (NPE) FIEICKER
¥ (NHD W% 4. %4/NF2Z5: NUPE. NPE # NHI
3910 0.72 ~ 0.80 kg/kg. 79 ~ 105 kg/kg Fl 65.9% ~
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®3 TEMEELEZNE-EERARRERE (NAA) SFABFAER (NUE)
Table 3 Nitrogen accumulation amounts and nitrogen use efficiency of winter wheat-summer maize
NAA (kg/hm?) NUE (%)
Pt
KA HEX J4E KINF H X
CK 89.5+59¢ 73.1£16.5b 162.6 £13.4¢ - -
CG 1453+7.8b 153.5+19.0a 298.8+12.2b 29.7+39b 23.8+5.6b
TJ 167.3+£6.0a 150.1+173 a 317.3+18.9ab 36.4+2.7 ab 28.5+ 6.4 ab
JT] 167.3+123a 176.5+27.4a 343.8+30.1a 36.4+5.5ab 383+10.1a
KTJ 1758+ 12.7 a 151.3+17.1a 327.1+£29.7 ab 402+5.7a 28.9+6.3ab
FTJ 180.0+8.4a 159.4+44a 339.4+88a 42.1+3.8a 32.0+1.6ab
F4 AEKLPLELNEZE-EEKREZRENE (NUPE). REEKE (NPE) SRIIRIEH (NHD
Table 4 Nitrogen uptake efficiency, nitrogen physiological efficiency and nitrogen harvest indices of winter wheat-summer maize
L3 NUPE ( kg/kg ) NPE (kg/kg) NHI (%)
K INF CEWS KN FESS KN JEE S
CK - - 139+9a 9+6a 648+3.6¢ 470+12.0a
CG 0.72+0.04 b 0.46 £0.06 b 105+6b 71+1b 71.8+£2.2ab 51.4+69a
TJ 0.74+0.26 a 0.55+0.07 ab 79+4d 77+2b 769+1.1a 53.8+6.5a
JTI 0.74+£0.58 a 0.65+0.11a 96 + 15 be 80+9b 70.5 £ 6.6 abc 56.7+0.5a
KTJ 0.78+£0.57a 0.56 £ 0.06 ab 89+3cd 78+8b 70.9 £ 3.9 abc 581+15a
FTJ 0.80£0.04 a 0.59+0.02 a 96 + 10 be 74+6b 65.9+0.8 be 57.5+4.6a

76.8%, ALK /NIGTF 535 FTI>KTI>JTI=T]
>CG. TI<KTI<ITI®FTI<CG M TI>CG>KTJ>
JTI>FTJ; E Ek7: NUPE. NPE 1 NHI [¢)451E
439k 0.46 ~ 0.65 kg/kg. 71 ~ 80 kg/kg Fl 51.4% ~
58.1%, AbBR[E] KNG53 9k JTI>FTI>KTI>TJ
>CG. CG<FTI<TI<KTJI<JTJ f1 KTI>FTJ>JTJ
>TI>CG. ZairRY, L& NEFEEE T
KZE, JTI M FTT 42143 53] 5 CG 4b B[R] NUPE (1) 2%
SRS TR KT ACEE (] 22 ¥R W3 s &/
Z= JTJ R FTI A0 343 95 55 TT AbFE 7] NPE 2 5 &5 3% i
55 TI R KTT [A]G 25 22 7, H ROKZ= &t A A 2 TR
NPE % R¥ARE: SICARE NHI 2Rt
NPE AL, v WL, A% CG. KTI A1 TT AbBE i,
FTJ. KTJ AbERE & T 5 K I 03 RIBOseR R A
ARHL AR S T E ARMEREAE RSN
ORI 2> BRI #5328, 1 FTI A JTT A0 7 &/
R FE WO E AL T ZWBOR 5, fem T4
/INZE R IR B TR

2.2.3 FUILFIHZE B A, & NEFRE R
K7 % it I Ak B N 243 (R AR R 40 il A 26.45 ~
29.88 kg/kg 1 16.14 ~ 25.82 kg/kg, FIAE&ALIH K

ANIFESR 58 CG>FTIRTI>KTI>ITJ 1 JTI>FTJ>
KTI>TI>CG. ZFoHRM, £/N%Z8 FTI FfITI Ak
P NFE W (KT CG 4B, TJ. KTJ &PE5 CG. JTI.
FTJ AbBEA ZE AN 2 B K2KZR TI, JTI. KTJ. FTJ
AbFRIR] NFE ZE AN B3, (HRE T CG AF. I
FTJ A3 ENEA A N e TR R, 1 T b3
NEAEA /N ZER ARG, AR TR R

3 itit

TR RS SR IE RS T, O Ak T L
Jei, FEREPEEE BRI A, o LR RI R Ak
USSR, RIS R ARG B 2 U sk i
AN, FEWRRED SR, AT A,
SR N AR MR A B ARA g IR
FWH, /N ZEREFT I P Ak B8 e A Kb B 93 1.4%
XA REEAEATIE R 2 TN . ARFRA N2 TR
FFif &L 11 250 kg/hm?, 0 H I A5 FFE HH il
(6000 ~ 7500 kg/hm* "D, A#FTE KT FEFFE
FHH4 7500 kg/hm?, LB 200 B2, B AL FR
77 28.0%:

rBEAGE T AT HE R R Tl kd 2 —, H
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Fig. 1 Nitrogen fertilizer efficiency of winter wheat-summer maize in 2009-2010
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Effects of Different Fertilization Treatments on Yields and Nitrogen Utilization

of Winter Wheat-Summer Maize Rotation System in Region Along Huai River

ZHENG Xue-bo'?, ZHOU Jing', CUI Jian', MA Chao'?, FANG Chun-xing*
(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 2 Graduate University of Chinese Academy of Sciences,
Beijing 100049, China; 3 College of Resources and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China;

4 The Original Seed Farm of Xinmagiao, Bengbu, Anhui 233704, China)

Abstract: Field experiments were conducted to study the influence of different fertilization treatments on winter wheat-summer maize
rotation system anniversary yields and nitrogen utilization along Huai River areas in 2009.10 - 2010.10. The selected treatments were conventional
fertilization condition (CG), the recommend fertilization condition (TJ), straw plus the recommend fertilization condition (JTJ), the control
fertilization plus the recommend fertilization condition (KTJ), coal fly ash plus the recommend fertilization condition (FTJ). The results showed that
the winter wheat-summer maize rotation system anniversary yields were the highest under JTJ treatment, followed by FTJ treatment. Compared with
CG treatment, the anniversary yields of the JTJ and FTJ treatments were increased by 12.5% and 7.7% respectively. N accumulation amount(NAA),
N use efficiency (NUE) and N uptake efficiency (NUPE) were the highest under FTJ treatment in winter wheat, which were 180.0 kg/hm?, 42.1% and
0.80 kg/kg; NAA, NUE, NUPE were the highest under JTJ treatment in summer maize, which were 176.5 kg/hm?, 38.3% and 0.65 kg/kg. Under the
experimental conditions, FTJ and JTJ treatments were favorable to the winter wheat-summer maize rotation system anniversary yields and nitrogen
utilization in Huai River areas, but JTJ treatment was more favorable in the long run.

Key words: Fertilization treatments, Region along Huai River, Winter wheat-summer maize rotation system, Anniversary yields, Nitrogen

utilization



