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W OE: T WARMKHA AL i T B 8 R IR PERHE, FIHITE T 1979 s R iE B AR K e A
38, DUNFZ-RE-EXREIE Ga) N—ANFAW, EETH CRFEAE, 10/E CKO. # R IEELE (NEE N, P05
519 150, 75 kg/hm?, KEH N, P,0s 848514 75, 150 kg/hm?, EKHE N. P,Os 54> %179 150, 75 kg/hm?, K,0
FHE 75 kg/hm?, A84E NPKD. HEANIE GEAE 18 600 kg/hm?, iB/F MD. HEALIEEHUICEE ((bAEME &R NPK, &
UG R M, it/ MNPK) Fl B ERHLIEE PR (N2l N, P,Os B2 5108 300, 150 kg/hm?, KEjiE N,
P,05 43514 150, 300 kg/hm?, « Kt N. P,Os &40 514 300+ 150 kg/hm?, A HLAESL 37 200 kg/hm?, iC4E MoN,Py) 5
AMEFEE, BT ANREYIRE R B PR R LR S R AT . A IRERI: D B CK, KA A AR Ek
EELHEE MU & TAEYIr &, ZETIEZ RS HTE 82.5%~91.6% (/NE) I 35.6%~40.9% (EXK) ZIal, K
A TRt IR i 7 5 R R BN MNP, >MNPR>NPK>M, B HLEHLUIEED i 5 i LA B R E - B 2 A R . 2) K
SIS it FIE Kb T /N 22 10 K P B B IR A PR RS S R PR A 3A, FR IR 4030 13.93 Fi142.61 kg/(hm?-a), K G LL 7.409 kg/(hm?-a)
FESFE . MR /NS KEMER BRI E RN 28k B . 3) AR &8t T, KIEEHY &
TLAEALFE (NPK) FlE SEALAEA HUIERC AL EE (MNPK) 3507 B4y 5I0A 29.7 F1 17.5 kg/hm?, 44054 33.4
1 61.2 kg/hm?e &ACBEH3E AR R RIN T B, THETE 30.4~73.0 kg/hm? 2 /7. MNPK Ab3RE. A0HEROR A BTk
3, B NPK AR HIKIIN 12.2 F1 27.6 kg /hm*. 4) {EWIF= B 5 HIANUR . RA. A0, BWE. £FHH P
BE B EHXKREP<0.05), 5 FERBI/NE-RE-FORMBBAERET, HET TSR0 PHEAHMER T “Fa%.
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SN IR EA LR, PR IEALRR . S
SV T E 6 AN B RS AR JRZD K
RIGH 4, RIAERE N 24 120~300 kg/hm* i, ifi N
I NPK ALEERIHEZE pH AR BN i AE A BT 3545 5 R AR B 11
A, f KBRARIERE 0.64~1.51. KM AILIE, HE
P3Gl -G HLER & E PR, B BRI E AR AL 1
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PR, EERFAREHL ). REAE IR E R T,
MFR 3 BB N - P £ 23 BT AR B 5 20 0 = BRIP4
ARBL, xf Fig TR L 2 WA B AT — € 1 4 A
FARZ ), Wt AR HUAEBC A 2% 1 R AR 7= AR AR 37 43
SFHTRAE, X TR S IR RIEG PACE . RO AR
/b BRI 2 55 B A HEE R BRI S

B FEN A TRWCE R V0P R ORI
BOPIE IO, B BbEie . I m . HEAERE 50
RO A, e ] 8 AR ) B PR R RR
IS A AN S BERE BT 30, IR 7K G IR,
BAREERAY, S0 I T 5 R AR Y
%, B RILRM RS, TEEmE TR AR A,
g R AR, RS ELIEIET) . DR & AR
7778, R SEI R IXCARME AT RRE R R AT e . AT 7T
5Bl 1979 JFAAR) B KM E AL, KA R L
ST PR B A RAAE , R IR RAE IR
WS- 7 B 2 TR R LR 2R 5 SRR ST R A DB it i
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1.1 RIEXHER

PRI AL T BERTT A WG R T VTR AR ERE R
ISFEH (126°35'E, 45°40'N) , 4 151 m, JEIAEIT 2K
B, thAbHR T, —FE—RR, AFTEA TR, BE
BZW, =10CFHA PR 2700°C, F35H 3L
2600~2800h, AL 135d. REEH A FEHE AL, Bt
BEFURAUERR B ORR 1 KIS T 1979 4F%E, 1980 4F
Tt N E— R — K elE. WIEEHHE (1979, 0~
20 cm) HHEEANERC: AHWK 15.5 gk, A 147 gkg,
4 (P,05) 1.07 glkg, 424 25.16 g/kg, Bf#% 151 mg/kg,
A% 51 mg/kg, HAAN 200 mg/kg, pH{H 7.2. 1979—
2014 SERIEHAEM A B (5—9 A H PR IR (17.8~
21.0°C) MZEITFER R (287.0~770.7 mm) VLE 1.

—&— i i Temperature 124

i /i Temperature/ C

B 1 KEx 1979 -2014 FHEDEFTHE FHARFZTERE

Fig.1 Mean daily temperature and accumulated precipitation of growth period from 1979 to 2014 at long-term experiment site

IR RE AP, SBORVT A RO R 2B iR 56
e S FIRT G, HEREENTAET ER, B
REGHIEAT 7 B e, £ EHSIERAE E, 2010 4 12
H B A KW I 44 FRHT THETE (WO
FE L1 m) , R JEAHEE BIFE JFHE 40 km FIRE ZREE T R
FH (126°51'E, 45°50'N) , FrhbAfE. HIESHR%

5 R R A — 3
1.2 It

K I i 24 Mk, HTiRE A F AR
P, AR RCITBREAE CRRBEALIE)  FEIEH ) G AL
JE. AHLCHUERCHD M 2 AR, AL
T 5 AR, RIS B AR A PR AL R LR 1.

x1 KHEMAELELEIEE

Table 1 Treatment and fertilizer application rates of long-term experiment

kg-hm™
WA Wi B
b N P,0s iRz aHLE
Treatment INFE K Ek INGE K B S K,O Horse manure
Wheat Soybean Maize Wheat Soybean Maize

CK 0 0 0 0 0 0 0 0

NPK 150 75 150 75 150 75 75 0
M 0 0 0 0 0 0 0 18 600
MNPK 150 75 150 75 150 75 75 18 600
M,N,P, 300 150 300 150 300 150 0 37200

HE: CKFRAHAL: Ny Py Ko M CHED DRIFRHEL. BEE. #AL. AHUE: Nov Pov My DAIZORMEALEYH B0 2 5. CK. NPK. M. MNPK il
M,N,P, WA EACALEE, FIFE .

Note: CK means no fertilizer, N\ P, K and M mean nitrogen, phosphorus, potassium and manure fertilizer of convention, N, P, and M, mean 200% fertilizer application
rates of convention. CK, NPK, M, MNPK and M,N,P, mean different fertilizer application treatments, the same as below.
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PR /NMXTHA 168 m*, TEE . WoL /5 3
WESE, RE/NXHEFN 36 m* (4mx9m) , FEHLHES,
AN KR A GRE 1.1 m) » RA/NE-KE-E
KEAES], BE—F. GHICIALE GFraaEag
IKRIEFBAE T E ) , BRFAE AW —k, T F KUk
Ja Bkt TR & 75 kg/hm? (41553 18 600 kg/hm®)
FEEANZEMETHME, N P,0s. KO & HA
0.58%- 0.65%F1 0.90%. % . AP NKEIEE (£
KZEENE 50%HKiE, 50% T KM\ HE ) « ZAEAIR
# (N46%) , WAL NEISBERRE (P,0s46%) « TR —
B (N18%, P,0546%) , AL NIRERET (K0 50%) -
H ARt 1 0 LR 16
1.3 HmEEMNZE

IR T REKEROR G RE, B NXCRER
EERE (0~20cm) , % “S” BELS N, S A A
AR AEY B T UG NX R 10 m?
FEDX, R4k, AN THiki, MET 5 RREUXT i &,
e H A KE, HEAEY R R A 7D
EANUR . AR A3 R A g ol
1.4 WEESWEE

HIEFFWPA (kg/hm?®) =4 FUAL 2 JERHE A
MR —AEY TR IR (D

AT, IR RMEER 1 K, BHUEREEA
AR ONE-KE-EK) i1k, SotH IR P
PABSAE R I (4 3 @) N Bapr, BB/ E-KE-FKiX 3 a
WIKFE N B BRI e i, 22 00E S 7R a0 11l
B, TR &R A IR AT AT P38 it
Ah, AHFERINE T 554y (1980—1982 4F 1989—1991
L 1995—1997 4F. 2002—2004 “EF1 2011—2013 4F)
(RERR IR &, /N . KRR R R IR 2 & R
TR 2 (FIAME . FERRTR W AR VEYDR R
FEFE AR =B, WS 3 FEYIAS A %
AR REIIE. A AN SIS AT B
Bk AEPIE BRI SR N IR 7R &,
A EETEIE R NoO HEAM R SR R R TR0 & .

PRI B S R (MR B NI 22 R
AT AR GERE, BRI T B R R 4t
EARSS M. FIFH Excel 2007 A HHRLSHE #4740 7,
N SPSS 13.0 BT Z /b 2 E I (LSD )
FAH 2041 (Pearson correlation coefficients) . JLEE
RIG M 2 B R 2 WCHR[21].

2 RS9

2.1 KHREEHTEMEH =2

MY P Bk E (2D, KA EEIR s e
e, AR A E AL (CK) BERE/INEME
KA ', B AN [ it A8 i 3 72 S AN ], RN
M,N,P, (ZfFEE L AEAYLERCHE) >MNPK (&AL
AEA MU HE) >NPK O &AL AR EC i) >M (R
BEAHYE , Hr M,N,P,. MNPK FIl NPK Ab B [y 5=
Ry AITE 82.5%~91.6% (/M) Fl 35.6%~40.9% ( £K)

Z i) B A PRI (VD EYDIE = SR K. N2
MEKZE M 4L F 5 MyN,P,» MNPK Al NPK Ab¥ 2 Fik
B (P<0.05) , 1 BHTETE 7 (L& AR A 2 DAIR
R 8. MidbE (NPK) MIitia WAL 3 AabEE
INZERN K PR R R A MNLP, >SMNPK >NPK, {H Zb#
VEVIFE B ERARE (P>0.05) « A0, B4 &
AHEFIAE R R H R = EH . 7EiE ik AE
(NPK) [FZERE EAINEHLIE (MNPK) , /NZERITE K=
AN 2.8%1 0.8%, A IA ) B P2 R

& 9000 o cK a

E 8000 NPK

£ 7000} @ M .

3

S 6000 - O MNPK —

o 5000F B MNP,

& a a

5 40001 ° N —
< - — —
i 3000 ¢ = a @ a a a =
3 2000F — = = =
ﬂ L | — — =
i 1000 f: — = =

/N Wheat K 7.Soybean i KMaize

e 2001 AN EFR, 2008 (EREKEARGEUR, mELERRAERE
P, REATG. ARDNE FREOR A R AL P<0.05 KF LR E#HZER.
Note: Because of serious drought in wheat season in 2001 and large area lodging
in soybean season in 2008, their yield statistics were not available. The
lowercase letters in the table indicate the data in different treatments are
significantly different on the level P<0.05.

B2 RIEREETHNTHZE

Fig.2 Average grain yields under long-term fertilization

RERMEAS [FEDD b (38 P2 N A AN ], /22 i
RN = R B, 4 ANt IE AL B /NS RN R OK P R 3
BERET CK ALFE (P<0.05) ; HMifEAE KRS _E b R 5
AR, 4 MERAAEE KRS 2 EET CK A, (HARIX
G 2 7 B EKCE (P>0.05) , HA&/ AR AL A
WILEREZER (P>0.05) .

2.2 KHIREBEZH TEM=EFERETWL

Bl 3 S/ KEREK=EIERB L. %
b BRAS [R]AF-3 (8] BRIV E D P B AR AR O, IX AT BB 52 244K,
WA MR, SFP SR R . R~ &
TR PR B i LA A e A (y=koatb) R/
Kk B BB ME kg/hm?®, LR B RE R 28
R, KRR AAFE (CK) PR AIAE b S2hi b
S H K AR BE 21 T R R S AR . KA
MR (CKD) KEFRERIANMINEA (K NIEED , 1
EA 7.409 kg/(hm®-a), =% K AR BEOL [ & 25 /S
R AR, ELI0 R IR ARV i RE 3G I 3 R Y 3R
AP, BRI E R, seah, R R S
IEEE/SURTROWNITET Y Y Ll R N ERRS -2 N ) |
B KIAAHEAL (CK) /NEMI KRR T
s (K HUED , BEIRS 518 13.93 £ 42.61 kg/(hm’-a),
X5 LI AW AR, BERRE I BRIRA OG, R
FNFRAE TR/ 45 H B v T K G 2 [ e 1

KA AR AL BR /N . KGR ROK = i b 2
T (k 9IEED , HA/NE# ARk NPK Al MNPK
AR KB R » U6 B B4 1687 it IR % 48 e A A LA A 4 o 2 )
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A M F KRB A RO& 1% . NEZE MoNoPy BN R

BAF K&

2K, HElEFTHEEKAME LR

ab H. /= (R > . B~z EL
Py, AT RE DR 0 ER e i A it FH A BE IS Al
3000 ~6000 4000, 6000 & 5000 °
g £ 5000 o E o £ 5000 g ° o
2 2000} ——2 0% %4000 ° 3000 o0 % o » 50— %o
2 °\°\ = W 2 o o < 4000 <3000
N IR £ ° Saooo] ° 3 S| ° o
21000 2000 o 2 ° = =) :
= CK: y=-13.93x+ 29753 uﬂﬁlooo NPK: y=40.40x-77108 7z 1000} M: y=1.154x+453.3 fggg MNPK: y=41.69x-79593 g5 |0l MaNaPa V=-3.685x411090
5 R=0.161 EN o R*=0.284 By R=0 EN R=0.357 EN £2=0.002
& & & 8 8 3 & & 38 8 3 E§& 88 8 3 & & & 8 8 = & & & 8 8 =
—_— —_— — o o o — —_— — o o ol —_— — o o o — — — o ol ol — — — o o ol
43 Year 4} Year A3 Year FE A} Year 3 Year
a INEELH R
a. Wheat yield in treatment
< 3000 ° 45‘ 4000 €4000 €4ooo 45‘ 4000
g o o
) o ° "5 3000 o 9 53000 0° 53000 0° "5 3000 o ©
2200 —— 7, 27 o ° L < ° o 2 [ ° e 2 o
3 =S 2000 5 = 2000t © = 2000 o 3 2000
5 ° 5 5 o %% ) 5 5 ° 5 °
£ 1000 & NPK: =31.65x-60847 & &2 0 2
& CK: y=7409x-12725 {2 1000 & }[’;20259 7 1000F N1 £-3824x-74065 f 1000 MNPK: y=26.26x-50072 /z 10001 MON,P,: y=49 44x-92502
ER R=0.027 el 0 R=0.377 oy R=0.243 0 R=0.464
N el o <o o~ <t N o o (=3 o~ < (=2} el o© (=3 o~ < (=2} o o (=3 o~ < f=a} o o (=3 [ <t
[ 0 D (=3 (=3 — [ 0 D (=) (=] — o~ 0 (= (=3 (=] — o~ 0 (=) (=2 (=] — o~ 0 (=) (=2 (=) —
S 228 8] 2228 8 8 G 2228 KR8 a2 28 &8
A7 Year A Year A7 Year A7 Year A7 Year
b. KT A 5
b. Soybean yield in treatment
o ~12000
—E o o oo _g 10000 ° o o
g ° 4 ° £ 8000 ) °
= S 6000 °
2 X .2
= M: y=20.94x-34439 o 40001\ NP, y=40.54x-72532
i R2=0.066 & 2000 R=0.091
o e o (=1 - < ™ e o (=1 o~ <t 0@ e o f=1 [ =+
k= 0 =3 (=3 o = - 0 (=3 (=1 [ B - 0 =3 (=1 f=1 —
(=)} N (=)} (=] o O [y} N [=)) (=] (=] (=] fo)} N [=)) (=3 (=3 (=]
= — — o [o o] — — — (o] [\l (o] — — — o o [\l
A Year A Year A Year A3 Year A3 Year

o TARFABL - &

¢. Maize yield in treatment

#: CK. NPK. M. MNPK Fll MoNoP, ANFIRIEACALEE, BARMEACE K 1, TR,
Note: CK, NPK, M, MNPK and M,N,P, mean different fertilizer application treatments, fertilizing amount see table 1, the same as below.

B3 kibieist T 246075 TsH

Fig.3 Variation trends of wheat yield, soybean yield and maize yield under long-term fertilization in black soil

KHAMEAR &1 T~ LB 5 R F &

AL B AT SRR - B LA AR (R 2)
Jit R A R A ) 222 S 5 5 33 U B RS AN [
KR (CKD s LB 55, RE. B
RN R T B 87.5. 33.2 F173.0 kg /hm®, #
AU (M) ASBET RAED IR0 75K, [RIFERILH 750
T, BER. BERMMRETHRES NN 89.7. 17.7 H
55.6 kg /hm*. FAjEALAT (NPK) AbFE, 3%, &
L 5B, 5 EER 5N 29.7 F1 58.0 kg /hm?, {HR#ER
BB A, ERARN 334 kghm®. HHLIEHLUIER i

2.3

(MNPK) 8% #REENOIRGUA BT, &0 B
5 NPK ACFE 35380 12.2 A1 27.6 kg /hm?, {E{5R%
W56k, 2H5E 17.5 F1 30.4 kg /hm?, TR B R
PR, B NPK ALFRIEIN 83.6%. i E AL (M,N,P,)
B, HHRE. MEHIAKERS, ERAENSNEE
133.0 F1 175.6 kg/hm?, F753H R 78 A2 [0[RI e R85 75 G XU
WG, I AR R KIAR I 78, 56k
N 69.6 kghm®s M ERGERATUEH, LRt 55,
AR IR IR I BT, S AR EEAR H
B, BRI HLAE Ot P sk T 3R R T RE

x2 KHGREAGTLER. 8% #EEATLE
Table 2 Apparent balance of soil N, P,0Os and K,O under long-term fertilization

kg~hm’2
Jrety BNE RS lis3 FRGE
Treatment Input Output Budget Annual profit or loss

N P205 Kzo N P205 Kzo N PzOs Kzo N P205 Kzo
CK 0 0 0 262.6 99.7 218.9 -262.6 -99.7 -218.9 -87.5 -332 -73.0
NPK 375 300 225 464.2 199.9 399.0 -89.2 100.1 -174.0 -29.7 33.4 -58.0
M 75 85 117 344.1 138.0 283.9 -269.1 -53.0 -166.9 -89.7 -17.7 -55.6
MNPK 450 385 342 502.5 201.3 4332 -52.5 183.7 91.2 -17.5 61.2 -30.4
MNP, 900 770 234 501.1 240.5 442.8 398.9 529.5 -208.8 133.0 176.5 -69.6

TE: SRS CRONE. FRA R ANSD DURTE I (85 3 45) Rfn, &7 B USE R AL,

Note: The units of nutrients apparent balance (input, output and budget) were rotation period (3 a), while the unit of annual profit or loss was year.
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3.1 KHARERESHE = E MM KRS IFN

it AEA T 5 DR AL R, SR IR AIEY A T
MEEFE, 2B EPIg T E 21 MIEARK
e R R, R I R B AR BT A HLAE N . oK
FEEIANIEAE S B HE T 193% 219%F01 78%. 93%. AHF
FUHISE FAL R B, i AEALH L CK AR eI /N2 R
Kireg. A, fEREIE (NPKD [2EaE i
IENUAE, F=&EERARET, (HARR 282 3= 8O,
X5 HT A S 5P, R, AR A
R, AR HEREME, M2 IR B . AR
PEAREE BT A5 SRR, BRBALAE (NPKD) AbEEfY
+14% pH 1M 1979 4E/ 7.22 FREF] 2006 £ 6.35, T
Beils 1 ASr, ML IEECHEA MUIE+ 38 pH A FRF T
0.32 (pH 1A 6.90) , i Bt A MLAE AT LAis 2 T35 R 1k
(OTERE, B G SRR R I EE O, A e AR AR BR 11
Bhn, FAALAE (NPKD AbFE 3 pH (it —2 %, 2|
2010 45 FPEE] 6.0, KULLIE, iRk nE 4+
RKEGMPERERS, VIR SRIED e & . thAh, IEES
WA HUIEE R T B A SR ER, fenfidtt
AN AR R DL R B R ) E 4, XTI
AHURR A B A mE R P [k, A
A HLAEFIHEN .
3.2 EMIFESELERY. SEERTFHXAE

VEMNI P2 AR AR KA T 32 N ONIGBh, 5 )= it
RER R, SR A S RGN H ISR AR
N T HE SR K AN [R] it JIE Ak 3 X A 4 7 R R
Frhg REA LK & (vield, Y) 5 H3EE HF (organic

®3 FIFESE

matter, OM) . Tlf#%&( (alkali-hydrolyzable N, AN) .
A3 Cavailable P, AP) FIIEZ4H (available K, AK)
LR BRI IRbR AR ST (GR 3) o KRR AT
Y & 5 +3% OM. AN, AP 2 83 IEMH5% (P<0.05) ,
A R B N 0.243 (n=169) . 0.361 (n=79) A1 0.269
(n=75) , 1BV 8&5 B (AK) Rk B E K
(P>0.05) « MAHKRRECK/INKE, BRESH BBE>A L
Jii, ULHRE AR R B R A e B R

TEFRD R RIEI T, KEFM TR BB
)3 3 1) S B IR 128 AR T R B, R R S A
YA & WIBE W & (accumulated precipitation, PR) £ 1535
IEAHZR (P<0.05, % 3) , fHRRE5 4 0.307 (n=169) .
BB R, EWAEEH (5—9 A) RiFEWESE
Bria) 2 o, BT (449.4 mm) HIIAF] 15 M
s ARTPIMERN 21 MG, HPA R KENE
1A% 770.7 mm (1994 ) , H/MUHK 287.0 mm (1989
B, MZEIT 2.7 £, Rk, PERYEAEBRIE T2 SR T RE
SIE AR PE B Eh Y, AL, BRI T A AN R
B 5 2 W A 2 S E P P i, RIS AE 2001 4/ 24 H
Wi E TR, 2008 MR FEOCERImAEIR, S
MR ER S . RSP AR I X K
SRR . 1E S X HEAT I K AR A
AR, PR ETE 1CrE RN 8%, MAE T
B 1°CR 277 10%Ch EBY S ARF MR8, 1R~ &
514G M HF2IEE (mean daily temperature, TE)
R EFIEMHKP<0.05, 3% 3), L RZECN 0.191(n=169),
RN B XAEY B A B Evm. ANESRHET
TR B RS AR FE IR 5 45 A DT S R B AT
RNIIHT

S E REE XS

Table 3 Correlation coefficients of grain yield with meteorological factors and soil properties

[X % Factors Y oM AN AP AK PR TE

Y 1.000 0.243* 0.361** 0.269* -0.139 0.307** 0.191*
OM 1.000 0.322%* 0.411** -0.161 -0.218%* 0.190
AN 1.000 0.193 0.038 0.348** -0.515%*
AP 1.000 0.159 0.003 0.224
AK 1.000 0.312%** -0.304%*
PR 1.000 -0.144
TE 1.000

T *FRIRTE S%APARRME R e RRTE 1% /KPR . Y. OM. AN, AP. PR, TE # A5 R B & . LHEANUR. . A28 2EH%R

THRER R EEWH TR,

Note: Significant correlations are marked with one (P<0.05) and two (P<0.01) asterisks. Y, OM, AN, AP, PR and TE are yield, organic matter, alkali-hydrolyzable N,

available P, accumulated precipitation and mean daily temperature, respectively.

3.3 KHEIMELH TELREARD LEIHERR

AR B 77 401887 1R AR ot A 7% 4 5 11 20 30 A0 R it A 5%
ANZ AR, fEARBE R, ik iE (NPKD K,
TIEERDU T E, FETEEN 29.7 kg/hm®s GHLLHL
JERELHE (MNPK) 3R AENCIRLA Brelss, RE SN
B NPK ALFIRE I 12.2 kg/hm?, (BARSREIL AT 6k, 1)
TAHEANTEL) 20 keg/hm?s SR1, 5 REEIK G A A
TER, SEBR e bR R R R4 i LI R R Tl .
LER, B K G [ R e LK e AR R S R

TP

AR F, FREILAT (NPK) HIEBER 2R,
SERAERN 33.4 kg/hm?, 7E FAL AR A SRS B3 HE A HL
fE (MNPK) , fRZEAEHEMA, & 61.2 kg/hm®, 5
NPK AbHIEIN 83.6%, KUt LA SR 4> 58 3w 2= 1)
R, &gl Bn K IRTG G g o g vk B )
A4l 1), SRR T B R A A R AR BT
ARG 1 UCENUIE, R ge 2561 FE I A it A
I TALA &, RAEA UL (D36 A3 R o bk
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s B, LN E ER A LR (E—F TRk
JERKD PR B AR, K S R R OK ZE kit D
EAEBEAL . SR, IR0 AT Y B 7 A A H XA L
RE R SEBRA AR SR THEE, 59 A1 75 WL 5 el it AT ARk 155 1
NERE RN, MEE— DR R S A S R

KLk, HEXEAEgE A A E, ZUEARE R
B, AR, SRR R T HmEPY, A
WG, BELIE (NPK) HIEMEEINH T8, F£75
BN 58.0 kg/hm®e HHLEHUERE (MNPK) 34
BERDIR WL BT s, B R QLN R NPK Ab 33 N
27.6 kg/hm®, (AR ERIA T, BELFHRNHRL
30 kg/hm?, A REARFEH IR Z T . AR AR O £ 2
T B AR s i, AR o N 78 43 R A LI AR
FPEEBARBER IR T LI KT

gil, ETRERPMAGHESEER, FREEXE
HOCRRS. WA AR e AR SR, I A LA
BRCRE ATt FH B a0 2 B TS 1 e N ke S 385 IS g A
TR A

4 £ i

FIAFFIET 1979 F R0 /R B AR 7K e Ak
56, DUNE-KE-EKEME Ba) N—A I, EEU6 G
CRHEAE, 184F CKD « HEEBHI R (N N,
P,Os &3 99 150, 75 kg/hm?, KEjE N. P,Os #5735
N 75+ 150 kg/hm?, « FKiti N P,Os #4514 150,
75 kg/hm?, K,0 i 75 kg/hm?®, 0/ NPK) « HEAHL
JE Gt 18 600 kg/hm?, icfE M) « HELIEA HLAERE
it (A AR B[R] NPK, A LIRS [ M, 124/F MNPK)
M fEEE B IEA PLUIEEC R CNEiE N. P05 2437
4 300, 150 kg/hm®, KEjifi N P,Os #4514 1504
300 kg/hm?, « EKJifi N. P,Os &2 514 300, 150 kg/hm?,
AHLIELL 37 200 kg/hm?, AE4E MuN,P,) 5 MACEE, HFFT
TAFEEMRF e g, Pe R PR AR AN L5 5E 1 R
PHiT. FEAEBICLT 4R

1D M 1980—2014 FHIEY = EkE, KA
[F) i A et R L AR R B B B, KIEH i
RE B AL RE AL A HUAEA R TAED = B 4 e, B
AITE 82.5%~91.6% (/NE) Fl 35.6%~40.9% (£ K) 2
B8] o AN 7] it JE A i ) 38 7 R R I MoN,P,>MNPK>
NPK>M, {HA HLICHLAEFC it 5 5t A0 BE Ak B ) 4 4 7=
ZRARE., SREBIEEZSEAHE . ERHE N
TR BRI, RS ER =R R .

2) AR e E S ER T E R, K
HHAS e A Ak B /N 27 A OK 7 B A AR BRAE RS B R
B, BRI N 13.93 A1 42.61 kg/(hm*-a); 1M K& AR,
LA 7.409 kg/(hm*-a)fyid R . 3t AE AL ER (1) /N3
NGRS 9S Y =yl I =E= 8

3) Kt AR (NPKD A1 EAHLLCHLIERD
i (MNPK) TIRERIANTE, SRR, i
(MNP B, IR, MR HIAERR, TRARE

A3k E) 133.0 M1 175.6 kg/hm?. &40 3P4 R I %
W7ok TEH EAIEEEAE AP (MNPKD %
PR RCIR LA BT A

4) fEPr s 5 A NE (organic matter, OM)
WfiR % (alkali-hydrolyzable N, AN) . % (available
P, AP) . B ZEITFWE (accumulated precipitation,
PR) . AFHH IS (mean daily temperature, TE)
BERFIEFXR (P<0.05) , BE 2w B LAEYE 1
EE WAl iae

5) fERL/NE-RG-FOKRMABAAERIE T, BT L
IR RS AR DRBEAIG R [ e R S R

(& £ x #
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Characteristics of crop yield and nutrient balance under different
long-term fertilization practicesin black soil

Hao Xiaoyu'?, Zhou Baoku™, Ma Xingzhu', Gao Zhongchao®

(1. Ingtitute of Soil and Fertilizer and Environment Resources, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China;
2. Heilongjiang Academy of Agricultural Sciences Postdoctoral Programme, Harbin 150086, China)

Abstract: With a cropping area of 7.0 million hm?, the black soil (Typic hapludoll) region of Northeast China plays a crucial
role in food security to the regional and whole country. In fact, the application of chemical fertilizer is an effective and fast
way to increase crop production in a relatively short time. Recently, organic manure application has almost disappeared
because its application in cropping system is both labor-demanding and uneconomical. However, there is limited information
on crop yields under long-term fertilization of organic and inorganic fertilizers in this rotation system. Nutrient input/output
and balance in farmland is critical for nutrient management, scientific distribution and application of fertilizer resources, and
improving nutrient use efficiency, etc. The study was conducted to reveal the difference of grain yield and nutrient balance
based on the average crop yields, the variation trends of crop yields and apparent balance of soil nutrients under different
long-term fertilization conditions in black soil, and to provide scientific references for establishing effective long-term
fertilization mode and promoting the sustainable development of crop production. A long-term experiment with various
fertilizations was carried out during 1979-2014 in a rotation system with wheat (Triticum Aestivium L.)-soybean (Glycine max
Merr.)-maize (Zea mays L.) in black soil area of Northeast China. The experiment consisted of 5 treatments: non-fertilization
(CK), conventional chemical fertilizer (wheat: N 150kg/hm2, P,0O575 kg/hmz, soybean: N 75kg/hm2, P,0s5 150 kg/hmz, corn: N
150kg/hm2, P,Os5 75 kg/hmz, K,0O 75kg/hm2, NPK), conventional horse manure (18 600 kg/hm2 , M), conventional horse
manure plus chemical fertilizer(the amount of chemical fertilizer was same as NPK, and the amount of horse manure was same
as M), and 200% of the MNP (horse manure and chemical fertilizer, the amount was 2 times that of MNP, M,N,P,,). The
results showed that: 1) Compared with the treatment CK, long-term application of chemical fertilizers (NPK) or long-term
application of chemical fertilizers combined with horse manure (MNPK, M,N,P,) increased average crop yield (from 1980 to
2014) by 82.5%-91.6% (wheat) and 35.6%-40.9% (maize), respectively. In respect of average crop yield of 35 years, the
treatments displayed an order of M,N,P,>MNPK > NPK >M, but no significant differences were observed between M,N,P,,
MNPK and NPK. 2) The yields of wheat and maize in CK decreased by 13.93 and 42.61 kg/(hm®-a) respectively, while the
yield of soybean in CK increased by 7.409 kg/(hm’-a) with the experiment going. It showed the yield trend of wheat, soybean
and maize in the treatment with fertilization overall increased with the experiment going. 3) Under the conditions of our
experiment, surplus of nitrogen and phosphorus appeared in soil in the treatments of NPK and MNPK, and the increasing
amounts were 29.7 and 17.5 kg/hm” for nitrogen, and 33.4 and 61.2 kg/hm” for phosphorus, respectively. Potassium deficit of
30.4-73.0 kg/hm* was observed in all treatments. Compared with NPK, the supplement of nitrogen and potassium could be
improved by the combined application of organic manure and inorganic fertilizer (MNPK) by 12.2 and 27.6 kg/hm?
respectively. 4) Crop yield was significantly positively correlated with the contents of organic matter, available nitrogen,
available phosphorus, accumulated precipitation and daily mean temperature in the growth period (P<0.05). 5) Based on the
characteristics of nutrient balance, we proposed the method of fertilizer application, i.e. keeping application amount of nitrogen
stable, reducing phosphorus amount and increasing potassium amount under rotation system of wheat, soybean and corn in
black soil area.

Key words: soils; fertilizers; crops; long-term fertilization; crop yield; nutrient balance; combined application of organic
manure and inorganic fertilizer; black soil
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