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Abstract This study aims to determine the effects of different shading and nitrogen application rates on grain filling
characteristics of winter wheat, and to provide theoretical basis for high yield and high efficiency cultivation of wheat
under “Fruit-Wheat” intercropping mode in Southern Xinjiang. °Xindong 20’ was used as experimental material. Four
levels of shading treatments (S,, S;, S, and S;) were designed and four levels of nitrogen fertilizer (N, , Ny, N, and
Ns;) treatments were set at the jointing stage (after shading) to analyze that effect of different shading and nitrogen
application rates on the grain weight and grain filling characteristics of winter wheat. The results showed that. The
effects of shading and nitrogen application rates had an extremely significant effect on 1 000-grain weight of wheat, and
the effect of shading on 1 000-grain weight was greater than that of nitrogen application. Correlation analysis between
grain filling parameters and 1 000-grain weight indicated that 1 000-grain weight was positively correlated with grain
filling rate and stage grain accumulation, and negatively correlated with grain filling duration. Under the conditions of no
shading (S;) and slight shading (S;), the grain filling rate increased and then decreased with the increase of nitrogen
application rates and it decreased with the increase of shading extent. The grain filling duration prolonged with the
increase of shading extent and nitrogen application rates. The grain weight at growth stages and 1 000-grain weight of
N, S; treatment were higher than those of other treatments (except NyS;). The grain filling rate decreased with the
increase of shading extent and nitrogen application rate under the moderate shading (S,) and severe shading (S;)
treatments. Although the duration of rapidly and slowly growth stages were prolonged, the grain weight at growth
stages and 1 000-grain weight decreased with the increase of shading extent and nitrogen application rate. Therefore,
under the slight shading(shading at jointing stage-heading stage 10% , shading at heading stage-maturity stage 25%) ,
the declining grain filling rate caused by shading can be compensated by increasing application of nitrogen fertilizer to
prolong the filling duration at the gradually, rapidly and slowly growth stages, thus increasing the grain weight of
wheat. Under the conditions of moderate shading (shading at jointing stage-heading stage 20% , shading at heading
stage-maturity stage 50% ) and severe shading (shading at jointing stage-heading stage 30% , shading at heading
stage-maturity stage 75% ), the duration of rapidly and slowly growth stages prolonged more than 103.5 kg/hm? of pure
nitrogen at jointing stage. However, it was unable to make up for the reduction of grain filling rate caused by shading and
nitrogen application rates, and finally led to the decrease of grain weight at growth stages and 1 000-grain weight.

Keywords shading; nitrogen fertilizer; grain weight; grain-filling characteristics; wheat
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Table 1 Soil fertility conditions of the trial site
+ )2 #& Content
W/ AL/ A/ LW/ 2B/ AR/ AL/ AL/
cm (g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
Soil Organic Total Total Total Available Available Available
depth substance nitrogen phosphorus potassium nitrogen phosphorus potassium
0~20 1. 487 0. 635 0.796 19.019 37.3 18.2 104
20~40 1.413 0. 464 0. 668 19. 534 33.7 4.6 94

1.2 RIigit

RIS 2 X BT, U Ah B oy 32 X, 3 B A
REIX . AP E 4 KN A E TR
it A, N S 355 399 CGliE B ) 3 i 41 40 103. 5 kg/hm® ;
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B A AIKF Sy ANHEBR 5 S, 5 B I BT (3T 3 ~ il
I B 1020, il A ~ s BV B 250005 S,
r R 3 B (AT 09~ i B T B B 20 00 . il B ~
PR 5020 5 Sy o T I B CHR 75 10 ~ il A 40 3
B 30 %0, il 0] ~ e A HE BT 75000, BRI 3 WK
FHE., HA/PKHEMH S m? (4 mX2 m), #&F &
270.0 kg/hm* . N\ THEFNATHE 20 em, 2B HAREK
6 R GBAC IR T I A0 10 2R 47 AR S0 AN RE D
HEACR I HE . /N2 REFPRTIE R R 150. 0 kg/hm? , @
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1.3 MEmDBRFE
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Table 2 Effects of shading and nitrogen fertilizer on 1 000-kernel weight of winter wheat

b 7 TR /g pUBLi TR /g
Treatment 1 000-grain weight Treatment 1 000-grain weight
N, 41.9142.07 a S, 40.524+1.26 b
N, 37.01+4.91b S 42,564+1.85 a
N, 37.11+£5.72 b S, 36.94+4.16 ¢
N; 36.18+£5.69 b Ss 32.17%5.25d
No S, 40.35+0. 96 be N, S, 41.02+0.95 be
Ny S 44,3541.54 a N, S 42.4840. 38 ab
No S, 42,1841, 22 be N, S, 35.27+1.09 de
NoS; 40.75+£177 be N, S; 29.6840.64 f
N: S, 40,664 1. 96 be N; S, 40,0741.01 ¢
N S 41.2042.00 be N; S 42.23+1.74 ab
N; S, 36.324+0.97 d N; S, 34.004+2.01 e
N, S; 29.83+1.69 f N; S, 28.42+1.00 f

T« No» B A2 75 39 A ML 5 N 450715 038 7 26 %0 103. 5 kg/hm?® 5 Ny, #5745 J9) 38 i 46 40 138. 0 kg/hm? ;
Ny AR HIBHELER172. 5 ke/hm? 5 So  ANHERT 5 Sy 5 B2 B T 1 ~ iR 301G 11 1006 il e 39 ~
FRCBYI B 2520 5'S, o o L R 3 CHRY I ~ i A 0T B 20 00, il A0 ~ A 50040 5 S, T
BT GRS 0 ~ R ] 3004 . i RS0 ~ BB EE B 7596) o TR B R RN R ROR 22 R 3
SYRFEAT. T

Note: Ny, no fertilizer; Ny, jointing stage (after shading) nitrogen 103. 5 kg/hm?; N3, jointing stage

x3 ERMEEREEENENETHE

(after shading) nitrogen 138 kg/hm?; Nj, jointing stage (after shading) nitrogen 172. 5 kg/hm?.

Sy » not shading at the pulling stage; S; ., slight shading (shading at jointing stage~ heading stage

10%, shading at heading stage ~ maturity stage 25%); S;, moderate shading (shading at

jointing stage~ heading stage 20% . shading at heading stage~maturity stage 50 %) ; S;. severe

shading (shading at jointing stage~ heading stage 30 % . shading at heading stage~ maturity stage

75%). Values followed by lowercases in the same column are significantly different at 0. 05

probability level. The same below.

EALN: S

Table 3 Anova of shading and nitrogen fertilizer

on 1 000-kernel weight of winter wheat

Ak
Treatment FiE P
N 31.93 0. 000
S 88. 94 0. 000
NXS 7.99 0. 000
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FHid/g 1 000-grain weight

FHidE/e 1 000-grain weight

FHid/e 1 000-grain weight

) 0 L 1 1 1 L 1 L J

10 15 20 25 30 35
JF1E)5 KEU/d Day after anthesis

40

45 5 10 15 20 25 30 35 40 45
T4 5 K Ed Day after anthesis

{‘*ﬁi/g 1 000—grain weight

1 L L J

0 | 1 1 1 1 1 1 1 ] 0 L 1 1 1 1
5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45
JFAE)5 KEUd Day after anthesis JFAE)G KEUd Day after anthesis
—— S0 —=— Sl —4— 32 —x—S3

() No» B A F A HEAL s (DY Ny ST B M4 % 103. 5 kg/hm? 5 (o) No o S5 B M 26 % 138 keg/hm? s () N o 457 138

Wizt E 172. 5 kg/hm?
(a) Ny, no fertilizer; (b) N;, jointing stage (after shading) nitrogen 103. 5 kg/hm?; (c¢) N, jointing stage (after

shading) nitrogen 138 kg/hm?; (d) Nj, jointing stage (after shading) nitrogen 172.5 kg/hm?
B1 FAEERAMEALELSNENENTE

Fig. 1 Dynamics of grain weight of winter wheat in different light and nitrogen treatment

2.3 AELBEZNEFHNEREIRFIESH

‘PR ST 1 228 446 S 9 S FRy 5 I T I 3 O R R ) 4 o

M1 3 L A 7 B D E BB B BN B R R R g . AR R HEAE (N ZR R B
KA AU BE G X U] Logistic BIRYREMERR IR AT JCUHE SR AR 29 908 Sk A ¥ 004 00 L DR 300 A 2 3
K/ NEAFRL I RER S e . AT AR R RLE WIREIRE R B BRI R RN S, >SS, >8, >
KEESBOTUE B A F AP R SR ORI Sy M AERAE 2500 T (NG ON, AT NG Je RV 3 |
FIF ¥ 6047 38 S0 55 S 6 8] 22 S AN TR . WESRORLRBC. R SRGH R U G A0 L DR 00 A 2 49 00 R S R

#3 AENEER Logistic A K ERIBMASH

Table 3 Logistic equation and characteristic parameters of grain filling in different treatment
ik 358 BT Ve "

) ) R? T./d (mg/ T/d (mg/ T,/d

Treatment Logistic equation
(d -« ki) (d -« ki)

N, S, Y =43. 445 6/(1-4-¢* 2t 1702000020 0.997 0™ 17.76 2.17 40.73 1.07 11.17
N, S; Y=47,914 7/(1-+4 e 7287 0- 1954250 0.998 3 18.47 2.32 42.23 1.13 11.66
Ny S, Y =43, 865 7/ (10877 0-190 3160y 0.995 9™ 18. 44 2.09 42.58 1.03 11.52
Ny S; Y=41,489 6/(1-+4¢* !5 01801705 0.996 6 18.43 1.87 43. 94 0.94 11.13
N; S, Y =45.222 5/(1-4-¢* 3706701869060y 0.998 2 18.03 2.11 42.62 1. 06 10. 99




%7 TR AR T B SN X R e A% /)N 22 B R I R T 1 5 15
#°3(8)
Vi/ V./
Qb ¥ R4 T7 7 ,
o ) R? T./d (mg/ T/d (mg/ T, /d
Treatment Logistic equation ) )
(d ki) (d -« k)
N: S Y=145.313 6/(1-+4e 01770183338 0.997 2 18.55 2.08 43.62 1. 04 11.37
N: S, Y =140. 785 1/(1-¢* 30170172108 0.994 7 19.18 1.75 45. 88 0. 89 11.53
N S; Y =34,330 7/ (1408970166 6481y 0.992 9 18.42 1. 44 45.99 0.75 10.51
N, S, Y =146, 991 5/ (1 26587 0- 1864361y 0.996 9 17.52 2.23 42.16 1. 14 10. 45
N, S, Y=47.035 9/ (1 ¢e*278 670178533t 0.998 3™ 18. 36 2.10 44,10 1.07 10. 99
N, S, Y=41.107 0/ (14 g* 03237 0-165 1041y 0.996 9™ 18. 37 1.69 46. 20 0. 89 10. 39
N, S, Y=233.110 6/ (14> 87 0-163 1130 0.997 1 18. 26 1.35 46. 38 0.71 10. 20
N; S, Y=47.092 6/ (1509 67018131305 0.997 2 19. 04 2.17 43.97 1.07 11. 90
N; S Y=46,218 1/(1-4¢* 1025017170505 0.997 5 19. 47 2.02 45.75 1.01 11.93
N; S, Y=236.513 5/(1-+4e* 1200 01617211 0.996 3 19.53 1.48 47.95 0.76 11.39
N3 S; Y=231.414 5/(1-¢* 8170159 1650y 0.996 8™ 19. 71 1.22 49. 32 0. 64 11.22
e Vi/ Vy/ Vi/ w,/ W,/ W/
Treatment T,/d Ts/d (mg/ (mg/ (mg/ (g/ (g/ (g/
reatmen
(d K (d « ki) (d « Hi)) 1 000 %i) 1 000 i) 1 000 i)
N, S, 13.17 16. 39 0.82 1. 90 0.53 9.18 25.08 8.75
N, S, 13.62 16. 95 0. 87 2.03 0.57 10.13 27.66 9. 65
N, S, 13. 84 17.22 0. 80 1.83 0.51 9.27 25. 33 8.83
N, S; 14.62 18.19 0.79 1. 64 0. 46 8.77 23.95 8.35
N Sy 14.09 17.54 0. 87 1. 85 0.52 9.56 26.11 9.10
N S 14. 37 17.88 0. 84 1. 82 0.51 9.58 26. 16 9.12
N S, 15. 30 19. 05 0.75 1.54 0.43 8.62 23.55 8.21
N: S; 15. 81 19.67 0.70 1.27 0. 35 7.33 20.02 6.98
N, S, 14.13 17.55 0.95 1.92 0.53 9.92 27.12 9. 30
N, S, 14.75 18. 36 0.90 1. 84 0.52 9.94 27.16 9.47
N, S, 15.95 19. 86 0.83 1.48 0.42 8.67 23.68 8. 26
N, S; 16.12 20. 06 0.69 1.19 0.33 7.00 19.12 6.67
N; S 14. 29 17.79 0. 84 1. 90 0.53 9.95 27.19 9.48
N; S, 15.07 18.75 0. 82 1.77 0. 50 9.77 26.68 9. 30
N; S, 16. 29 20. 27 0.68 1.29 0. 36 7.72 21.08 7.35
N3 S; 16. 97 21.13 0.59 1.07 0. 30 6. 64 18. 14 6.32

TE Y, TR 50, FFAEJG B REG R e REG T RTER BRI H B Vo RS T R B REG V. PR R T, i
TG FR IS ) s Ty DRIG SO SE I ] 3 T G2 G SO SR (] 5V 97 000 S0 0 0 T 35 V7 L R SO R R 565 Vs L GRS I I IR 3 W i S
TR W, U AR W G R . T,

Note:

Y, 1 000-grain weight; ¢, Days after flowering; R?, determination coefficient; T, , the time reaching the maximum grain-filling
rate; Vo, ,maximum grain-filling rate; T, the duration of grain filling mainly; V,, average grain-filling rate; T;, duration of the
slight-increase period; T, duration of fast-increase period; T3, duration of the slow-increase period; Vi, grain-filling rate of the
slight-increase period; V.. grain-filling rate of fast-increase period; V3., grain-filling rate of the slow-increase period; W,
accumulation of the slight-increase period; W, accumulation of fast-increase period; W3, accumulation of the slow-increase period.

The same below.
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