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Effects of Sowing Patterns and Drip Irrigation Configuration on Photosynthesis
and Dry Matter Accumulation of Late-Sown Winter Wheat

ZHANG Jun, ZHANG Qiangbin, TIAN Wenqiang, HU Meilin,
LIAN Shihao, YU Shan, ZHANG Jinshan, SHI Shubing

(College of Agronomy of Xinjiang Agricultural University, Urumgqi, Xinjiang 830052, China)

Abstract:In order to figure out the most suitable combination of sowing pattern and drip irrigation
configuration of late-sown wheat in northern Xinjiang. a winter wheat variety Xindong 18 was used as
the test material, with the sowing method(S) as the main plot of a split-plot experiment, including S1
(three-dimensional uniform sowing), S2(wide and narrow row sowing: 18-18-18-26 cm), S3(wide
and narrow row sowing: 15-20-15-30 cm), and S4 (conventional strip sowing, row spacing 20 cm),
and each plot was grouped with continuous four rows of winter wheat(evenly sown within 80 cm).
The drip irrigation configuration was set up as a sub-plot: two pipes and four rows(D1, both pipes
were 5 cm away from the inner row, and the sowing interval was 30 cm + 50 cm) , two pipes and four
rows (D2, both pipes were 5 cm away from the outer row, and the spacing between the sowing was 40
cm), equal interval by 50 cm(D3), and one pipe and four rows(D4, interval spacing by 80 cm). The

effects of different sowing patterns and drip irrigation combinations on the net photosynthetic rate,
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dry matter accumulation, yield and its components of the late-sown winter wheat in northern Xinjiang
were studied. The results showed that the mean values of SPAD and net photosynthetic rate ranked as
S3> S2>> S1>S4, and the mean values under the same sowing pattern ranked as D1>D2> D3>D4,
of which reached the peak under S3D1 treatment. The accumulation of dry matter and distribution of
grains at maturity reached their maximum values under the S2D1 treatment. Compared to S4D1 treat-
ment, the dry matter transportation before and after flowering increased by 30. 20% and 10. 89% , re-
spectively; S2D1 treatment extended the rapid filling phase by 1.6 d, prolonged the duration of grain
filling by 2 d, and increased the average grain filling rate by 11. 34%, consequently improved the
number of spikes, grain number per spike, and thousand-grain weight by 11. 93%, 8. 78%, and 8.
30% s respectively, and ultimately resulted in an increase rate of 17. 74 % in yield. The comprehensive

evaluation based on gray correlation concluded that the appropriate sowing pattern and drip irrigation

configuration for late-sown winter wheat in the northern region of Xinjiang is S2 and DI.

Keywords: Late sowing; Sowing pattern; Drip irrigation configuration; Photosynthesis; Yield
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Fig.2 SPAD values of winter wheat under different sowing patterns and drip irrigation configuration
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Fig. 3 Effects of sowing patterns and drip irrigation configuration on winter wheat

diurnal variation of net photosynthetic rate
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Table 1 Effects of dry matter accumulation and transport on under different
sowing patterns and drip irrigation configurations
Treatment amount before ry matter tran§p0rt0 dry matter before  accumulation amount dry matter after
flowering/g rate before flowering/ % flowering/ % after flowering/g flowering/ %
S1D1 0. 98ab 43.99ab 44, 33a 1. 23a 55.67ab
S1D2 1. 15a 47.31a 48. 89a 1. 20a 51.11b
S1D3 0. 79bc 40, 87ab 41. 81a 1.11a 58.19a
S1D4 0.73c 40. 95b 45.70a 0.87a 54. 30ab
¥ Average 0.91 43. 28 45.18 1. 10 54. 82
"""" sp1  0.99%a 43152 4Lstb  1.d0a 5843
S2D2 0.97a 44. 35a 44, 18ab 1. 23ab 55. 82ab
S2D3 0.95a 44.57a 47.99ab 1. 03bc 52.0lab
S2D4 0. 93a 46. 50a 54, 24a 0. 83c¢ 45.76b
¥ Average 0. 96 14. 64 46.99 1.12 53.01
"""" sl 0.97a  44.03ab  4L7lb 135 58.29a
S3D2 0.95a 43. 44ab 14. 45ab 1. 18ab 55. 55ab
S3D3 0. 89ab 43.16b 46. 61ab 1.02b 53. 39bc
S3D4 0. 89b 46. 89a 52.73a 0. 80b 47.27¢
-3 Average 0.92 44. 38 16. 37 1.09 53.63
"""" spl  0.83a  AL7la 4226 Ll4a 57742
S4D2 0. 75a 40.67a 41.73a 1.05a 58. 27a
S4D3 0. 73a 40. 14a 43. 14a 0.97a 56. 86a
S4D4 0.67a 38.17a 43.18a 0. 88a 56. 82a
SE Average 0.75 40. 17 42.58 1.01 57.42

I 51 BB J AN ) 5 B 7R i) — B A 7 X AN R G B W7 0. 05 K B2 B, KA,

Different letters after the values within the same columns mean significant difference among different drip irrigation configuratiions

under a same sowing patterns at 0. 05 level. The same in table 4.
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Table 2 Fitting of logistic equations and grain-filling process

%Sfpwﬁf Drfi‘%ﬁijition 'E]”]ﬁﬁ R? « b &
pattern configuration quation

S1 D1 y=51.924 7/(1+ e 987470201 2361 0.995 4 987 4 —0.201 2 51.924 7

D2 y=53.653 1/(1+ 3067070199 4191 0.999 2 067 0 —0.199 4 53.653 1

D3 y=148.385 1/(1+¢e?987570.2140621) 0.998 0 987 5 —0.214 1 48.452 7

D4 y=A47.497 2/(1+e? 213 970,223 5731 0.999 4 243 9 —0.2236 47.497 2
e DI y—88.277 9/(L4ermminmsiny 09966 2. 8004 —0.1967  57.8627

D2 y=57.127 1/(1+ % 802702009461 0.999 4 850 2 —0.2009 56.369 7

D3 y=52.386 3/(1+ ¢ 0925702031561 0.999 9 092 5 —0.203 2 53.141 6

D4 y=50.388 9/(1+e3 025 470.2055650) 0.999 6 025 4 —0.2056 50. 388 9
s DI y—55.0792/(14x ™01y 09993 27562 —0.1989  56.8416

D2 y=053.928 8/(1+ 2889270199 6211) 0.9990 8892 —0.1996 55. 1760

D3 y=051.811 2/(1+¢? 766 670.205 5431 0.998 3 766 6 —0.2055 51.811 2

D4 y=149.794 8/(1+ 2800 670.2105607) 0.998 0 800 6 —0.2106 49.794 8
s DI y—48.830 2/(L4ermionaiusy 09986 29950  —0.2111  48.8392

D2 y=46.288 2/(1+e? 932870226 920y 0.998 3 932 8 —0.2269 46.288 2

D3 y=44. 115 4/(1+ %909 570.218 1491 0.998 9 909 5 —0.213 1 44,115 4

D4 y=42.626 5/(1+ 0897702127141 0.999 3 689 7 —0.2127 42.626 5

2.3.2 HEERXAEAHK

M 3 AT, S2 MR R V. P BIHE S
RV e PRI RE S} (8] T, L 28 384 109 15 52 B[]
T, VK HER F 2L mt (8] ¢ 09 F 34908 % F S1.S3
FlS4, ¥4 S2D1 AbHE R ik B (A, S2D1 AbFE Y
VSRR ) 28 RO RV AE S5 1. 6 d . IR RRS2) fA) 4E
K2 d, R ERET 11, 34% . FE S2.S3,
S4 T Vi Ve~ T To vt E B D1>D2>D3
>D4 B HLAE ST I D2 &S Hk 2l , 18
S1 FHELT D4>D1 X — B4, il & Ry 78 5K
PrRffiad FE i S1D4 ZbERER ok Mt i, &)
T o B0/ 3278 25 40 B T O 0 38 1 B o) ]
B K AT BB A2 2% 46 /N 22 R0 HE 3R b IS 38 3l ) R
IR, SRS A 7 R . D1.D2 38 D3,
D4 B R TN FFRLE IR
2.4 AEEMHARSHERE TLNEFENTH

D1.D2 Ay 8 5 BB B0, TR & L = J g D3
D4 HEAF—E M. B S1.S2 A1 S3 4 S48
AR T e i Ko M R R . fE S2.S3 Al
SEF RS E B2 D1>D2>
D3>D4, 7 S1 RN & D2 MM, H &5
X F D1.D2 75/ it K=l W E 5 D3

D4 BTEAE R 25 (R 4) . {1 FLRE 4L
18 S1D2 kb 3 35 3 5 K H . 55 A 4 32 4 51 =
1. 14 % ~15. 37 % . B bk B R A AN T R 5 8
TE S2D1 Ab B3k 5 0 AR, 43 1) ¢ HE Al Ak 3 & o
1.57%~11.57%.1.68% ~14.76 %,

M K 8 O K BE 4 M AT AR AT (R 5) L TEAR
YR B 5 2 % e 51 S IR e i A R 3 S Ab B
FKI N S2D1>S3D1>S1D2, i i b #5 4% 4% Fh 7
OB B M AT LA S2=>S3>S1>S4, H.4%
MR T DI.D2 % D3.D4 A4 BALH, 24
KA. S2D1 Kb B 5 £ A BRAR T 41 55 H At b B A
ZNFE A IVIR B A — 5 B OL e, BE 6% 42 5 1
RN
3 itk
3.1 BMAXSHERENENEXE . TYR
MEBE HERHSEEME

ZNFE TP RIE S O6 A B AT 41, 2
Ay B8 UL AL R4 2 1B) 4 A1 32 6 A R
FEA 23t it B 30 1 B A T o AR SR g T 4R

BRI DGR O B B

RERS FE 70 K AR BE R L PR B A 38 B iR/ NAE SPAD {HL
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Table 3 Effects of sowing patterns and drip irrigation configuration on grain filling parameters of winter wheat

ERLEN {14 9 P L

Sowing Drip irrigation 1 ts t T, T, V mean V max T max
pattern configuration
S1 D1 8.300 9 21.389 6 28.2729 13.088 7 6.883 3 1.836 6 2.612 3 14. 845 3
D2 8.775 7 21.983 7 28.662 4 13.207 9 6.678 7 1.871 9 2.674 9 15.379 7
D3 7.804 0 20.108 5 26.579 0 12.304 5 6.470 6 1.8230 2.593 0 13.956 2
D4 8.618 8 20.399 9 25.816 6 11.781 0 5.416 7 1.839 8 2.654 8 14.509 4
-5 Average 8.374 9 20.970 4 27.3327 12.595 5 6.362 3 1.842 8 2.633 8 14.672 7
e b 7.5433  20.9367  28.6025 13.3935  7.6658  2.0230 28148 142400

D2 7.630 1 20.737 7 28.079 7 13.107 6 7.342 0 2.007 5 2.8318 14.183 9
D3 8.739 8 21.704 8 28.175 9 12. 965 0 6.471 1 1.886 1 2.699 0 15.222 3
D4 8.311 0 21.124 0 27.739 0 12.813 1 6.615 0 1.816 5 2.589 5 14.717 5
F-14 Average 8.056 1 21.125 8 28.149 3 13.069 8 7.0235 1.933 3 2.741 3 14.590 9

S3 D1 7.2354 20.476 6 28.197 4 13.241 2 7.720 8 2.015 8 2.826 7 13.856 0

D2 7.876 1 21.070 7 28.334 2 13.194 6 7.2635 1.947 3 2.753 6 14.473 4

D3 7.0527 19. 867 2 27.306 9 12.814 4 7.439 7 1.897 4 2.662 4 13.460 0

D4 7.046 2 19.555 3 26.714 3 12.509 1 7.159 0 1.864 0 2.621 2 13.300 7

-5 Average 7.302 6 20.242 5 27.638 2 12.939 8 7.395 8 1.9311 2.716 0 13.772 5

Y b 7.9507 204304 269694 124797 6.5391  1.8109  2.5770 14.1905

D2 7.120 1 18.726 2 24.989 1 11.606 1 6.262 9 1.852 3 2.626 2 12.923 1

D3 7.4715 19.828 7 26.568 7 12.357 2 6.740 1 1. 660 4 2.350 8 13.650 1

D4 6.453 5 18.835 9 26.253 8 12.382 4 7.417 9 1.623 6 2.266 8 12.644 7

45 Average 7.249 0 19. 455 3 26.195 3 12.206 4 6.740 0 1.736 8 2.455 2 13.352 1

£y MG O B ) 5 2 - DRI S 5 SRR ) 52 HE SRR IR) s Ty o DRIEIN) s To e GBI 5 T e« B0 ROVE 2 TR HH AR 100 5 Ve - B KHE
TH SV mean : T B R

t1: The origin of the rapid growth period; ¢2: The end of the rapid growth period; ¢: grain-filling stage; T : Rapid growth period;
T, : Slow growth phase; T m.x: The time point when the maximum grain-filling rate occurs; Vi..: Maximum grain-filling rate; Viean:
Average grain-filling rate.

x4 BEHAXERERENZNEFEREAREZERNZM

Table 4 Effects of sowing patterns and drip irrigation configuration on yield and its components of winter wheat

3 e E X R B TR ik
Sowing pattern Drip lrrigation Splkes/,.y Grains per spike 1 000-grain weight/g Yield/(kg « hm™—2)
configuration (10* « hm™?%)
S1 D1 776.67a 37.90a 43.63b 8 608. 05b
D2 800. 67a 38. 80a 44, 55a 8 846. 50a
D3 743.00b 37.13b 42.51c 8 120. 84c¢
D4 739. 33b 36.50b 41. 33d 7 789. 55d
7777777777 s DL 791.67a  40.70a  45.48a 9069.47a
D2 774.00a 39.13a 44, 35ab 8 470. 24a
D3 749.67b 38.27b 42. 64ab 8 470. 24b
D4 741.00b 37.52b 41.91b 7 925.01c
s DI 789.33%a 40.07a 4473 8 954.59a
D2 769. 33ab 38. 82ab 43.87ab 8 756.15 a
D3 752.67bc 37.95bc 42. 83ab 8 442.12b
D4 736.00c¢ 37.45¢ 41.75b 7 934. 33¢
7777777777 < Dl 75433 3843 43.09%a  8396.00a
D2 749.67a 38.03a 42. 30a 8 114. 38a
D3 715.33b 37.42b 40.71b 7 703.30b
D4 694. 00c 36.48b 39.63b 7 597.42b
7777777777 F s U UUsLeesct ous9rc ILs2tt80.79% 0
D 122.00* 21.66" 7 17.04* 60.36" "
SXD 2.93" 0.48 0. 82 2,287

* ;P<C0.05; * »x .P<C0.01.



S A A A 5 3 I I T X A AN D 5 SRR R A S

« 1213 -

x5 ARANBEZNEXGEVRBREAURFTENREXKE
Table 5 Grey correlation between different treatments and photosynthesis, material accumulation and yield of winter wheat
o | BK BHE  TRE g BERAK  BOLARE  KERRE
Treatment Yield Nuﬂm‘ber Number ‘0[4 grains 1 000'*gram Dry matter Total gf()ut Net photosynthetic Grey
of spikes per spike weight days rate relevance
S1D1 0.61 0.73 0.54 0.67 0.67 0. 86 0.53 0. 64
S1D2 0.77 1.00 0.63 0. 80 0. 80 1.00 0.65 0.81
S1D3 0. 44 0.53 0. 48 0.55 0.55 0.53 0.42 0.47
S1D4 0. 37 0.51 0.44 0.47 0. 47 0.45 0.27 0.39
V-4 Average  0.55 0. 69 0.52 0.62 0. 62 0.71 0.47 0.58
"""" $p1 1o 0.8 100 100 100 0.9 0.8 0.9
S2D2 0.78 0.71 0.68 0.77 0.77 0. 80 0.77 0.72
S2D3 0.55 0. 56 0.58 0.57 0.57 0.83 0.51 0.56
S2D4 0. 39 0.52 0.51 0.51 0.51 0.72 0.49 0.49
-5 Average  0.68 0. 67 0.69 0.71 0.71 0.83 0.66 0.68
"""" ssp1 0.7 0.8 o8 0.8 0.8 0.8 Lo 0.8
S3D2 0.70 0. 67 0.64 0.70 0.70 0.88 0.71 0.68
S3D3 0. 54 0.58 0.55 0.58 0.58 0.63 0.57 0.54
S3D4 0. 39 0.50 0. 50 0.50 0. 50 0.54 0.45 0.45
1 Average  0.62 0.65 0.63 0.65 0. 65 0.72 0.68 0.63
"""" sap1 052 0.5 0.6 0.6l 0.6l 058 041 051
S4D2 0. 44 0. 56 0.51 0. 54 0. 54 0. 39 0. 35 0. 44
S4D3 0. 35 0.43 0. 45 0. 44 0. 44 0.53 0. 34 0. 40
S4D4 0. 33 0.38 0. 40 0.39 0. 39 0. 49 0.32 0. 36
¥ Average 0. 41 0.49 0.48 0.49 0.49 0. 50 0. 35 0.43

IR A R B R . A R AR F
G R B, T VA R) X A AN TR 8 R T
Sy BC A 0 R A, T o RR R B A T R A )
PP m N . AEAR IR b, SEAE AT R (S2) 11
SPAD A . A 3 3 w5 T 218k (S F A8 47 R
53 (S4) , T A /N 22 13 0 A sl R 2T 9. 67 %0,
Pt TR T4 A B BB E b, D1.D2
{18 VB 3 ) AR I 2R AT X R] B T A R TR K 43 AE
g oA AR AT K S T A
R AR ICE T A S E NS,
LIPS 1 P REE =
3.2 EMAKEFERENTFNERRETEN
=40

JINFE L SRR T S A VB R R 1 DG B
B o WF5T B L A 7 TR H 3k 5 0 2 1 6 A i) e
FEA TRLEE , B B 5 Tk T 22 A 2%
TEAHE = B U YRS A Ry, AN [R] 49 Fh  =XR
R A VR AN SR - 487 = N [ I A = 2
SO A IR T E 1) B R 2 B EUN AT
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] FFRL 0 55 32, R ARTE SR . AR 5E b, e A AT

TR SRR TE T FP R0 HE I 00 B R R K R
FFRESEIT A] 3 AT B2 B o 58 25 A7 55 AL ) 316 0 A
TR AR S 1 L fift 2 /N 22 B AR 2 Tl oo A KUA S
1) T4 1l R S A2 AR R v R L 40 1) 43 24 B ]
Tt oy B4R fe 2 B v FFORDRL E 5 R 9 G B D3
DA FE KR S R P b 2 PR A 22, 4 () G ol
W BB N AT RS, S ENAT 5AMT I
IKE 53 A5 AN 550 L U SR T 2 R 44 o VI R R it
[i]  32F 7 5 ) 7

WA A /N 2z AE AR KR W BRI AT B 3K
IS AR R A R B35 /b o DT R AT 7 . A A
LR TR X i o T VR [ AR R AR N,
oAb ORI E R T LA SE RN e Ak
RUFIEESN Ay, 847 8] BE 5 K 2 5 807 & 0d /N
W SEAEAT M B AR B R . AR,
5 S2 M, S3 77 i B s A B R B SR
Yok 2z, S AT — B0, X T RE R S3 R s ATt
Vi, BEROE 2 E AN B R R TR K AR
Fm I BRLAS T 7= s I . e M AT
B 2 T 5 AR A, A0 o SE A 1746 (18-18-18-
26 cm) [ FERL BRI TR B 26 I A 4 5 B 1
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