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Effect of uniform pattern and N application rate on colony,
photosynthesis and dry matter accumulation of winter wheat

ZHANG Jinshan', JIA Yonghong?., SUN Peng', LIU Chong', WANG Huan', LUO Siwei', SHI Shubing'”
(1. College of Agronomy, Xinjiang Agricultural University, Urumqgi 830052, China;
2. Qitai County Wheat Experiment Station, Xinjiang Academy of Agricultural Sciences, Qitai 831800, China)

Abstract In order to explore the effect of uniform planting pattern and N application rate on the colony, photosynthesis
and dry matter accumulation of winter wheat, experiments were carried out to determine the tillering heading, leaf area
Index, net photosynthetic rates. dry matter accumulation., transport and yield formation of winter wheat. *Xindong 22’
(XD 22’) and “Xindong 46’ (XD 46”) were taken as study material. Split-plot experiment design was applied, the
main plot was the planting patterns of the main plot were uniforming (UN) and drilling (DR) , and the N application rate
levels of subplot were 0, 150, 300, 450 and 600 kg/hm?, where were marked as No» Nisos Nagos Naso and Nego s
respectively. The results showed that: 1) With the increase of N application rate, the number of stems per plant,
number of panicles, and LAl of wheat increased. The number of stems per plant, number of panicles and LAl were also
increased, especially at the filling stage. 2) With the increase of N application rate, the net photosynthetic rate in
wheat leaves were firstly increased and then decreased. Uniform planting increased the net photosynthetic rate of wheat

leaves, especially the net photosynthetic rate of middle and lower canopy leaves. 3) With the increase of nitrogen
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application, the stem sheath, leaf dry matter accumulation, dry matter transfer volume and transport rate of vegetative

organs, dry matter transport contribution rate of vegetative organs to grains, spikelet, grains per spike and yield of

wheat before flower first increased and then decreased. Compared with the regular planting, the uniform planting

increased the dry matter transport volume, transport rate and yield of vegetative organs of wheat plants, spikelet,

grains per spike and the yield of the two varieties reached the maximum at the level of Nz and Ngso . At the levels of

No s Niso» Naoo s Nuso and Nego » the production of uniform planting ratio of ‘XD 22’ respectively increased by 11.79% ,
5.36%, 4.55%, 5.24%, 8.73% , and of ‘XD 46" increased by 10.98% , 7.07% ., 14.81% and 14.55% , 16.10%.

To sum up, the uniform planting pattern improved the population structure, the photosynthetic characteristics of middle

and lower layer of winter wheat plants. It also promoted the transfer of organs to grain dry matter accumulation and

nutrition, and increase production. and the yield increases were the highest at N applications of 300 and 450 kg/hm?.

Keywords winter wheat; uniform planting pattern; N application; photosynthesis; yield

INZ S REFPAR S AL L — T R AR, S
RS RE AR AR LU, SIRE 22 R A0 A A A A
Tr/INFEA AR A A IR 7 A BB AR, 9 o kB i e
AT AR GEIN R S /N 22 50 4% Rl R AN 3 T SRR
Fr 2 0 A ) B AR R R S N A
FIFH B AL R BER R B, S8 /N A B A hg 2 50 42
ZOCI B AOL A ROR B A B T T Y B R 4
PR, AR AR B SY 3 B, A4 2 T Bl i
BARR A BE R T S EERE AR XY AT L w0 BE AR 1Y 38 XUE
PEBE (2 HE X L IR IR Y FE A A L sk SR TR AR B
TR, 5146 /N IO R B G TR — B, /N A A g
% 7543 A3 54OR) F 4 H oA FRGER L 48 T/ FE R ALY
BER, BN /NS PR A

RORVEY = i B SR BRI, T
JEEXAEY G TR AR RS s 7 & iy 52,
A REVIE . — BN 8 B0 RO % B 3G m
Jiti R A /N AR O G R T TR B 7
fE 0~300 kg/hm’ 3§ K& #H, H it 300 kg/hm’
BF RO RS i R BRI RN O AR R
TR ERTE ELEE R 252 ) 2 A J7 T, 422 52 e 2 4 5
INZZ W R L B R O A A B AR AR il T
PE L T B 8 A B A ] 42 52 e J2 58 5 3 /22 it
B HG K TR RN RE 2% it g 2 AT o A A
RCTE A R DR AT HL A RRAE 2R I R ) L AR T
T B H GG TR R S b e b P R iE L R R D
27 E I B AT AR, A% O U S Tt A
X /N REAROG G BT W oz i F AR 1 R DG IF 5 ) i
WARE . ASBFFEIE FH 2 A4 /N2 SRl A6 AN [ A
J7 2T 5 it AL B LY A BT R AR A )
BT /NEZRMOGE T B 87 5 A8 B B B
U, B TER ST ARG /N A2 3G 7= AL L D o o i A&

INZE SRR B HET a2 R A B KA
1 #RERE

1.1 Rt

KT 20172018 AEFEFram AL B2 B & &
FAIK W 0 (83°74" E,43°98" NO#EAT, X ¥ b 1
Ry VE R I A kg A ) R AR ) AL AR 1
&M 26 8 (P,O;) 150 kg/hm®, i /N % & F Ry
214 iy 38 38 Ak 55 B & 22 57 (CXD 227) L& 46
S XD 467, HIHAEY R K,

K R XX B i, R o E XL 3R 2 A4S
KA 514 CUND L FL 45 #8 (DR) 5 24 X R il &
(ND LI 5 A IKF 0N 150 (Nyse) 2300 (Nygy )
450( N 50) A1 600 kg/hm* (N, ), & AE FH & 34 it IR
AR IEAT .50 Y AE R AR A L 50 %0 355 i A
P HE KO A T 43 BERA AR5 100 i A A o e
WS 2H HE AT 5 Wk UH OE B OK. K B D
4 500 m*/hm?, H v 24 #b A= 7= 1 PR F it = R
400~450 kg/hm*, FFEH N 225 T kk/hm’ , #&F#h
I3 N A48 CR AT FLHEFR A [ 5 Bk FED F0N T 2%
L AIHE R EE 6. 67 cm, W AMLAHREAT K 5 mo 17 1B
20 cm, 3R 3~4 cm, RE/PXH 2 mX5 m=10 m’,
At A8 A e [) v 7 — B
1.2 MEMBRA X
1.2.1 Ake#®FP)GNE

TG 0.7.14 A1 21 d, P E Hansatech 2 5] 4=
TR TPS-2 Je A FERE K 11:00—13:00, 1 22 /M
FEOR b R R S A R (P L P B R G
LED Jti, it 2 CO, # %l 380 pmol/mol, Jt i ¥ i
wEE N 1 200 pmol/(m® « s), M iR EE N 23 ~
27 °C , £ b BB U AR IC I AR 5 Bk BOF- 3418



14 hOE R R R

2021 4F 55 26 %

x1 AEMTEENEHS

Table 1 Soil fertility conditions of the trial site

TEWRE/ LB/ 2R/ AR L/ A/ R/
cm pH (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
Soil depth Organic matter Total N Available N Available P Available K
0~20 8.08 2.47 0. 34 30 9 135.70
=>20~40 8.13 2. 40 0.33 34 10 137. 80
=>40~60 8.12 1.27 0. 34 31 11 128. 90
=>60~80 8. 14 0. 90 0.19 22 6 110. 10
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4.84%.16.79% .2. 56 % .8. 33% A1 11. 31% , F#F
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Table 2 Second tillers of winter wheat under different planting patterns and N application treatments

IgE| i At 7 =X -
. . N[) NIBU j\].i()[) N'lf)(] ‘Nﬁ()()
Index Variety Planting pattern Average
DR 4.47 ¢ 4.67 ¢ 5.00 b 5.77 a 5.63 a 5.11 b
XD 22 UN 4.87 d 5.07 d 5.47 ¢ 6.06 b 6.67 a 5.63 a
R
SE1 Average 4,67 ¢ 4.87 ¢ 5.23 b 5.92 a 6.15 a
Stem number
per plant DR 4.47 b 4. 80 ab 5.07 ab 5.81 a 5.84 a 5.20 b
XD 46 UN 5.73 b 6.47 ab 6.57 ab 7.43 a 7.63 a 6.77 a
) Average 5.10 ¢ 5.63 bc 5. 82 abc 6.62 ab 6.73 a
DR 2.33 b 2.40 b 2.47 b 2.80 a 2.73 a 2.55 a
XD 22 UN 2.12 d 2.43 ¢ 2.78 b 3.01 a 3.14 a 2.70 a
BRI A
SE14 Average 2.22d 2.42 ¢ 2.63 b 2.91 a 2.93 a
Panicle number
per plant DR 3.10d 3.23d 3.37 ¢ 3.83 a 3.57b 3.42 a
XD 46 UN 3.64d 3.84 ¢ 3.90 ¢ 4,22 b 4.45 a 4.01 a
) Average 3.37 ¢ 3.54 b 3.64 b 4,03 a 4,01 a
DR 47.72 b 47.96 b 50. 54 ab 51.47 a 51.50 a 49.84 a
PR R AR XD 22 UN 57.49 a 50.10 b 45.12 ¢ 47.22 be 49.03 b 49.79 a
Percentage of 1 Average 52.61 a 49.03 b 47.83 b 49.35 b 50. 27 ab
earbearing tiller DR 30.56a  32.69a  33.43a  27.07a  30.64a  30.88a
per plant
XD 46 UN 30.72 a 34.59 a 35.58 a 39.73 a 34.86 a 35.10 a

SE14 Average 30.64 a

33.64 a 34.51 a 33.40 a 32.75 a

W UN AL DR A& . XD 227, B4 22 57;°XD 467, ‘& 46 57

° 1\[07 N O kg/hmz; 1‘\/15() , N 150 kg/hmz; )\]3()(),

N 300 kg/hm?; Niso, N 450 kg/hm?; Ngoo» N 600 kg/hm?, [IFIA[F/NG F 8, RARTE 0. 05 K E2EFRE., T,
Note: UN indicate uniforming, DR indicate drilling. ‘XD 227 indicate ‘Xindong 22, ‘XD 46’ indicate ‘Xindong 46”. N, N 0 kg/hm?;
Nisos N 150 kg/hm?; Nago» N 300 kg/hm?; Nys0. N 450 kg/hm?; Ngoo» N 600 kg/hm?. Different letters in the same column

indicate significant differences at the 0. 05 level. The same below.
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Fig. 1 Change of leaf area index of winter wheat under different planting patterns and N application treatments
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Table 5 Dry matter percentage in different varieties of winter wheat under different
planting patterns and N application treatments %
o7 = Jits 2 Ak B E | el + 55 ¢ .
i , - it o U
Planting Treatment of N Stem and Spike axis and
Variety Leaf Grain
pattern fertilizer rate sheath kernel hus
N, 31.99 a 10.67 a 10. 34 a 47.00 b
Niso 32.18 a 10. 23 a 10.17 a 47.42 b
J\/:;lm 31.51 a 10.59 a 10.32 a 47.59 b
DR
Niso 31.05 a 10.31 a 9.98 a 48.66 ab
1\7500 30 33 a 9 :)6 b 9 67 a :)O 44 a
SE14 Average 31.41 a 10.27 a 10.10 a 48.22 b
XD 22
N, 28.67 a 9.42 a 8.94 a 52.98 a
Niso 28.33 a 9.67 a 9.49 a 52.51 a
N0 28.04 a 9.89 a 9.80 a 52.27 a
UN
Niso 26.50 a 9.42 a 9.10 a 54.98 a
1\7(;00 28 16 a 9 74 a 9 50 a 52 60 a
SE14 Average 27.94 a 9.63 a 9.37 b 53.07 a
N, 32.13 a 9.16 a 9.87 b 48.84 b
Niso 31.55 a 9.07 a 9.86 b 49.51 ab
J\/:m() 31 91 a 9 50 a 9 86 l’) 48 72 b
DR
N 5o 30.23 a 8.67 b 9.25 a 51.85 a
Nioo 32.22 a 9.22 a 10.12 a 48.45 b
) Average 31.61 a 9.12 b 9.79 a 49.47 a
XD 46
N, 31.29 a 9.37 b 9.98 b 49.35 a
Niso 32.15 a 9.64 ab 9.79 b 48.42 a
Nsoo 31.51 a 10.42 a 10.01 a 48.05 a
UN
Niso 30.25 a 9.99 a 10.24 a 49.52 a
Nsoo 30.94 a 9.33 b 10.44 a 49.29 a
SE14 Average 31.23 a 9.75 a 10.09 a 48.93 a
2.3.3 AN ERI TR ESFETRGY R TCREE W AN 85T 0 DTk B 2 AN R

H1 2 6 Al A i 2 % A 75 Ok R R B SR
EREZUADE R R ST SRR E S AP
af BRE 2 b A7 2R L B it A 22 e R
Ja TR, CHA 22 57 R ) B e A8 0 R KL Y BT
IR i i 0 49 R e B KR T L T X B 4 46 45

BELA, A 22 5 E IR A E R ORLE DTk R
BEE A eI RS TR, B 2 R R 45T N &b
B R . ANFHERIT N A& 22 57 EFRGEE A
T TR R A W E A L X BT 46 5 SR A
BT TR R G R
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2.3.4 AR ERNLNEFBW YR KA, DR F Ny kK F 35 51 8 Kk, i UN 7E

H 7 AT AR R 7 AR AR N R N KRR, 2 AN R B T N KR
AR R B BB AR .2 & RBIROK. WK 22 B TR T DR FEIN
R RS BB MR R 3 BRSNS W . B UN T 2R B0k JE R R R R B B ©
HA 22 HOMMMCAE 2 FREE A TN F AT N A 46 S0 7E 2 B A Oy 2 F B 3 B0 S8 R s
KFETFIRFIR A, HA 16 575 2 FIER T LT FRE.

6 FAEAHBMAFRMERAE T Z/PMERATIGE YT AFH A TokZE
Table 6 Contribution rate of pre-anthesis storage to grains of winter wheat under different

planting patterns and N application treatments

o Tt Jr XX Jit 4 4k T =/ % .ty FRh 45/ % IR E LM/ %
0
o Planting Treatment of Stem and Spike axis and Summation of
Variety Leaf
pattern N fertilizer sheath kernel hus vegetative organs
N, 9.58 b 20. 25 ab 5.37 ab 45.58 bc
Niso 11.05 a 20. 98 ab 5.03 b 47.92 b
Nioo 12.24 a 23.19 a 4.99 b 52.66 a
DR
Niso 10. 85 ab 22.72 a 5.87 a 45.79 b
Nioo 12.00 a 19.35 b 5.24 ab 34.85 ¢
¥ Average 11.14 a 21.30 a 5.30 a 45.36 a
XD 22
Ny 10.91 a 19.11 ab 4.72 a 22.16 ¢
Niso 11.45 a 21.12 a 5.11 a 28.10 b
Nioo 12.00 a 20.97 a 5.00 a 30.54 a
UN
Niso 10.42 a 18.39 b 4.86 a 15.56 ¢
Nsoo 11.87 a 18.63 b 5.12 a 25.75 b
14 Average 11.33 a 19.64 a 4.96 a 24.42 b
N, 12.16 b 20. 36 a 4.83 a 37.35 a
Niso 13.47 b 22.62 a 4.97 a 41.06 a
Nso0 13.92 ab 21.95 a 4.86 a 40.73 a
DR
Niso 12.83 b 20.66 a 4.86 a 38. 36 a
Nioo 19.60 a 22.65 a 5.95 a 48.19 a
F Average 14. 40 a 21.65 a 5.09 a 41.14 a
XD 46
Ny 12.65 b 21.54 b 6.00 a 40.19 b
Niso 12.56 b 22.69 b 5.87 a 41.12 b
N0 16.53 a 23.09 ab 5.03 a 44,64 a
UN
Niso 16. 89 a 25.02 a 4.93 a 46.84 a
Nsoo 15.28 a 23.95 ab 5.44 a 44,66 a

F-J Average 14.78 a 23.26 a 5.45 a 43.49 a
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Table 7 Yield and its components of winter wheat under different planting patterns and N application treatments

i Hhr i .
. lw() NIS(] Nﬁ()() NIS[) N6<J<7
Variety Index Treatment Average
DR 482.81 ¢ 541. 26 abc 593.91 a 558. 25 ab 520.73 be 539.39 b
%/ (10 /hm®)
UN 569. 66 ¢ 622.13 bc 701.30 a 657.29 ab 589.67 bc 628.01 a
Spikelet
S 14 526.23 ¢ 581. 69 bc 647.60 a 607.77 ab 555. 20 be
Average
DR 32.03d 33.08 cd 34.01 be 36.08 a 35.11 ab 34.06 b
UN 34.77 b 36.33 ab 36.77 ab 37.86 a 37.75 a 36.70 a
Grains per spike
-1 33.40 ¢ 34.70 be 35.39ab  36.97 a 36.43 ab
XD 22 Average
DR 52.75 b 54.32 b 56.14 a 56.62 a 57.05 a 55.38 a
THhLE /g -
UN 51.62 ¢ 53.03 bc 54.17 ab 55.31 a 54.82 ab 53.79 a
1 000-grain weight
¥ 52.19 ¢ 53.67 be 55.15ab  55.96 a 55.94 a
Average

DR 7066.70 ¢ 7 866.71 b 8 233.38 ab 8 520.04 a 8400.04a 8017.37Db

7ot/ (kg/hm®)
UN 7900.04d 8288.71cd 8607.71 bc 8 966.71 ab 9 133.38a 8579.31 a
Yield
S 14 7483.37 ¢ 8077.71 b 8 420.54 ab 8 743.38 a 8 766.71 a
Average
DR 469.27 b 552.15 a 543.22 a 483.58 b 457.41 b 501.12 b
FHE/ (10" /hm?)
UN 516.06 b 573.76 ab 607.09 a 572. 46 ab 554.29 ab 564.73 a
Spikelet
314 492.67 b 562.95 a 575.16 a 528.02 ab 505.85 b
Average
DR 28.58 ¢ 30.43 b 32.89 a 33.20 a 32.50 a 31.52 a
T L
. ) UN 30.33 ¢ 31.57 be 32.54 b 34.30 a 31.49 be 32.05 a
Grains per spike
S 14 29.46 d 31.00 ¢ 32.72 ab 33.75 a 32.00 bc
XD 46 Average
DR 48.08 ¢ 49.15 be 50.19 b 51.95 a 49.94 b 49.86 a
THE /g
UN 47.10 ¢ 47.75 be 48.75 b 50. 06 a 50.53 a 48.84 a
1 000-grain weight
-1 47.59 d 48.45 cd 49.47 be 51.01 a 50. 24 ab
Average

. ¢ 6133.37 ¢ 6 300.03 be 7 100.04 a 6 833.37 ab 6 426.70 b
7=/ (kg/hm®)
Yield

UN 6 400.04 d 6 566.70 cd 7 233.37 bc 8133.38a 7933.37 ab 7 253.37 a

1 6 083.37 ¢ 6350.03bc 6766.70b 7616.71a 7383.37a

Average
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A

Wang % WFFE R 765 AR AT R
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JEAR A 22 IR AR ARG O A B4 L T 5
Wi 7 NS LLAEY BT R B, N it R R TE 0~
240 kg/hm® W, Fifi it %05 484 0+ 4 AR 228 .
O RAED Iy B A it 2 i, /NS i e 2R AR
B ICZAF 100 Jo 1) AR v 2 A 1) J s i B 094 s
UG 32 AR AR AL 114 5T R 38 3 B [R] 9 42 F LA
T AR SE BTN o B e 6 30, O eSS E
It B WAE T IR 00 58 12 B e az R T Y AL s
XERERL B TTRR R S R BN e R R T R, BT
180 kg/hm* Wik fx k. sl 45 BF 5 R W, 78
THFEACPET 8 0 ZUIE A T/ 2 T R
TR R ke bL i) Bz . ARBESE R WL 7E — 58 i
L AL 8Tt S AR T/ A 2R A T R A AR
SRR AT DR /N B IR A T B s B
12 RN 1) Jo 5 32 o AL 9 BT R R 5 il 2 e e R
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R R R B S A, A R L D AR
H IR e B T W) B s i FIiG 12 R 5 5 ] R 2 4 3
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— 5 YU 1Bl P9 6t 2L 3R BB B i A /N A LR SR A
AR BEE A R R M P RS RE E R RE
ST NAE 25 O R T R BUR L TR R
IR E T WP 12 B G R il L ) 5
PR RS S8 77 ks T REIRAS 1 L B A
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FERLAR RS U HAR Ry e R R R BRI = i L
AR ZEAF T L 248 7 2 A A 300~450 kg/hm?
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