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1 #R57TE

1.1 KIS HhEER

AIRE T 2015 4F 6 H-2016 4F 6 ATEILTEE &
T R A B L P R 2 S N AT 10 FH
KRNt L 0~40 em HFHE HHER O
RHAHLU 13.25 g-kg™' 2F 1.89 g-kg™' . W 198.5
mg-kg™' FHAE 57.5 mg-kg ' HAHE 11 mg-kg'
WHR 135 mg-kg™',pH { 8.0,
1.2 #hksrs

TRl 3 i i, AE S AR 62 5, HE g Al A v i BL
LA B B EME AN T AR R SCFl, Rh SRE W S A
140 d 2ty , A bRl R b R w0 H R A FR
UNCIE 0N

ZNFE . CA0547 , 4Pk, s i, HHh L Ok R
EBEAED R T A Al
1.3 Rt

2015 4F 6 H 28 H Bt/ N WK I , e kb
R 22,5 kg-hm ™ FEFRITET AR 300 m*, AT
FNEHMB(CK,), EE 3K, 9 H 14 H, % ik
BRSSP 3 S 0. 667 m* R B
b b SRR AR , T A i o R EE (20 0 O 4 i R
4 443.3 kg+666.7 m~> ¥ T 543.3 kg-666.7 m ™) 44
FERRI TR D E AR BR N P & &8 (2IE 4 N &
N 24.05 kg+666.7 m™*,FH¥ P SN 2.38 kg -
666.7 m™*) . ZJiF , KBTI 0 EDELH S 33
A3 2 AS/INX A /N DR T S A R Y b 53
SRR (CK, ), T3 — /N DR T SRR Rk 1 1l 35 4
SEBBERA T (T) . 9 A 26 H ¥ ik i f sh e 55—
HATHERHAL B, IF ML S5 5 AE /N A2 AT HE 20 om, #§
P 15 kg-666. 7 m7?,
1.4 WEEHREFRE
1.4.1 HHRRZHEREFEEGRES SN E
TFIalE/NE = (2015 45 10 H 16 H) | # 4 1
(201512 H 1 H) 2&BFH (2016 423 H 8 H) &
SW(2016 4£ 4 7 2 H) KR (2016 4 4 J 15
H) $&5di81(2016 4F 4 7 23 H) 2881 (2016 4F 5
A1 H) ShiE 2016455 H 4 H) $5EW (2016 4
5H 11 H) AT BENLICRE , 21> 40 BREL 10 #% , DB
[ U O 4 S o B S W ;£ 7 S R 1
TH, BT R R R KN 5] (R
Frid, TA6J5 5.10.15.20.25 .30 d BURE, ARk HL 30 4
FFT 10 iRt BGH 3 FEF 105°C A4 F 30 min, 80°C

M I SRE I, B R S B 5 KA
HEM BRER EAROMAEASE, RAEME
LR ZE M e & A, AL 5.7 RIS EE A &
T AEAAE BRI 10 25 K S (8
Ko A THEMETE,
1.4.2 FERE T/, B A b B REHLIR 3
ANHBR 0. 667 m* (/MK FEAT BRI A
INDR PR SRR Rk B T EE A S B
1.4.3 Mk NP AFal2  RAME NPK BEA I
SEVE M = A R R B T
W1 B R R AR eI DL eSS 5,10,
15.20.25 .30 d Pt BCER pR BB ZE R o, 6T, R i, AR
28 H,80,-H,0, JH&, 22 R H P o 9L E
R, AW R P B ek,
1.4.4 BREBEFZNE LEAIRESE A LA A K
Foyl e T R IEVE/ANE BRI (2016 4E
4 F 15 H) fZpfiy (2016 455 A 1 H) , fE B4~ 4b B
REALIE 3 HE A, 75 /N2 FEARAR BB, FH B/ 8 em
A e R 14, 3% 0~10,10~20 .20 ~40 .40~ 60 .60 ~ 80
F180~100 em HYTE 4RI 43 JZ AR B LA BT -
FEGTIS 2 0y, 1 0328 A BRG0P T SRR 0 5 7K 4t A
FEL 1A B B ERMS DA 1 il O 1 A A L
T E R A E

SR FHME T ELHEFR EE VA0 5 AR X 5 K

s R R WA, Fae 3R 4D R 1) 2L SR i
0. 25 mm §f , R EAK R A1 45 o vk —— AN #Aak > i
FE LT s 40 S M I 2K T 1 mm B
SR PR M L 30 0 52 PR AR 1 G v ARG 77
24 h JE A5t 9 NH,-N (TR AE b 2R R H 3,5
— IR A R LU 1 I R A R S ) TG
PELAE SR 24 h Je B e T s A e B E A FROR
1.5 BAEZFUHITE

RS 1A AD Rl =52 R/ 22 1 52 B 7 5 W0 A
K& THER A AR S AR HLE L FhT IRE A2l |
NTEFHRN HHRAE T A B 5 ™ A R B Ak 7
ARG, RIA & /NG =TSR SR AR e T RS

NAEWT .

FEHE () = TSR Ol SN A A% + /N2

/N WA S (1)
AP AR (O0) = AR MUAE L 3% + 55 3 7 A +
HE R 2+ Rl T+ ) S (2)

JAAEL g (O6) = PP B A AR R (3) .
1.6 HESZITSHHT
% F Microsoft Office Excel 2007 £ AEE, IF H
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S

SAS 9. 0 AR B 4T ANOVA J7 2243 T fl £ 1 L

2 #HRESS

2.1 ZEEEMERIREMNEELNEERKEBTHFM
2.1.1 &5 A AR A e A& AR AT Rk
et BB AR B H a1 ATAEL A = S A A
1, A AR B RE R | S R4 /N SRR it B S bk v
V2B s SR AR s A S, = 2

—-— CK0 —— CK‘

607 A
g
Eﬂ 504 aA
© aA aA
5 40 aB :18
i a]é aC "
2 301 bA  bA ?
E] bA bA
= 504 bA bA "
&/ cA
= 104 ¢AB
g cB
0

SOH RAE R R R Fa
HH W Growth stage

AR 5 — UK R I ( P<0. 05) , R B I 2 4K
TR R I E A (P<0. 05) , AR WO
GRS AL BE 2 0] il 22 S8R, LA T R SRR SR B 22,
H & T HAWALHE (P<0.05) 1Bk i 14 f 25 4 m
KA AR B A 2 R U R B ) R R K
R TR R AHL 3 A B ] S AT 1 0 1 38 3 25 S W 3
I, HLT FRRE 5 6 A 1 0 2 4 3 I A Ak
(P<0.05) , HJF R AT GE &4 H AL FRTE ZHHFE TR 4> 1158
B IR TG A ) A S Ak B 0 1 B Rk 43 B
% AR AR AR, DT AR = IR AT

- T

1007 B
90
80
70
601
501
401
30
201
101

O A AW B B
4 H # Growth stage

# % Plant height/cm

T AR NG TR OR [R)— b B[] 22 7 M 22 1 22 57 .35 (P<0. 05) s A RIRE T 8RR [A]—
A B IHYIR Rl A BE 2 [ 22 5 .35 (P<0.05) . T,

Note; Different lowercase letters indicate significant differences at 0. 05 level between the same treatments at different growth stages.

Different capital letters indicate significant differences at 0. 05 level between different treatments at same growth stages. The same as following.

E1

FEAMIE T/ EHFERT AR R M 2L (A) FIKR S (B) OB B £

Fig.1 Changing curves of green leaves (A) and plant height (B) per wheat plant in the different treatments

2.1.2 ZEEAPAFE ESEEL DLkt |
g Rre AWFED, 5 A0 ETE A bk D Re
J CHEEREFME 22 1) A4 SE AN R ; 46 )5 T 2R 40
PA A YR 2R RE M i LRS-t 3R 2) i
FHEIAR

HER 1 AT, AERT SRR DR A A e A AR A2
A I 5 ) () R S R ALY 33.34% ~
62. 73% , 5] — M 1948 5+ R ELZ) 15.65% ~42.91% ) W
KT 32 b B 5 ) (Y AR S R 1.45% ~
27.81% {8 it 948 5 R A4 0.33% ~ 10.36%) , 5
IR FRR SR I BCRIAR S IS LR AN R AL BT T e
M i SE R S (A R RN 1.53% ~
20. 66% , {8 A8 S R ECH 2. 11% ~10. 36% ) B i
KT X A B 52 e (I 1 2 S R B 1.45% ~
4.26% 5 M8 5 R BCK 0.33% ~3.80%) , AR
T, B P e TET R 4 A I 3k 1) 5 KA (K, P TfTAR
BRAM) AR5 A8 A K J0 i S 0 i T AR Ak B ]
1) 2 S FE BRI AE S B 9] -1 v ) R A 10

TEZEREA] FhAE A 3 ASAbBEE I B3 25 5 (P>0.05) .
{5 A | i B R v TR G K R AR R B I -k
R, A AL R 25 SR 2 AN 3 (P>0.05)

IR 2 AR B A TR SR PR /N2 D Re R A
K M58 A R R AR A BT R
TSR FRREAE — & R FE b PR AR W SR D) L - et T R %o
{5 i AR SE M AN R
2.2 ZEREMANBMENGELSNEFTERFTEL
IR R

FHER 3 AT, 3 AL P e A 25 R R
TERRIEL |, o8 T>CK,>CK, ( P<0. 05) ; M EREAN T-k:
HEFARE(P>0.05), NELFR-ENKFE,T K CK,
5. 7% AR AL 2 AN 2 (P>0. 05) ,CK, J i
B CK, W E T,
2.3 ZEREMARHENEELS/NEERRBE, TY
BRRERMFHNEARSEMNZME
2.3.1 HARBERR G0 hE4THL EFR
WX /INZ R R NP B i B B0 5 oz KR ] Ak B
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F1 TEKEBTNEEREHEHEREKRIIGEH EREER

Table 1 Change of functional green leaf area per wheat plant from reviving stage to flowering stage of the different treatments

AN e e

B B I
position Ttems Treatments Reviving Standing jointing jointing Booting Heading Flowering
HEnt K Length/cm CK, 6. 63cA 12. 13bA 14. 78bA 19. 97aA 20. 07aA 20. 88aA
Flag leaf CK, - 6. 40cA 12.89bA  14.9bA 20.25aA  20.69aA 22. 49aA
T - 6. 28cA 12. 47bA 14. 35bA 19. 67aA 20. 16aA 22.51aA

$& Width/em CK, - 0.77bA 0.79bB 0.78bB 1. 60aA 1. 62aA 1.50aB

CK, - 0. 60cB 1. 02bA 1. 19bA 1. 53aA 1. 67aA 1. 68aA

T - 0.62cB 1. 13bA 1. 03bA 1. 74aA 1. 64aA 1.71aA

A Area/cm? CK, - 3.95cA 7.37hC 8. 69hC 23.93aA 24.51aA 23.53aB

CK, - 3.02¢B 9.65dB 15. 37cA 23.26bA  25.96aA 28.28aA

T - 3.27cB 10. 9bA 11.97bB 25.58aA 24. T4aA 28. 86aA

{5~ K: Length/cm CK, 14. 35bA 12.64bA  25.77aA 25.77aA 26.98aA 26.71aA 27.29aA
:i‘f‘; rl:ifw CK, 14. 26bA 13.36bA 25.31aA 27. 54aA 26. 26aA 26. 53aA 26. 38aA
flag leaf T 14. 28cA 12. 49¢A 25.3bA 26.88abA  27.19abA  27.82aA 25.29bA
5% Width/cm CK, 0. 99bA 0. 96bA 1.32aA 1.32aA 1.39A 1. 4aA 1.42aA

CK, 0. 88bA 0. 79bA 1.37aA 1.37aA 1.45aA 1.48aA 1.52aA

T 0. 96bA 0. 94bA 1. 43aA 1. 38aA 1. 42aA 1. 39aA 1. 41aA

T Area/cm? CK, 10. 64cA 9. 11cA 25.43bA  25.33bA 28.13abA  28.08aA 29. 13aA

CK, 9.43cA 7.82cA 25.90bA  28.38abA  28.56abA  29.51aA 30. 06aA

T 10. 31bA 8. 86bA 27. 11aA 28.01aA 28. 64aA 28.94aA 26. 67aB

T AR RVING FREROR [ — AR SR R A 5 1R 225 3 (P<0. 05) s AR RIS B 2R IR — A B ISR R b B 2253 8 3 (P<0. 05) o T
Note: Different lowercase letters indicate significant difference in the same treatment at 0. 05 level among growth stages. Different capital letters indicate

significant difference among different treatments at 0. 05 level in the same growth stages. The same as following.

x2 AEAENEERPAZINEMHERHOENL

Table 2 Change of functional green leaf area per wheat stem in the different treatments

W R $ek b3 AEJ5 REL Days after anthesis/d

Leaf blade position Ttems Treatments 5 10 15 20 25 30
Tt K Length/cm CK, 20. 67aA 20. 16aA 20. 41aA 20. 44aA 18. 13bA 17. 49¢A
Flag leaf CK, 20. 11aA 21. 04aA 20. 15aA 20. 02aA 18. 47bA 18. 19cA
T 20.21aA 20. 68aA 21. 05aA 21.12aA 18. 28bA 18. 26bA
F& Width/cm CK, 1. 64aA 1.56aA 1.58aA 1. 60aA 1.59aB 1.43bC
CK, 1. 67aA 1. 62aA 1. 66aA 1. 68aA 1. 69aA 1. 60aB
T 1.77aA 1. 67aA 1. 74aA 1. 67aA 1. 70aA 1. 69aA
TR Area/cm? CK, 25.29aA 23.9aA 24. 54aA 24. 45aA 21. 54bA 18. 65¢B
CK, 25.25aA 25. 66aA 25.28aA 25.22aA 23. 57bA 21.81cA
T 26. 98aA 26. 05aA 27. 55aA 26. 56aA 23.29bA 23. 19bA
5] ¥ Length/em CK, 27.93aA 27.23aA 26.31aA 27.70aA 26. 44aA 21. 80bA
zlh: ézzfl:j(’re CK, 26. 65aA 27. 63aA 25.03aA 26.25aAB 25. 16aA 24.38aA
T 25. 46aA 25.90aA 26. 07aA 25. 47aB 24.39aA 24.15aA
F Width/cm CK, 1. 40aB 1.41aB 1. 4aA 1. 38aB 1. 45aA 1.31bB
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x2(%)
W o7 $etr e TEJ5 RKEL Days after anthesis/d
Leaf blade position ltems Treatments 5 10 15 20 25 30

CK, 1. 49aA 1. 47aA 1. 48aA 1. 45aA 1. 41abA 1.32bB

T 1. 40aB 1. 38aB 1. 42aA 1. 42aA 1.42aA 1.42aA

[ X Area/cm’” CK, 29. 34aA 28. 89aA 27.59aA 28. 65aA 28. 76aA 21.40bB

CK, 29.91aA 30. 48aA 27.91aA 28.51aA 26. 66bA 24.27cA

T 26. 58aB 26.93aA 27. 84aA 26.98aA 25. 83aA 23.93bA

*x3 AEMEINEFERFFELEHNZNE

Table 3 Effects of different treatments on wheat yield and yield composition

Jyiiy - , g ENGTS
] e A THE et o
o Total ears . . . Theoretical yield Real yield
Ireatments 4 . Grains per ear 1000-grain weight/g . o
/(x10%+666.7 m™*) /(kg-666.7 m ) /(kg-666.7 m™*)
CK, 28.2+2.78a 24. 0+0. 46b 49.9+2. 12a 338.7+11.2b 291.3+10. 7a
CK, 28.0+2. 00a 21.2+0. 44¢ 49.3+3.05a 291.9+10. 7¢ 269. 6£2. 5b
T 28.5+2.35a 26. 0+0. 40a 50. 0+5. 08a 368.2+4.9a 308.2+8. 7a

1 B RING A R Ab PR 22 53 35 (P<0. 05)

Note ; Different lowercase letters in the same column indicate significant difference at 0. 05 level among treatments.

R4 TRLEXNEEHRRBS BRI

Table 4 Nitrogen and phosphorus contents of wheat plant /(g-kg™)
A I N & & N content P %4 P content

Growth stage CK, CK, T CK, CK, T
HESTT =t 0. 48fA 0. 35hC 0.38rB 0.24dAB 0.27dA 0. 221B
Eﬁfz;e :i; A 0. 55fA 0.43gB 0.43hB 0. 45bA 0. 45bA 0.42¢B
R H W 1. 64eA 1. 59A 1. 69gA 0. 54aB 0. 59aA 0.51aC

B 1. 74eC 1.91eB 2. 06eA - - -
P Wi 2.10dB 2.11dB 2.30dA 0. 52aA 0. 43bcC 0.47bB
WA 2.31cC 2.38cB 2. 62cA 0. 43bA 0. 42¢A 0. 42cA
2 3.23aA 3. 04aA 3. 19aA 0.33¢B 0.27dC 0. 38dA
il eE] 2.72bB 2.71bB 2. 7T9bA 0.25dA 0. 24eA 0.25eA
YiAE 2.01dA 2.07dA 2. 01fA 0.26dA 0. 22fA 0. 21fA
TSI iS5 d 2.05(B 2. 041B 2. 18fA 0.22aA 0. 20aA 0. 24aA
Filling stage W5 10d 2. 26eA 2.25¢A 2.27¢A 0. 19beA 0. 12beC 0.15dB
E15d 2. 42dC 2.50dB 2.59dA 0. 14dA 0. 10cC 0. 13¢B
)5 20 d 2. 66¢B 2. 62¢C 2.71cA 0. 18cA 0. 15abcB 0. 18cA
165 25 d 2.81bB 2.74bC 2. 99bA 0. 20bA 0. 16abB 0.21bA
H#JE304d 2.95aB 2. 85aC 3.27aA 0.22aB 0. 17abC 0. 24aA

FISZIR, AEHT/NZ AR N P S 28T mERIRN  SES P T MR N & 855 (P<0.05),
AR o N AR ek B R KR (P< ATREJF P2 AR M4 BT B HE — 3B 0 85 35 T3
0.05),P HEART LA R AM, MM LE,  SREM MARE RN s R AW, T
RE W ZATLL CK, MIFERE N & i (P<0.05) 2 JERIE M m T £33N N &, WiifedE TR R
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W R 2Ent N U S T FRERFL R P & &, T A
B,

WA HES AR 28 N P i, R BIBE S HES T
Heifk, 28 N LR R BT = a3, 48 )5 30 d ik 3 i
KA (P<0.05) ; 325 P Bl R B R ARG T a3,
a5 d MK, /55 dfM30dEZRAREP>
0.05), AbFEZEIELEE, T AYPAZE N RS, ik
PRBEENF 20~30 d him (£ 4), B2, FE5E
FhERDERISEA R T G VE /N E AR SR ZE N P LR &

HUE7

o0

=

0

5 6y A

s cA

g3 4B a/g abA abeA A

= & a bAB

Li 4 maﬁf\__ aba bB Eca bA
g 3 S~ 2 cA
o

< 2 bA
B £

Hﬂ 1

s T 10 15 20 0 50 300
& 1 J5 R E Days after anthesis/d

——CK,

2.3.2 EBAMEAMEESEMHELNLZERR TS
RABRR e TEHER, BEE LS R A P AR R
R4 5 1) R A %, R T R S A A G i A (A
2-B) , Ml T8 2 TR (E 2-A) , Akged, &
5 5~20 d EAER TP B s i 0, 4B f5 20~30 d
SRR Y B R AR fS 20 ~30 d FEERT
PIRR R R TOLA AR R, A2 M T
HIAEAR T4 B8 i S AR S5 Y66 r- AR SR 34 B el g
A b2

- CK, =T

2 3018

959 beA bA

a0f A g B A 1
2 | © ¢B bA al aB
o 151 B cA bB aB
B 1.0

w

i 0.5

= oo : : . : .
[ 05 5 10 15 20 25 30

¥ J5 R E Days after anthesis/d

B2 AELETMEERBEKRTEA) BETE(B)EZUES

Fig.2 Line diagrams of dry weights per plant and per panicle for wheat under the different treatments in the filling period

2.3.3 wmREwE D EERIAFERGRAREHFHE
a%rm AR S WA BEE R B NG R R R
PSS R R B T RS LTk 72185 10
d BAFAR A, Z I FRrge i, e 4B )5 30 d iR B K
B, Hdh T &R A& 8 R EET CK, M CK, (P<
0.05) . WLERAER (4 3 Fr e Bl VI S AR 114 78 Ak e 3
AL R SRR TR REL SRS EN
B R, BT LIS e s
15 d BB MR EAMAEASENLS S5 d
TG K LIS 30 d A B i, BRI, 78
TR (FE)5 0~10 d) , /N PR LIE R AR E
F1 R B ALY, 3 AVER SR (AE)5 10~20 d) 5, 7
B RFRAR, 3R (& e PR ANUS T, B B R
ARSI, XA RS /N SR R R G
R, CAO547 2 — s ffi /N2, Wb T A7 5 o 2 v (32% ~
35%) , B 2 1L AT 85 1K A e T I 7, ok ki /N
TS A BN R I, 76 K S 4 A
EAMEM L AP e, T B AR TR )
(A6J5 20~30 d) AP /i ORI A 8 1 it 327 T/
R T,
2.4 EFSMARNBENEELNMNELEEYR. B
AR 7K 44K R B B2 i

ARG 1 B 5 A A& /INEE o BE R A v W T (AR

11,2016 44 F 15 H WU ) F143 BEW 25310 1 (A2
#1,2016 4 5 1 1 HIOHE) 47 S5 VE /N MR B - 18
MU i (B 3-A) DRI 14 (&1 3-B) | A i v
(1 3-C) LR HHEE K (B 3-D) il . X k4%
TEbR o B EA BN (a) B H AL B (b) K 4 2R
(c) M =R I 20T M Z T R (Fmg) 455K,
RIS A Sy 25 TR B 22 Sl I 2K F (P<0. 001 B
P<0.000 1,R*=0.877 1~0.962 5) , /M Hr il ¢ .

AL 3-A AT BT R P & B B T A
FEI, AbPE2Z R LA T (4G HILST 7 i d5 s, d B S A
FFid B e, vl ek B3 ok 7RSI L2
[BILLO~10 cm +Z A PR & E s ,0~40 em T2
SR LT S EEAF] 10 g-kg™ DL b 253K 1 1 Fn 2
W1, Rt 2N, 3 A A B AT ML 7 o 34 5% 7 ik
W, A TEZZ WS 2 Rl SERT, 0 ~ 20,20 ~ 40,40 ~
60.60~80.80~100 cm 2 (4§ 54 ML & =4
WIS 11.25 .10.01.8.42.6.73 6. 16 g-kg ™', F I Nl
L EIEA T S RS 8 G AT A L
TS AUGE/ANZR W] P AU S R R
M, T 7E0~40 ecm )2 AP & 23w THE0T 158
CK, B% 0~20 em /204 ML & & T4 58450,
HA+ AR THE AT H38; CK, WIFEH T 0~40 em
HIEMAE PR S S TR R, 22 0~ 20 em
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x5 NEERPFNEARREARASSE

Table 5 Grain protein and protein component contents of winter wheat / %
Fa b A 1EJ5 KEL Days after anthesis/d
Ttems Treatments 5 10 15 20 25 30
A=l CK, 10. 07cA 9.17dB 9.5dC 10. 81bB 11. 44aC 11.81aB
Protein content CK, 10. 16¢A 9.25dB 9.89cB 11. 43bAB 12. 13aB 11.93aB
T 10. 37cA 9.7dA 10. TcdA 11.95bA 12. 58aA 12. 55aA
HEA CK, 5.96aB 4. 59bB 3.67cA 3.25dB 2.67eB 1. 98fA
Albumin CK, 6.26aC 5. 15bA 3.91cA 3. 86cA 3.19dA 1. 68¢B
T 6. 63aA 5.21bA 3.87cA 3.55dAB 2.82eAB 1. 75fAB
REMH CK, 1. 88aA 1. 73abA 1. 68bA 1. 75abA 1. 81abA 1.88aA
Globulin CK, 1. 88aA 1. 53bA 1. 47bA 1. 54bA 1. 62abA 1. 72abA
T 1.71aA 1. 54bA 1.5bA 1. 56bA 1. 64abA 1. 76aA
WA CK, 0. 82fA 1. 13eA 1.94dA 2.36cB 3.21bB 3.94aB
Gliadin CK, 0. 84dA 0. 99dA 2.31cA 2.53cAB 3.36bB 4.24aAB
T 0. 85aA 1. 34bA 2. 24cA 2. 88dA 3.87¢A 4. 41fA
BEH CK, 1. 42fA 1. 72eA 2.22dA 3.45¢B 3.76bB 4.01aB
Glutelin CK, 1. 19dA 1.57dA 2.2cA 3.5bB 3.97aAB 4.28aAB
T 1. 17eA 1. 61dA 2. 49¢cA 3.96bA 4.24bA 4. 64aA

HIRMA P S TR, ] DL SEA X
HEEA VLS A — R THER

Hi 1] 3-B A, 24 R S0 ) R O PR W A o T AT
B e R ZE R B 2R, 3 AN IS
VE/NZEARBR L HERBES PR3 LA 10~20 em )25 (P
<0.05) (CK, I CK, 7EA R R B 2%) | B+ 2 fm
T DR VB WA ;0 ~ 10 om 22)2 138 A9 IREEE M
BRAST 10~20 em )2, 11 CK, 7£ 0~ 10 cm RJZ +
SR MR M 20 TEAIR T 40~60 em 1), AbH
Z IR, T - 359 Ok 0 M B 8 5 1 CK, AT CK 5T 7E 0
~60 cm )2 AR BR - Rl 5 P e e, 2R I SRA
AT A dl 4 02 2 Ok A g b IR T 1 AT A R T
Wt SRR N T 78 60 em DLF )2 (10 IR A
K CK, 5% CK, , AT fig /2 B Tl R BETE 0~40 cm
TRV, e T %2 K HARE )2 40~ 60 em +
JZ T Y B AT IREETE RS 1 60 em LA 2R
1A FTREA, XA REdE— IR A SE . CK, 74170
4 R Bt 76 P B AR T CK,, M ZE 228 HAE 10~ 60 cm
2 A IREEE L & T CK,, PTRE S TR R
R R, AR EEAE—E 0 N R, B8k
1 AP PR A P O AL 5 1 2 2 R PR R AR R
ARERE N T P A CHL N P i R T +
PR PR TG T () 4 5

M &l 3-C AT %0, 7E 0~ 100 em + J2 S0 HE P, A i

TG 14 B 2 R IR 3 Dk, 7F 20 ~ 40 em & 40 ~
60 cm 12 FFEEA W3 P TR T 45.32%, 14
REWERG FEIEIRLE 0~40 em T2, 1% 12 I Ee G
W E] T 0~100 em 2 FEAEGSIE MR 77. 47%,
XA TAE 0~40 em )2 H/NER R WY 5
B2, A B IG RN IR 76 3 AN b B[R], T
TEPRCTT RN 2R AR | JHCSP- 357 e il PR 34 W Jd vy T
AP, 3X AT RS B TSRS A0 F A ), ok -4
T KEFHE T, $ 5 T H A MlaR & =, dEmi ek T
SRR TR YR, PR T A el e, e
AR RN R A T AR AR A I
TR, U ZE R AR AR AR PRisi A Py B R, 3
i 14 [ Bt ok A TR

P Il 3-D AT, ZE ) 4 39 A K i W A TR
#;0~60 ecm + )2 HIHEEKEHBALT 60 cm LITF
2T K ER G, CK, IR, CK, fefik, (H = F Z &
KB 22 5 (P>0. 05, 8 0%) . R0 1330385k
N 13% , 2 F8307 B G AR, 00 B Y 3 - A BT 1R
YA i SR I, T K SR 50~ 60 em 1 )7 14
BIKETE 9% ~11% /547,60 em VAR + 2 &K H
SEXITE 13% LA L, Ud BHAR T B - 22 R /N 22 AR R A
BRI Z FEHAE 0~60 em 12, FILIZE 48 K &
TR , 456 IR IR It 5 Pk 2 B, 2% J2 BTG P A, L 3E
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ﬁ CK K, | T K, | cx, T
4R 1 Jointing ZufE ] Booting

L H I HRAE Growth stages and treatments

A E/NE FREFRIR [ — A BUR [F) 42 )2 22 8] 25 57 .3 (P<0. 05) .
Note: Different lowercase letters indicate significant difference at 0. 05 level among the same treatments in different soil layers.

B3 TRELSLETMNEATH ZEHATEANRSE(A) JRBEE(B) JREBENE(C) REESKE (D) EESHILER

Fig.3 Soil organic matter content(A) , urease activity(B) , surcease activity( C) and soil moisture (D) of vertical

distribution comparison under the different treatments at jointing and booting stages of wheat

TR T IEEK R, MRS YR, FEN TG
WIRIZR R WA, eAh, 3 A~ b2 ] G W 3 2
S (P>0.05,%0%)
2.5 ZEEMEMRIEINFEZEFUREMZM
INEMRELL 2.4 JC - kgt T, B3 32 L 160
JG-t ' CK, RHLEY 60 JT - 666. Tm™, 73 AN FI 4 4
MLEEH A 90 JC - 666. Tm™>; B T 2% . i =% 70 JC - kg™
(3PP 1.5 kg+666. Tm™2) /INFZ 2.4 TG -k (3EFP
15 kg+666. Tm ™) ; AERHZ A . 150 JG-666. Tm ™,

& 6 A1, CK, . CK, Fl T AY4FEF I 45 43 5 A
343. 19 785.79 F1 218. 20 JG.-666. Tm™>, =% 25 ik 5|
B E K (P<0.05) . CK, B4 IS 3L T CK, 42
T 128.97%, T # CK, BIAF S35 FEAK T 36. 42%
AL 78 AR PR S R el leb i = ELek b -85 43, vl A
B3R S AR 25 . FE D SR A A DRk I S A
HAR I ES BN S CK, , (H 30 H AR PR AT D) ol 35 - 198 i
i e R R R AR )

®6 ARLEINEFFRFURILR

Table 6 Effect of different treatments on annual economic benefits

G A7 A
b Economic yield/ (kg-666.7 m™?) Cost/ (JG-666.7 m™2) Rl
; Net income per year
Treatments . o Y st = — -2
B INZE A FPERER HUBEA 75 g A /(JC+666.7 m™*)
Oilseed rape Wheat Means of production Machine cost Labor cost
CK, 0 291.33 206 60 90 343. 19b
CK, 44443 269.33 311 90 150 785.79a
T 0 308. 00 311 90 120 218. 20¢

T : R ) /NG T RER 7R b B H) 22 538 R 25K (P<0. 05) .

Note; Different lowercase letters in the same column indicate significant difference at 0. 05 level among treatments.
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3.1 ERSEMEARBENEENEERERHIII
KR WNEEREBTRNEBERNEZ Y,
F 5% 2 BH, PR DRI ol A i S8 25 TH AR A 22 1) R K
U S EURME /N KO I, R HEFR 57 B, A
MmN AT, 2 AR EE AR EE (T A
CK,) /N B bR it BOfE 4R T W1 A U 39 8 38 8 TR
SERMMSEALFE (CK,) , H T>CK, (P<0.05) ; & Fil=e
Qb TR () ZINZZ TR I 5 R it T R 48 1, 2 BH A v
X, 2 5 AP Rk A A TR ik R VRN A o BE R A
AR R, AR ERRY (K 4),2016 4 7-9
A g KA B3 H R i 70. 03 mm, K43 58
ST LU R AR ST S AR LK Ay AN iR
FH 5 BRI , AT T e B A R P IE e N R 2k
KHIRE N 2R, Emiie s TR R s ht
300
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0
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B4 201557 A-2016 £7 BXAENAFHERE
Fig.4 The average rainfall per month in Taigu
county from July, 2015 to July, 2016
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3.2 EREMANBENEENEFERRRNE
i

BT TR SR ERLEL  TORLE R TN N P
A EEART ARG P, 3 A Ab B A TR EOR TR
HEEFAEE(P>0.05), BRI LA T>CK, >
CK,(P<0.05) , FEHJE R, 7 1w AR AU T4
HZEBEA ORI 1036 3 A Ab 3 A A /N ZE A AR AE B A
e bR SR E TNt I AR T B 2E R AT R
DK A A AR AR /0N, LA 7R EORIR T R R R 4
T340 R 32 B T R T - 2 R Y /N EEOE
HUNIESME , AR B IR /A 2R BE R 2 A i e, i 2
WS 221 3SR, ARBIESE DA B 0 - 2 A
I, AR T (AR N RS DA T Ab 28 + g
FOE AL, ATREE M T A B AR T & AR TR
FH YRS e , DA 44 vy 1 S5 55 43, A R - AR ST i
H L EmfERRGE AL CRAERE KL, BUAh R /N 2
TR T B 7K 53 35 43 22 28 il IR 2 3R 4R 43t | T3 FH il

SKFEAE 25~30 em HHE, MR N S@X/NE T EA
HELEEAEmM Y SRR N SRR RN
A —FRE X, SR AT DL b A 1 v 0 v 5
(I P) T AR N R R N B R A R
WA CK, FHEET CK, f1 T, REWZJF CK, H T
FIAERR N BB % 48 )5 20 d Z R, T.CK, Al CK, Z
[ ERZE P i o KR 2257, 0 CK, W& &5 4B S 20
d J5,T BZE P & IR A FE BE b T CK, F CK
XA B H T A HT TSR AR ZE M R AR AE T — o 1
NP EFE MR T -HEIR M 0 A 5 i S48 = O R 16 1
T RMEN P OB RIONTE N P RSO B gt A
NP Ss, AR, T B E T REA /N
B = , UG I SEAS AT 8 HX 5 VR4 /N EE P i A R
THEAAR RS, AN, T W] A 5 T /N Ak
WEE R i (P<0.05)
3.3 ZEREMARMENEENETERAONEE

AL B v A R S it - R R R AR
WFFE b ZESRCTT BRI ZE R il = 4 et 30 T S5 ) ol 8
T HHEA PR AR, SRS R — 8 X E
BRI SRS A AR S s R h O R Ok KA Y
FURFNBR R W8 T R iR W R A
A 1 B 2 R I Ah B ) - A WL A
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fif S VR T A Wy A A AR 53 D AR ) B 1A
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)5 e s 1 ) B 2 A A 1 M S i, T
WA 22 1) - ST IR G 5 53— 7 1T D) J2 ok SR A 5 A R ik
T MR, AN, CK, R B S A 3R T W T
CK,, MZEZ RN E = T CK,, X Al g2 T ER &R

TEJR SR I Pt — L RATT

T S RO ] LE o A P R TR S
HANBRTESFA SRR LS S
HUBEE AR, o S A D B AR R IR L IR I
Wb AL AR BE ISR AT A A KRR 2
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Study on Yield, Quality, Soil Fertility and Annual Economic
Benefits of Succeeding Winter-wheat After Feed-rape
During Summer Fallow Period

LI Junhui WANG Kai YANG Zhenping® GAO Zhigiang
(College of Agriculture, Shanxi Agricultural University, Taigu, Shanxi 030801)

Abstract:In order to explore replanting feed-rape feasibility in winter wheat field in central of Shanxi province during
summer fallow period, the experiment was conducted 2015-2016 to study effects of replanting feed-rape on the growth,
soil nutrients and annual economic benefits in winter wheat field. After harvesting preceding-crop wheat, the feed-rape
was replanted in wheat filed. Three treatments were set up involving in the fallow land ( no-replant feed-rape, CK, ),
feed-rape half-harvested returned to field (CK,) and total-harvested returned to field (T). The varieties of feed-rape and
winter-wheat were Huayouza 62 and CA0547, respectively. The results showed that compared to the CK, and CK,,
treatment T was beneficial to increase the number of green leaves per plant before heading stage, to improve the dry-
matter and N, P nutrient accumulations of plant in middle and later growth stages, and to prolong the flag leaf area in
filling stage, as well as enhance the grains per ear, grain yield and contents of prolamin, glutelin and total protein of
grain. Treatment T was beneficial to improve the soil organic content in 0—20 cm soil layers and the activity of urease and
sucrose in 0—40 cm soil layer. For the perspective of economic benefit of rape-wheat, the CK,treatments 128. 9% and
260. 0% higher than the CK, and T treatments, respectively. The comprehensive analysis showed that re-planted feed-
rape in summer fallow period and total-harvested returned to field can increase the grain yield and quality and improve
the soil fertilization. The harvesting of the feed-rape in the summer fallow period can achieve higher annual economic
benefits. This research results provide a theoretical basis for appropriate management of the summer fallow period in
winter-wheat field to increase the wheat yield and grains quality and improve soil fertilization and annual economic
benefits.

Keywords :feed rape, replanting, wheat yield and quality, soil fertilization, annual economic benefit





