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Abstract

In rice (Oryza sativa L.), yield is related to characteristics of branches and
spikelets. To investigate the effects of late sowing date on differentiation and
degeneration of spikelets in rice, field experiments were conducted in
Chongzhou and Hanyuan, China. Differentiation and survival of branches and
spikelets in Hanyuan were lower than that of Chongzhou, whereas degenera-
tion was greater than that of Chongzhou. In Chongzhou, sowing date affected
differentiation and survival of primary, secondary, and total branches, as well as
differentiation and degeneration of secondary and total spikelets. In Hanyuan,
sowing date affected degeneration of secondary and total branches, and the
survival and degeneration of primary spikelets. Late-sown plants experienced
higher temperatures in the jointing to heading period, and there were higher
sunshine hours. Rainfall and humidity were higher in Chongzhou, but lower
in Hanyuan. Late sowing increased differentiation, degeneration, and survival
number of branches and spikelets in Chongzhou. However, in Hanyuan, late
sowing increased differentiation and degeneration of branches, but decreased
survival of branches, which reduced spikelet differentiation and degeneration,
resulting in fewer branches. Thus, the key to higher yield in Chongzhou was
to increase differentiation of spikelets, whereas in Hanyuan, it was to reduce
degeneration of branches and spikelets.
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1. Introduction

As one of the three major global cereal crops, rice (Oryza sativa L.) is the most
important and oldest food species in the genus Oryza. Nearly half of the world’s
population, including most people living in East and Southeast Asia, eat rice as a
daily staple [1]. According to the UN, the world’s population will reach 9.6 bil-
lion by 2050. If global population growth continues at its current rate without
any change in food productivity and dietary preferences, there will be severe
food shortages [2] [3]. China is a large agricultural country with a large popula-
tion. With the growth of the population, China will need to produce about 20%
more rice by 2030 in order to meet its domestic needs if rice consumption per
capita stays at the current level [4]. Therefore, increasing rice yield per unit area
is a priority.

A complex correlation exists between rice grain yield, the number of panicles,
spikelets per panicle, spikelet filling efficiency, and 1000-grain weight [5] [6].
The number of spikelets per panicle is an important factor in the final grain
yield. Degeneration of the rice panicle leads to a reduction of grains per plant,
which seriously affects the yield outcome in rice [7]. Choice of cultivar [8], ferti-
lizer management [9], environmental conditions [10] [11], and cultural practices
[12] all affect spikelet differentiation and degeneration. Differences exist in the
characteristics of branches and spikelets when different planting methods are
used [13]. Zhang et al [14] found that differentiated spikelet number per panicle
in higher order panicles, which had relatively larger panicles, was much larger at
low planting density than at high planting density, although differentiated
spikelet number per panicle in lower order panicles was similar in both planting
densities.

Sowing date is one of the most important factors influencing grain yield of
crops where growth duration is important. Xu [15] found that with delayed
sowing date, rice plants experienced higher daily average temperature, the
growth period was shortened (notably, the vegetative growth period), the num-
ber of grains per panicle decreased, and yield decreased. Pal et al [16] showed
that as sowing date was postponed, nitrogen accumulation and translocation,
and dry matter accumulation decreased. Bashir et al [17] showed that with the
postponement of sowing date, the growth and decline of tillers in the population
was uneven. Sowing time affected the differentiation and degeneration of rice
spikelets and branches in an indica-japonica rice hybrid; early sowing reduced
degeneration of spikelets, and thereby increased yield [18]. However, delayed
sowing time has become a common phenomenon in rice production because of
double-cropping and mechanized planting and transplanting in areas such as the
Sichuan basin [19]. In this region, indica rice is the main type grown. The effects
of delayed sowing on spikelet production of indica rice are unclear, and further
research is needed.

The aim of this research was to investigate the effects of delayed sowing dates
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on various yield parameters in indica rice grown under different ecological con-
ditions. Experimental parameters consisted of two different sowing dates and
four indica rice varieties. Experiments were conducted at two sites experiencing
different ecological conditions. The objectives of this study were to: 1) analyze
the characteristics of spikelets at the two sites; 2) explore the effect of sowing
date on the differentiation and degeneration of spikelets of different varieties;
and 3) to determine the underlying causes for reduced differentiation and dege-
neration of spikelets. Finally, we discuss recommendations for improving culti-

vation conditions for indicarice.

2. Materials and Methods
2.1. Study Sites and Plants

The field experiments were conducted at Chongzhou (30°33'N, 103°38'E) and
Hanyuan (29°29'N, 102°37'E), Sichuan, China, in 2017. The meteorological con-
ditions from sowing to harvest of the experimental sites were recorded (Figure
1). Topsoil characteristics of the study sites were determined (Table 1). The
plants used were two hybrid indica rice combinations: Fyou-498 (F32A x Shu-
hui498) and Yixiangyou-2115 (YixianglA x Yahui2115), and two conventional

indicarice cultivars: Huanghuazhan and Guichao-II.
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Figure 1. Climate data during the experimental period at experimental sites Chongzhou and Hanyuan, China.
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Table 1. Topsoil properties in the experimental sites in Chongzhou and Hanyuan.

Organic matter Total N Total P Total K Available N Olsen-P Available K

Site
(g/kg) (mg/kg)
Chongzhou 29.26 1.85 7.53 2485 2.93 104.25 102.93
Hanyuan 30.61 2.12 574 2456 2.77 183.65 195.14

2.2. Experimental Design

Experiments were conducted using a split-plot experimental design of two fac-
tors with three replications. The main area factor was sowing date (S). There
were two sowing dates: normal sowing date (S1) and late sowing date (S2). The
sowing dates were April 3" and May 3™ for S1 and S2 at Chongzhou, respective-
ly, and March 30" and April 29" for S1 and S2 at Hanyuan, respectively. The
sub-area factor was four cultivars/hybrids (V), which were Fyou-498 (V1), Yix-
iangyou-2115 (V2), Huanghuazhan (V3) and Guichao-II (V4). The dimensions
of each plot were 3.6 m x 7 m. The 30-day-old seedlings were transplanted at a
spacing of 30 cm X 20 cm with three plants per mound. The main plot was sepa-
rated by low, 0.3 m-wide banks inserted into the soil to a depth of 0.3 m to avoid
fertilizer and water channeling. Appropriate pesticides were used to control insects,
diseases, and weeds. Water management was conducted using high-efficiency irri-
gation. Fertilizers used were urea for nitrogen (N), superphosphate for phos-
phate (P), and potassium chloride for potassium (K) at rates of 180 kg/ha, 90
kg/ha and 180 kg/ha, respectively. Nitrogen was split-applied: 75.6 kg/ha on
basal, 32.4 kg/ha at mid-tillering, and 72.0 kg/ha at panicle initiation. Phos-
phate was applied at basal. Potassium was split equally at basal and panicle in-

itiation.
2.3. Sampling and Measurement

Meteorological data in the test field, including daily average temperature, daily
average maximum temperature, daily average minimum temperature, sunshine
duration, humidity, and rainfall during the test period, were collected by an
Agroforestry Microclimate Automatic Weather Station JZ-HB (Jinzhou Sun-
shine Meteorological Technology Co. Ltd. China).

At the heading stage, three mounds were sampled from each sub-plot accord-
ing to the average stem tiller method. Differentiation and degeneration of pri-
mary (secondary) branches and spikelets per panicle were counted. Spikelets di-
rectly attached at the primary branch were referred to as primary spikelets, and
those directly attached at the secondary branch were referred to as secondary
spikelets. The number of primary (secondary) branch (spikelet) differentiation
was the sum of its survival and degeneration.

The methods described by Tian et al [13], Kato ef al [20] and Ansari et al
[21] were used to calculate Branches Retrograded Percentage (BRP), Spikelets
Retrograded Percentage (SRP), Primary Branches Retrograded Percentage
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(PBRP), Primary Spikelets Retrograded Percentage (PSRP), Secondary Branches
Retrograded Percentage (SBRP), and Secondary Spikelets Retrograded Percen-
tage (SSRP) as follows:

BRP(%) = Branches r_etrogre§5|f3n5 100
Branches differentiations
SRP (%) = Spikelets retrogressions 100

Spikelets differentiations

Primary branches retrogressions

PBRP (%)= — _ S
Primary branches differentiations

PSRP (%) = Prlmary sp_lkelets r_etrogre§5|.ons <100
Primary spikelets differentiations

SBRP (%) = Secondary branches r.etrogre.55|.ons
Secondary branches differentiations

SSRP (%) = Secondary spikelets retrogressions <100

Secondary spikelets differentiations

Yield was measured at each plot (adjusted to a moisture content of 14% fresh
weight). The day before harvest, the yield formations from each plot were de-
termined by sampling five randomly-chosen mounds. Panicle-related data were
recorded before threshing. Filled and unfilled spikelets were separated using a
seed air separator CFY-II (Zhejiang Top Instrument Co. Ltd. China), before be-
ing counted and weighed to estimate spikelets per panicle, spikelet filling, and

grain weight.

2.4. Data Analysis

Analysis of variance was performed using the SPSS 18.0 (SPSS Inc., Chicago, IL,
USA). For the analysis, sowing date and variety were considered to be fixed
effects, and the replicates were considered to be random effects. The least signif-
icant difference (LSD) test at the 0.05 level was used to determine the difference

between the means of each treatment.

3. Results
3.1. Analysis of Meteorological Conditions

Accumulated temperatures, total rainfall and sunshine duration from trans-
planting to the heading stage of two sowing dates were recorded (Table 2).
Compared to Chongzhou, decreases in the maximum and minimum tempera-
ture, humidity, and sunshine duration from transplanting to jointing of 9%, 2%,
6%, and 6%, respectively, occurred in Hanyuan. Similarly, decreases in these pa-
rameters from the jointing to heading stage were 10%, 12%, 21%, and 16%, re-
spectively. Accumulated temperatures followed the same trend as total rainfall.
Those in Chongzhou were lower than those in Hanyuan from transplanting to

the jointing stage, while from jointing to heading stage, those in Chongzhou are
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Table 2. Climate data during the transplanting to heading stage at Chongzhou and Hanyuan, China.

Maximum Minimum Accumulated Total Rainfall L Sunshine Duration
Treatment lemperature (°C) Temperature ("C) Temperature ("C) (mm) Humidity (%RH) (h)
T-] J-H T-J J-H T-] J-H T J-H T-J J-H T-] J-H
Chongzhou
S1V1 28.15 31.92 18.26 21.80 808.40 922.17 97.50 147.10 81.75 81.74 4.01 5.33
S1V2 27.78 32.85 17.66 22.11 1117.70  967.34 115.30 221.40 82.06 81.73 4.05 6.26
S1V3 27.69 32.15 17.53 21.86 1068.00  821.28 114.80 134.60 81.82 81.26 4.10 5.53
S1V4 27.80 32.60 17.74 21.88 1142.00  826.95 115.30 175.30 82.25 81.51 3.97 5.86
S2V1 28.92 34.53 19.89 22.96 852.90 981.16 88.40 339.30 85.17 83.02 3.53 7.11
S2V2 29.37 33.97 19.97 23.06 957.90 998.79 88.40 392.00 84.70 84.28 3.87 6.64
S2v3 29.37 34.62 19.97 23.22 957.90 941.92 88.40 220.90 84.70 83.74 3.87 7.13
S2V4 29.37 34.52 19.97 23.22 957.90 816.35 88.40 339.20 84.70 83.84 3.87 7.01
Mean 28.55 33.39 18.87 22.52 982.84 909.49 99.56 246.23 83.39 82.64 391 6.36
Hanyuan

S1V1 25.30 31.77 16.73 20.74 996.80 979.38 156.10 159.40 72.10 73.69 3.33 4.68
S1V2 25.53 32.70 16.91 21.11 1108.00 1001.65 187.30 121.60 72.68 72.56 3.35 5.17
S1V3 25.50 32.44 16.94 20.92 1127.90  865.79 197.30 108.00 72.93 72.66 3.29 5.04
S1v4 25.50 32.44 16.94 20.92 1127.90  865.79 197.30 108.00 72.93 72.66 3.29 5.04
S2V1 26.13 32.74 18.35 21.01 849.90 870.87 168.70 98.90 78.12 72.50 2.29 6.28
S2v2 26.92 33.05 18.50 21.22 976.20 878.99 170.70 93.70 76.37 72.11 3.09 5.58
S2V3 26.92 33.22 18.50 21.38 976.20 885.46 170.70 89.90 76.37 71.82 3.09 5.58
S2v4 26.92 33.40 18.50 21.55 976.20 890.47 170.70 98.10 76.37 71.68 3.09 5.55
Mean 26.09 32.72 17.67 21.11 1017.39  904.80 177.35 109.70 74.73 72.46 3.11 5.37

Abbreviations: T-J: Transplanting-Jointing; J-H: Jointing-Heading.

higher than those in Hanyuan.

Sowing date affected the meteorological conditions experienced by the plants.
Compared to the normal sowing date, late sowing date leads to the increase of
maximum and minimum temperatures at transplanting to jointing, and from
jointing to heading stages at both sites. Sunshine duration followed the same
trend. From the transplanting to jointing stage, late sowing date lead to a reduc-
tion in sunshine duration by 3% to 12% and 6% to 31%, respectively. From the
jointing to heading stage, sunshine duration increased by 6% to 33% and 8 to
34%, respectively. With the exception of cultivar Fyou-498 at Chongzhou, late
sowing date lead to an accumulated temperature decrease of 10% to 16% and 12
to 15% from transplanting to jointing stage, respectively, in the two sites. With
the exception of cultivar Fyou-498 in Hanyuan, total rainfall decreased 9% to
23% and 9% to 13% from the transplanting to jointing stage, respectively, in the
two sites. They increased 64% to 131% in Chongzhou but decreased from 9% to
38% in Hanyuan from the jointing to heading stages, respectively. For humidity,
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late sowing date lead to an increase of 3% to 4% and 5% to 8% from the trans-
planting to jointing stage in Chongzhou and Hanyuan, respectively, and lead to
an increase of 2% to 3% from the transplanting to jointing stage in Chongzhou,

and a decrease of 1% to 2% from the transplanting to jointing stage in Hanyuan.

3.2. Effects of Sowing Date on Differentiation
and Degeneration of Branches

There were significant differences in the differentiation of branches between the
two sites (Table 3). At Chongzhou, the differentiated and surviving numbers of
both primary and secondary branches were higher than those at Hanyuan, which
contributed to increases of 16% and 11% in the differentiated and surviving
numbers of total branches, respectively.

The main effect and interaction of sowing date and cultivar on differentiation
and degeneration characteristics of branches varied between the two sites. At
Chongzhou, the significant effects of sowing date and cultivar was on numbers
of surviving and differentiated primary, secondary, and total branches, as well as
the retrograded numbers of secondary and total branches. Meanwhile, the inte-
raction of sowing date and genotype (cultivar) had a significant influence only
on the surviving and differentiated numbers of secondary and total branches.
Compared to the normal sowing date, 2% to 5%, 1% to 5%, 11% to 31%, and
10% to 31% increases in the surviving and differentiated numbers of primary
branches, and the retrograded numbers of secondary and total branches were
observed in Chongzhou, respectively. With the exception of Yixiangyou-2115,
late sowing date also significantly increased numbers of surviving and differen-
tiated secondary and total branches at Chongzhou. Furthermore, even though
late sowing date significantly increased degeneration of branches, it also pro-
moted differentiation of branches, which contributed to the highest number of
surviving branches in cultivar Fyou-498. At Hanyuan, the effect of genotype
(cultivar) on differentiation and degeneration characteristics was significant.
However, sowing date only had obvious effects on the degeneration and percen-
tage of secondary branches, and the degeneration of total branches. Only signif-
icant interactions of sowing date and cultivar on the degeneration and percen-
tage of secondary and total branches were recorded. Compared to the normal
sowing date, with the exception of cultivar Yixiangyou-2115, late sowing date
resulted in improvements of 4% to 24% and 3% to 19% in the retrogressed and
retrograde secondary branches, respectively, leading to 3% to 24% increase in
the degeneration of total branches at Hanyuan. These results indicated that late
sowing date could improve branch differentiation at Chongzhou, but branches

retrogressed at Hanyuan.

3.3. Effects of Sowing Date on Differentiation
and Degeneration of Spikelets

It can be seen from Table 4 that survival and differentiation number of primary
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and secondary spikelets in Chongzhou were higher than those in Hanyuan,
which contributed to the 21% and 17% increases in the differentiated and sur-

viving numbers of total spikelets, respectively.

Table 3. Number of retrograde, surviving, differentiated and retrograde percentage of branches of rice in different ecological sites

and at different sowing dates.

Primary branches Secondary branches Branches
o0 L :‘3 L 80 L :?3 L O o0 L :‘3 L
a 8 <8 838 3P s 3 =8 823 I X a g <8 838 3P
& 5 & 5 E9 BES ET % S ERG HEe £ S & S 28 HEo
Treatment E 2 ® 8 sE &3s& Fog & & sg 88 g & & gg &g
58 £ &8 £5 5 8 - &8 £3 58 £ &8 £5
@ L e g2 2 a » 2 g ° gL g & @ L & ° g2 2 a
a A a
Chongzhou
S1V1 12.47° 0.008? 12.48° 0.067° 44.88° 18.45° 63.33*  29.12%  57.35° 18.46° 75.81°  24.34®
S1V2 11.53%  0.008*  11.54%  0.073° 38.30¢ 13.13¢ 51.43¢ 25.53° 49.83¢ 13.14¢ 62.97°  20.86"
S1V3 12.18%  0.051* 1223  0.421®  44.18° 18.52°  62.70*  29.66°  56.36" 18.57°  74.93%  24.88®
S1V4 11.20¢ 0.095* 11.29°  0.851* 37.00¢ 16.71° 5371  31.02%°  48.19¢ 16.80° 65.00¢ 25.80°
S2vV1 13.05*  0.056* 13.100 0427  53.02*  24.21* 7723 31.36°  66.06°  24.27° 69.68 26.87°
S2V2 12.03%¢  0,033*  12.07  0.272®  34.07°  15.35>  49.41°  31.06"  46.10° 1538  90.33*  25.02®
S2V3 12.38°  0.028° 12.41° 0222 51.24° 2238 73.62°  30.38°  63.62°  22.41° 61.48°  26.03°
S2V4 11.80°¢  0.074°  11.87°  0.622°  43.67° 18.48°  62.15*  29.79®  5547° 18.55° 86.03°  25.10%
Mean 12.08 0.044 12.12 0.369 43.29 18.40 61.70 29.74 55.37 18.45 73.82 24.86

S 16.98** 0.07 20.48** 0.05 14.65%*  19.78%*  47.93** 2.36 16.45%*  19.90**  50.51** 3.17

F-value V 23.61%* 2.24 26.30%* 2.61 27.85%%  17.52*%*  67.28** 0.68 29.66**  17.59**  69.38** 1.64

SxV 065 0.94 0.94 0.87 6.33%* 1.41 9.40%* 1.46 5.77%* 1.44 8.76** 1.06
Hanyuan

S1V1 11.75®  0.029°  11.78®  0.250° 44.60° 16.92¢  61.52° 27.54¢ 56.35° 16.95¢ 73.30* 23.15¢
S1V2 10.20¢  0.124*  10.33¢ 1.22% 28.20¢ 13.65¢ 41.85°  32.64¢  38.41° 13.77 52.18°  26.42%
S1V3 11.20°  0.102%  11.30°  0.912>  41.05®  21.16° 62.21°  34.03>  52.24° 21.26° 73.50° 28.94°
S1V4 10.54%¢  0.464° 11.00¢ 4.24° 34.90¢ 18.87¢ 53.77°  35.14%  45.44° 19.34¢ 64.78° 29.89°
S2V1 11.45%  0.050°  11.50*°  0.445% 4295  20.96" 63.91° 32.34 54.40°  21.01% 65.94 27.86%
S2V2 10.00¢  0.061>*  10.06°  0.614>  29.05¢ 12.40f 41.46° 3279 39.05¢ 12.478 75.41°  24.28%
S2V3 11.93*  0.075" 12.00°  0.624*  39.56" 24.96° 64.52°  30.04%  51.49° 25.03° 51.51¢ 32.74°
S2V4 11.20%  0.253°  11.45%  2.23P 34.91¢ 19.61° 54.52° 38.74°  46.10°  19.86%  76.52° 30.12°
Mean 11.03 0.145 11.18 1.32 36.90 18.57 55.47 33.37 47.93 18.71 66.64 27.92
S 2.14 2.45 1.50 2.67 0.30 32.13** 1.17 8.48* 0.099  29.12** 1.32 8.78*%*

F-value V 21.95%*  10.78**  31.34**  9.85%*  40.81*%* 164.27** 74.80**  18.83**  43.55"* 161.89** 77.30**  27.12**

SxV 3.31* 1.29 4.22* 1.32 0.34 15.49** 0.33 6.68** 0.322 15.79** 0.41 8.12%*

Each index represents per panicle. Values within a row followed by a different small letter are significantly different at P < 0.05. **Significant at the 0.01
probability level; *Significant at the 0.05 probability level. The same below.
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Table 4. Number of retrograde, surviving, differentiated and retrograde percentage of spikelets of rice in different ecological sites

and different sowing dates.

Primary spikelets Secondary spikelets Spikelets
0 [ 3 (7Y VL QO 0 Q % [} L O 0 Q % v LV QO
£8 FE €3 Ef_ fE EE 23 Fg_ g8 FE 23 FE_
Treatment E&_’ %"’,&: g'?:i §°§§3 E.&: §°§ gi ?§§ E% :?Dvg‘.: %f—i ?30§§
2 & g8 ge 3§ 28 T & E° %5 S 8% g9 3§
£ [ AT & A » ~ AT & & © ~ AT & a
Chongzhou
S1V1 69.73°  6.97% 76.69° 9.10°  179.99°  27.10¢¢  207.09°  13.05%  249.71° 34.07°¢ 283.78"  11.98%
S1V2 64.69< 1.17% 65.86° 1.77¢ 141.06%  31.13%*  172.19° 18.07*  205.75¢ 32.29%¢ 238.05¢¢ 13.57°
S1V3 63.67°9  4.80¢¢  68.47° = 698> 15554«  2159¢  177.14° 12.34°  219.21¢  26.40% 24561  10.79¢
S1V4 63.79<  3.26% 67.05° 4904 139.97¢ 2094 16091« 12.98%  203.76¢  24.20° 227.95%  10.64¢
S2v1 70.47° 8.56° 79.03° 10.83*  206.14*  58.71°  264.84° 22.26" 276.61° 67.26°  343.87°  19.60°
S2V2 66.73% 0.898 67.62° 1.33¢ 111.07¢  34.88> 14595¢  2391*° 177.81° 3577 213.57° 16.75®
S2V3 62.67¢ 6.00  68.67° 874 17505 3531° 210.36° 16.77% 23772  41.31°  279.03°  14.78"
S2V4 68.49° 2,78 71.2° 3.90%  151.12¢  32.00°  183.12°  17.47° 219.60 34.78>  254.39° 13.67°¢
Mean 66.28 430 70.58 5.94 157.49 32.71 190.20 17.11 223.77  37.01 260.78 13.97
S 3.33 1.58 8.10* 0.76 1.71 68.01%  17.35%*%  3541** 2.68 70.07%%  21.52%F  36.91**
F-value V 10.41%  51.51%%  43.93%%  40.06**  31.13**  16.15%*  41.68**  8.37**  3531%*  2532%f 5569%*  5.85%*
SxV 1.83 1.64 1.23 1.51 6.05**  10.51%*  11.41%* 1.20 586**  11.65**  11.80** 2.15
Hanyuan
S1V1 60.80°  10.79°  71.60° 15.06°  177.95*  29.68°  207.63*  14.34¢  238.75* 4047 279.23*  14.51¢
S1V2 57.12% 2794 59.91¢ 470 101.71% 37.13> 138.58%¢  26.85° 158.84) 3992  198.49¢ 20.16¢
S1V3 51.27¢  7.94%  59.15%  13.42°  143.36°  51.32°  194.67® 26.30°  194.57°  59.25*  253.83>* 23,32
S1V4 54,55 7.63¢ 62.18  12.29®  122.46°  32.27°  154.73°  20.83* 177.01™  39.90* 216.91%  18.4>
S2V1 59.17%¢ 945 68,58  13.79°  167.27*°  37.37°  204.65° 18.24%  226.40° 46.82° 273.22® 17.13
S2Vv2 54.84< 1.01¢ 55.85¢ 1.83¢ 100.80°  32.01  132.81¢ 24.27° 155.64¢  33.03° 186.66° 17.60%
S2V3 59.05%  6.64° 65.68"  10.13*  130.62 53.31°  183.93°  28.82°  189.66° 59.95°  249.61°  23.87°
S2V4 63.76 4,034 67.79° 6.00°  120.17°¢ 3837  158.54° 24.32  183.93" 4240 226.33¢ 18.76"
Mean 57.57 6.29 63.84 9.65 133.04  38.93 171.94  23.00 190.60 4522 235,54 19.22
S 9.61**  25.46%* 2.15 26.36** 2.49 0.92 0.70 1.55 0.58 0.06 0.30 0.049
F-value V 5.00% 74120 39.81%*  50.97**  51.07**  10.40%* 45647  11.12%%  50.12%*  12.87**  54.50%*  8.74**
SxV 833 1.86 11.97%* 245 0.49 1.06 0.42 1.03 0.80 0.99 0.74 0.952

The main effects and interactions of sowing date and cultivar on spikelet dif-
ferentiation and degeneration were compared, and it was found that there were
differences between the two sites. At Chongzhou, there was a significant effect of
sowing date on the numbers of retrogressed and differentiated secondary and

total spikelets. The effect of cultivar significantly influenced survival, differentia-
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tion, and degeneration of primary, secondary, and total spikelets. The interac-
tion between sowing date and cultivar significantly influenced the surviving, dif-
ferentiated, and retrograded numbers of secondary and total spikelets. Com-
pared to the normal sowing date, 0.3% to 6%, 12% to 117%, and 11% to 97% in-
creases in the differentiated numbers of primary spikelets, and the retrograded
numbers of secondary and total spikelets were observed in Chongzhou, respec-
tively. Consistent with the trend of branches in Chongzhou, with the exception
of cultivar Yixiangyou-2115, late sowing date also significantly increased the
numbers of surviving and differentiated secondary and total spikelets. Late sow-
ing resulted in a decrease in spikelet differentiation and an increase in degenera-
tion of cultivar Fyou-498, eventually resulted in the lowest number of surviving
spikelets. The main effect of cultivar on differentiation and degeneration cha-
racteristics of spikelets was significant in Hanyuan. However, sowing date had
obvious effects only on the survival, degeneration and percentages of primary
spikelets. Significant interactions between sowing date and cultivar on survival
and differentiation of primary spikelets were recorded. Compared to the normal
sowing date, the later sowing date leads to decreases of 12% to 64% and 8% to
61% decrease in the degeneration and retrograded percentage of primary spike-
lets, respectively. With the exception of cultivar Yixiangyou-2115, late sowing
date resulted in 4% to 26% and 1% to 16% improvement in the degeneration of
secondary and total spikelets, respectively. With the exception of cultivar Gui-
chao II, late sowing date leads to 1% to 6%, 2% to 5%, 1% to 6%, and 2% to 6%
decreases in survival and differentiation of secondary and total spikelets, respec-
tively. These results showed that late sowing could improve the differentiation
and degeneration of total spikelets in Chongzhou but decreased the differentia-

tion and survival of total spikelets in Hanyuan.

3.4. Relationship of Branch and Spikelet Characteristics
to Climatic Factors

Correlation analysis showed that relationships between branch and spikelet
traits with climatic factors varied at Chongzhou and Hanyuan. The degeneration
and retrograded percentages of total and secondary spikelet numbers were sig-
nificantly positively correlated with most climatic factors. At Chongzhou (Table
5), the degeneration and retrograded percentage of secondary and total spikelets
were significantly positively correlated with all climatic factors. The number of
retrogressed and differentiated secondary branches was significantly positively
correlated with the maximum temperature and average temperature. The num-
ber of retrogressive and differentiated total branches was also significantly posi-
tively correlated with the average temperature and temperature difference.

At Hanyuan (Table 6), the maximum temperature, average temperature,
temperature difference and rainfall were significantly positively correlated with
the retrograded percentage of secondary, total branches and secondary spikelets.

In contrast, they were significantly negatively correlated with the degeneration
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Table 5. Effect of climatic factors during jointing to heading on the branch and spikelet characteristics of rice in Chongzhou.

Maximum  Minimum Average  Temperature _ . ... Accumulated Total Sunshine

Branch and spikelet characteristics Temperature Temperature Temperature Difference Rainfall Humidity Temperature Rainfall Duration
(o) (o) (o) co ORIy am)
Surviving branches 0.359 0.297 0.374 0.411* 0.223 0.126 0.100 —-0.042 0.341
Retrograde branches 0.442 0.381 0.445* 0.486* 0.329 0.245 0.038 0.088 0.394
Differentiated branches 0.412* 0.346 0.424* 0.465* 0.276 0.178 0.084 0.003 0.383
Branches retrograded percentage 0.281 0.262 0.275 0.284 0.255 0.237 -0.096 0.148 0.217
Surviving spikelets 0.152 0.065 0.156 0.250 -0.010  -0.082 0.107 -0.122  0.143
Retrograde spikelets 0.603** 0.523** 0.598** 0.659** 0.462* 0.403 0.548** 0.505%  0.607**
Differentiated spikelets 0.313 0.221 0.314 0.406* 0.144 0.069 0.261 0.072 0.307
Spikelets retrograded percentage 0.674** 0.646** 0.675** 0.660**  0.611**  0.601** 0.659** 0.713**  0.678**
Surviving primary branches 0.287 0.298 0.327 0.252 0.207 0.243 0.413* 0.178 0.243
Retrograde primary branches 0.088 0.03 0.055 0.154 0.051 0.016 —406* 0.065 0.065
Differentiated primary branches 0.302 0.309 0.341 0.272 0.218 0.249 0.39 0.188 0.256
Primary branches retrograded percentage 0.082 0.024 0.046 0.148 0.052 -0.016 —-0.427* 0.055 0.059
Surviving secondary branches 0.357 0.290 0.370 0.416* 0.220 0.113 0.070 -0.060  0.342
Retrograde secondary branches 0.441* 0.381 0.445% 0.485* 0.328 0.246 0.043 0.087 0.394
Differentiated secondary branches 0.413* 0.344 0.423* 0.470 0.276 0.171 0.065 -0.008  0.385
Secondary branches retrograded percentage 0.229 0.230 0.224 0.210 0.233 0.248 —-0.059 0.193 0.164
Surviving primary spikelets 0.145 0.160 0.168 0.117 0.095 0.191 0.213 0.377 0.106
Retrograde primary spikelets 0.054 -0.011 0.061 0.132 -0.078 -0.121 0.060 -0.229  0.016
Differentiated primary spikelets 0.133 0.106 0.153 0.157 0.022 0.065 0.184 0.134 0.083
Primary spikelets retrograded percentage 0.040 -0.024 0.046 0.118 -0.084 -0.137 0.006 -0.285  0.001
Surviving secondary spikelets 0.142 0.050 0.143 0.247 -0.021  -0.108 0.087 -0.170 0.136
Retrograde secondary spikelets 0.661** 0.586** 0.653** 0.706**  0.534**  0.478** 0.598** 0.617**  0.674**
Differentiated secondary spikelets 0.327 0.229 0.326 0.429* 0.155 0.067 0.263 0.062 0.327
Secondary spikelets retrograded percentage 0.638** 0.647** 0.640** 0.579**  0.636™*  0.664** 0.658** 0.822**  0.649**
Table 6. Effect of climatic factor during jointing to heading on the branches and spikelets characters of rice in Hanyuan.
Maximum  Minimum Average  Temperature Accumulated Total Sunshine

Rainfall Humidity

Temperature Temperature Temperature Difference (%RH)

Branch and spikelet characteristics Temperature Rainfall Duration

(mm)

QY Q) Q) Q) Q) (mm) (b)
Surviving branches -0.39 0.394 —-0.404 -0.36 —-0.413*  0.388 —-0.147 0.288 —-0.004
Retrograde branches 0.191 -0.229 0.186 0.178 0.179 -0.256 —0.498* -0.327 0.239
Differentiated branches -0.193 0.181 -0.205 -0.178 -0.214  0.166 -0.302 0.068 0.094
Branches retrograded percentage 0.521** 0.486* 0.521** 0.513*  -0.556** -0.600** -0.502*  -0.603**  0.272
Surviving spikelets 0.499* 0.551** -0.517** -0.455*  —0.535** 0.541** 0.059 0.474*  0.002
Retrograde spikelets 0.09 -0.178 0.089 0.066 0.105  —0.152 -0.278 -0.222  0.074
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Continued

Differentiated spikelets

Spikelets retrograded percentage
Surviving primary branches

Retrograde primary branches
Differentiated primary branches

Primary branches retrograded percentage
Surviving secondary branches
Retrograde secondary branches
Differentiated secondary branches
Secondary branches retrograded percentage
Surviving primary spikelets

Retrograde primary spikelets
Differentiated primary spikelets

Primary spikelets retrograded percentage
Surviving secondary spikelets

Retrograde secondary spikelets
Differentiated secondary spikelets

Secondary spikelets retrograded percentage

-0.411* 0.428* —-0.427* -0.380 —0.438%  0.428* -0.04 0.345 0.026
0.350 0.300 0.345 0.370 —0.445* -0.418* —-0.243 —-0.434*  0.045
-0.072 0.205 -0.121 -0.025 -0.204 0.118 -0.071 0.153 0.060
0.068 -0.072 0.068 0.061 0.070 -0.138 —-0.248 -0.148 -0.175
-0.063 0.206 -0.115 -0.014 -0.204 0.096 -0.133 0.132 0.019
0.054 -0.066 0.055 0.044 0.062 -0.123 -0.231 -0.138  -0.183
—0.420% 0.409* —0.429* -0.393 —0.430*  0.413* -0.153 0.298 -0.011
0.189 -0.226 0.184 0.176 0.177 -0.251 —0.489* -0.321 0.247
-0.201 0.177 -0.209 -0.189 -0.213 0.169 0.313 0.062 0.099
0.601** -0.617** 0.598** 0.565** 0.581** —0.667** —0.443% -0.636**  0.285
0.298 0.077 0.220 0.383 0.045 -0.137 0.269 0.135 0.209
—-0.633** 0.564** —0.637*%* -0.614**  —0.609** 0.607** -0.050 0.451*  —-0.165
-0.159 0.419% -0.224 -0.078 —0.348 0.273 0.193 0.396 0.057
—-0.631** 0.517** —-0.626%* —0.624**  —-0.577** 0.577** -0.115 0.392 -0.191
—-0.567** 0.562 —-0.573** —0.533*%*  -0.563** 0.585** 0.020 0.473*  -0.031
0.304 -0.376 0.304 0.272 0.312 -0.361 —-0.281 -0.385 0.133
—0.435% 0.407* —0.441* -0.414*  -0.431* 0.433* -0.078 0.318 0.017
0.570** —-0.600** 0.569** 0.530** 0.561** —-0.607** —-0.146 —-0.535%*  0.112

and retrograded percentage of primary spikelets, the surviving and differentiated
number of secondary and total spikelets. The minimum temperature, humidity
and total rainfall showed a significant negative correlation with the retrograded
percentage of total branches, secondary branch and spikelet, and significant pos-
itive correlation with the survivor and differentiation number of secondary and

total spikelets, the degeneration and retrograded percentage of primary spikelet.

3.5. Relationship between Branch and Spikelet Characteristics
with Yield and Yield Components

From the data presented in Table 7, it can be seen that the branch and spikelet
traits in Chongzhou correlated with yield and its components. The number of
spikelets per panicle in Chongzhou was significantly positively correlated with
the branch and spikelet traits. The effective panicles were significantly negatively
correlated with the retrogressed and retrograded percentage of secondary and
total spikelets. The thousand-grain weight was significantly negatively correlated
with the survival, differentiation and degeneration of secondary and total
branches, the rate of degeneration, and degeneration of primary spikelets. There
was no significant correlation between the yield and degeneration of branches,
but there was a significant positive correlation between the yield and the diffe-
rentiation and survival of spikelets, which indicates that promoting differentia-
tion of spikelets in Chongzhou is the key to increasing yield there.
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Table 7. Effect of yield and yield components on branches and spikelets characters of rice in Chongzhou.

Branch and spikelet characteristics

Surviving branches

Retrograde branches

Differentiated branches

Branches retrograded percentage
Surviving spikelets

Retrograde spikelets

Differentiated spikelets

Spikelets retrograded percentage
Surviving primary branches

Retrograde primary branches
Differentiated primary branches

Primary branches retrograded percentage
Surviving secondary branches
Retrograde secondary branches
Differentiated secondary branches
Secondary branches retrograded percentage
Surviving primary spikelets

Retrograde primary spikelets
Differentiated primary spikelets

Primary spikelets retrograded percentage
Surviving secondary spikelets

Retrograde secondary spikelets
Differentiated secondary spikelets

Secondary spikelets retrograded percentage

Effective panicles Number of spikelets Setting Thousand grain  Grain yield
(x10%*/ha) per panicle percentage (%) weight (g) (t/ha)
-0.034 0.795%* -0.076 —0.592*%* 0.145
-0.037 0.710%* -0.075 —-0.586** 0.010
-0.037 0.816** -0.080 —-0.628** 0.105
0.01 0.277 -0.036 0.272 -0.326
-0.268 0.876** -0.208 -0.393 0.460*
—0.527** 0.614** -0.330 0.022 0.339
-0.376 0.868** -0.266 -0.292 0.461*
-0.511* -0.152 -0.296 0.168 0.262
—-0.409* 0.778** -0.075 -0.24 0.261
0.217 -0.186 -0.163 -0.109 -0.184
-0.399 0.782%* —-0.088 -0.258 0.249
0.240 -0.213 -0.161 -0.108 -0.207
0.001 0.779** -0.074 —-0.610%* 0.132
-0.040 0.713** -0.073 —0.585%* 0.013
-0.015 0.807** -0.079 —0.642** 0.096
-0.035 0.152 -0.019 -0.191 -0.17
—-0.630** 0.424* —0.585%* 0.343 0.439*
-0.221 0.904** -0.06 —-0.504* 0.389
—-0.570** 0.815%* —0.446* —-0.047 0.530**
-0.126 0.871** 0.003 —0.577** 0.317
-0.207 0.864** -0.149 —0.449* 0.429*
—0.537** 0.476* -0.355 0.141 0.288
-0.339 0.848** -0.235 -0.316 0.438*
—0.474** —-0.069 -0.277 0.490* 0.010

At Hanyuan, thousand-grain weight was significantly negatively correlated
with branch and spikelet traits (Table 8). There is a significant positive correla-
tion between the effective panicles and the retrogressed and retrograded percen-
tage of secondary and total branches and secondary and total spikelets. The
number of spikelets per panicle was significantly positively correlated with the
survival and differentiation of branches and spikelets. There was a negative cor-
relation between the yield at Hanyuan and the retrogressed and retrograded
percentage of secondary and total branches and spikelets. This indicates that the
key to increasing yield is to reduce degeneration of spikelets and branches by
ensuring the proper amount of spikelet differentiation under the ecological con-

ditions present at Hanyuan.
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Table 8. Effect of yield and yield components on branches and spikelets characters of rice in Hanyuan.

Branch and spikelet characteristics

Surviving branches

Retrograde branches

Differentiated branches

Branches retrograded percentage
Surviving spikelets

Retrograde spikelets

Differentiated spikelets

Spikelets retrograded percentage
Surviving primary branches

Retrograde primary branches
Differentiated primary branches
Primary branches retrograded percentage
Surviving secondary branches
Retrograde secondary branches
Differentiated secondary branches
Secondary branches retrograded percentage
Surviving primary spikelets

Retrograde primary spikelets
Differentiated primary spikelets

Primary spikelets retrograded percentage
Surviving secondary spikelets

Retrograde secondary spikelets
Differentiated secondary spikelets

Secondary spikelets retrograded percentage

Effective panicles Number of spikelets Setting Thousand grain Grain yield

(x10%/ha) per panicle percentage (%) weight (g) (t/ha)
0.014 -0.417* 0.173 —0.557** 0.247
0.488* —-0.154 -0.019 —-0.866** -0.482*
0.206 0.661** 0.112 —0.735%* -0.024
0.607* 0.504* —-0.185 -0.38 —-0.676**
-0.300 0.807** 0.143 -0.271 0.521**
0.573** -0.057 0.111 —0.746** -0.364
-0.079 0.694** 0.160 —-0.481* 0.341
0.684** 0.445* 0.032 —-0.490* —0.525%*
0.106 0.455* 0.061 —0.599** 0.044
0.233 -0.321 -0.224 -0.117 -0.314
0.168 0.411* 0.013 -0.670** -0.026
0.222 -0.324 -0.207 -0.097 -0.299
0.002 -0.417* 0.183 —0.541** 0.267
0.479* -0.154 -0.010 —0.863** —-0.470%
0.208 0.661** 0.118 —0.734** -0.023
0.588** 0.181 -0.207 —0.582** —0.822**
-0.413* 0.397 -0.399 0.160 0.180
—-0.047 0.649** 0.243 —-0.506* 0.358
-0.362 0.718** -0.163 -0.182 0.365
0.070 0.548** 0.267 —0.575** 0.267
—-0.250 0.780** 0.209 -0.307 0.515
0.628** -0.274 0.038 —0.631** -0.507*
-0.023 0.649** 0.210 —-0.508* 0.317
0.569** —-0.661** -0.097 -0.222 —0.647%*

4. Discussion

With the decrease of cultivated land area, efficient use of cultivated land has be-
come a priority focus of research. The planting pattern of the double-cropping
system has effectively improved land utilization rate, but it delays the sowing
date of rice [22]. There has been a lot of research done on the influence of cli-
mate change on rice growth stage caused by postponing sowing date [23]. Due to
the difference between experimental sites and sowing time, results vary. When
sowing date is delayed, accumulated temperature and sunshine duration for
growth stages are significantly reduced [24]. Xing ef al [25] and Hadgu et al
[26] found that when the sowing date was delayed, the daily average temperature

during the filling and setting period of rice decreased, the daily average temper-
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ature difference increased slightly, and the daily average sunshine duration
showed a downward trend. The results of this study indicated that the effects of
sowing date on climate varied depending on the site and ecological conditions.
Sowing date can play a critical role in optimizing the use of environmental fac-
tors like temperature during crop growth to favorably influence yield and quality
characteristics [27]. In this experiment, late sowing increased the daily maxi-
mum temperature, daily minimum temperature, and sunshine duration from the
jointing to heading stage. Total rainfall and humidity in Chongzhou increased,
while the total rainfall and humidity were decreased in Hanyuan (Table 2).
Choice of sowing date will inevitably influence plant growth due to availability
of different environmental factors such as temperature and light [17]. With a
delay in rice sowing date, nitrogen accumulation and transportation, and dry
matter accumulation decrease, resulting in a shorter growth period and a de-
crease in yield [15] [16] [28]. With a delay in sowing date, the vegetative growth
period shortens, which leads to acceleration of the growth process from sowing
to heading, and shortening of the growth days [29]. Delaying sowing also re-
duced plant height, leaf area, root biomass and tillering, and total biomass [30]
[31]. It also influenced the duration of the differentiation of branch spikelets,
thus affecting the formation of spikelets [29]. In the current study, plants sown
late experienced an increased daily maximum temperature from the jointing to
heading stages and increased the differentiation and degeneration of branches at
both sites. Late sowing date increased differentiation and degeneration of spike-
lets in Chongzhou, whereas these effects decreased at Hanyuan. Correlation
analysis revealed that degeneration and retrograded percentages of secondary
and total spikelets in Chongzhou were significantly positively correlated with all
meteorological factors. Retrograded percentage of primary spikelets, secondary
spikelets, secondary and total branches in Hanyuan was significantly correlated
with temperature, temperature difference, rainfall and humidity. Fu et al [32]
found that high temperatures decreased spikelet differentiation in rice. Our
findings were similar, confirming that environmental changes influenced by
sowing date affect differentiation and degeneration of spikelets and branches.
Yield is closely linked to number of spikelets per unit area, which varies with
genotype and environment [33]. Decrease in the number of grains per panicle is
the main factor reducing yield in rice that is sown late [34]. Late sowing, short-
ened the growth period of the plant which reduced the number of kernels per
panicle compared to rice sown earlier, resulting in a decline in yields [17] [35].
In this experiment, the delay in sowing date resulted in a decrease in the diffe-
rentiation of total spikelets in Hanyuan. This is in accordance with other re-
search [18], which found a delay of sowing date caused a significant decrease in
total spikelets per panicle, especially the differentiation of the secondary spikelet.
The delay of sowing date lead to an increase in differentiation of total spikelets
in Chongzhou, and the differentiation of total branches per panicle at both sites

increased significantly. The number of branches and spikelets per panicle not
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only depends on the number of differentiated branches and spikelets at the early
differentiation stage, but also on the number of retrogressed branches and
spikelets at the late differentiation stage [36] [37]. Late sowing led to a reduction
in the number of degenerations of total branches and spikelets at both sites. This
resulted in an increase in the survival number of total branches and spikelets in
Chongzhou, but a decrease in Hanyuan.

Zhong et al. [38] pointed out that the differentiation and formation of panicle
branches and spikelets related to index characters should be improved mainly
through cultivar breeding, while the degeneration-related index characters of
panicle branches and spikelets are likely to be optimized through improved cul-
tivation conditions. We found that there was no significant correlation between
the yield at Chongzhou and the differentiation and degeneration of branches,
but there is a significant positive correlation between the yield and the differen-
tiation and survival of spikelets (Table 7). The differentiation and survival of to-
tal branches and total spikelets at the late sowing date was highest, but the in-
crease of rainfall in the late stage was not conducive to grain filling and devel-
opment, which resulted in a decrease in grain yield. This indicates that the key to
increasing yield at Chongzhou is to increase the differentiated number of spike-
lets. However, there is a negative correlation between the yield in Hanyuan and
the degeneration of branches and spikelets, which indicates that on the basis of
spikelet differentiation, reducing the degeneration of branches and spikelets is
the key to yield increase. Therefore, selection of sowing time should consider
that the period of grain filling should avoid the period of high temperatures, and
high rainfall, so as to achieve the maximum yield.

5. Conclusion

The number of spikelets per panicle is one of the most important components of
rice yield, and this component was significantly influenced by ecological condi-
tions. Our study showed that differentiation and degeneration of rice were not
only affected by ecological conditions, but also by sowing date. When sowing
date was delayed, the differentiation of total spikelets in Hanyuan decreased,
while in Chongzhou it increased, and the differentiation of total branches per
spike at both sites increased significantly. The number of retrograde branches
and spikelets in both Chongzhou and Hanyuan increased, resulting in an in-
crease in the survival number of branches and spikelets in Chongzhou, but a de-
crease in Hanyuan. This indicates that the key to increasing yield at Chongzhou
is to increase the differentiation number of spikelets, and for Hanyuan, reducing

the degeneration of branches and spikelets is the key to yield increase.
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