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Fig. 2 Effects of single stem dry matter mass of wheat under interaction

between different base fertilizers and sowing densities
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Table 1 Changes of photosynthetic characteristics of wheat flag leaves under

different base fertilizers and sowing densities

AL Treatment P,/[pmol/(m? « s)] G4/[mol/(m? « s)] C;/( pmol/mol) T./[pmol/(m? « s)]

P1 12.87 a 0.27 a 233.38 a 5.56 a

P2 12.24 a 0.26 a 258.14 a 5.71 a

D1 11.12 ¢ 0.25 ab 220.04 b 5.34 a

D2 13.80 b 0.29 a 267.57 a 5.79 a

D3 14.44 a 0.28 ab 266.98 a 5.95 a

D4 10. 89 ¢ 0.24 b 228.45 b 5.46 a

F{i F value P 4.548 0.155 4.93 0. 404
D 87.634" 2.896 11. 853" 0.781

T [ — 5 AN [ 52 REFRORAE 0. 05 K 225 3.« il * « 2} 5IRIRAE 0,05 F1 0. 01 KPR EFE . TR,
Note: Different letters in the same column mean significant difference at 0. 05. * and * * refer to significantly different at levels of 0. 05
and 0. 01 level,the same below.
x2 ARAEBRMBEMEZEEEENNMNEZENXSHENZRE
Table 2 Effects of photosynthetic characteristics of wheat flag leaves under interaction

between different base fertilizers and sowing densities

Base%eﬁ%ilizer Soiﬁiﬁiﬁiity P,/[pmol/(m? « )] G,/[mol/(m? + )] C;i/( pmol/mol) T,/[pmol/(m? « s)]
P1 D1 10. 74 be 0.26 ¢ 203.65 ¢ 5.35a
D2 15.26 a 0.33 a 271.63 ab 6.13 a
D3 14.03 a 0. 27 abc 248.99 ab 5.75 a
D4 10. 29 be 0.20 ¢ 209.24 ¢ 5.00 a
P2 D1 11.51 be 0. 24 be 236. 44 be 5.33 a
D2 12.35 b 0.25 ¢ 263.50 ab 5.45 a
D3 14.85 a 0. 28 ab 284.97 a 6.15 a
D4 11.49 ¢ 0.27 abc 247.66 ab 5.92 a
F {4 F value PXD 15.599 " * 6.442" " 2.290 1.128

R3 FRERMBEHZEEHTIEFEREMRERENEL

Table 3 Changes of wheat yield and its components under different base fertilizers and sowing densities

b 7 PR T R AR (X104 / TR ThLFiE /g FERLP” 8/ (kg/hm?)
Treatment hm~2? Ear Kernels per spike 1 000-grain mass Grain yield
P1 319.55 b 41.73 a 50.98 a 5095.36 a
P2 347.78 a 41.71 a 50.12 b 5329.15 a
D1 313.57 b 40.97 a 51.60 a 4 988.01 b
D2 345. 44 ab 42.83 a 50. 82 ab 5 374.00 a
D3 350.63 a 42.40 a 50. 03 be 5442.71 a
D4 325.00 ab 40. 68 a 49.75 ¢ 5044.31 b
F {4 P 30.536" 0.127 29.553" 12. 507
[ value D 2.579 0. 562 8.951" 10. 403" *

HH % 4 A] 1, RRJIE A g RE 09 22 5 AR NS S IS N OR 8 SO S TR e BN
INFERERL P R LR W, R R AR B A Y 5775.07 kg/hm®, # P1D2 &b B 4 1 F 7 &
7 B R R R 25 AN P2D3 Ak B /N 2 R 5451.18 kg/hm” ¥4 N 5. 94 % . H & Z [ f£7E
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Table 4 Effects of wheat yield and its components under interaction between

different base fertilizers and sowing densities

e 5 2% AL T AR BE R (X 10Y) / Tl % TRL i /g FFAL™ i / (kg/hm?)
Base fertilizer Sowing density hm % Ear Kernels per spike 1 000-grain mass Grain yield
Pl D1 298.70 ¢ 40.87 a 51.71 a 4 894.27 d
D2 343.11 abc 43.80 a 51.38 ab 5451.18 b
D3 321.27 be 41.93 a 50. 60 abc 5 110. 35 cd
D4 315.11 be 40.31 a 50. 22 bed 4925.65d
P2 D1 328. 44 be 41.07 a 51.50 a 5 081.75 cd
D2 347.78 ab 41.85 a 50. 25 bed 5 296. 81 be
D3 380. 00 a 42.88 a 49,47 cd 5775.07 a
D4 334. 89 abc 41.05 a 49.28 d 5162.97 bed
FA{i F value PXD 1. 110 0.222 0. 606 5.582"

3 it i

05551 9 5 B ML T 4 8 - - 25
EERADE AR, TS 5T ]
i R 2/ 22 e 7 00T 0 R e
{12t 7 SO0 1 R 00T 4 B
KPR RE 2 . L0/ PR O £ 2D Bl
SRS U5 B A T R B B
AR K B R R 0
P A O AR A 3 2
LN s L LR e
0 ARSI N 4 XTI SPAD fi
W S 55 A 99/ R 25k 22 B KR
FRREC R Y 00 AR S 9T L i B
AN H O B RSN PR L A
GEH PRI 4% T A B 80 1125 kg/km?
(A 1 25 F 4 BRI SPAD {6 %
L th ). 0 0855 61/ e 2 T B £
T L/ TR N % 9 8 225
keg/km? 1 B O B 010 T U K L il /1
B IHEAT TREVR T I AL 5 L
T4 B BB SPAD (5B e
FIHE N P TS 3 854 1 4 B TR
001 T BUN TR BUR B /D AR
A AEF 150 ke/hm? #4000 A L%

NEBCTEE 45 1 T 187. 5 kg/hm® $ 4 J&E Ab B (4 /]y
Z REARLHGUR IR L ROE S D REIIIE 1L el A s
LR o T ] — 6 AE 4% 15 1 G o 2 Ak B 2R
T 5 A3 O B AR A A A SO0 B A7 T AR
TR R R, m R ARSI & T
X EL P 7% /N REAOL S BB K HL R
A R B OE R L B /N 22 R O RE A T AR
MR R,

TER AR P2 2600 BB A T35 8 3 7
43 28 T PPN R 4 = 2 D7 ke 25 AN ] AR
A SCBEMEAR T DT ARAE S 0 A A A
L T AT A T R A AR S R A 2 1) A e g X
P BRI K A R 3 R
A6 o 385 A M) /0N 2 7 o A R v L (E 4 2 0
ol s BE /N ik S 2 TR . ARWIESE B AR XN
2 B T ARVRE B L TR R AT MR R 5%
JEE Xt /N TR o 7 A A PR R S A
i M B 19 28 LA AR /N 227 B 1 3K B A R 2K
-, Bt 7 b E B 0/ AT i B B S T
Je W AR A B A it [ — S HE R 1S BT L B A 7%
ol 35 JRE F9 39 0 /08 A2 P TR AR 5 R S B B
H RN 2 7 A ) 9 A T I 2 R R
22 K RL I 5 A0 B A A R A 3 L2 BT R
AR % o B /N A R L K BE 4R i /D A2 B T
REJTCRE 7 1 3R BURLAE 1 0 i F 0L & R PEAR G



12 8 M 2%

o 2 L 1% A 5 32 Xk A /N 22 T W AR BB KOG B R AN 7 A Y R )

» 1975 -

INZE P RO BOR AR TN BRI SRR
150 kg/hm® #Ff o & Ab 38R0 R0 20 0 20 AT i it
AT 187. 5 kg/hm® % Fh %% B Ab B i} 3k 3 i
K TEH LR W B0 I Be it 4% 14 187, Skg/hm® #§
Tofr 5 oAb 1L ) 7 B — R UM R A SR A, N R
KB . Lk BT, A/ NAE TR 805 I i
) S A R A A B 2 G oA R R R A T i« R
Z[w (N) =46, 4%]390 kg/hm*, it # fR £5
[w(P,O:)=12%] 937. 5 kg/hm?®, B B2 # 45
[w(K,0)=24%7156. 25 kg/hm* Fl & ff % J&
187.5 kg/hm’,

S %3k Reference:

(1] ARG, A2, 250 R 45, AT HE T A & /N2 7= & B

F R FMBUK W52 [ ], B A2 25 %% 4, 2005 (11) £ 67-
71.
CUIZH L,SHI L W,L1]J L,et al. Effects of N fertilization
on winter wheat grain yield and its crude protein content
and apparent N losses [ J]. Chinese Journal of Applied
Ecology »2005(11) :67-71.

(2] JESIH. &4, . 55, Pk 2 B R 0 %) 6 22 18 ik

RIS FFRLGERY B R BT i e [ ], o Rl 22 4

2009,24(10) :23-27.

QU H J,LIJ C,SHEN X SH,et al. Effects of planting den-

sities and sowing dates on carbon and nitrogen transport,

grain starch and protein content of Zhoumai 18 [J]. Journal

of the Chinese Cereals and Oils Association s2009,24(10) .

23-217.

BOCKMAN O C,KAARSTAD O,LIE O H.,et al. Agricul-

ture and Fertilizers [ M]. Norsh Hydro, Oslo: Agricultural

Group,1990.

L4 JEmm) B SR IEOG 5K -1, 45 O [R)R I X 4 /s 22 77 dk 4 i T

A A AR bR AR L) ], P E A A AR 2= 4R . 2007, 15(3)
38-40.
YUAN X Y,ZHANG L G,ZHANG P P,et al. Effects of
different base fertilizers on yield components ,physiological
and biochemical traits of winter wheat [ ]]. Chinese Journal
of Eco-Agriculture ,2007,15(3) :38-40.

(5] whmiaf. /2 i et FlH AR LT ] AR A B4, 2018(2)
53.

HAN L ]. Application technology of wheat base fertilizers
[J]. Modern Rural Science and Technology »2018(2) :53.

L61 T NI H3CE. M Jo. /NZEAS [F) 5 0 it 28058 43 Fr L) .
e H R 55 .2017,34(13) .72,

DING G G,XTIAO W X, TIAN Y. Analysis of the effect of
different base fertilizer application in wheat [J]. Agricul-
tural Technology Service ,2017,34(13) :72.

L70 Ar D0, A 5 X 70 i e B 4 /0N 22 ot A 32 A R B
FE RS R (D], FB M R Ak K2, 2007.

CHA F N. Effects of planting densities on main physiologi-

[8

[9

[10]

[11]

[12]

[13]

[14]

[1

]

]

0

cal characteristics and yield of two spike-type winter wheat
varieties [ D]. Zhengzhou: Henan Agricultural University,
2007.
TR AR AR LR L A AN R 2% B A& /NZ TP AR
WAL A [T ] AEY R 1995.21(4) 412,
YU ZH W,YUE SH S,SHEN CH G,et al. Effects of dif-
ferent densities on leaf senescence and grain weight of win-
ter wheat after flowering [J]. Acta Agronomica Sinica ,
1995,21(4) :412.
WERAE B YN, 2% ) BH, A5 IR % 8 X /0N 22 7 o R 4R T
iR AR S TR D], R R, 2013.29(9) 1144,
HUAIH J,LU ZH,QIN X Y.et al. Advances of researches
in plant density on wheat yield and population quality [J].
Chinese Agricultural Science Bulletin ,2013,29(9) :1-4.
AR TUHIE  RIAFL /N EAE R R RO A
S B R 0] AR AR KR 2 4. 1992, 23 (1) : 9-
13.
YUE SH S, YUAN X H, YU S L. Population photosyn-
thesis and material production capacity of winter wheat in
late growth stage [J]. Journal of Shandong Agricultural
Uniwversity +1992,23(1) :9-13.
HW . E A NERMROL AR 5O R MRT R ]
FEH %42, 1991,17(6) :461-469.
DONG SH T. Study on the relationship between photo-
synthetic capacity and yield of high-yielding winter wheat
[J]. Acta Agronomica Sinica ,1991,17(6) :461-469.
ik BRRRE L A S B S X 33 N Lk Rk
AN P B A TR R B R e ()L %= BRIk B4, 2008,
36(27):11699-11700.
ZHANG Y,.CHEN X Y, LI J C,et al. Effect of sowing
date and density on yield and its components of drought
wheat in 33° north latitude [J]. Journal of Anhui Agri-
cultural Sciences ,2008,36(27):11699-11700.
TR, 1 B, 2 Y R B RE X A% RN C6-38/
Py85-1 HEM: St & 45 2 A1 7™ ik 1) 98 43 280 R B K A BRI ]
[JJ. fE¥2#4R , 2005, 31(4) :498-505.
ZHANG Y L,XIAO K,LI'Y M. Effects and physiological
mechanism of planting densities on photosynthesis charac-
teristics of flag leaf and grain yield in wheat hybrid C6-38/
Py85-1 [J]. Acta Agronomica Sinica ,2005,31(4):498-
505.
TR KK L AR AL DR R I R AR TR A
TR /)N 2 AL 7 5 RO 3R A M 9 e e [ ). T 5 3R 8 AR
Y124, 2009,15(1) : 28-34.
ZHANG D Y.ZHANG Y Q.,RUN C P,et al. Effects of
genotype,sowing date and planting density on grain filling
and yield of wheat varieties with different ears forming
characteristics [ J]. Chinese Journal of Applied and Envi-
ronmental Biology,2009,15(1):28-34.
WOCH] G A BRI 45 BT IE 2 Jr N 22 1 57 35t
KN REAR G SRR S s m )], AR 4, 2011,
37(10):1888-1896.



1976 - o4t 4

NI

28 %

[16]

[17]

[18]

[19]

[20]

[21]

WANG W M,L1]J C,CHEN H J.et al. Effects of nitrogen
fertilization on seed-setting characteristics of spike and
grain yield in winter [J]. Acta Agronomica Sinica ,2011.
37(10) :1888-1896.

WL EBE B, Rk = 5 S it R R 0 AN
YMUNIE S E B B R L], P e ARl A 4R, 2011,
20(7):82-87.

WANG Y L,QIU X Y,ZHU Y J,et al. Effection of rate
and period of nitrogen application on the floret develop-
ment and grain yield of winter wheat [J]. Acta Agricultu-
rae Boreali-occidentalis Sinica »2011,20(7) :82-87.

T BB AER,E RS AN R A
INFZ LRI AE S5 OB R RFRLE A RE O0 B i A 5 T
[J]. 224 %41 . 2010, 30(2) :296-302.

LIN,.DUAN L SH LI]J M.,et al. Effect of sowing date and
planting density on flag leaf photosynthesis,storage capac-
ity after anthesis and yield in different spike type cultivars
[1]. Journal of Triticeae Crops,2010,30(2):296-302.
X5 58 AR 2 B, AR, A5 R R B X A /N 22 3 K
151 AP AL R 1 B i i 2w ) ] Wl AR B2, 2017,
49(6) :41-47.

LIU F L.REN Y F,WANG W D,et al. Effects of sowing
date and planting density on grain-filling characteristics
and yield of winter wheat cultivar Pubing 151 [J]. Shan-
dong Agricultural Sciences s2017,49(6) :41-47.
AW, sR AR, K IE L AR R T it L RN A Tl K
151" T BB SRR AiF BORF L R m s ma [ ], v Jb Rk
W23, 2017,26(5) :693-701.

LI N,ZHANG B J,ZHANG ZH M, et al. Effects of differ-
ent N application rate and seeding rate on dry matter accu-
mulation and grain filling characteristics of ‘Pubing 151
[J]. Acta Agriculturae Boreali-occidentalis Sinica » 2017,
26(5):693-701.

DI, ER L R DY 5F. AL B BN A /NE T YR
TR B/ R WeoR TR s [T, AR db R 4, 2013,
28(1):187-192.

MA Y H,WANG L M,HUANG Y F,et al. Effect of ni-
trogen application on dry matter accumulation, yield and
nitrogen utilization efficiency of winter wheat [J]. Acta
Agricultura Sinica ,2013,28(1):187-192.

ORI S80S T, A /NAE P A R AL B R
FHHARBIFELT]. AR 22 — 22 FAEH . 1995(2) : 36-39.
PENG Y X,GUO W SH,YAN L L,et al. Study on physi-
ological regulation mechanism and application technology
of wheat yield[J]. Foreign Agricultural Sciences-Tritical
Crops,1995(2) :36-39.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

K SC . 3% B 5 U A2 25 X A /N A2 7 L BRI Y
WFFELD]. AL ZRUR L R 2004,

ZHANG W ]. Studies on grain yield and quality under the
different seeding rate and nitrogen application regimes in
winter wheat [ D]. Hefei: Anhui Agricultural University.
2004.

TR, 5 A EC B 55 0 A [ Rl A /N 22 7 Rk T MR
MRS [D]. A AL LR R 2 . 2010.

WANG J SH. Effect of different seeding density and nitro-
gen application on yield and quality of two wheat varieties
with different spike type [ D]. Hefei: Anhui Agricultural
University,2010.

WALULU SR.ROSENOW T D.WELTER B D,et al. In-
heritance of the stay green trait in sorghum [J]. Crop Sci-
ence ,1994,34(4) :970-972.

AUSTIN R B. Genetic constrains on photosynthesis and
yield in wheat [J]. Advance Photosynthesis Research ,1984
(4):103-110.

AR PR TT  R IR L A5 AR 0 AL T X A& /)N 22 T
BARE R Bk 2ot B Am o [J ], A b 4 % 4. 2008,
23(3):209-212.

LIJH,LINRF,LIU ZH L.et al. Effects of long-term lo-
cated fertilization on leaf area index and light distribution
in winter wheat [ ]J]. Acta Agriculturae Boreali-Sinica ,
2008,23(3):209-212.

B A L W I, VL AL R R IR RL AR N 22
TR Ty e L] LAk B 24 . 2016,20(2) £ 34-39.
LU L H.YAO H P,SHEN H P.er al. Effects of different
kinds of fertilizer on wheat yield and soil fertility [J].
Journal of Hebei Agricultural Sciences,2016,20(2) :34-
39.

XUTTAC, BRI TS . T 4, 45 R IR BE X & /N A 49-
198 FEMR PR DR A 7™ 4 1 5w [J ], 22 26 4 9 2% 4l 2009,
29(3):464-469.

LIU W D,CHEN X Y, YIN J,et al. Effects of sowing date

™
2

and planting density on population trait and grain yield of
winter wheat cultivar Yumai 49-198 [J]. Jowrnal of Trit-
iceae Crops 2009, 29(3):464-469.

BB A, AR B RUIE AR XN R
ARF AR LT A E RS R %, 2011,
17(4) . 815-822.

CAO Q.HE M G,DAI X L,et al. Effects of interaction
between density and nitrogen on grain yield and nitrogen
use efficiency of winter wheat [J 1. Plant Nutrition and

Fertilizer Science ,2011,17(4) :815-822.



12 1 Wi 20 45 R AL RG24 /N 22 T W AR 3B B0l A R 1 R A B R TR .+ 1977 -

Effects of Base Fertilizers and Sowing Densities on Dry Matter Accumulation,
Photosynthetic Characteristics and Yield of Winter Wheat

CHEN Hong.ZHANG Baojun, HAI Jiangbo,DONG Yongli.,
LIU Tianyu and ZHAO Kainan

(College of Agronomy,Northwest A&.F University, Yangling Shaanxi 712100, China)

Abstract To explore the effects of different base fertilizers and seeding densities on dry matter accu-
mulation, photosynthetic characteristics and yield of winter wheat ‘Xinong 805”. Two-factor rip-zone
test design was used. Base fertilizerwas applied in the main area,two fertilizers patterns of wheat slow
release fertilizer(P1) and combined application of N,P and K conventional fertilizer(P2) were conduc-
ted, four levels of sowing density in sub-area,including 112. 5 kg/hm?* (D1),150 kg/hm?* (D2),187. 5
kg/hm?*(D3),225 kg/hm?(D4) , the results showed that different base fertilizers did not have signifi-
cant effects on the dry matter accumulation of flag leaf, SPAD value of flag leaf, net photosynthetic
rate,stomatal conductance,intercellular CO, concentration and transpiration rate, but it had significant
effects on the number of spikes per plant area and 1 000-grain mass; the sowing density had a signifi-
cant effect on the net photosynthetic rate,intercellular CO, concentration,1 000-grain mass and yield
of wheat; single stem dry matter of wheat and the SPAD value of flag leaf under low sowing density
and the same base fertilizer condition was higher; the interaction between base fertilizer and sowing
density reached a very significantly high level in the net photosynthetic rate and yield of wheat; under
the condition of wheat slow release fertilizer and sowing density of 150 kg/hm?*, the photosynthesis
characteristics and yield performance were too much higher than other treatments,under the condition
of combined application of N,P and K conventional fertilizer and sowing density of 187. 5 kg/hm?, the
photosynthesis characteristics and yield performance were more better than other treatments; under
the condition of combined application of N,P and K conventional fertilizer and sowing density 187. 5
kg/hm’,the wheat grain yield reached the maximum of 5 722, 02 kg/hm?. In summary,the best base
fertilizer type and sowing density of winter wheat ‘Xinong 805" is P2D3.

Key words Base fertilizers; Sowing densities; Winter wheat; Dry matter accumulation; Photosyn-

thetic characteristics; Yield
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