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113°40'E. 1987 44, SitEA M, T 1990
SEFFURAS R AL S5 AR B R N - TR RN
= KED MAEY =55 -0 R 28 2 K 0 s o7 M
bREN AN S\ Wt /SR (478 9 1ol IS S ' W WS Rl R
By, LHEpH{H 8.1, &% 2. SEAEHRS
W 1.01. 0.65. 16.9 Fil 10.6 g/kg, W 13 XA
EHAERI N 76,6« 21.2 Al 71.7 mg/kg. R¥HLT
2009 4 5 H R H UK T 30T 77 2088 22 iR g 4 s B EL A
B2, AT IEREHE L2 23 km &b
1.2 MR 5T

TR FH AN R R 5 22 9694, TR 48 AR BBt
N

I IL 5 AN, J3 500 . OCK (R, AHIED
@NK i AL, AHEfIED; @NPK Ot 2B D
@MNPK it 5 BEH LA HLAL); ®SNPK it A4
JE+TFKFERT), B 4 K, R/ DX 50 m?, it
A 1990 24— HIRFFAAS, MNPK 55 SNPK Ab2E
5 NPK St EAHS, HAEWE 1.

* 1 SREERE (kghmd
Table 1 Rates of fertilizer application

pisE N P,0s K,0 AL (FFD N &
K 0 0 0 0

NK 165 0 82.5 0

NPK 165 82.5 82.5 0

MNPK 495 82.5 82.5 1155

SNPK 49.5 82.5 82.5 1155

KNFE T 2009 4E 10 H 18 HAEFR, #FHL 150
kg/hm?, 4780 23 cm, 2010 4F 6 A 11 HYER. K H
P K HAASG BOR AT H, 200 TRACHT . IR T &
ZAREIREIK 3 K, BFIK 500 mP/hm?, JFAE BN EAT
N TR, A4 F WIILIE 8 Ik, Z37lh 2009 4F 12
H 22 H GBAID, 2010 4F 2 H 25 H GREHD. 3
H17 H GEYWHD. 4 A 16 H G, 4 H29 H
(HeD. 5 6 H GERKATED. 5 H 20 H GES
FD. 6 H 11 H R,

1.3 MEMBSAE

1.3.1 S AR, RS BXAEA 3 A
I m KAEBL, AR E WA B 5 2580 BCF
SR R YNTEN 3 (8

1.3.2 #h BT A B TE /N2 %2 I
0.5m FAREFES, FH B RAKMET, BT, 7024
ZEFFL mp MRS RERUKERL CCEBRT IR, BERE

T 105°C47 30min, 70°C HtTFIHE, FRE.
1.3.3 JPEMARZMR AERGIHE 0.5 m FEEREE
AEAT S R, W R BRI, TORIEE. PR AR
Koo Sl 5 m? LA E FFRLS

1.3.4 PPEWE MHRFES2ERA HS0.-H,0,
EALIE, KIECEETRINE o 3RS He k4R 2R
R, TR, KIEJCREER, AR (kg/hm®) =
FRE TR AR (kg/hm?) X & aEh s
(g/kg) /1000

1.3.5  Hdm a3t Kot #2705 4E B AT Excel
2007, eiksr AT SPSS17.0.

2 FER5HMh

2.1 KHEIELIMERE I &/ FHRE RIS M

2,11 K Tt AT ) A /N F2 2K BERLI R £}
B 1 aTCUEH, B b ) R BRI R A 2 SR 4Bl
AN AR S g g, HEAERERR 150 K2
H GREWD KB KA, 2 55 AR IA 2R
NPK. MNPK Fl SNPK AbFERIMIEA 2, HZE8E
e CF34 507 Ji/hm®) B3 w1 CK fI NK A # CF
%3321 Ji/hm?), CK 5 NK 4b3 ({25500 il 2

65 I130 I150 IISO I193 I200 I206 I21—1 IEEI I236 I
EWHEERHQ
1 KEEGHERX Z/NEZELZ M

Fig. 1 Effects of long term fertilization on tiller numbers of winter wheat

2.1.2 KT At IR A /N 22 b 13T T AR B A
GEM R TR SR R O &N P
Ky snt. hE 2 vTRUEH, B T4 iR
FRIBEAG AN A KA N, 75 BN 2 5
KAt; NPK. MNPK Al SNPK AbFE ) T4 il B8
W2, HE 5T CK M NK 42, CK 5 NK 4t
PRI T AR R E A B
2.2 KHENMEAX & NE =S/ KHEN

& 2 ATLLEH,  NPK AFR - Eim, 205
i CK Fll NK ACPE) 3.81 A1 3.82 fif, ZERE#E;
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Fig. 2 Effects of long term fertilization on dry matter accumulation

of winter wheat at different periods

MNPK F1 SNPK AbH =4 5 16% il 7%, 22753,
JR PR ] fiE A H T MNPK R SNPK AR FE () & R e /22 2E
KM ZRARME S840 43 it DAL N2 ROBCRI A T
AR T NPK 4bFE, NPK. MNPK 1 SNPK

AbERRRAL . BERIEL. TR EERIAR R OC B
H NPK Ab PR 2% 5T MNPK F1 SNPK AL 2.
KIIAMERE LA EE (NK) 5 CK (7= & KT R E0E
Wit L #2255, JRFUZHT NK ALKk
IR R T[S S R 2 e N7 AN 5 5 I A AN
R PR R P

2.3 KHIELIMERE XS & /N E RIS B 895200

2,31 K E At AL X &/ ZEAN R A B A A A
TN AR I E R R

PRI a2 e MRS 8 GR3). rakt
PN 22 P R Z AR AR I 2 5 ) & - =
Fes RS BAE LIRS T R R
P (13.52 ~25.98 g/kg), B AR 2R BE 3] 1.55 ~
542 ¢g/kg, DUMBERPIHM FA RS ER 11%~31%;
I A 2% AR 4 A6 ) B R — 4 A KT
(9.03~21.34g/kg); MEFIFFRI L2 G &S
I RIBHT N A (NK AR ARERAM) o

F2 KHEMEE&NEFERRZEROENM

Table 2  Effect of long term fertilization on grain yields and agronomic properties of winter wheat

pusail R (10° Bvhm®)  BEOREEC CR/AD THRiE (g) P (em) K (em) ¥R (kg/ hm?)
CK 3.05£048b 19.09+1.37b 46.76 = 0.65b 56.06 +3.23b 5.81+1.06¢ 1799.58 £200.70 b
NK 339+035b 19.46 +0.29 b 4722+ 1.57b 52.64 +5.34b 599+131c¢ 179430 +52.02b
NPK 5.07+0.30a 28.22+3.73a 52.68 £1.39ab 7298 +1.10a 7.52+1.18a 6848.08 £498.06a
MNPK 486+0.48a 2413+ 1.81a 55.08 £ 1.54a 75.09+1.26a 6.63£0.22b 5891.52 £82.65a
SNPK 5.15+0.22a 2535+2.08a 5620+ 1.63a 74.02+3.35a 6.84 £0.38b 6413.79+94.77 a

e RPREER NG PR R R R A B ) 2 55 B P<0.05 RE K.

R 3 BNEFFEBEYRHREEWEE ko

Table 3 K contents in various organs of winter wheat at different growing stages

4B MWE A BT $AH S e T R A
CK AT 10.28 6.66 5.14 7.77
- 15.33 17.00 13.52 1.55
-4 11.59 12.35 12.51 9.03
Tl 9.31 6.31 4.50 2.53
HRL 3.80 2.39
R 15.88 15.34 15.85 16.54
NK EYE 14.85 12.35 13.00 16.45
i 17.16 19.11 17.28 5.42
IH- 484 15.25 19.03 21.34 19.70
Tl 10.65 7.18 5.40 6.31
KL 5.03 2.34
sk 18.35 17.08 15.65 23.69
NPK EXE 8.65 7.78 9.46 14.01
- 22.17 19.74 19.93 3.74
-4 15.33 16.12 19.44 17.63
Tl 9.53 7.06 5.25 2.79
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4K 3

ez 3.87 2.56

R 20.36 23.89 26.90 23.29
MNPK EViE 10.08 8.65 8.30 13.90
i 23.80 21.13 20.97 3.74
I8 17.00 15.93 18.32 15.30
il 11.90 7.26 525 2.39
pag i 3.76 2.56

Rk 21.62 25.62 29.62 24.58
SNPK ZEFF 11.87 9.33 8.38 13.54
i 25.98 2272 21.19 3.08
I8 20.54 18.75 17.73 16.28
il 12.99 8.00 5.32 2.73
pag i 3.65 2.56

R 21.88 26.90 29.53 26.74

T * RORFETEI RS AT AR, 7ERES b SRS R i ok R LLAN R AN B

2.3.2 KA il HE G A& /)N 27 b SR 1Y) R )

HE 3 AT LA HH T AR HE A Nz b b s A e Mk
KXW BT —H 28 nER, 2RISR AT A
FlE A, MNPK AbFR s, 4 206.63 kg/hm?, 2 5
AR, A EF IR 2 %A R s dh 22 k.

A HUIEAE (CK. NK FI NPK) S 1
W R AR PR A/ N BT AR IR AT, X — I
B WA A o) o B R ) 371.78% .« 261.33% F
215.39%, Z Jii INHEH I TT 4h 22 1 A 80 25 T 4 Ak
He, WS B i A LR AL R (MNPK
SNPKD X8 22 WAL IR s )3 Ry By, AR P44/
FWAR TR, 0 BRI 311.33% Al
239.99% (% 4),

WA (kg/ hm?)

HEH] REH ETH O HAER AN R R AR
TRETHH

B3 KEEMERMN L/ NERELE Bt AR E R 2200
Fig. 3 Effects of long term fertilization on K uptake of winter wheat

at different growing stages

R 4 ZNEREEE IR E R R KRR

Table 4 K uptakes and rates by winter wheat at different growing stages

b T H A R 5 R e WES AT HES B

CK B (kg/hm®) 5.69 -0.51 2.74 14.28 9.14 25.64 -31.81 -11.24

HEE (%) 40.85 -3.68 19.68 102.46 65.62 184.02 228.28 -80.67

M B GE R (kg/(hm™d)) 0.09 -0.01 0.14 0.48 0.70 3.20 -4.54 -0.54

NK Bl (kg/hm?®) 5.51 0.94 1.18 29.54 6.72 34.11 -43.36 -7.26

HEE (%) 20.11 3.44 432 107.89 24.53 124.59 -158.38 -26.50

M B GE R (kg/(hm™d)) 0.08 0.01 0.06 0.98 0.52 4.26 -6.19 -0.35

NPK B i (kg/hm?) 13.21 9.38 53.10 537 33.53 29.94 -47.83 -40.09
HEE (%) 23.33 16.57 93.80 9.48 59.22 52.89 -84.49 -70.81

M B GE R (kg/(hm™d)) 0.20 0.14 2.65 0.18 2.58 3.74 -6.83 -1.91

MNPK B i (kg/hm?) 13.77 15.53 41.54 56.25 79.55 -34.86 -71.43 -43.38
HEE (%) 24.17 27.26 72.92 98.75 139.66 -61.20 -125.40 -76.17

M B GE R (kg/(hm™d)) 0.21 0.24 2.08 1.87 6.12 -4.36 -10.20 -2.07

SNPK B i (kg/hm?) 10.83 8.70 28.76 27.49 46.70 -0.42 -53.34 -25.82
HEE (%) 2525 20.27 67.04 64.08 108.87 -0.98 -124.34 -60.19

M BRGE R (kg/(hm™d)) 0.17 0.13 1.44 0.92 3.59 -0.05 -7.62 -1.23
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CK. NK I NPK A B0 2% (1 W 03 4 7 HE 2% A
WIEBIECRAE, 4390 3.20, 4.26, 3.74 kg/(hm*d);
MNPK HI SNPK. 4k B4 2% 1R W S0 A A 47 A6 30155 3]
BAE, 2900 6.12 1 3.59 kg/(hm*d).

2.3.3 K/NEWCREMCHES T LRG0T 5 A

KE A [ A IS (K R A B N P T R E
PEIRIAIONME (3R 50, WILAE W, SO &
NEAERKKRRBAEY), SRR RSN bR £
BEIEM HUOBA A&, &N
RORHG, BRm, R T E R R IR,

x5 ZNEFE. WERTERRZUERETREERARBEMEXESH

Table 5 Correlations between grain yields, dry matter accumulation, agronomic properties and K uptake of winter wheat

EH W Tl FERIL TR B (IS FE i TE
A 0.923* 0.891* 0.870 0.958* 0.846 0.944* 0.937*
BT 0.868 0.742 0.889* 0.918* 0.675 0.858 0.913*
AW 0.902% 0.948* 0.783 0.911%* 0.931% 0.941%* 0.884*
HhH 0.178 -0.125 0.386 0.251 -0.207 0.094 0.286
L7 0.765 0.574 0.868 0.862 0.477 0.748 0.850
HERHTIY -0.520 -0.259 -0.718 -0.661 -0.139 -0.489 -0.647
R P -0.719 -0.505 -0.800 -0.751 -0.434 -0.665 -0.779
J -0.854 -0.844 -0.798 -0.918* -0.804 -0.890%* -0.877

VE: # KR OPEIA B P<0.05 W K.

3 iS5

3.1 KEAEMERNE NETFYRE=RFEFMN

AWFRRY, KIWAH ARSI T, &/NEAR
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MNPK 5 SNPK 4b B {1 2508 5 52 22 W] W& T NPK
AEE (] 4),

300 #CK

LR (mg/ke)

HAE RES SRH AEN BUE RLEE BN ARy
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Bl 4 KEEMFERXZ/NEREE BT T IET RGBT LIS
Fig. 4 Effects of long term fertilization on soil exchangeable K

at different growing stages of winter wheat
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TR R R S FR bR 52 035 IEAH G, R
IR H 2 4T B Y AL It
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K NELEE G AR A RIS A,
RE M| PR R4 5 A p o Fi a1 7y
SRR WD R RS g, AR
B, HC TR E S LR A
WK, A/NEAE AR A IR AR ) 2% s
43.05 ~ 114.81 kg/hm® (£ 4), JE&/NE KR 2
B 1.55 ~ 3.09 £, AIREM R RS TR bR S A
PG G, (2N G R LR R S AME EL
W, HILHUEA R PP et AhHER R
FELLE TS L, D O
MAERRTITT U R s (8 4). RAEA/NE
AH G R AME, EE R PR AN AL,
/NS A S it R BT IR B S 4R v N TR R
S k-
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Effects of Long-term Fertilization on Dry Matter Production, Yield Formation,
K Uptake and Distribution of Winter Wheat (Triticum aestivum L.)

ZHANG Shui-qing', HUANG Shao-min', LIU Jian-qing?, NIE Sheng-wei', GUO Dou-dou', LIANG Xue-jie’

(1 Institute of Plant Nutrition and Environmental Resources Science, Henan Academy of Agricultural Sciences, National Long-term Monitoring Station of

Fluvo-Aquic Soil Fertility and Fertilizer Effects, Zhengzhou 450002, China;

2 Nanyang Meteorological Bureau, Nanyang, Henan 473000, China;

3 Zhumadian Agricultural Bureau, Zhumadian, Henan 463000, China)

Abstract:

Methods of field experiment, chemical analysis and data statistics were employed to study the effects of long-term fertilization on

dry matter production, yield formation, K uptake and distribution of winter wheat. The results showed that NPK, NPKM and SNPK treatments

significantly increased tiller number, dry matter accumulation, grain yield and K uptake of winter wheat, but there were no significant difference in

these parameters between these three treatments. K accumulation of winter wheat was maximal from flowering period to filling period. K uptake at

shooting period was significantly positively correlated to grain yield, dry matter accumulation, spike number, kernel number per spike, plant hight and

spike length. K excretion phenomenon of winter wheat was observed and K excretion rate was 43.05-114.81 kg/hm?, which was 1.55-3.09 times of K

accumulation at maturing period.
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Long-term fertilization, Winter wheat, Dry matter accumulation, Yield, K uptake



