
 

 

 

INTRODUCTION 

 

Maize is widely cultivated worldwide and covers a large area. 

Maize not only is grown for human consumption but also is a 

staple feedstuff, and this crop plays an important role in both 

the national well-being of citizens and the economy (Cassman 

and Liska, 2010; Cassman et al., 2003; Grassini et al., 2011). 

China is the second-largest maize producer in the world (Ci et 

al., 2012). The northeastern area is the largest maize-planting 

area in China; this area accounts for 26.6% of the national 

maize-planting area and approximately one-third of the total 

maize production (Liu et al., 2012; Hao et al., 2012). Spring 

maize in the northeastern area of China has a direct impact on 

Chinese grain production. Temperature is an important 

environmental factor that affects crop growth and yield. 

Accumulated temperature is as an index reflecting regional 

heat resources and crop growth, and the accumulation 

temperature index has important applications in agricultural 

decision making, including crop variety distribution, planting 

systems, introduction, breeding, growth period predictions 

and prevention and control of plant diseases (Echarte et al., 

2006; Zhao and Guo,2016). However, the climate greatly 

differs between the northern and southern regions within the 

northeastern area of China. Maize can suffer from chilling 

injury in early stages, and some areas are severely disturbed 

by the lack of thermal resources in the later stages. Because 

of global warming, longer growth periods for maize varieties 

have recently expanded into regions that have lower amounts 

of accumulated temperature. This expansion clearly increases 

the probability of maize immaturity and challenges to maize 

production. 

Heilongjiang province is a major grain-producing province in 

the northeastern area of China. Maize production has recently 

rapidly developed; however, a short frost-free period, low 

effective accumulated temperature and insufficient growing 

season heat severely restrict maize production. The 
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To achieve high yields, farmers in China have gradually adopted the use of maize varieties with late-maturity traits, but this 

adoption has increased the risk of ripeness due to the long periods required for these varieties. A field experiment was 

conducted to investigate the grain filling, dehydration, yield, and quality characteristics of different maturity types of maize in 

Heilongjiang province and aimed to provide a valuable reference for maturity selection. Experiments were conducted in Harbin 

(the first accumulated temperature zone), where late-maturity (‘Xianyu 335’ and ‘Xinxin 2’) and mid-late-maturity (‘Suiyu 

23’ and ‘Jidan 27’) varieties were used as materials; grain-filling rate, percent grain moisture, dehydration, yield, and quality 

attributes were analysed. The results showed that the grain-filling characteristics of different maturity types of maize differed. 

‘Suiyu 23’ and ‘Jidan 27’ both reached grain filling and achieved maximum grain-filling rates sooner than did ‘Xianyu 335’ 

and ‘Xinxin 2’. Grain dehydration rates also differed among the varieties. The grain dehydration rates of ‘Xianyu 335’ and 

‘Xinxin 2’ were slow 30 days after pollination; these varieties did not reach physiological maturity at harvest, and their grain 

moisture contents were high. ‘Suiyu 23’ and ‘Jidan 27’ dehydrated faster than did the other varieties in the late growth stage 

and had low grain moisture contents. Changes in hormones were similar among varieties but differed among the different 

maturity varieties between years (2015 and 2016). The auxin (IAA), gibberellin (GA), and cytokinin (CTKs) contents were 

low in maize varieties with mid-late-maturity traits than in maize varieties with late-maturity traits, and the grains were more 

mature in the former. Compared with maize varieties with late-maturity traits, maize varieties with mid-late-maturity traits had 

higher abscisic acid (ABA) contents in the early stage but lower contents in the late stage. Together, these results indicate that 

mid-late-maturity varieties quickly reached grain filling and had a short grain-filling period and that more dry matter 

accumulated and entered the dehydration stage sooner in these varieties. In conclusion, to ensure the physiological maturity of 

maize and reduce grain moisture contents, mid-late-maturity varieties are more suitable for planting in the Harbin area. 
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accumulated temperature differs among different regions, 

leading to obvious differences in the maturity of the major 

crops. Accumulated temperatures ≥10°C constitute the 

temperature division that is used as the standard, which is 

needed to predict agricultural production according to the 

local natural conditions during production processes. The 

crop cultivation area in Heilongjiang province is mainly 

divided into six accumulated temperatures, most of which 

span 200°C (Table 1): the first accumulated temperature 

(2700°C or higher), the second accumulated temperature 

(2500~2700°C), the third accumulated temperature 

(2300~2500°C), the fourth accumulated temperature 

(2100~2300°C), the fifth accumulated temperature 

(1900~2100°C), and the six-accumulated temperature 

(1900°C or less).  

 

Table 1. Accumulated temperatures in Heilongjiang 

province. 

Accumulated Temperature Active Accumulated 

Temperature 

The 1st accumulated temperature >2700°C 

The 2nd accumulated temperature 2500~2700°C 

The 3rd accumulated temperature 2300~2500°C 

The 4th accumulated temperature 2100~2300°C 

The 5th accumulated temperature 1900~2100°C 

The 6th accumulated temperature <1900°C 

 
At present, different accumulated temperatures apply to 

different maize varieties. Most farmers usually choose late-

maturity varieties to grow for high production. However, the 

lack of effective accumulated temperature during the maize 

growth period can prevent maize from reaching the full 

ripeness stage at harvest, and the grain moisture content can 

surpass 30%. Under conditions of high grain moisture 

contents, the grain is unable to be mechanically harvested and 

makes storage and processing difficult. This grain can easily 

develop mould, which increases the cost of drying and affects 

yield and quality. 

Grain weight is associated with grain growth rate, and grain-

filling rate and duration are important factors those affect final 

grain yield (Lee and Tollenaar, 2007; Egli, 2004). The maize 

grain-filling rate is closely related to moisture content, and 

grain moisture relations play a key role in controlling the 

duration of grain filling. This duration is controlled by the 

relationship between grain moisture and biomass 

development, as this relationship determines the timing at 

which kernels reach a critical percent moisture content at 

which biomass accumulation stops. In general, the longer the 

period of growth is, the greater the water contents of the 

grains. Grain-filling rate and grain moisture content are 

affected by crop’s maturity period, and grain moisture content 

is also affected by the grain-filling rate. Endogenous 

hormones are active substances that can alter plant 

physiological reactions and regulate the allocation of 

photosynthetic material. Moreover, hormones also play an 

important role in regulation within plants and are closely 

associated with grain-filling rates (Patterson, 2001). Studies 

of the relationship between grain filling, grain dehydration 

and endogenous hormones are scarce. Therefore, this study, 

which involved late-maturity varieties (‘Xianyu 335’ and 

’Xinxin 2’) and mid-late-maturity varieties (‘Suiyu 23’ and 

’Jidan 27’) as materials, aimed to determine the relationship 

between grain-filling rates, grain dehydration and endogenous 

hormones to provide theoretical and experimental bases for 

the production of maize. 

 

MATERIALS AND METHODS 

 

Description of experimental site and plant material: The 

experiments were conducted in Harbin (the first accumulated 

temperature zone) at the Xiangyang farm of the Northeast 

Agricultural University experimental station, where frost-free 

periods of 140 days occurred in 2015 and 2016; late-maturity 

(‘Xianyu 335’ and ’Xinxin 2’) and mid-late-maturity (‘Suiyu 

23’ and ’Jidan 27’) varieties served as materials (Table 2). 

The soil type is a black calcium soil, the terrain is flat, and the 

previous crop was potato. The soil chemical properties were 

as follows: 1.70 g kg-1 nitrogen, 179.35 mg kg-1 potassium, 

65.34 mg kg-1 phosphorus, 25.25 g kg-1 organic matter, 118.21 

mg kg-1 alkali solution nitrogen, and pH=6.85. Four varieties 

were selected, and a randomized block design was used. The 

varieties were planted in triplicate at a density of 60000 plants 

ha-1. 

Experimental details: To reduce the error, samples from only 

the middle part of ears were taken. Three randomly selected 

maize plants (not disturbed by pests and diseases) of each 

variety were considered for measuring plant 100-grain fresh 

weight, 100-grain dry weight, moisture content and 

endogenous hormones at 10, 20, 30, 40 and 50 days after 

Table 2. Experimental maize varieties and growth period. 

Maturity Cultivar Accumulated 

temperature ≥10 °C 

Growth period 

(d) 

Anthesis period 

(Month/Day) 

Physiological maturity 

period (Month/Day) 

mid-late maturity Suiyu 23 2550~2700°C 120 7.12 9.17  
Jidan 27 2550~2700°C 120 7.12 9.17 

Late maturity Xianyu 335 ≥2700°C >130 7.25 9.30 

  Xinxin 2 ≥2700°C >130 7.25 9.30 
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anthesis. The 100-grain fresh weight was obtained after 

harvesting the plants by a weighing balance, and the 100-

grain dry weight was obtained by drying the grains at 85 ℃in 

an oven to constant weight, followed by weighing. 

Grain filling and dehydration analyses: The grain-filling 

parameters were calculated by the software Curve Expert 1.4 

by simulating the grain-filling process using the logistic 

equation Y=a/(1+be-ct) after fitting the change in flower grain 

dry weight, including t for the number of days after flowering 

(blooming=t of 0), and Y is the grain dry weight (kernel 

weight at flowering=Y of 0), a is the largest theoretical 

hundred-grain weight, and b and c are undetermined 

parameters. Secondary parameters also could be reduced 

during application for the description of filling characteristics: 

the maximum filling rate of population grains Vm and the time 

at the maximum filling rate Tm, Tm=lnb/c, of which Vm is 

obtained by substituting Tm into the filling rate equation; 

average filling rate of population grains Va, Va=a/t3; and early 

filling stage (gradually increasing period of grain weight) 

T1=t1, middle filling stage (rapidly increasing period of grain 

weight) T2=t2-t1and late filling stage (slowly increasing period 

of grain weight) T3=t3-t2, and average filling rates V1, V2 and 

V3 of population grains in early, middle and late filling stage, 

respectively which could be calculated according to formulas 

of V1=Y1/T1, V2=(Y2-Y1)/T2, and V3 =(Y3 -Y2)/T3, wherein 

Y1, Y2 and Y3 are dry weights of grains corresponding to t1, t2 

and t3 (Xue et al., 2016). 

The grain dehydration process was simulated by the 

exponential equation h=DeEt after fitting grain moisture 

changes after anthesis. Here, t represents the days after 

flowering, h is the percent grain moisture after anthesis (h0 is 

grain moisture at flowering), and D and E are unknown 

parameters. The grain dehydration parameters were then 

analysed. The grain moisture h1 at t1, h1=DeEt1; and h2= DeEt2; 

h3= DeEt3; and average dehydration rates H1, H2, and H3 of 

population grains in early, middle and late dehydration stages, 

which could be calculated according to formulas of H1=(h0-

h1)/T1, H2=(h1-h2)/T2, and H3 = (h2–h3)/T3, wherein h1, h2 and 

h3 are water of grains corresponding to t1, t2 and t3, 

respectively. 

Hormone extraction and assays: Forty frozen grains were 

ground with an iced mortar in 10 ml 80% (v/v) methanol 

extraction containing 1 mmol l-1 butylated hydroxytoluene 

(BHT) as an antioxidant. The extracts were incubated at 4℃ 

overnight and centrifuged at 5000 rpm for 10 min at the same 

temperature. The supernatants were passed through 

Chromosep C18 columns (C18 Sep-Park Cartridge, Waters 

Corp., Millford, MA, USA). The hormone fractions eluted 

from the columns were dried in a freeze dryer (Labconco, 

England), and dissolved in 2 ml phosphate buffer saline (PBS) 

containing 0.1% (v/v) Tween 20 and 0.1% (w/v) gelatin (pH 

7.5). The contents of plant hormones, including indole-3-

acetic acid (IAA), gibberellin (GA), cytokinin (CTKs) and 

abscisic acid (ABA) were determined with an enzyme-linked 

immunosorbent assay (ELISA) according to that described by 

the authors (Yang et al., 2001). A 96-well micro-titration 

plate was coated with 100 μl coating buffer (1.5 g l-1 Na2CO3, 

2.93 g l-1, NaHCO3, 0.02 g l-1 NaN3, pH 9.6) containing 

synthetic ovalbumin conjugates for IAA, GA, CTKs, and 

ABA, respectively, and incubated for 4 h at 37℃ for GA, 

CTKs, and ABA, and overnight at 4℃ for IAA. After washing 

with PBS containing 0.1% (v/v) Tween 20 for 4 times, 50μl 

of either samples or standard IAA, GA, CTKs, ABA (0–2000 

ng ml-1 dilution range) and 50μl antibodies were added in each 

well and incubated for 45 min at 37℃. The antibodies against 

IAA, GA, CTKs, and ABA were prepared according to the 

method described by Weiler et al. (1981). After washing as 

above, 100 μl 1:25 μg ml-1 horse radish peroxidase labelled 

goat anti-rabbit immunoglobulin was added to each well and 

incubated for 1 h at 37℃. After washing for 5 times, 100 μl 

buffered enzyme substrate containing 1.5 mg ml-1 ortho-

phenylenediamine and 0.008% (v/v) H2O2 was added, and the 

enzyme reaction was carried out in the dark at 37℃ for 15 

min, and then stopped by adding of 50 μl 3 M H2SO4 per well. 

The absorbance was recorded at 490 nm. Content of IAA, GA, 

CTKs, and ABA was calculated according to Weiler et al. 

(1981). Three replications were performed for each 

measurement. 

Data analysis: The data collected on various parameters were 

analysed by Fisher’s analysis of variance technique. The least 

significant difference test was used for mean separation at 

p≤0.01. Microsoft Excel 2007 was used for data collation and 

mapping, and DPS 7.05 was used for the analysis. 

Meteorological conditions: The average temperature, 

sunshine duration and precipitation in the experimental area 

are shown in Table 3. During the whole period of maize 

growth, no extreme weather occurred. Meteorological data 

source: China Meteorological Data Network. 

 

Table 3. Weather data of the experimental site during the 

study (years 2015 and 2016). 
Month Mean 

temperature (°C) 

Precipitation 

(mm) 

Sunshine hours 

(h) 

  2015 2016 2015 2016 2015 2016 

Apr 8.56 7.98 6.6 15.2 191.0 199.9 

May 14.25 16.01 77.6 107.2 156.9 203.6 

Jun 22.06 20.11 77.3 206.2 226.7 199.7 

July 23.60 24.31 52.9 44.7 262.9 218.5 

Aug 22.76 23.24 110.5 32.2 152.8 254.0 

Sep 16.17 17.13 24.8 70.6 209.2 159.1 

Total 17.89 18.13 349.7 476.1 1199.5 1234.8 

 

RESULTS 

 

Variation in the grain dry weight of the different maturity 

types of maize: The grain dry weight of different maturity-

type varieties increased as days after anthesis and reached the 

highest dry weight at the 50 days after anthesis in 2015 and 

2016 (Fig. 1A, B). The grain dry weight increased gradually 
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and exhibited an ‘S’ shape curve for each of the four varieties. 

The grain dry weight growth rate of maize varieties with mid-

late-maturity traits remained higher than that of maize 

varieties with late-maturity traits, indicating that the 

accumulation of dry matter in the grains of mid-late-maturity 

varieties grain was fast and that the grains were more filled. 

Parameters of the grain-filling characteristics of the 

different maturity types of maize: Grain-filling rate is one of 

the most important indexes to determine grain weight. The 

logistic equation Y=a/(1+be-ct) was adopted for the process of 

grain filling (Table 4). In this model, R2>0.99, showed that 

the logistic equation could simulate the grain-filling process 

of maize grains at different filling stages. In accordance with 

the grain-filling process, the whole grain-filling period can be 

divided into three parts: the early-stage grain-filling duration 

(T1=t1-t0), the middle-stage grain-filling duration (T2=t2-t1) 

and the late-stage grain-filling duration (T3=t3-t2). The 

beginning of the maximum grain filling of maize varieties 

with mid-late-maturity traits was earlier than that of maize 

varieties with late-maturity traits. The maximum grain-filling 

rate occurred 2.35~3.42 days earlier than that of maize 

varieties with late-maturity traits. The grain-filling duration 

of the early stage of maize varieties with mid-late-maturity 

traits was shorter, whereas the grain-filling duration of the 

middle stage was longer. The beginning of grain filling of 

maize varieties with mid-late-maturity traits was clearly 

earlier, and grain matter accumulated quicker than that of 

maize varieties with late-maturity traits. 

Parameters of the grain dehydration characteristics of the 

different maturity types of maize: The dehydration rate refers 

to the daily reduction in water content of the grain and can be 

used to determine the grain moisture content at harvest. The 

index equation h=DeEt was adopted to simulate the grain 

dehydration process in 2016 (Table 5).  

 

Table 5. Parameters of the grain dehydration 

characteristics of the different maturity types of 

maize. 
Cultivar h1  

%/day 

h2  

%/day 

H1  

%/day 

H2  

%/day 

H3  

%/day 

R2 

Xianyu 335 66.73 35.73 1.68 1.04 0.61 0.986 

Xinxin 2 68.95 44.98 1.22 1.35 0.83 0.988 

Suiyu 23 63.27 44.14 2.01 1.01 0.68 0.991 

Jidan 27 69.57 40.88 1.83 1.14 0.69 0.997 

h1, grain moisture content at the beginning of maximum grain filling; 

h2, grain moisture content at the end of maximum grain filling; H1, 

mean dehydration rate of the early stage; H2, mean dehydration rate 

of the middle stage; H3, mean dehydration rate of the late stage. 

 

Each type of decision coefficient was greater than 0.98, 

indicating that the index equation can strongly simulate the 

grain dehydration process. As showed in Table 5, the greatest 

dehydration rate of each variety occurred in early stage of 

grain filling, the dehydration rates decreased in the middle 

stage, and were the slowest in the late stage. The grain 

dehydration rate differed among varieties. The grain 

dehydration rate in early stage was greater in maize varieties 

with mid-late-maturity traits than that of maize varieties with 

 
Figure 1. Variation in the grain dry weight of the different maturity types of maize. 

 
Table 4. Parameters of the grain-filling characteristics of the different maturity types of maize. 

Cultivar Y(g) Vm(g/d) Tm(d) Va(g/d) t1(d) t2(d) t3(d) T1(d) T2(d) T3(d) V1(g/d) V2(g/d) V3(g/d) R2 

Xianyu 335 36.64 1.06 25.13 0.57 13.78 43.53 64.74 13.78 29.75 21.21 0.56 0.78 0.25 0.998 

Xinxin 2 34.42 1.27 26.13 0.60 17.23 35.03 57.18 17.23 17.79 22.15 0.42 1.12 0.31 0.993 

Suiyu 23 31.10 1.08 22.78 0.56 13.32 32.27 55.85 13.32 18.95 30.79 0.49 0.95 0.27 0.998 

Jidan 27 40.82 1.16 22.71 0.65 11.15 34.26 63.02 11.15 25.11 28.76 0.77 1.25 0.28 0.998 

Y, maximum grain weight; Vm, maximum grain-filling rate; Tm, time to reach the maximum grain-filling rate; Va, mean grain-filling rate; 

t1, the beginning of the maximum grain filling; t2, the end of the maximum grain filling; t3, the end of the grain filling, T1, grain-filling 

duration of the early stage; T2, grain-filling duration of the middle stage; T3, grain-filling duration of the late stage; V1, mean grain-filling 

rate of the early stage; V2, mean grain-filling rate of the middle stage; V3, mean grain-filling rate of the late stage; R2, coefficient of 

determination of the model. The same convention is used in the following tables. Only the 2016 grain-filling rate data were collected and 

analysed. 
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late-maturity traits. These results showed that dehydration 

rates in maize varieties with mid-late-maturity traits were 

faster than that of maize varieties with late-maturity traits. 

Changes in the IAA content of the grains of the different 

maturity types of maize varieties: IAA regulates cell 

elongation and differentiation (Ku et al., 2009). The change 

in IAA content was similar among the different maturity types 

of maize varieties between the two years (Fig. 2A, B). The 

IAA content increased sharply and peaked at 30 days after 

anthesis, after which it gradually decreased. Differences 

between varieties were also observed. The IAA content of 

maize varieties with mid-late-maturity traits was always 

lower than that of maize varieties with late-maturity traits. 

The first 40 days after anthesis, there were no differences 

between the IAA content of the different maturity types of 

maize varieties. At 40 days after anthesis, the IAA content of 

maize varieties with mid-late-maturity traits ranged from 

9.46~27.01% and, respectively, which was lower than that of 

maize varieties with late-maturity traits in 2015 and 2016. 

These results could be because the growth period of maize 

varieties with mid-late-maturity traits was shorter; therefore, 

these varieties mature faster, resulting in a lower IAA content. 

Changes in the GA content of the grains of the different 

maturity types of maize varieties: The variation trend of GA 

content among varieties with time was like that of IAA 

content (Fig. 3A, B). The first 30 days after anthesis, there 

were no differences between the IAA content of the different 

maturity types of maize varieties. The GA content decreased 

rapidly at 30 days after anthesis and, reached its lowest value 

at 50 days after anthesis. Moreover, the decrease in GA 

content in maize varieties with mid-late-maturity traits was 

larger than that of in maize varieties with late-maturity traits, 

but the GA content of maize varieties with late-maturity traits 

was always significantly higher than that of the other 

varieties. 

Changes in the CTKs content of the grains of the different 

maturity types of maize varieties: CTKs hormones promote 

growth and can alter the growth and development of 

endosperm cells (Argueso et al., 2009). The CTKs content is 

characterized by a unimodal curve, and significant difference 

existed between varieties. The CTKs content of maize 

varieties with mid-late-maturity traits was always lower than 

that of maize varieties with late-maturity traits (Fig. 4A, B). 

The CTKs content of maize varieties with late-maturity traits 

slowly decreased and subsequently maintained high values. 

At 50 days after anthesis, the CTKs content of maize varieties 

with late-maturity traits was 16.26~31.33% higher than that 

of maize varieties with mid-late-maturity traits in 2015 

(Fig. 4A) and 15.91~40.12% higher than that of maize 

varieties with mid-late-maturity traits in 2016 (Fig. 4B). 

These results show that the high CTKs content in the grain 

could help extend the grain-filling duration, and delay crop 

maturity. 

Changes in the ABA content of the grains of the different 

maturity types of maize varieties: ABA can promote the 

generation and transportation of photosynthetic products as 

well as improve the net photosynthetic rate in plants (Zhou et 

al., 2016). The ABA content significantly differed among the 

 
Figure 2. Changes in the IAA content of the grains of the different maturity types of maize varieties. 

 
Figure 3. Changes in the GA content of the grains of the different maturity types of maize varieties. 

 

  

  



Zhou, Gu, Li, Liu, Wang, Li, Li & Wei 

 536 

different maturity types of maize varieties (Fig. 5). The ABA 

content of maize varieties with mid-late-maturity traits 

increased first and then decreased; however, the ABA 

content of maize varieties with late-maturity traits always 

increased. At 50 days after anthesis, the order of the ABA 

content in the different maturity types of maize varieties was 

‘Jidan 27’ > ‘Suiyu 23’>‘Xinxin 2’>‘Xianyu 335’ ‘Xinxin 

2’>‘Xianyu 335’>  (Fig. 5A, B). 

Correlation analyses of the endogenous hormones and 

grain-filling rates of the maize varieties at different ripening 

periods: The results of the correlation analysis using 2016 

data (Table 6) showed that the content of IAA significantly 

correlated with grain-filling rate at each period, the content of 

GA and CTKs significantly correlated with grain-filling rate 

at 10 days and 20 days after anthesis, whereas the content of 

ABA was not related to grain-filling rate. The strong positive 

correlation between the IAA and grain-filling rate content 

could affect the grain-filling rate (i.e., the higher the hormone 

content, the faster the rate). 

 

Table 6. Correlation analyses of the endogenous 

hormones and grain-filling rates of maize 

varieties at different ripening periods. 

Grain-filling period IAA GA CTKs ABA 

10 days 0.97** -0.89* 0.98** -0.69 

20 days 0.93* 0.93* 0.90* 0.48 

30 days 0.91* 0.66 0.40 -0.80 

40 days 0.89* 0.71 0.58 -0.81 

50 days 0.89* 0.25 0.55 -0.43 

* and ** indicate significance at the 0.05 and 0.01 levels, 

respectively. 

The results of the correlation analysis (Table 7) showed that, 

no significant correlation between the endogenous hormones 

and grain dehydration rate. There were significant 

correlations between the endogenous hormones and the grain 

dehydration rate at 30 days after anthesis. Also, the grain 

dehydration rate was significantly negatively correlated with 

IAA but significantly positively correlated with ABA. These 

results indicated that IAA and ABA can affect the grain 

dehydration rate; high IAA content was not beneficial to grain 

dehydration, but ABA can promote grain dehydration. 

 

Table 7. Correlation analysis of the endogenous hormones 

and grain dehydration rates of maize varieties at 

different ripening periods. 

Grain dehydration 

period 

IAA GA CTKs ABA 

10 days 0.64 -0.65 0.48 -0.49 

20 days -0.23 0.27 0.37 0.74 

30 days -0.95* -0.69 -0.52 0.90* 

40 days -0.80 -0.85 -0.74 0.81 

50 days -0.59 -0.41 -0.43 0.11 

 

Analysis of yield and yield components: The values of the 

yield and related traits of the different maturity types of maize 

between 2015 and 2016 are similar (Table 8). Take 2016 as 

an example, the yield of ‘Xianyu 335’ reached 14216.22 kg 

ha-1, and significantly higher than that of the other three 

varieties. There were no differences among the other three 

 
Figure 4. Changes in the CTKs content of the grains of the different maturity types of maize varieties. 

 
Figure 5. Changes in the ABA content of the grains of the different maturity types of maize varieties. 
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varieties. Yield components significantly differed among the 

different varieties. The ear grain number of ‘Suiyu 23’was the 

largest and reached 785.33, followed by those ‘Xianyu 335’ 

and ‘Xinxin 2’, whose values were 657.00 and 649.67, 

respectively. The lowest ear grain number occurred for ‘Jidan 

27’ and was only 546.33. The 100-grain weight of ‘Jidan 27’ 

was 39.31 g, which was the largest. ‘Suiyu 23’ had the lowest 

100-grain weight of 26.64 g. Differences between ear grain 

number and grain weight between ‘Xianyu 335’ and ‘Xinxin 

2’ were not large; and all these levels were relatively high; 

therefore, yields were high. Although ‘Suiyu 23’ had the 

lowest 100-grain weight, this variety had the highest ear grain 

number, ensuring high yield. Also, the ear grain number was 

lowest for ‘Jidan 27’, but the 100-grain weight of this variety 

greatly improved production. 

Significant differences in blade tip length among the four 

varieties were also observed. ‘Suiyu 23’ and ‘Jidan 27’ had 

the shortest blade tips, whereas ‘Xinxin 2’ had the longest. 

These results may be because maize varieties with mid-late-

maturity traits acquired enough accumulated temperature and 

had good grain filling as well as short blade tips. The water 

content at harvest significantly differed among the varieties. 

The grain moisture content of ‘Suiyu 23’ and ‘Jidan 27’ was 

lowest at only 27.07%; the grain moisture contents of ‘Xianyu 

335’ and ‘Xinxin 2’ were 18.47% and 19.43% higher than 

those of maize varieties with mid-late-maturity traits, 

respectively. 

 

DISCUSSION 

 
Grain yield showed significant positive relationship with 

grain weight (Rehman et al., 2013), and the grain-filling 

period is an important period with respect to grain formation. 

During the effective grain-filling period, the grain-filling rate 

is positively correlated with grain weight (Jin et al., 2013; Li 

et al., 2013) and the grain-filling duration greatly influenced 

the grain weight. Increasing the grain-filling rate or extending 

the grain-filling duration could increase production. Ma et al 

(2000) reported that the maximum grain-filling duration was 

longer, and the grain-filling intensity was greater mid-late-

maturity varieties than those of late-maturity varieties. 

Compared the grain-filling characteristics of different 

maturity types of maize varieties and reported that grain 

weight can be increased by increasing the filling rate (Yue et 

al., 2016). In the present study, the logistic growth curve 

fitting showed that, the beginning of grain filling occurred 

later, the grain-filling duration of late stage was longer, and 

the grain-filling rate was clearly lower in maize varieties with 

late-maturity traits than in maize varieties with mid-late-

maturity traits. In this study, there was no significant between 

maize variety with late-maturity traits (‘Xianyu335’ and 

‘Xinxin 2’) and maize variety with mid-late-maturity traits 

(‘Suiyu 23’ and ‘Jidan 27’). This maybe because that the 

increased of filling rate compensated for the loss of yield 

caused by the short filling duration. 

Endogenous hormones are closely related to the growth and 

development of the grain of cereal crops, and the grain-filling 

period is related to the development of the endosperm as well 

as its cell division and enlargement (Liu et al., 2004; Gasura 

et al., 2014). IAA plays a stimulative role in the accumulation 

of seed compounds. IAA in the grain can promote grain filling 

by promoting cell elongation and the synthesis of nucleic 

acids and proteins (Wang et al., 2006). Former studiers 

reported that the IAA content decreases rapidly during the 

process of grain filling rate (Gao et al., 2017). In the present 

study, the IAA content increased first and then decreased after 

anthesis. At 10 days after anthesis, the IAA content of maize 

varieties with mid-late-maturity traits was higher than that of 

late-maturity varieties. The difference in IAA content among 

the varieties within 10 to 30 days after anthesis was not clear; 

however, the IAA content of maize varieties with mid-late-

maturity traits was always lower than that of maize varieties 

with late-maturity traits at 40 days after anthesis. According 

to previous studies, IAA is significantly correlated with starch 

synthase activity, suggesting that IAA is likely to regulate 

starch synthesis by regulating amylase activity (Lur and Setter, 

1993). High IAA contents in mid-late-maturity varieties in the 

early stage of growth can increase starch synthase, promote 

photosynthetic product transport, strengthen the capacity of 

activity, and increase grain weight, and low IAA contents in 

the late stage can shorten the grain-filling time and promote 

Table 8. Analysis of the yield and yield components of the different maturity types of maize. 

  Cultivar Ear number 

(ha-1) 

Kernels/ear 100-grain 

weight (g) 

Blade tip 

length (cm) 

Moisture 

content (%) 

Yield (kg ha-1) 

2015 Xianyu 335 59604.15a 645.53±08.67b 37.03±1.31ab 1.53±0.23b 34.67±0.69a 14251±627.6a  
Xinxin 2 59663.35a 626.97±04.20b 35.64±1.22b 1.96±0.12a 33.87±0.21a 13346±482.8ab  
Suiyu 23 59660.85a 769.50±10.11a 25.79±0.69c 0.12±0.01c 26.45±0.57c 11857±447.4c  
Jidan 27 59238.78a 552.67±13.94c 38.00±1.30a 0.08±0.02c 28.04±0.49b 12638±394.6bc 

2016 Xianyu 335 59806.73a 657.00±29.46b 36.18±1.60b 1.14±0.29b 32.07±0.78a 14216±244.1a  
Xinxin 2 59803.90a 649.67±24.13b 34.58±2.36b 2.90±0.35a 32.33±0.90a 13435±330.2b  
Suiyu 23 59811.57a 785.33±09.07a 26.64±1.22c 0.10±0.17c 27.07±0.45b 12513±200.2b 

  Jidan 27 59805.07a 546.33±32.13c 39.31±1.06a 0.17±0.29c 27.07±0.31b 12843±230.0b 

The values followed by different letters within a column indicated significant at P<0.05 level. 
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grain maturity. However, high IAA contents can result in the 

consumption of plant photosynthetic products, which is 

unfavourable to starch accumulation. 

Furthermore, it was suggested that IAA and GA may 

contribute to the regulation of grain development (Zhang et 

al., 2016). Scientists found that compounds similar to GA 

were present with the highest concentration in the liquid 

endosperm of pea during rapid pod elongation (Eeuwens and 

Schwabe, 1975; Ma et al., 2010). In plants, GA is closely 

related to IAA, and the effects of GA on starch accumulation 

occur mainly via IAA. This phenomenon is considered a 

cooperative relationship between GA and IAA. GA promotes 

the development of endosperm cells and prolongs the 

accumulation of dry matter; therefore, high GA values are not 

beneficial to grain filling. In the present study, the changes of 

GA contents were similar to that observed for IAA contents. 

The present study also showed that the grain-filling rate and 

the GA content at 10 days after anthesis were significantly 

negatively correlated. Grain filling decreased as the GA 

content increased at 10 days after anthesis, but the grain-

filling rate was significantly positively related to the GA 

content at 20 days after anthesis. GA improved the grain-

filling rate in the middle stage, but after 20 days, the GA 

content was not significantly correlated with the grain-filling 

rate, indicating that GA had little influence on grain starch 

accumulation in the late grain-filling stage. 

CTKs are the key regulators of plant growth and development, 

and function in many processes such as division of cells, 

biogenesis of chloroplasts, differentiation of the bud and root, 

initiation and growth of shoot meristem, tolerance to stress, 

and senescence (Zhou et al., 2016). CTKs have a delayed 

effect, and a high content of CTKs in later stages can prolong 

the grain-filling stage and delay ripening. In the present study, 

the CTKs content gradually decreased at 30 days after 

anthesis, and the CTKs content of maize varieties with mid-

late-maturity traits was always lower than that of maize 

varieties with late-maturity traits. The CTKs content of maize 

varieties with late-maturity traits slowly decreased but 

maintained a high value at 50 days after anthesis. These 

results indicate that the rate increase of the endosperm cells in 

maize varieties with late-maturity traits was still high and that 

the cells continued to fill. The CTKs content of maize 

varieties with mid-late-maturity traits was low; grain filling 

was essentially complete, and maturity gradually occurred. 

ABA is often reported to be a stimulating hormone that 

promotes the seed maturity. ABA promotes the accumulation 

and transportation of the same compounds and increases the 

content of starch in seeds (Xu et al., 2013). Earlier research 

has showed that ABA can increase the absorption of 

endosperm cells and increase grain-filling rates (Xu et 

al.,2007). High ABA contents can effectively initiate grain 

filling in the early grain-filling stage and accelerate 

photosynthate-to-grain transportation and accumulation and 

that high ABA contents can extend the grain-filling duration 

(Li et al., 2017; Lv et al., 2017). The study about rice and 

wheat suggests that the ABA content of the superior grains 

was significantly higher than the inferior grains, and the high 

ABA in the grains are associated with a higher filling rate in 

the superior grains (Liu et al., 2013). ABA increases grain 

weight by increasing the activity of ADPG 

pyrophosphorylase (AGPase) and the starch branch enzyme 

(SBE) in seeds (Yang et al., 2004; Artlip et al., 2010; Liu et 

al., 2013). The present study showed that the ABA content of 

each variety first increased but then decreased. Differences 

between the varieties of different maturity were observed. The 

ABA content of maize varieties with mid-late-maturity traits 

increased sharply in the early stage, peaked early, but then 

decreased rapidly. This pattern indicated that grain filling 

started early and that photosynthate transportation and 

accumulation to the grain were faster than those in maize 

varieties with late-maturity traits. The ABA content decreased 

rapidly, indicating that the grain-filling duration of maize 

varieties with mid-late-maturity traits was short; 

photosynthate accumulated slowly, and the maximum grain 

weight occurred at 40 days after anthesis. However, the ABA 

content was low in the early grain-filling stage of maize 

varieties with late-maturity traits but continuously increased 

in late stage. This phenomenon showed that the beginning of 

grain filling in maize varieties with late-maturity traits was 

late but had a long duration, and grain weight continued to 

increase. Therefore, the high contents of IAA and CTKs can 

promote endosperm cell growth in the early stage and the low 

contents of IAA, GA and CTKs in the late stage shorten the 

grain-filling time and promote grain maturity; high ABA 

contents in the early stage promote grain filling, enhance 

capacity, and increase starch accumulation; and low ABA 

contents in the late stage can shorten the grain-filling duration 

and promote grain maturity in mid-late-maturity varieties. 

Grain moisture content declines throughout grain filling 

(Gambin et al., 2007). The relationship between water and 

biomass development affect kernel volume determination 

during late grain-filling, and grain-filling rate is affected by 

endogenous hormones; therefore, hormones also affect grain 

dehydration rates. In the present experiment, the results of the 

correlation analysis between grain dehydration rate and 

hormones showed that hormones can affect grain 

dehydration. At 30 days after anthesis, the IAA and ABA 

contents significantly affected the grain dehydration rate. 

These results could be because the grain-filling rate was slow 

during the grain-filling duration of the middle stage and 

entered the dehydration stage at 30 days after anthesis. IAA 

can promote grain filling and is unfavourable to dehydration; 

however, ABA shortens the grain-filling duration and rapidly 

promotes maturity and grain dehydration. 

To a certain extent, production increases as the growth period 

progresses. Therefore, the utilization time of light energy can 

be increased by increasing the duration of the growth period 

to achieve higher yields (Huo et al.,1995). To obtain high 

http://dict.youdao.com/w/continuously%20increase/#keyfrom=E2Ctranslation
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yields, farmers have recently been choosing late-maturity 

varieties to grow in Heilongjiang province. Longer growth 

periods in the appropriate area for breeding have also been 

targeted by maize breeders in Heilongjiang province. 

However, with respect to the present results, the yield 

breakthroughs of maize varieties with late-maturity traits are 

not very large, the mature grain moisture content at harvest is 

high due to the long duration, and high grain moisture content 

will affect quality and economic benefits. The results of the 

present study suggested that although the 100-grain weight of 

‘Suiyu 23’ was lower than that of the other varieties, the 

largest ear grain number of this variety compensated for the 

low 100-grain weight. Similarly, although the ear grain 

number of ‘Jidan 27’ was low, the high 100-grain weight of 

this variety compensated for the low ear grain number. 

Previous results show that the contribution of 10~15 days of 

the late growth stage to the yield is not great and the 

prolongation of growth period can not guarantee the increase 

of yield of maize varieties with late-maturity traits. (Wang et 

al., 2014). In Heilongjiang, this is usually the case that the 

grain filling of late-maturity varieties continued at harvest 

grain dry matter weight did not reach the maximum; in 

addition, grain moisture content was still high at harvest. 

According to the national reserve price of maize in 2015, the 

price of maize with 27% moisture content was 0.7985 yuan 

kg-1, and the price of maize with 32% moisture content was 

only 0.7245 yuan kg-1. The price of late-maturity varieties was 

0.074 yuan and was lower than that of maize varieties with 

mid-late-maturity traits. In accordance with the above 

reference data, the purchasing prices of ‘Suiyu 23’ and ‘Jidan 

27’ were 9991.86 yuan ha-1 and 10255.84 yuan ha-1, 

respectively, and the purchasing prices of ‘Xianyu 335’ and 

‘Xinxin 2’ were 10299.65 yuan ha-1 and 9733.87 yuan ha-1, 

respectively, in 2016. Therefore, late-maturity varieties did 

not provide high economic benefits, which were even lower 

than those of mid-late-maturity varieties. Moreover, the short 

growth period of maize varieties with mid-late-maturity traits 

would not face early frost damage, and their yield and quality 

are therefore more secure. 

 

Conclusion: Above all, compared with maize varieties with 

late-maturity traits, maize varieties with mid-late-maturity 

traits early entry into filling stage, had shorter growth periods, 

faster accumulations of grain dry matter, and lower grain 

moisture contents, which related to changes of endogenous 

phytohormones. Maize varieties with mid-late-maturity traits 

achieved physiological maturity at harvest, leading to higher 

yields. These results suggest that in order to ensure that maize 

is fully maturity at harvest, maize varieties with mid-late-

maturity traits should be selected for planting in areas with 

less accumulated temperature. 
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