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Abstract

:

The belt uniform (BU) sowing pattern can improve the yield of winter wheat, but whether and how the BU sowing pattern can increase yield under different sowing densities is unknown. The field study was conducted in Guiyang (Guizhou province) during the growing season in 2017–2018, 2018–2019, and 2019–2020. Four winter wheat cultivars were used in field experiments to investigate the changes of the dry matter accumulation and partition, yield and yield components at maturity under five sowing densities (75, 150, 225, 300, and 375 plants per m2), and three sowing patterns: line and dense (LD) sowing with 33.3 cm row spacing (LDS); the belt uniform (BU) sowing with 15 cm (BUN), and 20 cm (BUW) row spacing. The BU sowing pattern significantly increases shoot dry matter and grain yield in all four winter wheat cultivars under all five sowing densities and in each growing season, particularly under the high sowing density of 300 and 375 plants m−2. Harvest index was unaffected by the different sowing densities and sowing patterns. While spike number increased, grain weight per spike decreased with the increase in sowing density. The 1000-grain weight and grain number per spike were unaffected by the sowing patterns. The variation in the shoot dry weight can explain 94% variation in grain yield and 66% variation in spike number. Allometric analysis showed that more dry matter was partitioned to the spike than to the stem and leaf. We conclude that the BU sowing pattern can increase grain yield under high sowing densities associated with a high shoot dry matter accumulation and its partition to the spike.
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1. Introduction


Wheat is a main cereal crop grown worldwide [1], and is the third most important staple crop in China. More than 15% of wheat yield is needed to fulfill the wheat demand being driven by the increases in the population and diet changes by 2030 in China [2]. The reducing of the arable land area and changing of the climate and environmental degradation [3,4,5,6], which limited productivity and increasing of the food supply, was largely dependent on the high-yield breeding strategies [7] and development of the new agronomic practices, such as sowing patterns [8,9] and optimal sowing density [10,11].



Sowing pattern is an important factor in sustainable agriculture, as it influences plant distribution in the field, which in turn affects the functional traits related to photosynthesis, growth, and yield [12,13]. Raised-bed sowing can increase wheat and rice yield [14,15,16], and furrow sowing can increase the yields of winter wheat [17]. A wide-precision planting pattern, with 6–8 cm sowing width can also increase winter wheat yield [18]. Our previous study showed that the belt uniform (BU) sowing pattern could significantly increase the winter wheat yield [8]. Thus, development the new sowing patterns made a great contribution to the yield improvement. Previous studies showed new sowing methods could increase the yield by increasing the spike number (SN) per m2 [18,19] and biomass [8,20,21]. Biomass accumulation is essential for the yield formation, as more biomass partition to the grain can achieve high yield [22,23]. However, the spike growth related to the stem and leaf and its roles in yield performance were not known under different sowing patterns.



Apart from the sowing pattern, the appropriate sowing density is also a very important factor determining grain yield. Optimal sowing density depends on the variety, soil type, precipitation, and soil nutrients [10,24,25]. Sowing density is a determinative factor for winter wheat grain yield and varies with the sowing pattern [26,27], which is associated with the changing of the inter- and intra-plant competition for nutrition, water, and light nutrients for crop growth, resulting in the variation in the grain yield [28], particularly under excessively high density [29]. Previous studies showed the crop yield response curvilinear to sowing density, reaching a maximum at the optimal sowing density [30,31]. Thus the yield response and the underlying mechanisms related to the yield performance were needed to investigate under different sowing patterns.



Previously, we showed that the belt uniform (BU) sowing pattern can improve the yield of winter wheat [8], but how the dry matter accumulation, partition to the grain, and grain yield responds to different sowing densities under the BU pattern is unknown. In this study, we aim to investigate the changes of the dry matter accumulation, partition to the grain and yield, and yield components under five sowing densities (75, 150, 225, 300, and 375 plants per m2) and three sowing patterns (line and dense (LD) sowing with 33.3 cm row spacing (LDS); the belt uniform (BU) sowing with 15 cm (BUN), and 20 cm (BUW) row spacing). We hypothesized that (1) the belt uniform sowing pattern (BU) can increase winter wheat yield under high sowing density, (2) high dry matter accumulation is coordinated with high dry matter partition to the spike to increase the wheat yield at high sowing density.




2. Materials and Methods


A three-year field experiment was conducted in Guiyang, Guizhou province, China. The soil at the experimental site is yellow soil, according to the Chinese soil classification system. The soil organic matter is 6.60 g kg−1 and the available P, N, and K are 4.85 mg kg−1, 31.50 mg kg−1, and 141.69 mg kg−1, respectively.



The experimental plot was 2 m wide and 2 m long; there were 6 rows in each plot. Three sowing patterns were adopted in this study, the line and dense (LD) sowing with 33.3 cm row spacing (LDS); the belt uniform (BU) sowing with 15 cm row spacing (BUN); and the BU with 20 cm row spacing (BUW (Figure 1). Four winter wheat cultivars, two common (Guinong 19 (G19) and Guinong 30 (G30)), and two containing high anthocyanin (about 50 mg kg−1; Guizi 1 (G1) and Guizi 4 (G4)) released by Guizhou university were used in this study. The wheat cultivars were planted at five densities of 75, 150, 225, 300, and 375 plants per m2. The sowing dates were 5 November 2017, 19 November 2018, and 23 November 2019, while the corresponding harvest dates were 11 May 2018, 18 May 2019, and 23 May 2020 for 2017–2018, 2018–2019, and 2019–2020 growing seasons. A completely randomized experimental design was used in this study and three plots were used for each cultivar, sowing density, and sowing pattern for a total of 180 plots (3 sowing patterns × 4 cultivars × 5 densities × 3 replicates). Nitrogen (N), phosphorous (P), and potassium (K) at rates of 160 kg N ha−1, 35 kg P ha−1, and 35 kg K ha−1 were supplied to the experimental plots before sowing, according to the local practice.



The weather data were obtained from the weather station near the experiment site. The mean temperatures were 10.2, 9.5, and 11.0 °C, whereas the precipitation was 377, 316, and 367 mm for the 2017–2018, 2018–2019, and 2019–2020 growing seasons, respectively (Supplementary Materials Figure S1).



2.1. Sampling and Measurements


At final harvest, when each cultivar reached maturity, two center rows on each plot were harvested by cutting each plant at about 1 cm above soil surface. The sample for each plot was sealed in a nylon bag, which was tagged with the plot information. Then all the bags were transported to the lab after harvest for processing.



The spike number was counted and recorded for each sample, and then we cut the spike from the shoot and placed it in the envelope with plot information. The leaf and stem were separated and placed in the envelopes separately. All the samples were dried in the oven at 80 °C for 48 h, and then weighed to get the dry weight for different parts. After drying, 20 representative spikes for each plot were used to measure the grain weight and grain number per spike. The other spikes were threshed by hand to get the grains, then weighted and combined with the grain weight of the 20 representative spikes to get the grain yield for each plot. The shoot dry weight was obtained by adding the dry weight of the spike, stem, and leaf. The harvest index (HI) =grain yield/shoot dry weight. The grain yield (g m−2) = grain yield for each plot/harvest area. The spike, leaf, and stem dry weight (g m−2) was calculated by dividing the dry weight by harvest area.




2.2. Statistics Analysis


The effects of the sowing density and sowing pattern, and their interaction on grain yield, shoot dry weight, HI, and yield components were analyzed by a two-way analysis of variance (ANOVA) by using Gen-Stat 19.0 (VSN International Ltd., Rothamsted, UK). All figures were drawn with Origin 2020 (Origin Lab, Northampton, MA, USA). The figures were shown as box plot, using the combined data for four cultivars. The linear model was used to fit the curve between the grain yield and shoot dry weight, between the spike number and shoot dry weight. The linear model was used to fit the curve among the spike, leaf, and stem dry weight, and the slopes were used to compare the allometric growth among the spike, leaf, and stem by multiple comparison (Duncan test). The Spearman correlation was used to generate the correlation matrix among the grain yield, yield components, shoot dry weight, and HI.





3. Results


3.1. Yield and Yield Components


The results show that the belt uniform sowing (BU) could significantly increase the grain yield in all four winter wheat cultivars in each sowing density in three consecutive growing seasons (Figure 2A–C). The yield improvements with BU in the high sowing density (300 and 375 plants m−2) were significantly higher than in lower sowing density (75 and 150 plants m−2). The high grain yield with BU was associated with the higher shoot dry weight in the three years (Figure 2D–F). Compared to the grain yield and shoot dry weight, the harvest index (HI) was stable under different sowing densities and sowing patterns (Figure 2G–I).



The spike number was significantly increased with the sowing density, and the spike number with belt uniform sowing patterns was significantly higher than the line and dense sowing (LDS) patterns (Figure 3A–C); the interaction between the sowing density and sowing patterns on the spike number was significant. The other yield components (thousand-grain weight and grain number per spike) were stable under different sowing patterns, but the grain number per spike was decreased with the increase in the sowing density (Figure 3D–I); additionally, the grain weight per spike was also decreased when the sowing density increased (Figure 3J–L). The grain yield and spike number gap between the belt uniform and line and dense sowing pattern were significantly positive with the shoot dry weight gap between the belt uniform and line and dense sowing pattern (Figure 4).




3.2. Allometric and Correlated Analysis


The leaf, stem, and spike dry weight were significantly increased with the increase in the sowing density (Figure 5, Figure 6 and Figure S2). The slopes between the spike and stem dry matter under belt uniform sowing patterns were significantly higher than the line and dense sowing patterns in three ((B) Guizi 4, (C) Guinong 19, and (D) Guinong 30) of the four wheat cultivars (Figure 5), while the slopes between the spike and leaf dry matter under belt uniform sowing patterns were significantly higher than the line and dense sowing patterns of all four wheat cultivars (Figure 6). The slopes can be used to show the relative growth between different organs, thus the high slopes clearly indicated more biomass was partitioned to the spike than the stem and leaf in belt uniform sowing patterns than under line and dense sowing patterns. The ratio between the stem and leaf dry weight was varied among the four wheat cultivars (Figure S2).



The correlation analysis showed the grain yield was significantly correlated in relation to the shoot dry weight, spike number per m2, grain number per spike, and grain weight per spike, and the highest correlation was observed between the grain yield and shoot dry weight (Figure 7); while the shoot dry matter can explain the 94% change in the grain yield. The shoot dry weight was significantly positive with the spike number per m2, grain number per spike, and grain weight per spike; while the highest correlation was observed between the shoot dry weight and spike number per m2, indicating that most of the g variation (66%) in the spike number can be explained by the variation in the shoot dry weight. The negative relation between the thousand-grain weight and grain number per spike, spike number per m2, and grain number per spike, as well as spike number per m2 and grain weight per spike were observed (Figure 7).





4. Discussion


4.1. Yield Components and Grain Yield


In our previous study, we found that the belt uniform sowing could improve the grain yield of four different wheat cultivars [8]. In this study, we further found that the belt uniform sowing could increase the winter wheat grain yield in five different sowing densities that varied from 75 to 375 grains per m2. Especially in the higher sowing density (300 and 375 grain per m2), the grain yield gap between the belt uniform sowing and line and dense sowing was larger than that under lower sowing densities (75 and 150 grains per m2). Thus the belt uniform sowing patterns could achieve higher grain yield than line and dense sowing patterns, especially under the high sowing density (300 and 375 grain per m2). The variation in yield components is associated with the improvement of the grain yield [32,33,34,35]. Wang et al. [11] observed the spike number per m2 significantly increased while the grain number per spike and grain size significantly reduced with the increasing of the sowing density, and this was also observed in other studies [36,37]. In our study, the spike number per m2 was significantly increased while the other two yield components were not significantly changed with the sow densities increasing under belt uniform sowing patterns (Figure 3). Additionally, a significant interaction between the sowing density and sowing pattern on spike number per m2 was observed for three consecutive years, indicating the belt uniform sowing could not only produce more spike number but also can maintain the grain size and grain number per spike to achieve the high grain yield potential. The high sowing density can lead to grain yield loss because the competition among the plant individuals was increased with sowing density [29]. However, we found the belt uniform sowing patterns could achieve higher grain yield under high sowing density than line and dense sowing patterns, which was associated with the reducing of competition among individuals at higher sowing density, and this may be the other reason why the belt uniform sowing can obtain high grain yield.




4.2. Dry Matter Accumulation and Partition and Yield Formation


The dry matter accumulation played an important role in yield formation because the high dry matter accumulation may provide more carbohydrates to format the flower and grain, improve grain filling, and increase grain size [33], which was the determined factor related to the grain yield in wheat. In this study, a significant increasing in the shoot dry matter was observed in belt uniform sowing in five sowing densities. The variation in the shoot dry matter can explain 94% of the increasing in the grain yield and 66% of the improvement of the spike number per m2 (Figure 3). A significant interaction between the sowing density and sowing pattern on shoot dry weight was observed in three consecutive years, indicating that the belt uniform sowing could produce more shoot dry weight, especially under high sowing density. Increasing the leaf area index to improve the interception of the solar could be one reason to achieve high shoot dry weight [38,39] in belt uniform sowing. Furthermore, the optimal canopy architecture can increase the photosynthesis rate to benefit dry matter accumulation [10,31]. The high shoot dry matter accumulation may help to explain why both the grain size and grain number per spike were maintained in a belt uniform sowing pattern.



The dry matter partition also showed an important role in yield performance. Previous studies showed new cultivars could allocate more dry weight to the seed to achieve high yield potential in crops [33,40,41]. The genetic improvement of the grain yield was tightly linked to the increase in the harvest index in wheat and other crops [2,23,35,40]. In our study, we found that the harvest index was not significantly changed under different sowing densities and patterns, indicating that the yield improvements were dependent on the dry matter accumulation rather than the harvest index. However, the allometric analysis shows the relative growth of the spike was higher than the leaf and the stem (Figure 4 and Figure 5), especially under high sowing density, and this result clearly shows that more dry matter was partitioned to the spike than the stem and leaf. Thus, the increasing of the shoot dry weight was coordinated with the high dry matter partition to the spike to achieve the high yield potential at high sowing density with the belt uniform sowing pattern.





5. Conclusions


In this study, the BU pattern achieved significantly higher grain yield than line and dense sowing patterns, and this was associated with the improvement of the shoot dry weight and the spike number per m2. The relative growth of the spike to stem and leaf was higher in the belt uniform sowing than the line and dense sowing, which was the other reason for high yield potential in BU patterns.
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Figure 1. The three sowing patterns ((A): line and dense sowing with 33.3 cm row space (LDS). (B): belt uniform sowing with 20 cm row space (BUN). (C): belt uniform sowing with narrow (15 cm) row space (BUW)) used in this study. All sowing patterns have the same seed rate. 
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Figure 2. The changes of the (A–C) grain yield (g m−2), (D–F) shoot dry weight (g m−2), and (G–I) harvest index under three sowing patterns (SP; line and dense sowing with 33.3 cm row spacing (LDS); belt uniform sowing with 20 cm row spacing (BUW); and belt uniform sowing with 15 cm row spacing (BUN)) and five sowing densities (SD; 75, 150, 225, 300, and 375 plants m−2) in the three consecutive growing seasons. The different letters mean significant difference between the sowing patters at the same sowing density. 






Figure 2. The changes of the (A–C) grain yield (g m−2), (D–F) shoot dry weight (g m−2), and (G–I) harvest index under three sowing patterns (SP; line and dense sowing with 33.3 cm row spacing (LDS); belt uniform sowing with 20 cm row spacing (BUW); and belt uniform sowing with 15 cm row spacing (BUN)) and five sowing densities (SD; 75, 150, 225, 300, and 375 plants m−2) in the three consecutive growing seasons. The different letters mean significant difference between the sowing patters at the same sowing density.



[image: Agronomy 12 02936 g002]







[image: Agronomy 12 02936 g003 550] 





Figure 3. The changes of the (A–C) spike number (g m−2), (D–F) thousand-grain weight (g m−2), (G–I) seed number per spike, and (J–L) grain weight per spike under three sowing patterns (SP; line and dense sowing with 33.3 cm row spacing (LDS); belt uniform sowing with 20 cm row spacing (BUW); and belt uniform sowing with 15 cm row spacing (BUN)) and five sowing density (SD; 75, 150, 225, 300, and 375 plants m−2) in the three consecutive growing seasons. The different letters mean significant difference between the sowing patters at the same sowing density. 
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Figure 4. The relationship between the (A) grain yield (g m−2) gap and shoot dry weight (DW) gap (g m−2), (B) spike number (m−2) gap and shoot dry weight (DW) gap (g m−2), between the belt uniform (BU) and line and dense (LD) sowing patterns and five sowing density (SD; 75, 150, 225, 300, and 375 plants m−2) in the three consecutive growing seasons. 






Figure 4. The relationship between the (A) grain yield (g m−2) gap and shoot dry weight (DW) gap (g m−2), (B) spike number (m−2) gap and shoot dry weight (DW) gap (g m−2), between the belt uniform (BU) and line and dense (LD) sowing patterns and five sowing density (SD; 75, 150, 225, 300, and 375 plants m−2) in the three consecutive growing seasons.



[image: Agronomy 12 02936 g004]







[image: Agronomy 12 02936 g005 550] 





Figure 5. The ratio of spike dry matter to stem dry matter for (A) Guizi 1, (B) Guizi 4, (C) Guinong 19, and (D) Guinong 30 under three sowing patterns (SP; line and dense sowing with 33.3 cm row spacing (LDS); belt uniform sowing with 20 cm row spacing (BUW); and belt uniform sowing with 15 cm row spacing (BUN)) and five sowing density (SD; 75, 150, 225, 300, and 375 plants m−2) in the three consecutive growing seasons. *** p < 0.001. 
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Figure 6. The ratio between the spike dry matter to leaf dry matter (A) Guizi 1, (B) Guizi 4, (C) Guinong 19, and (D) Guinong 30 under three sowing patterns (SP; line and dense sowing with 33.3 cm row spacing (LDS); belt uniform sowing with 20 cm row spacing (BUW); and belt uniform sowing with 15 cm row spacing (BUN)) and five sowing density (SD; 75, 150, 225, 300, and 375 plants m−2) in the three consecutive growing seasons. *** p < 0.001. 






Figure 6. The ratio between the spike dry matter to leaf dry matter (A) Guizi 1, (B) Guizi 4, (C) Guinong 19, and (D) Guinong 30 under three sowing patterns (SP; line and dense sowing with 33.3 cm row spacing (LDS); belt uniform sowing with 20 cm row spacing (BUW); and belt uniform sowing with 15 cm row spacing (BUN)) and five sowing density (SD; 75, 150, 225, 300, and 375 plants m−2) in the three consecutive growing seasons. *** p < 0.001.



[image: Agronomy 12 02936 g006]







[image: Agronomy 12 02936 g007 550] 





Figure 7. The correlation matrix between the grain yield (GY), shoot dry weight (SDW), harvest index (HI), thousand grain weight (TKW), spike number per m−2 (SN), grain number per spike (GNS), and grain weight per spike (GWS). *** p < 0.001. 






Figure 7. The correlation matrix between the grain yield (GY), shoot dry weight (SDW), harvest index (HI), thousand grain weight (TKW), spike number per m−2 (SN), grain number per spike (GNS), and grain weight per spike (GWS). *** p < 0.001.



[image: Agronomy 12 02936 g007]













	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
GY

Gws






media/file4.png
Grain yield (g m'z)

Harvest index

900
800
700
600 -
500 -
400 A
300
200
100

EI(A) 2017-2018

B LDS
. Buw
N BUN
SP: P<0.001
SD: P<0.001
SP x SD: P<0.001

|
L -“ i“ i’

;ﬁ__i&;%ﬂ_i'

(B) 2018-2019

| SP: P<0.001

SD: P<0.001
SP x SD: P<0.001

1

1

(C) 2019-2020

_| sP: P<0.001

SD: P<0.001

4sp x sp: P-oo7 a,

| h “ !'I q*i

|z as0 225 300 375

](D)2017-2018

SP: P<0.001
SD: P<0.001
SP x SD: P<0.001

T

[(E) 2018-2019

SP: P<0.001
SD: P<0.001
SP x SD: P<0.001

R
i*- ‘ ‘

_ZL_1§9_.22§__3.0.0__3L§_

1(F) 2019-2020

SP: P<0.001
SD: P<0.001
SP x SD: P‘O 008 a

i

lzs 1s0 225 _a00 375

SP: P=0.25
SD: P=0..04

JSP x SD: P<0.001

25 150 225 300 _375

(H) 2018-2019

[ 0 )

SP: P=0.27
SD: P<0.001

| sP x sD: P=0.24

|_75_ 150 225 300 _375

(1) 2019-2020

l,i fon Bie opy By

SP: P=0.87
SD: P=0.11

| sP x sD: P=0.77

|_I5_ 150 225 300 375

Sowing density (grains m?) Sowing density (grains m?) Sowing density (grains m?)





nav.xhtml


  agronomy-12-02936


  
    		
      agronomy-12-02936
    


  




  





media/file2.png





media/file5.jpg
Grain weight per spike (g) Grain number per spike Thousand grain weight (g) ~ Spike number (m’

0

00

5

w0
o
5
S
“©
P
2
10

o

40
as
30
28
20
18
10
05

A2017-2018 "

i

L

(B)2018-2019

fiCy2019-2020

ail
ER

s sse s sm

@

DT 5

e

GEEE=

i g o 1

Wiy b
T S “mm
PR, EE WA i

hm&¢h

s a0 s s

iy ot o) 5 U

s s w0

25 s 228 am s s e wellis s oz am
(020172018 [K20182015 [([)2019-2020

LR

s a0 s s s

o
‘Sowing density (grains m?) Sowing density (grains m) Sowing density (grains m)





media/file3.jpg
coEE RS [BET
T %";’%w .‘ ' P B ‘ li ;
PR e e zl' i a
8 ;*' # !
e il e oz L e s e
o _:zowauu 3| JE) 20182019 () 2019.2020
S ERELL, l., ” E . e i
L el e
sl G
B i
- \oZi. 0. 225 300 5| LZ5. 150, 225 300 35| s 225 00 75|
°7 Te)2017-2018 [(F) 20182018 () 20182020
ol 0y "' i“ 1 490 0o ony oo
i o | L cm L e s

©© Sowing density (grains m) Sowing density (grains m?) Sowing density (grains m?)





media/file1.jpg





media/file7.jpg
Grain yield gap between BU and LD (g m”)

300

200

100

o 40
A %t
— £
4 20182019 E]

e =
3

|
5 2
o g

=094, P<0.0001 i
3 £

0 20 40 00 60 1000
Shoot DW gap betwoen BU and LD (g m)

0 20 40 0 60 1000
Shoot DW gap betwoen BU and LD (g m)





media/file10.png
Spike dry weight (g m?)

Spike dry weight (g m?)

1600 ) B)
S~ LDS Y=1.76X+127, R?=0.91*** a | LDs y=1.38x+202, R?*=0.64***
1400 1 guw y=1.67x+228, R?=0.67*** —— BUW Y=1.90X+139, R?=0.91*** A
—— BUN Y=1.85X+185, R’=0.81*** s ——— BUN Y=2.07X+61, R?=0.92*** "
1200 - O  LDS+75 -
© LDS+150
1000 - @ LDS+225 s
® LDS+300
® LDS+375
800 - O BUWAT7S z
O BUW+150
600 @ BUW+225 o
B BUW+300
B BUW+375
400 - A  BUN+TS g
A BUN+150
200 A BUN+225 -
A BUN+300
A BUN+375
0 T T T T T l_+'| T T T T T T
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
1600 0) D)
1400 4 LDS Y=2.06X+144, R?=0.89*** " LDS Y=2.02X+74, R*=0.95*** ®
—— BUW Y=2.73X+166, R’=0.89*"5 " 11— BUW Y=2.20X+75, R’=0.88"**
——— BUN Y=2.48X+139, R?=0.81*** —— BUN Y=2.23X+89, R’=0.79*"* g A
1200 - o
1000 -
800 -
600 -
400 - )
200 - "
0 1 1 1 1 1 1 ] 1 1 1 ] 1
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Stem dry weight (g m?) Stem dry weight (g m?)





media/file12.png
1600
Ty _ (B)
. 1400 - = A
. . A
E 1200 - - O LDS+75 | ]
2 © LDS+150
+ 1000 - ® LDs+225|
o)) @ LDS+300
S ® LDS+375
$ 800~ O BUWs75|
O BUW+150
E 600 - B BUW+22§ -
= BUW+300
- g = BUW+37§ |
= A BUN+75
ey LDS Y=3.36X+240, R%=0.64"" o puniooel o —— LDS Y=3.08X+320, R’=0.49***
—— BUW Y=5.01X+292, R*=0.57*** A BUN+300 a — BUW Y=4.12X+291, R2 =0.67***
—— BUN Y=3.86X+304, R%=0.46"" , o n o —— BUN Y=4.59X+253, R*=0.53"**
0 T T T T —'_"‘I T T T T
0 50 100 150 200 250 0 50 100 150 200 250
1600
(C) (D) .
1400 o )
o A = "
€ 1200 =n s
- " . i}
= 1000 - -,

Spike dry weigh
& 8 8
o o o

200 -

~— LDS Y=4.45X+187, RZ‘O 76" -

—— BUW Y=5.66X+184, R*=0.75*** c‘o"

——— BUN Y=5.20X+241, 'R?=0.68***

——— LDS Y=3.71X+162, R*=0.82***
—— BUW Y=4.56X+182, R?*=0.76"**
—— BUN Y=4.18X+232, R?=0.56"**

100 150 200
Leaf dry weight (g m'z)

250 0

50 100 150 200 250

Leaf dry weight (g m'z)





media/file9.jpg
H

‘Spike dry weight (g m

H

i

H

Spike dry weight (g m”)

Y88 d

(EL 3]

&) (g ey exerr, o
£ B ez s
= avaocies wome

=

108 vet saxezea Rzoa
| Bow -1 0130 a1 .
| Bomvesomecon Reagz

108 vezoexetan 09
B 72T RO
IR EEEEEEEEEE)

Stem dry weight (g m?)

‘Stem dry weight (g m?)





media/file0.png





media/file14.png
GY

SDW

ot ) 2
QNI
CS KD

O w209

r=0.97**






media/file8.png
Grain yield gap between BU and LD (g m?)

o
(=}
o

A
© 2017-2018
A 2018-2019
400 1 1 2019-2020
300 -
200 -
100 -
0 ] 1) 1 ] 1

0 200 400 600 800 1000
Shoot DW gap between BU and LD (g m?)

Spike number gap between BU and LD (m'z)

400

300

200

100 -

o

1 1 1 1 1
0 200 400 600 800 1000
Shoot DW gap between BU and LD (g m?)





media/file11.jpg
ol
&y " [®)
Em ¥ o e 2
Erow &
T + osears|
P :
Zuo =
g iEd
" m eyt R b R
P e L e T BN Yo s30285, R0 83
© [©) o
fo s
Z o0
§ o
Ewo
L
L. w Lo yetasoter Rsoze
, e | |7 i e

sy wokhk g %) Leaf dry weight (g m?)





media/file6.png
Spike number (m'z)

Grain weight per spike (g) Grain number per spike Thousand grain weight (g)

800 {(A)2017-2018

700 -{SP: P<0.001 il B :S: zg.gg:
SD: P<0.001 : P<0.
600 sp x sD: P<0.001 i Il BUN -1 SP x SD: P<0.001
SP: P<0.001
500 -1 sD: P<0.001 ' * ol
400 - {sp x sp: P<0001 '+ ‘ . | *ib b”
300 ** '” . , - ‘
=1 ik i
_Z§_J.5.0__225__3D.0__3.15_ _15__15.0__225__3.011__3_5_ _I5 150 225 300 _375
55
(D)2017-2018 gg ;gggz (E) 2018-2019 gg ;gf"; F) 2019-2020 :S ig ;28
50 - SP x SD: P=0.54| - SP x SD: P=0.92| SP x SD: P=0.48
45 - -
30 4 - -

o5 |I5 150 225 300 375

80
(G)2017-2018 (H)2018-2019 (1)2019-2020 ,
70 sp. p=0.14 sp: P=0.07 Y
60 -sp: P=0.007 sp: P=0.07 n
SP x SD: P=0.02 SP x SD: P=0.03
i T F
40 - ! “ . " b7 - ¥ ’ i
30 ! ‘?; ’ +'. i. -' i "* ' ‘ ‘ ‘ * 7| sP: P=0.009
20 - il 1 sp: P<0.001
el ) | 5P x sp: Peo.gor
O_Ammmm_M_meMﬂ
4.0
3.5 - (J)2017-2018 |(K)2018-2019 {(L)2019-2020
" |sp: P=0.31 SP: P=0.008 SP: P=0.21
3.0 -isp: P=0.08 - sD: P=0.04 ~{SD: P<0.001
55 JSP * SD: P=0.008 |sP x sD: P=0.02 |sP x sp: P=0.26
2.0 - il g . ' paba
ba
1.5 - 11 l . “ Pap &b -‘ ' ‘“ ” '.. &
b ¥
1.0 - ‘" ++* ' * ,‘i lﬂ Y ‘“ “* i "! n‘ - i
0.5 4 - il

1.

(B)2018-2019

LDS

(C)2019-2020

175 150 225 300 375

175 150 225 300 _37S |

175 150 225 300 _375

|75 150 225 300 _375

|75 150 225 300 _375

Sowing density (grains m?) Sowing density (grains m?) Sowing density (grains m?)






