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Abstract; Four semi-winter wheat varieties Tanmai 98, Shannong 18, Xumai 33 and Wanmai 52 in Huang-
huaihai winter wheat area were selected as test materials. Through the sowing date tests, the trends of

grain filling rate and the influence of meteorological factors on the filling rate were analyzed by means of
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analysis of variance, correlation analysis, stepwise regression and path analysis. The results showed that
the fluctuation of grain filling rate is the least and the 1000-grain weight is the highest in the normal so-
wing period, the late-sowed 10 d winter wheat has the highest volatility and smallest 1000-grain weight.
The grain filling rate of Tanmai 98 is most stable and the 1000-grain weight is the highest in winter wheat
area of North China, while the grain filling rate of Wanmai 52 is the highest in Huanghuai winter wheat area.
The grain filling of semi-winter wheat usually lasts 35—39 days. The climate difference between north and
south is one of the reasons for the different filling rates of winter wheat. The variation trends of the filling
rate of semi-winter wheat in each sowing period are the same, and the change of filling rate is consistent
with the change law of related significant meteorological factors. The peak period of grain filling generally
appears 15—25 days later than flowering, and the appearance time is earlier of the maximum fil-ling rate of
late-sowed winter wheat than the control treatment, which is not conducive to increasing the grain weight.
The temperature conditions have significant effects on the grain filling rate of winter wheat, of which the
highest temperature factor is the common key factor affecting the filling rate of different sowing dates and
varieties. Path analysis showed that the effect of maximum temperature on filling rate is determined by its
direct effect, while the effect of sunshine hours and minimum temperature on filling rate is consistent with
indirect effect. The average of highest temperature has the most important effect on fil-ling rate, while the
sunshine time and averaged minimum temperature influence the filling rate weakly. The averages of high-
est and lowest temperature and the sunshine hours are the limiting factors of the filling rate, of which the
average of highest temperature has the greatest decision-making effect on the change of filling rate.

Key words: meteorological factor, grain filling rate, path analysis, decision index
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Table 1 Differences in effects of sowing date and variety on grain filling rate, time
and 1000-grain weight of semi-winter wheat
. T KA ) TR E
: THH/ PRifE 2/ . THHE/ PrRifE 2/
i CV/Y 34/ d sifE 22 /d CV/Y CV/Y
A [g- (1000 8D « d (g + (1000 KD~ » d~!] A A R % [+ (1000 %) 1] [g» (1000 KD ] %
A 1.32 0.078 5.91 36 1. 000 2.82 46. 65 1.937 4.15
i B 1. 30 0.022 1.69 37 2.363 6.43 47.75 2.406 5.04
§ C 1.22 0.136 11.15 38 2.517 6.71 45.57 5.471 12.01
D 1.22 0.03 2.46 38 1.732 4.62 45.63 3.178 6.96
Ak 98 1.27 0.018 1.42 39 2.708 6.94 49.45 2.996 6.06
o 14 18 1.19 0.096 8.07 37 0.000 0.00 43.92 3.606 8.21
M e ss 1.27 0.095 7.48 36 1,155 3.21 45.88 2.195 4.78
I 2 52 1.32 0.088 6.67 35 0.500 1.42 46. 36 2.461 5.31
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Fig. 1 Distribution of grain filling period in

semi-winter wheat on different sowing dates

10 d AbFHE IR AR S IR AR E L IR 46 10 d b BRE I
FRoe e e 22 . &/ N E TR EZ LGS 511
THE SR T AR DU AT — Bk IE R R AL TR E Y
A7.75 g+ (1000 i) L F K, IR 10 d Ab 34T kL
oM 45.57 g+ (1000 kD) ' FH /s RAE10 d AIIE
WG /NG TR EHIE, 2K 1. 10 g + (1000
B R R AL IR A/ NE TR HE I, 226 0. 06
g+ (1000 K0 ' 4G WAL A AR 10 d T kL 35
VRN AT BB 4. 15% , Ho koW IF % 4% 48
FH00 5. 042 R4 10 d TR E W MR R AL
RECH 12.01% 5 % WA &8 22 98 TRLE O 49. 45
g+ (1000 k) ', FlE R, gk 18 ThiE K 43.92 g
« (1000 0> ', F iR/ s #2233 Tk 748 S P2 2 O
NGRS REON 4,78 %0 114k 18 Tk AR SRR I
KASFZRZE N 8. 21% ., B 200 £, &
Xof - 357 SR A R R TR EE S R IR i R AR fS 20
~25 d WER A T R E Y52 2 7 0 & (P<
0. 05) 3 W A K s B 130 114 98 9% 3 46 25 ¥ =i i 10
GRS HE H R A7 A B R X e R
SeSFAE(2008) A C R4S 18— 3.

Z THE A 22 X o5 B 5 2240t & W, 5l 8l ) e 5
A AR AR R H 8281 Y o R I AR
A P25 RGHE AR G B R K L H R SO AR
25 55 (P<T0. 05) , R B R b b 3l =A% 43 A1 Y
25k,

HE SR R 5 [ I B AR R R O a3 A
(£ 3DFRW L FEIR A 56 2 BUR PR s
AR R B AR ST A R R B R OGS R IR
TRV P4 5t 2 00RO 55 51 24 RE R R A
TEAH G HESR N P Y i 3 5 R R R
F G, 5BUR L Bem ORI 5 W UG,
GO B R XV S 2 I A OG5 e RV SR [ B
BARRH PN, BEREES TR E
AR DG o3 At (8 3) R B, il IR S 1 5l IR R 4k
I [E] 010 T 4R DG AR 2 3, o S R S (D)
BIFFRL & B RECE 2 3% TR DG, T 5 T kL = B 3
I BT AR S E N OG5 R A L AE (2001) fF
GELE I B0 HE S N - X I R 9 O R 2 )
S SCE A OGN 1 3 5 TR A 2 A
Ko LG bk k20 o T HE I N ARG SR
W FE MR R FEAL S 15~ 25 d FF kL PR3 |
W. il T2 H R ES & T 25C, i fE ik
R EE 20~24C iy B FR (4 3% 5%, 1996) , in Z 9 4
WS A 3 Rl XA B B 4~7 d SR T 32°C
R KA B o AR 28 F] 35, 9C, R BUN
22 7R B TNOR AN AR 53 R A KR S 52 341 o) B



1740 A %

F2 HEHBEMYEMNEZTHEREE THEERXFSPRERPESKEZRENS
Table 2  Grain filling rate, 1000-grain weight, filling duration and distribution of meteorological elements during

grain filling in the semi-winter wheat varieties on each sowing date

Ay 4 43 i 2 /= 4 TR

oy o - P R SRS — ERMALERE —
[g« (1000 ) "'« d '][g+ (1000 kD' #ILA/H-H  A¥/d T/C T/ C Tuin/C U/% ' S/h

(Cd mm
#% 98 1.29 45,06 54 % 67 35 761.1 217 35.5  10.0 57 21,2 408.9
A ik 18 1.22 44.97 1-30 % 65 37 857.4  23.2 359 9.2 52 38.2 356.2
%% 33 1.39 48.79 4-21 & 5-25 35 760.9  21.7  32.8 9.3 55 24,4 327.1
i % 52 1.37 47.80 4-21 % 525 35 753.4 215 32.7  10.6 62 493 300.9
#5498 1.28 51.12 53 % 6-11 40 884.9 22,1  38.3  10.0 55 21.5  469.9
5 ik 18 1.29 17.70 1-30 % 6-5 37 857.4  23.2 359 9.2 52 38.2 356.2
%% 33 1. 30 45,57 4-21 % 5-25 35 760.9 217  32.8 9.3 55 24,4 327.1
foE 4 52 1.33 46.63 4-23 & 5-27 35 771.2 22.0 35.6 10.9 62 49.3 304.0
#5498 1.26 51.57 5-3 % 6-12 41 907.0  22.1  38.3  10.0 55 22.8  481.0
¢ ik 18 1.06 39.06 51 % 66 37 850.6  23.0 35.9 9.2 53 474 344.5
## 33 1.17 43.46 4-25 % 5-31 37 856.2  23.1  36.4  11.3 53 24,4 349.5
e % 52 1.38 48,21 4-25 % 5-29 35 790.7 22.6 36.5 10.9 61 49.3 303.9
#5398 1.25 50.06 54 % 6-12 10 886.7 222 38.3  10.0 55 22,5 470.5
b gk 18 1.19 43.98 5-1 % 6-6 37 850.6  23.0 359 9.2 53 47,4 344.5
## 33 1.23 45.68 4-25 % 5-31 37 856.2  23.1  36.4 11.3 53 24,4 349.5
% 52 1.19 42.81 127 % 61 36 842.5  23.4  36.5  10.9 60 49.3  316.1
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Note: Aus Ty Timax s Tmin s U+ R, S indicate active temperature, average temperature, maximum temperature, minimum temperature, mean relative humiditys

sunshine hours. respectively; the same as below.
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Table 3 Correlation coefficient between grain filling rate of semi-winter wheat and

meteorological factors,

filling stage and 1000-grain weight

il _ _ K/’ .
;ig; A, T T Twin  Toomin Toms Tonin U s R v D/d (1000% -
Vo —0.415" —0.414* —0.448* —0.205 —0.112 —0.464* —0.279* 0.283* —0.072 0.135 —0.025 —0.635* 1,000*
V. —0.593* —0.667* —0.394 0.115 —0.195 —0.569* —0.190 0.539* —0.148 —0.073 0.358 —0.348 0.693*
V max 0.027 0.027 —0.136 0.114 —0.076 —0.039 0.166 —0.051 —0.032 —0.005 0.350 —0.320 1.000**
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Note: Tmax—min» Imax » I min v represent the average of daily temperature range (unit; C), the average maximum temperature Cunit; C), the average mini-

mum temperature (unit; C), and the average wind speed (unit; m =+ s—1),
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respectively; * is P<Z0.05,

*% is P<C0.01; the same as below.
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Fig. 2 Relationship between grain filling rate and meteorological factors of different winter wheat varieties

(a) Tanmai 98, (b) Shannong 18, (¢) Xunmai 33, (d) Wanmai 52
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winter wheat on different sowing dates
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Table 4 Statistical analysis and normality test of semi-winter wheat grain filling rate

/(g /g SD/[g+ W/ lg - K-S /S-W K 5
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«d ] «d ] «d ]
HE IR B 1.34 0.652 0.808 3.25 0.603 0.123 —0.726  0.064 83 0. 200
Sy S R RE 1.26 0. 008 0. 087 0.33 0.069 —0.543 0.590 0.961 16 0. 683
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Table 5 Equation of relationship between grain filling rate and meteorological factors of semi-winter wheat
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Table 6 Path analysis of grain filling rate and meteorological factors of semi-winter wheat
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