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ABSTRACT

Maize (Zea mays L.) yield is greatly affected by the environmental and cultivate pattern. Grain filling and 
dehydration play important roles in maize grain dry mass accumulation and are important biological processes in maize 
growth and development. Four maize cultivars were planted at Hebei province with planting densities of 60000 and 
75000 plants/ha during 2017-18. The kernel fresh weight and dry weight of four cultivars were measured at 15, 22, 
29, 36, 43, 50 and 57 days after pollination of two planting densities. Logistic model was used to estimate the grain 
filling process in different environments. The results showed that the maximum filling rates of all cultivars under 
two planting densities were attained at about 25 days after pollination. The grain filling period was longer under the 
planting density of 60000 plants/ha. Meanwhile, the grain dehydration was slower. With the increased of planting 
density, 100-grain weight of per plant decreased while the yield increased. The higher yield was contributed by the 
larger numbers of plants. It indicated that suitable higher planting density will enhance the yield of maize. Bract, 
cob and grain water content were significantly correlated. This study indicated a negative effect of dense planting 
on grain filling.
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Maize (Zea mays L.) is an important food, feed, and 
energy crop in the world, and its consumption increases 
with population (Shiferaw et al. 2011). Maize yield is 
greatly affected by environmental, geographical factors and 
cultivation patterns (Trachsel et al. 2016). Optimization of 
the row spacing with improving the field structure could 
increase the yield of maize. Narrow rows maize planting with 
a more uniform root and leaf distribution contribute to soil 
water and light utilization, and the field microenvironment 
could be improved by reducing soil temperature and 
evaporation (Sharratt 2005). In the USA, planting densities 
increased from 3 plants/m2 (1930) to 9 plants/m2 (2005) 
and yield increased by 8 t/ha (Duvick 2005). Genotype 
differences also affect the yield of maize under high planting 
density conditions (Lee 2007). To optimize the potential 
of maize yield per unit area in current production systems, 
modern breeding efforts must consider high plant density 
conditions (Li et al. 2015). 

The number and weight of maize kernels per unit area 
determines the grain yield of maize, and factors such as 
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kernel filling rate and duration are important (Eichenberger et 
al. 2015). The filling rate is closely related to environmental 
conditions and genotypic differences. Borras et al. 
characterized a large set of maize inbred lines for kernel 
growth traits, found high variation in kernel growth rate 
and grain-filling duration across diverse maize inbred lines 
(Borrás et al. 2009). The grain filling rate and drying rate of 
all stages showed broad phenotypic variations (Zhang et al. 
2016). Previous studies have shown that maize grain filling 
is significantly related to moisture of maize kernels (Gambín 
et al. 2007). The kernel drying rate is an important trait 
that determines harvest time and yield of maize, and main 
factors affecting it are cultivars, temperature and humidity. 
Therefore, it is necessary to study the effect of planting 
density on the drying rate of different cultivars maize ear. 
To provide basic data and theoretical support on breeding 
of high-yield and densely planted maize, an experiment 
was conducted to reveal the effect of planting densities on 
grain filling and dehydration of different maize cultivars.

MATERIALS AND METHODS
Plant material and site description: Four maize hybrid 

cultivars were investigated in our study, Zhengdan 958 
(ZD958), Hengyu147 (HY147), Hengyu1587 (HY1587) 
and Hengyu6105 (HY6105). Zhengdan 958 is an elite 
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commercial hybrid, which has been the most widely planted 
maize hybrid since 2005 in China. Hengyu147, Hengyu1587 
and Hengyu6105, which have a high yield, were bred by 
Dry Land Farming Research Institute, Hebei Academy of 
Agriculture and Forestry Sciences. All four hybrid cultivars 
were planted in five-row plot (five meters length and 0.6 
meters row spacing) in an incompletely randomized block 
design following three replicates on 14 June 2017 and 
15 June 2018 at the farmland of the Hebei Academy of 
Agriculture and Forestry Sciences (Shijiazhuang, Hebei, 
China, 38°07´N, 114°22´E). The soil type was clay loam 
composed of 1.96% organic matter, 86.10 mg/kg available 
nitrogen, 32.75 mg/kg available phosphorus and 185.40 mg/
kg available potassium at pH 7.74. Each material was planted 
in two planting densities of 60000 and 75000 plants/ha.

Sampling and measurement of grain filling rate (GFR): 
Sixty to sixty-five ears in each block were self-pollinated 
and the pollination dates were determined. Three ears were 
hand-collected at each plot at 15, 22, 29, 36, 43, 50 and 57 
days after pollination (DAP) in 2017-18. The sampling dates 
were chosen starting at 15 DAP because previous studies 
suggested that starch synthesis in the kernel begins from 12 
to 15 DAP (Zhang et al. 2013). These harvested ears were 
split into three parts: cob, kernels and bract. From each ear, 
100 kernels were obtained from the middle part of the ear. 
After measured fresh weight, all parts of the ear were dried 
by oven then measured the dry weight. Water content and 
dehydration rate were calculated followed Liu’s methods 
which described in his study (Liu et al. 2016).

The model of kernel filling of maize: In this study, the 
Logistic model was used to fit the kernel filling of maize. 
Its mathematical expression followed Yin’s methods which 
described in his study (Yin et al. 2018). 

Data analysis: All data were processed by the software 
of Microsoft Excel 2007, analyzed by SPSS19.0 and plotted 
by OriginPro 9.1. Basic statistical analysis were performed 
with the method of one-way ANOVA and followed by 
multiple comparisons (Duncan’s Multiple Range Test), 
correlations were measured using a Pearson correlation 
coefficient.

RESULTS AND DISCUSSION
The grain dry weight of most cultivars reduced with 

the increasing of planting density at 15 DAP, and HY6105 
reduced significantly (P<0.05). However, the grain dry 
weight of HY147 increased at higher planting densities in 
2017. In the middle stage of grain development (36 DAP), 
the grain dry weight of HY1587 at 60000 plants/ha was 
the heaviest in 2017-18, significantly higher (P<0.05) than 
HY147, effect of planting density on grain dry weight is 
not significant. After 57 days of pollination, the grain dry 
weight of HY1587 at 60000 plants/ha was still the heaviest 
of all cultivars, and HY147 (30.4 g) was the lightest at 60000 
plants/ha, higher planting density significantly reduced 
(P<0.05) the grain dry weight of HY1587 and HY6015, 
but ZD958 and HY147 were less affected (Table 1). The 
grain filling is an important biological process and plays an 

important role in grain dry weight accumulation (Gambin 
et al. 2007, Eichenberger et al. 2015). Depend on the 
grain filling rate of 4 cultivars, ZD958 showed a positive 
correlation of grain filling traits with the planting density 
while the other 3 cultivars showed a negative correlation. 
Different maize cultivars have their own suitable planting 
density. The best planting density will significantly enhance 
the yield. The result may help farmer select suitable planting 
density for different cultivars.

Grain dry matter accumulation is related to grain filling 
rate. The grain filling rate of the four cultivars showed a 
single-peak type under the two planting densities in the 
whole grain filling period, which was similar to previous 
studies (Wang et al. 2012, Zhang et al. 2015, Yin et al. 2018). 
Logistic model were fitted to study grain filling process and 
deeply revealed the interaction relationship for key factors 
which affecting grain filling (Table 1). The maximum filling 
rates of all cultivars under two planting densities were 
attained at about 25 DAP. HY1587 (1.41 g/d) had higher 
Gmax under conventional planting density (60000 plants/
ha) than under higher planting density. ZD958 (1.39 g/d) 
had highest Gmax under 75000 plants/ha. With the planting 
density increased, Gmax of HY147 was decreased in 2017-18. 
The maximum filling rate of HY6105 increased at density 
of 75000 plants/ha in both two years, while HY1587 and 
HY147 decreased. HY6105 reached the maximum value 
of grain filling rate for the shortest time (24.2 DAP) in 
2018, while HY1587 needed 28.68 days. Compared with 
60000 plants/ha, Tmax of HY147 were delayed at density 
of 75000 plants/ha in both two years. HY1587 had the 
shortest duration of active growth period at 60000 plants/
ha in 2017 and was the longest in 2018. Compared Gmax, 
Tmax and Tactive, Gmax was the most stable parameter and 
the other two were effect by the environment. Among four 
cultivars, grain filling parameters showed that 75000 plants/
ha was the suitable planting density for HY147.

With the increased of planting density, grain water 
content of HY147, HY1587 and HY6105 were increased after 
57 days of pollination in 2017 and had slightly difference in 
2018 (Figure 1). The dehydrating rate was slightly different 
in each part of the ear. The grain dehydrating rate was faster 
in the early stages of development and showed a fast-to-slow 
trend. Under density of 75000 plants/ha, most of the grain 
dehydration rates were increased. The grain dehydration 
rate was mainly affected by ear traits, grain types and 
environment characters. The less ear rows and thinner ear 
diameter, the faster grain dehydration (Zhang et al. 2016). 

Generally, the water content of grain decreased with 
ear development. The grain water contents and dehydration 
rate of all cultivars under two planting densities showed a 
fast-slow trend. Compare with 75000 plants/ha, the grain 
filling period and grain dehydration rate of four cultivars 
were longer and lower under the 60000 plants/ha. It is 
consistent with the previous studies (Yue et al. 2018).

With the increase of planting densities, the yield 
increased (Table 2). Interestingly, the 100 grain weight 
of four cultivars showed a decrease trend by the increase 
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planting density. The kernels percentage changed slightly 
under different planting densities. At 60000 plants/ha, ears 
of four cultivars were 14.2 to 16.0 cm long and 4.26 to 
4.67 cm diameter in 2017, were 13.6 to 15.3 cm long and 
4.31 to 4.71 cm diameter in 2018, while ZD958 was the 
longest and had largest diameter. Under the condition of 
75000 plants/ha, the ear length of HY1587 increased by 
0.4 cm (2017) and 0.81cm (2018), and the higher density 
could increase the ear diameter of HY1587 and reduce the 
ear diameter of ZD958. HY147 had the largest number 
of ear rows among four cultivars. The planting density of 
75000 plants/ha has a greater impact on kernels per row of 
HY147. Higher planting density increased the cob diameter 
of most cultivars, and had negative effect on ZD958. The 
grain width of HY1587 and HY147 were larger at 75000 
plants/ha, and higher planting density reduced the grain 
width of HY6105 and ZD958. 

Grain quantity was significantly affected by different 
cultivars and closely related to the grain filling period 
(Paponov et al. 2005, Chen et al. 2016). Suitable planting 
density can enhance maize yield potential. With the increase 
of plant density, the dry matter weight per plant decreased. 
The higher yield of high planting density may contribute 
by the larger number of plants. Different planting densities 
affect the grain filling period and ear dehydration progress. 
Under the 60000 plants/ha, the grain filling period became 
longer and the grain dehydration was slower. With the 
increasing of planting density, 100 grain weight per plant 
decreased while the yield increased. The higher production 
was enhanced by the larger number of plants. Suitable 
higher planting density will enhance the yield of maize. 
There is a significant correlation between bract, cob and 
grain water content. 

Acknowledgements
Special thanks are due to graduate school, Kasetsart 

University for providing scholarship and support my 
research. Additional funding provided by National Key 
R&D Program of China (2017YFD0300400), International 
Science and Technology Cooperation Project of Hebei 
Province (17396301D), Technology Innovation Program of 
Hebei Academy of Agriculture and Forestry (C20C1001) 
is highly acknowledged.

REFERENCES

Borrás L, Zinselmeier C, Senior M L, Westgate M E and Muszynski 
M G. 2009. Characterization of grain-filling patterns in diverse 
maize germplasm. Crop Science 49(3): 999–1009.

Chen Q, Mu X, Chen F, Yuan L and Mi G. 2016. Dynamic change 
of mineral nutrient content in different plant organs during the 
grain filling stage in maize grown under contrasting nitrogen 
supply. European Journal of Agronomy 80: 137–53.

Duvick D. 2005. Genetic progress in yield of United States maize 
(Zea mays L.). Maydica 50(3/4): 193.

Eichenberger S, Miguez F, Edwards J and Knapp A. 2015. 
Changes in kernel filling with selection for grain yield in a 
maize population. Crop Science 55(2): 521–6.

Gambín B L, Borras L and Otegui M E. 2007. Kernel water relations 
and duration of grain filling in maize temperate hybrids. Field 
Crop Research 101(1): 1–9. 

Lee E and Tollenaar M. 2007. Physiological basis of successful 
breeding strategies for maize grain yield. Crop Science 
47(Supplement_3):S-202-S-15.

Li J, Xie R, Wang K, Ming B, Guo Y, Zhang G and Li S. 2015. 
Variations in maize dry matter, harvest index, and grain yield 
with plant density. Agronomy Journal 107(3): 829–34.

Liu S Q, Zhong X M and Shi Z S. 2016. Effects of ear characteristics 
on kernel moisture and dehydration rate of maize. Jiangsu 
Agricultural Sciences 44(08): 130–32.

Paponov I A, Sambo P, Presterl T, Geiger H H and Engels C. 
2005. Grain yield and kernel weight of two maize genotypes 
differing in nitrogen use efficiency at various levels of nitrogen 
and carbohydrate availability during flowering and grain filling. 
Plant Soil 272: 111–23.

Fig 1	G rain water content of different maize cultivars under two planting densities in 2017 and 2018. (A) Grain water content at density 
of 60000 plants/ha and 75000 plants/ha in 2017, (B) Grain water content at density of 60000 plants/ha and 75000 plants/ha in 
2018.



978 [Indian Journal of Agricultural Sciences 90 (5)

138

genetic analysis for kernel filling in a maize RIL population. 
Euphytica 214: 86.

Yue H, Bu J, Wei J, Chen S, Peng H, Xie J, Zheng S, Jiang X 
and Xie J. 2018. Effect of planting density on grain-filling and 
mechanized harvest grain characteristics of summer maize 
varieties in Huang-huaihai Plain. International Journal of 
Agriculture and Biology 20(6): 1365–74.

Zhang J, Guo J, Liu Y, Zhang D, Zhao Y, Zhu L, Huang Y, Zhang 
Z and Chen J. 2016. Genome-wide association study identifies 
genetic factors for grain filling rate and grain drying rate in 
maize. Euphytica 212(2): 201–12.

Zhang W, Wang Y, Wang K, Zhao J, Zhao R and Li S. 2016. 
Grain dehydration rate of different maize varieties. Crops 
2016(1): 76–81.

Zhang Z, Liu Z, Cui Z, Hu Y, Wang B and Tang J. 2013. Genetic 
analysis of grain filling rate using conditional QTL mapping 
in maize. PLoS ONE 8(2): e56344. 

Zhang M, Song Z W, Chen T, Yan X G and Zhu P, 2015. Differences 
in responses of biomass production and grain-filling to planting 
density between spring maize cultivars. Journal of Maize 
Sciences 23: 57–65.

Sharratt B S and McWilliams D A. 2005. Microclimatic and rooting 
characteristics of narrow-row versus conventional-row corn. 
Agronomy Journal 97(4): 1129–35.

Shiferaw B, Prasanna B M, Hellin J and Banziger M. 2011. Crops 
that feed the world 6. Past successes and future challenges 
to the role played by maize in global food security. Food 
Security 3(3): 307.

Sun S and Frelich L E. 2011. Flowering phenology and height 
growth pattern are associated with maximum plant height, 
relative growth rate and stem tissue mass density in herbaceous 
grassland species. Journal of Ecology 99: 991–1000.

Trachsel S, San Vicente F, Suarez E, Rodriguez C and Atlin G. 
2016. Effects of planting density and nitrogen fertilization 
level on grain yield and harvest index in seven modern tropical 
maize hybrids (Zea mays L.). Journal of Agricultural Science 
154(4): 689–704.

Wang K, Wang K R, Wang Y H, Zhao J, Zhao R L, Wang X 
M, Li J, Liang M X and Li S K. 2012. Effects of density on 
maize yield and yield components. Scientia Agricultura Sinica 
45: 3437–45.

Yin S, Li P, Xu Y, Xue L and Hao D. 2018. Logistic model-based 

Zhao et al.


