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Abstract

The architecture of rice plant represents important and complex agronomic traits, such as panicles morphology, which 

directly influence the microclimate of rice population and consequently grain yield. To enhance yield, modification of plant 

architecture to create new hybrid cultivars is considered a sustainable approach. The current study includes an investigation 

of yield and microclimate response index under low to high plant density of two indica hybrid rice R498 (curved panicles) 

and R499 (erect panicles), from 2017 to 2018. The split-plot design included planting densities of 11.9–36.2 plant/m2. The 

results showed that compared with R498, R499 produced a higher grain yield of 8.02–8.83 t/ha at a higher planting density 

of 26.5–36.2 plant/m2. The response index of light intensity and relative humidity to the planting density of R499 was higher 

than that of R498 at the lower position of the rice population. However, the response index of temperature to the planting 

density of R499 was higher at the upper position (0.2–1.4%) than at the lower position. Compared with R498, R499 at a 

high planting density developed lower relative humidity (78–88%) and higher light intensity (9900–15,916 lx) at the lower 

position of the rice population. Our finding suggests that erect panicles are highly related to grain yield microclimatic con-

tributors under a highly dense rice population, such as light intensity utilization, humidity, and temperature. The application 

of erect panicle rice type provides a potential strategy for yield improvement by increasing microclimatic conditions in rice.

Keywords Environmental condition · Ear of rice · Canopy · Ecological niches · Climatic factors

Introduction

Rice (Oryza sativa L.) is one of the essential cereal crops, 

supplying more than 21% of the nutritional needs of the 

world population. It is a staple food in Asia, accounting for 

approximately 47.8% in productivity and 38.5% in planting 

areas of total cereal crops worldwide (Chen et al., 2019). 

Increasing planting area or improving grain yield per unit 

area was the general method to produce more food to ensure 

global food security. However, according to d’Amour et al. 

(2017)’s urban expansion will result in a 1.8–2.4% loss 

of global croplands by 2030, and approximately 80% of 

global cropland loss will take place in Asia and Africa due 

to climate change and worldwide urbanization. Shi et al. 

(2016) reported that the widespread urban expansion in 

China has consumed 33,080  km2 of agricultural land dur-

ing 2000–2013. Therefore, increasing the yield per unit area 

has become a heated debate on rice research.

Like different irrigation methods, fertilizer and planting 

density also had a significant impact on the microclimate of 

rice population which ultimately impact the panicle number 

per unit area, spikelet number per panicle, percentage of 

filled grains, and 1000-grain weight of rice, which at last 

determine the yield of rice per unit area. Conventional nitro-

gen and phosphorous fertilizer relieved the nutrition stress 

on the rice yield, which helped rice to build a better micro-

climate in rice population and helped the farmer to produce 
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more grain yield in rice fields during the last 20 years world-

wide (Yang et al., 2018). Besides water and fertilizer, plant-

ing density also had a great impact on the rice population 

in the field. Previous studies proved that dense planting has 

been recommended as a promising practice for achieving 

greater grain yield, and it is recommended as a practice for 

achieving greater grain yield with fewer resource inputs for 

rice (Huang et al., 2018), wheat (Triticum aestivum L.) (Li 

et al., 2016), canola (Brassica napus L.) (L. Wang et al. 

2015), and maize (Zea mays L.) (Shi et al., 2016).

More attention has been paid globally to regulating suit-

able and competitive relationships among plants to increase 

grain yield by modifying planting density (D. Wang et al., 

2014). The previous studies focused on the relationship 

between dense planting and yield, most studies concluded 

that dense planting resulted in low yield as compared to 

sparse planting (Huang et al., 2009; Nakano et al., 2012). 

Similar results were found by Clerget et  al. (2016) and 

Huang et al. (2018), in which they found an increase of den-

sity from 15 to 40 plant/m2 resulted in low rice grain yield. 

However, previous studies have also found that increasing 

planting density can reduce weight per panicle and the total 

number of grains (Hayashi et al., 2006; Nakano et al., 2012). 

Lu et al. (2020) believe that planting density only has a sig-

nificant impact on effective panicle number, seed setting 

rate, and grain number per panicle.

From full heading to maturity, the canopy of the rice 

population is always occupied by panicles. With an increase 

in the panicle bending angle and planting density, the pan-

icle shading area and canopy enclosure result in reduced 

light transmittance that leads to low light energy utiliza-

tion efficiency, which is not favorable for the heading and 

mature stage of rice (Yang et al., 2018). Besides planting 

density, the bending angle of the panicle is another key fac-

tor that affects the shading of the panicle on the canopy of 

the rice population. Compared with a curved panicle, an 

erect panicle provides more free space for the canopy and 

lets more light reach the lower part of the rice population. 

Chen et al. (2014) proposed that designing crop canopies 

to make the maximum use of solar radiation and periods 

with favorable temperatures is critical to improving yield 

with less input, which could be achieved by bringing erect 

panicle rice types into practice. At present, japonica rice, 

which has an erect or semi-erect panicle, is broadly being 

planted in Northeast China (Liang et al., 2017; Zhao et al., 

2016). Generally, the erect panicles found in the japonica 

rice types, and the curved panicle are reported in the indica 

rice types. However, with the development of crossbreeding 

technology, some new erect panicle rice has been reported in 

the indica rice. In this study, one erect panicle indica hybrid 

rice R499 produced in a previous study from indica hybrid 

rice R498 (Yang et al., 2018) was assessed for yield and 

microclimatic response under low to high planting density. 

This erect panicle indica rice has a different canopy structure 

from the curved panicle rice; reasonably using this in dif-

ferent ways can help farmers to build a better and healthier 

population to produce more food in a unit area.

This paper aims to understand the differences between 

erect panicles and curved panicles rice types in the micro-

climate response of rice population to planting density by 

investigating the temperature, relative humidity, and light for 

various parts of the rice population under different planting 

densities. Moreover, it also seeks to provide some sugges-

tions for farmers on how to produce a higher grain yield 

of rice by controlling the planting density of erect panicle 

indica rice.

Material and Methods

Study Area

Mianyang (104.73°E, 31.47°N), located at the middle and 

upper reaches of the Fujiang River (Wang et al., 2020), has a 

typical subtropical monsoon climate, with an average annual 

temperature of 14.7–17.3 ℃ and average annual precipita-

tion of 826–1417 mm. Its soil is typical clay-loam soil, with 

a bulk density of 1.29 g/cm3 and organic matter content of 

28.6 g/kg; its total nitrogen content is 1.68 g/kg, the total 

phosphorus is 0.37 g/kg, and the total potassium is 1.86 g/

kg, in 0–50 cm soil.

Experimental Design

The experiment was carried out in the agricultural experi-

mental field of SWUST University at Mianyang from 2017 

to 2018. R499 and R498 were selected as the typical erect 

panicle rice and the typical curved panicle rice for this 

experiment. From R498 (Shuhui498), we previously pro-

duced its mutated type R499 by the EMS mutagenesis tech-

nique (Yang et al., 2018). The rice types R498 and R499 are 

similar in other morphological traits except for their pani-

cle types, which are different. R499 and R498 were sowed 

in early April and transplanted into the field in the middle 

of May. To avoid the impacts of seedling quality on rice 

growth, only strong and healthy seedlings which had 3 till-

ers (at least) with similar quality were selected to be trans-

planted into field plots.

The five treatments including plant space (m) desig-

nated as D0 (0.40  m × 0.21  m), D1 (0.38  m × 0.20  m), 

D2 (0.33  m × 0.17  m), D3 (0.27  m × 0.14  m), D4 

(0.23 m × 0.12 m), with 11.9, 13.2, 18, 26.5 and 36.3 plant-

ing density (plant/m2) were proposed for R499 and R498 in 

this study, respectively (Yang et al., 2018).

The experiment was established as a split-plot design 

with rice variety as the main factor and planting density as 
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the split-plot factor. All the experiments were established in 3 

replicates with 30 plots, the size of each plot was 5 m × 6.5 m. 

Nitrogen (N), Phosphorous (P), and Potassium (K) applied 

for each plot were the same with 150 kg/ha N, 38.7 kg/ha  P, 

and 99.6 kg/ha K, respectively. Nitrogen fertilizer (urea) was 

applied as base fertilizer, tiller fertilizer, and panicle fertilizer 

in the ratio of 5:3:2; potassium fertilizer (potassium chloride) 

was applied as base fertilizer and panicle fertilizer in the ratio 

of 1:1; phosphorus fertilizer (calcium superphosphate) was 

applied as base fertilizer along with soil tillage before trans-

planting rice. Water was irrigated with shallow water at the 

tilling stage, booting stage, and full-filling stage (1:1:1); there 

was no irrigation for other growth periods of rice growth.

Sampling and Measurement

Light Intensity, Temperature, and Humidity

Temperature, relative humidity, and light intensity were meas-

ured at the full heading and maturity stage in 2017 and 2018 by 

sensors and rapid equipment. The sensors were located at the 

upper and lower position in the canopy, which was defined as 

4/5 and 1/5 of the total canopy height, respectively. The tem-

perature and humidity of the canopy were measured by Pt1000 

sensor, while light intensity was measured by TASI-8720 LUX 

Luminance digital light intensity meter.

Yield and Yield Components Measurement

After rice maturation, 20 plants (repeated three times) were 

randomly sampled and air-dried from each treatment for yield 

determination. The average number of panicles was counted; 

panicles of 5 rice plants were collected, air-dried, and used to 

determine the effective panicle, grain weight per panicle, grain 

number per panicle, seed setting rate, 1000-grain weight, and 

other yield components.

80% of rice heading in plots was considered as the full 

heading stage, and 90% of rice maturity was considered as the 

maturity stage. Grain yield and yield components including 

spikelet fertility were determined at harvest.

Data Processing and Analysis

The response of temperature, humidity, and light intensity in 

rice population toward planting densities was calculated from 

Eqs. 1, 2, and 3, respectively.

(1)RT�
n
=

T�
n
− T�

n−1

T�
n−1

n ≥ 1, � = UandL

RT �
n
 , Relative response index of temperature. RH 

�
n
 , Relative response index of humidity. RL �

n
 , Relative 

response index of light intensity.where ε denotes the position 

of sensors, U the upper position, and L the lower position in 

the rice population.

T � n-1, H � n-1, and L � n-1 denote the temperature, humid-

ity, and light intensity of rice population at a planting den-

sity of  Dn-1; n = 0 means a planting density of 11.9 plant/

m2; and n = 1, 2, 3 and 4 means a planting density of 13.2, 

18.0, 26.5 and 36.2 plant/m2. Mean values of each microcli-

mate in 2017 and 2018 were used to analyze the impact of 

plant density and panicle types on microclimate in the rice 

population.

For statistical analysis, and graphical representation Excel 

2016 and ANOVA were performed to evaluate the difference 

between plant density treatments and panicle types.

Results

The Influence of Planting Density on Yield and Yield 
Components

R499 produced a higher grain yield than R498 at a higher 

planting density from 26.5 to 36.2 plant/m2, either in 2017 

or in 2018 (Table 1). However, the lowest grain yield was 

recorded in low planting density for both rice cultivars. 

R498 favored D2 density for high grain yield (7.95–8.09 t/

ha) and effective panicles (108.7–130.4 ×  106 P/ha), while 

R499 had the highest grain yield of 8.42–8.83 t/ha at D3 

density (Fig. 1). The statistical analysis for yield components 

showed planting density had no significant effect on seed set-

ting rate, and 1000-grain weight, except for, weight per pani-

cle (6.02–9.72 g) and grain number per panicle (190–297), 

which decreased with an increase in density in both years 

for both cultivars. The results of seed setting rate and 1000-

grain weight in 2018 were higher than that in 2017, which 

is affected by the climate difference between the two years.

The Influence of Different Planting Densities 
on the Light Intensity of Rice Population

The polynomial regression analysis order 2 of light inten-

sity at the upper position of the rice population decreased 

with the increase of planting density during the full heading 

or maturity stage (Fig. 2a, c). When the planting density 

(2)RH�
n
=

H�
n
− H�

n−1

H�
n−1

n ≥ 1, � = UandL

(3)RL�
n
=

L�
n
− L�

n−1

L�
n−1

n ≥ 1, � = UandL
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Table 1  Effects of planting 

density on yield components 

and yield

Yield and yield components of R499 curved and R498 erect panicle rice in the year of 2017 and 2018. Dif-

ferent plant space (m) and abbreviation showed as a D0 11.9(plant/m2), D1 13.2(plant/m2), D2 18(plant/

m2), D3 26.5 (plant/m2), D4 36.2 (plant/m2), EFP effective panicle, WPP grain weight per panicle, GNP 

grain number per plant, SSR seed setting rate, TGW  100-grain weight. Values within a column followed by 

different letters were different at p < 0.05

Year Rice variety Treatments Yield (t/ha) EFP (×  106 

panicles/ha)

WPP (g) GNP SSR (%) TGW (g)

2017 R498 D0 6.55 c 84.2 d 9.72 a 297 a 86 a 33.0 a

D1 6.68 c 99.8 c 8.42 b 286 b 87 a 33.1 a

D2 8.09 a 108.7 a 8.45 b 282 bc 87 a 32.8 a

D3 7.49 b 105.8 ab 8.43 b 279 c 86 a 32.9 a

D4 7.15 b 104.7 b 8.02 b 256 d 87 a 32.9 a

R499 D0 6.12 d 84.6 d 8.21 a 261 a 91 a 33.0 a

D1 6.59 c 89.1 c 7.32 b 228 b 90 a 32.9 a

D2 7.59 b 96.8 b 7.55 b 223 b 90 a 32.9 a

D3 8.42 a 112.0 a 7.28 b 195 c 91 a 32.8 a

D4 8.02 b 109.0 a 7.13 b 190 c 90 a 32.8 a

2018 R498 D0 5.73 d 105.8 c 7.21 a 254 a 88 a 34.0 a

D1 6.27 c 121.2 b 6.42 ab 251 a 87 a 34.0 a

D2 7.95 a 130.4 a 6.72 a 228 b 87 a 34.1 a

D3 7.52 b 119.0 b 6.33 ab 224 b 87 a 34.1 a

D4 7.45 b 113.1 c 6.11 b 201 c 88 a 34.0 a

R499 D0 5.68 d 105.8 c 7.15 a 219 a 91 a 34.0 a

D1 6.07 c 106.9 c 6.82 ab 208 a 90 a 34.0 a

D2 7.67 b 115.3 b 6.31 bc 193 b 90 a 34.1 a

D3 8.83 a 130.4 a 6.02 c 194 b 91 a 33.9 a

D4 8.56 a 129.1 a 6.46 bc 190 b 91 a 34.0 a

Fig. 1  The difference between 

R498 curved and R499 erect 

panicle rice showed the plant 

architecture (a) and panicles 

shape (b)
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increased from 11.9 to 36.2 plant/m2, the light intensity 

at the upper position of the R499 population decreased 

from 80,250 to 78,200 lx (R2 = 0.92); this decreasing rate 

was significantly lower than that of R498 from 79,833 to 

76,657 lx  (R2 = 0.99). During the full heading stage, the 

dynamic change of light intensity at the lower position of 

R499 was similar to that of R498; both followed a downward 

trend from 11.9 to 36.2 plant/m2 (Fig. 2b); however, dur-

ing the maturity stage, the dynamic of light intensity at the 

lower position of R499  (R2 = 0.91) was different from R498 

 (R2 = 0.89) (Fig. 2d).

During the full heading as well as maturity stage, com-

pared with R498, R499 always showed a higher light inten-

sity from lower to higher planting density at both the lower 

and upper positions of the rice population. The response 

index of light intensity to the planting density was higher 

at the lower position of rice population (Fig. 3b, d) as com-

pared to the upper position of rice population (Fig. 3a, c). 

During the full heading or maturity stage, when the plant 

density increased from 13.2 to 36.2 plant/m2, R498 showed 

a higher response index of light intensity to the planting den-

sity at the upper position than R499 (Fig. 3a, c). While dur-

ing the maturity stage, when the planting density increased 

from 13.2 to 36.2 plant/m2, R499 showed a higher response 

index of light intensity to the planting density than R498 at 

the lower position (Fig. 3d). These outcomes mean that the 

light intensity at the lower position of R499 was more sensi-

tive to the planting density than R498 at the higher planting 

density (13.2–36.2 plant/m2).

The Effect of Different Planting Densities 
on the Temperature of Rice Population

The polynomial regression showed with the increase of 

planting density, R499 and R498 showed similar dynamic 

changes  (R2 = 0.93, 0.92) of temperature to the planting den-

sity at the lower position of the rice population (Fig. 4b, 

d), while this was different at the upper position of the rice 

population  (R2 = 0.79, 0.83) (Fig. 4a, c). Compared with 

R498, R499 always showed a higher temperature at the 

Fig. 2  The effect of planting density on the average light intensity at the upper (a and c) and lower (b and d) position of rice population during 

full heading (a and b) and maturity (c and d) stage
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lower position of the rice population  (R2 = 0.98)(Fig. 4b, d); 

however, it showed a decrease in temperature at the upper 

position of the rice population specifically during the matu-

rity stage (Fig. 4c).

During the maturity stage, with the increase of the plant-

ing density, the temperature at the upper position of the 

R498 population decreased from 25.2 to 24.7 ℃, while it 

decreased from 24.7 to 24.6 ℃ in the population of R499 

 (R2 = 0.93). The temperature at the lower position of the 

R498  (R2 = 0.85) population increased from 23.7 to 23.8 ℃; 

similarly, it increased from 23.8 to 24.7 ℃ in the population 

of R499  (R2 = 0.98).

The response index of temperature to the planting density 

was higher at the upper position (Fig. 5a, c) than that at the 

lower position of the rice population (Fig. 5b, d). This indi-

cates that the temperature at the upper position of the rice 

population was more susceptible to plant density than the 

lower position of the rice population. When planting density 

increased from 18.0 to 36.2 plant/m2, R498 always showed 

a higher response index of temperature to the planting den-

sity than R499 in the upper position of rice population, in 

both the full heading and maturity stage (Fig. 5a, c). When 

the planting density increased from 13.2 to 26.5 plant/m2, 

R498 showed a higher response index of temperature to the 

planting density than R499 in the lower position of the rice 

group, in both the full heading and maturity stage (Fig. 5b, 

d); however, there was no significant difference when the 

planting density increased from 26.5 to 36.2 plant/m2.

The Influence of Planting Density on the Relative 
Humidity of Rice Population

In the case of humidity, the polynomial regression anal-

ysis showed as the planting density increased, a similar 

increasing trend was found in the relative humidity of 

R498 and R499 at the upper position of rice population, 

in both the full heading stage  (R2 = 0.82,  R2 = 0.85) and 

maturity stage (R2 = 0.99)(Fig. 6a, c). However, it was 

different at the lower position, especially during the head-

ing stage (Fig. 6d). During the heading stage, the relative 

humidity of R499  (R2 = 0.81) was lower than that of R498 

 (R2 = 0.95) at the lower position of the rice population 

Fig. 3  RIU = Response index of light intensity at upper position; 

RIL = Response index of light intensity at lower position. Mean 

response index of light intensity to plant density at upper (a and c) 

and lower (b and d) position of rice population during full heading (a 

and b) and maturity (c and d) stage. The S.E. was calculated across 

two years. Different letters indicate significant differences at p < 0.05
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(Fig. 6b, d); these outcomes indicate that R499 was better 

to build a lower relative humidity environment at the lower 

position of rice population.

During the maturity stage, with the increase of plant-

ing density, the relative humidity of R499 and R498 both 

showed an increasing trend at either the upper or lower 

position of the rice population (Fig. 6a, b). Similar results 

were found at the upper position of the rice population 

during the maturity stage, while it showed a different trend 

at the lower position.

The response index of relative humidity to planting den-

sity at the full heading stage, either the upper position or 

the lower position, appeared as a downtrend in both popu-

lations of R498 and R499 (Fig. 7a and b). When planting 

density increased from 11.9 to 36.2 plant/m2, the response 

index of relative humidity to plant density decreased from 

76.6 to 81.8% at the upper position; this changing distance 

was significantly higher than that at the lower position 

(from 85.2% to 87.9%). This indicates that the planting 

density produced more impacts to the relative humidity at 

the upper position than that at the lower position during 

the full heading stage.

The response index of relative humidity to the plant-

ing density showed a similar changing trend from lower 

to higher planting density during the maturity stage; both 

appeared as a downtrend after an increasing trend (Fig. 7c 

and d). However, the response index of relative humidity to 

the planting density of R499 was lower than that of R498 at 

the upper position of the rice population (Fig. 7c) and was 

higher than that of R498 at the lower position of the rice 

population (Fig. 7d).

Discussion

Rice grain yield per unit area is the most important indicator 

for evaluating the effects of different rice planting measures. 

Rice institutes in China had a focus on regulating the suit-

able and competitive relationships among plants to increase 

grain yield by modifying planting density for decades (Wang 

et al., 2014). Previous studies reported that increasing plant 

density promotes plant biomass (Weiner, 2004). Dense 

planting and sparse planting are the main variables between 

panicle number per unit area and grain number per panicle. 

Fig. 4  The effect of planting density on the average temperature at upper (a and c) and lower (b and d) position of rice population during full 

heading (a and b) and maturity (c and d) stage
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Clerget et al. (2016) found that an appropriate increase in 

planting density resulted in higher rice yield and an effec-

tive number of panicles per unit area. However, some stud-

ies have found that increasing planting density can reduce 

weight per panicle and the total number of grains, mean-

while, there is no significant difference in seed setting rate 

under different density treatments found (Hayashi et al., 

2006; Nakano et al., 2012; San-Oh et al., 2008).

Data from the current study showed compared with R498, 

R499 produced more grain yield at a higher planting density 

of 26.5–36.2 plant/m2, with a yield of 8.02–8.83 t/ha. Simi-

larly, effective panicle results were consistent with yield, 

while other yield component traits showed, no significant 

effect on weight per panicle, seed setting rate percentage, 

and thousand-grain weight, with exception of grain number 

per panicle, which decreased with increase in density in both 

years for both cultivars. The highly dense planting resulted in 

an inverse relationship between yield components and plant-

ing density. A similar negative relationship was also found in 

previous studies (Huang et al., 2009; Nakano et al., 2012). In 

this study, different planting densities and panicle types have 

extremely significant effects on rice yield. An appropriate 

increase in planting density can increase rice yield. This is 

consistent with the results of Zheng et al (2020) and Ao et al 

(2019), while erect panicle (R499), proved to be better for 

highly dense planting practices.

Improving the morphological characteristics of rice is 

one of the key factors in increasing its grain yield (Wang 

et al., 2009); therefore, the study of microclimatic condi-

tions responsible for such contributors is essential. Previ-

ous reports have revealed that increasing rice population 

planting density often reduces the transfer of light from 

the canopy to the lower part of the rice population, and 

as the rice plant grows, the canopy of the rice population 

tends to be compact. As the light could not find proper 

space to enter, the rate of light intensity at the lower part 

decreases significantly, which affected the light utilization 

of the rice population in the current study. Compared with 

R498, there was more light transfer from the upper to the 

lower position in the rice population of R499; the response 

index of light intensity to the planting density of R499 

was higher in the higher planting density. These results 

indicated that R499 provides more sufficient light inten-

sity for the lower position of the rice population, which 

Fig. 5  RTU  = Response index of temperature at upper position; 

RTL = Response index of temperature at lower position. Mean 

response index of temperature to plant density at upper (a and c) and 

lower (b and d) position of rice population during full heading (a and 

b) and maturity (c and d) stage. The S.E. was calculated across two 

years. Different letters indicate significant differences at p < 0.05
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was better for the transportation of photosynthetic product 

from leaves and stem to the grain of rice; which ultimately 

improved the yield of rice (Chen et al., 2014).

The grain filling stage is one of the key stages during 

full heading. Chen et al (2019) found that during full head-

ing lower canopy temperature highly favored chlorophyll 

content by the formation and transportation process of 

photosynthetic products, which ultimately increased rice 

yield.

The canopy temperature of R499 was lower than R498 

during the maturity stage, and its temperature response index 

was lower than R498 in all densities (Fig. 4b and d). Garrity 

and O’Toole (1995) and Chauhan et al. (1999) have reported 

a negative correlation between yield and canopy temperature 

during the grain filling stage. The erect panicles population 

received higher light radiation than the curved panicles; the 

temperature at the lower position of R499 was higher than 

R498. The lower temperature at the canopy and higher tem-

perature at the lower part of the rice population were better 

for the yield production of R499 at a higher planting density.

Increasing the planting density weakened the exchange 

rate of air and water from rice to the outside environment, 

which increased the relative humidity within the rice popu-

lation. The higher humidity not only affects the vitality of 

the pollen and prevents the anther from rapture (Weerakoon 

et al., 2008) but also promotes the occurrence of microbial 

diseases such as sheath blight (Molla et al., 2020). Dur-

ing the maturity stage, the relative humidity of R499 was 

lower than R498 at the lower position of the rice population 

(Fig. 6b, d); these outcomes indicate that R499 was better 

to build a lower relative humidity environment at a lower 

position than R498.

Conclusion

Our study has demonstrated that erect panicles were highly 

favorable to grain yield and microclimatic contributors. 

More specifically, low temperature at the upper position, 

high temperature, and light intensity at the lower position 

Fig. 6  The effect of planting density on the relative humidity at the upper (a and c) and lower (b and d) position of rice population during full 

heading (a and b) and maturity (c and d) stage
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of R499 (erect panicles) provided better microclimate con-

ditions in the population and produced higher grain yield 

than R498 (curved panicles) at a high planting density.

Also, we found, light intensity and relative humidity 

at the lower position of the rice group were more sensi-

tive to the planting density than that at the upper position. 

However, surprisingly the temperature at the upper posi-

tion was more sensitive to the high planting density than 

that at the lower position. These results specified that plant 

architecture is highly responsible for microclimatic con-

tributors. Thus, accounting for these important factors we 

concluded that, erect panicles R499 were more suitable for 

higher planting density than curved panicles R498 in the 

humid and hot region of Sichuan Basin area.
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