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a b s t r a c t
Background Limited research on waxy maize yield and commercial value in response to water-limited 
(WL) stress and its interactions with plant density (PD) in the field. Methods: in this study, we 
examined the effects on two water treatments the water-limited group, and the well-watered (WW) 
group at one location (Fangshan, China) for fresh waxy maize hybrid (JKN 2000), and three plant 
densities (3.75, 5.25, and 6.75 plants m–2) in 2017 and 2018 using a block design split randomly in 
the field. Results: fresh waxy maize ear yield, grain yield, and yield components were affected for 
all treatments after WL stress lasted more than 9 d at the jointing stage. Compared with the WW 
treatment, WL treatment significantly decreased the fresh ear yield by 4.95%, due to decreasing ear 
length in waxy maize. In contrast, fresh grain yield significantly reduced by 3.75%, largely because of 
decreasing kernel weight and numbers per ear. The optimal PD of fresh ear yield was 6.75 plants m–2. 
Conclusions: across all plant densities, WW treatment significantly increased the ear length distri-
bution percentage by 19.19%, which effectively expand the commercial value of fresh ears of waxy 
maize. We concluded that waxy maize yield and commercial value of single-ear could be enhanced 
by the application of WW treatment at the jointing stage under field conditions.
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1. Introduction

Waxy maize (Zea mays L. Sinensis Kulesh) was first 
reported in China in 1909 and is mainly used in food pro-
duction in Asia [44]. Because of its specific characteristics, 
including a starch composition of almost 100% amylopectin, 
and economic value, waxy maize is becoming an important 
source of maize for fresh consumption, food industries, feed-
stuff in the world [1,2]. With the continuous improvement 

of economic and social development and living standards, 
people’s food consumption habits have turned to the direc-
tion of nutrition and health [3,4]. Therefore, fresh waxy 
maize has become an important way for farmers to increase 
their income and agricultural efficiency [2,5]. In China, the 
annual processing capacity of fresh waxy maize ears (such as 
quick-freezing) has reached 10 billion ears, making the plant-
ing and production area of waxy maize the first in the world, 
which would contribute to broad prospects for commercial 
value in the processing industry of waxy maize ears [6]. As 
one of the major producing areas of crops, the north China 
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plain (NCP, ‘winter wheat’ continuously followed by ‘sum-
mer maize’) is becoming an important production base of 
fresh waxy maize.

The current commercial maize (Zea mays L.) hybrids are 
superior to older hybrids because maximum grain yield per 
area is achieved primarily in high-density populations under 
field conditions [7,8]. Furthermore, maize yield is often asso-
ciated with interseasonal variation in optimum plant density 
(PD) followed by instability and yield loss, particularly for 
rainfed maize under the diverse agro-ecosystems induced 
by ongoing climate change [9–11]. In recent years, some 
scholars reported high PD is needed to obtain a high yield in 
maize [12,13]. Under water-limited (WL) stress or drought-
prone conditions, the use of density-neutral hybrids opti-
mizes the resource-use efficiency by adjusting properly the 
seeding rates, PD or other cultivation technique measures, 
which changing the development growth phases in maize 
to address climate change, for example, declining rainfall 
[11,12]. Further, since crowded plants compete for resources 
like nutrient, incident radiation and water, the yield per 
plant is possibly decreased [7,11,13]. Therefore, assessing the 
yield effects of climatic variables in specific growth phases 
may provide a better understanding of how WL stress and 
irrigation impact waxy maize yield under climate change 
[14–16]. Although previous studies have described changes 
in maize yield and other agronomic traits its interactions 
with PD in the field [12,17–19], however, there is still little 
information on fresh waxy ear yield under field conditions 
and specifically for its commercial value.

During the past two decades, although progress has 
been made towards an overall increase in maize, its yield 
and plant sensitivity to WL stress have increased, espe-
cially erratic rainfall patterns on a global scale [20–22]. 
Water limited stress and often results in 20%–50% reduc-
tions in maize yield each year in China [23]. During the 
last decade, climate change in the NCP has been associated 
with a mean reduction in precipitation by 2.9 mm y−1 [24]. 
Further, precipitation across NCP is mainly concentrated in 
June to August, WL stress is more likely to happen during 
the Jointing Stage (V6-9, from Apr. to May). Previous stud-
ies have reported that declining and low precipitation has 
led to WL stress during different growth phases in maize, 
which has severely affected its agronomic traits and results 
in marked yielding reductions [20,23,25–28]. In recent years, 
several scholars have studied the effects of WL stress on 
waxy maize, which focused on grain yield or quality during 
the pollinating time or later period [29–31]. Nevertheless, 
waxy maize growth and development are affected differ-
ently by the weather in different growth phases. Therefore, 
assessing the yield effects of climatic variables at the joint-
ing stage may provide a better understanding of how WL 
stress and irrigation impact waxy maize yield under cli-
mate change [32,33].

The objectives of the present study aims at (1) quantify 
the effect of WL stress at jointing stage on fresh ear yield, 
ear height, plant height, yield constituents and yield of fresh 
grain; and (2) investigate the effect of Water limited stress 
and PD on ear length distribution percentage (%) in waxy 
maize; and (3) explore the optimal management strategies 
for addressing WL stress with further improvements in the 
commercial value of fresh ear yield under field conditions.

2. Materials and methods

2.1. Experimental design

Field trials were conducted in 2017 and 2018 at Fangshan, 
Beijing (39.68°N, 116.05°E, Elev. 37.1 m). The weather data 
recorded during the maize growing season at the 2 y are 
revealed in Table 1. The fertility of soil within the layer from 
the surface down to 20 cm depth and the type of soil at the 
experimental location are shown in Table 2. At Fangshan, 
the 0–20 cm soil layer contains 14.78 g kg–1 organic matter, 
0.89 g kg–1 total nitrogen (N), 25.91 mg kg–1 available phos-
phorus (P), and 102.1 mg kg–1 available potassium (K), and 
has a pH of 7.1.

As experimental crop plants, we selected the commonly 
cultivated hybrid waxy maize cultivar, Jingnuo, China 2000 
(JKN 2000, semi-compact tall plant). The plant densities 
used were 6.75, 3.75, and 5.25 (farmer’s traditional practice 
plants per square meter. The maize was hand sown using 
plastic film mulching at Fangshan, Beijing on 10 April 2017, 
and 12 April 2018, respectively. In all experiments of this 
study, the row spacing and the depth of sowing were set as 
60 and 5 cm respectively.

The effects of two water treatments were examined 
under field conditions, the WL group was set up at waxy 
maize jointing stage [34], with water limited stress duration 
9 d from 22 May to 30 May in 2017, and 11 d from 23 May 
to 2 June in 2018 respectively (Table 1). Plants were main-
tained at about 55%–65% field water capacity (FWC) of soil 
water content in the WL group. For the control, each plot of 
the well-watered (WW) group was irrigated with 60 mm of 
water on 28 May 2017 and 29 May 2018 respectively, in which 
the average moisture content of the soil was maintained at 
about 75%–85% FWC of soil water content (Table 3).

The experiments were conducted according to a block 
design split randomly in triplicate. PD acted as the princi-
pal block and WL and WW application acted as sub-blocks 
which were split randomly into principal blocks. In a single 
plot with a width of 4.8 m and length of 10 m there were eight 
maize rows. Fertilizer application at the experimental loca-
tion in each plot followed a high yield practice, with a base 
fertilizer of 105 kg N ha–1, 26 kg P2O5 ha–1, 120 kg K2O ha–1 
applied before sowing and a further 95 kg (N) ha–1 applied as 
a top dressing at the tassel stage (VT). Each plot was irrigated 
with 60 mm of water immediately after sowing (Table 2). We 
follow the guidelines from local farmers in the other aspects 

Table 1
Weather data of experimental locations in maize growing season 
at Fangshan

Monthly Precipitation (mm) Temperature (°C)

2017 2018 2017 2018

4-Apr. 20.6 41.9 16.8 15.1
5-May 20.4 11.8 22.6 21.6
6-Jun. 134.2 25.2 24.7 26.4
7-July 91.0 311.3 26.9 27.7
Totala 266.2 390.2 22.8 22.7

Note: aAir temperatures are monthly mean, while precipitation is 
monthly sums in maize growing season.
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of agronomy. The maize was harvested on 10 July 2017 and 12 
July 2018 at Fangshan, Beijing.

2.2. Measurements

At harvest, a 24 m2 area inside the interior two rows of 
a single plot was collected by hands to determine fresh ear 
and grain yields. Ear density, as the number of ears per unit 
ground area, ear weight, and ear size length for all plants in 
the sampling area of each plot was measured at the time of 
harvest. Kernel number per ear and thousand-kernel weight 
were measured using 10 randomly selected ears from the 
sampling area in each plot.

Commercial ears of its length distribution percentage 
were calculated as Eq. (1) as follows: percentage of commer-
cial ears = ears of specific length/all ears (1). Where specific 
length is divided into different levels: superfine, the ear length 
greater than or equal to 20 cm; first, the ear length ranged from 
18 to 20 cm; second, the ear length ranged from 16 to 18 cm; 
and ear length less than or equal to 16 cm are classified as the 
others. And all ears are the number of the ear in each plot.

At the dough stage (R3, milk) on 8 July 2017 and 9 July 
2018 at Fangshan, Beijing five plants from each plot with at 
least 0.6 m distant from the spot of harvesting samples were 
collected to measure the characteristics in the morphology of 
ear and plant height.

2.3. Statistical analysis

Treatment effects on fresh ear yield, fresh grain yield, 
yield components, and morphological traits (ear and plant 
height) were analyzed using analysis of variance, in the gen-
eral linear model procedure of SPSS 21 (Chicago, IL, USA). 
The unchanged factors in this model included plant density, 

year as well as water treatment, including all interactions. 
Replicate was considered a random factor. The means of 
data were compared using Duncan’s multiple range test at 
P < 0.05. The figures were drawn using Origin 8.6.

3. Results

3.1. Fresh ear yield

Water treatment and PD significantly affected fresh 
ear yield across 2 y (Table 4). There was no interaction 
between water treatment and plant density. WL stress sig-
nificantly decreased the fresh ear yield by 4.95% across all 
plant densities and years (Table 5). The highest yield of JKN 
2000 was obtained by WW application at an optimal PD of 
6.75 plants m–2 across the 2 y, indicating a significant inter-
action by management (e.g. WW application and plant den-
sity). However, there were no significant interactions among 
the year, water treatment, and PD (Table 4).

Water treatment significantly interacted with the year, 
indicating that the water treatment (WL stress) effect was 
influenced by climate factors, for example, rainfall. The 
average fresh ear yield of JKN 2000 across all plant densi-
ties in 2017 (14.64 ton ha–1) was higher than that in 2018 
(14.16 ton ha–1) (Table 5). Fresh ear yield was higher in 2017 
than 2018 across all plant densities due to high rainfall, that 
the total rainfall over the first three monthly sums during 
maize growing season in 2017 was 175.2 mm which was 
96.3 mm higher than 2018.

3.2. Fresh grain yield

Fresh grain yield differed significantly with year, water 
treatment, and PD (P < 0.01) (Table 4). The average fresh grain 

Table 2
Soil type, original fertility in the top 0–20 cm soil layer, and fertilization application of each plot at the experimental site

Soil type PH Original fertility Irrigation

Organic 
matter 

Total N Available P Available K Before sowing Vasseling 
stage

(g kg–1) (g kg–1) (mg kg–1) (mg kg–1) kg N ha–1 kg P2O5 ha–1 kg K2O ha–1 kg N ha–1 mm (date)

Cinnamon 
soil

7.1 14.78 0.89 25.91 102.1 105 26 120 95 60 (April 16)

Table 3
Water treatments under field conditions in 2017 and 2018

Cultivar Year Treatment

Group divided Test measures Test times FWC

JKN 2000 2017 WL WL stress duration for 9 d at jointing stage (V8) From 22 May to 30 May 55%–65%
WW Irrigated with 60 mm of water 28 May 75%–85%

2018 WL WL stress duration for 11 d at jointing stage (V8) from 23 May to 2 June 55%–65%
WW Irrigated with 60 mm of water 29 May 75%–85%

Note: FWC of soil water content, which measured at every 10 cm in 0–20 cm soil layer by drying and weighing and at every 20 cm in 20–80 cm 
soil layer by the neutron scattering technique (CPN-503, USA) every 3 d during the growing period of waxy maize in water treatment times.
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yield for JKN 2000 across all plant densities in 2017 (9.95-ton 
ha–1) was higher than that in 2018 (9.80 ton ha–1) (Table 6). 
WL stress significantly decreased fresh grain yield by 3.75% 
across all plant densities, and years.

Although PD showed no significant interaction with 
water treatment, there were significant interactions between 
PD and year (P < 0.05) (Table 4). Over 2 y, the highest yield 
was obtained for JKN 2000 with water limited stress at an 
optimal PD of 5.25 plants m–2, after WW treatment, the best 
performing for the optimal PD increased by 3.17% in 2017 
and 1.89% in 2018, indicating that the interaction effect of 
the year (e.g. rainfall) and managements (e.g. WW and plant 

density) on fresh ear yield was also significant. The analysis 
was made using a split block design with PD as the main 
plot factor and Water treatments (WW and WL) as subplot 
factors.

3.3. Components of yields

PL instead of water treatment exerted significant effects 
on ear density (P < 0.01). Ear density increased linearly with 
an increase in plant density. Water treatment showed no sig-
nificant interaction with PL (Table 4).

Thousand-kernel weight was significantly affected by 
water treatment, PD, and year (Table 4). WL stress significantly 

Table 4
Results of ANOVA analysis for the effects of Year (Y), PD, and water treatments (WW and WL) on fresh ear yield, fresh grain yield, 
yield components, morphological traits, and ear length distribution percentage in waxy maize

Year Effect df Fresh 
ear yield

Fresh 
grain 
yield

Ear 
density

Thousand 
kernels 
weight

Kernel 
numbers 
per ear

Plant 
height

Ear 
height

Ear length distribution per-
centage

2017 WS 1 16.71** 20.99** 3.46ns 4.13* 47.55** 35.97** 37.4** Superfine First Second
PD 2 87.46** 9.32* 163.89** 8.91** 27.68** 6.87* 18.95**
WS * PD 2 0.98ns 0.61ns 0.14ns 0.24ns 0.08ns 0.76ns 0.87ns

2018 WS 1 27.61** 11.22* 2.71ns 35.62** 47.41** 21.28** 13.01* 52.98** 8.01* 9.72*
PD 2 21.42** 15.21** 96.98** 6.21* 26.69** 9.64** 11.15** 9.78** 111.49** 10.45**
WS * PD 2 0.22ns 1.11ns 0.03ns 0.56ns 0.11ns 0.21ns 1.18ns 1.87ns 0.02ns 1.25ns

2 Y Year 1 4.42* 7.77* 2.97ns 17.75** 4.96* 1.51* 7.97**
WS 1 41.42** 24.89** 6.11* 21.17** 95.56** 56.32** 31.71**
PD 2 74.26** 22.67** 250.46** 5.65* 52.75** 17.52** 21.58**
rep 2 2.46ns 1.46ns 1.73ns 0.39ns 0.09ns 2.17ns 0.19ns
Year * WS 1 4.81* 0.63ns 0.03ns 1.09ns 6.77ns 0.05ns 0.12ns
WS * PD 2 0.56ns 0.67ns 0.11ns 0.42ns 0.04ns 0.15ns 1.72ns
Year * PD 2 1.79ns 3.87* 0.12ns 10.77** 5.36* 1.05ns 0.81ns
Year * WS * PD 2 0.27ns 1.24ns 0.02ns 0.21ns 0.19ns 0.71ns 0.25ns

Note: F values and significance levels (* P < 0.05, ** P < 0.01 and ns P ≥ 0.05) are given.

Table 5
Fresh ear yield (ton ha–1) of waxy maize affected by PD 
(plants m–2), and water treatments (WW and WL) in 2017 and 
2018

Year PD WW WL

2017 3.75 13.66 ± 0.13 C a 13.29 ± 0.06 C b
5.25 14.53 ± 0.12 B a 14.18 ± 0.12 B a
6.75 15.73 ± 0.29 A a 15.02 ± 0.15 A a

14.64 ± 0.31 14.16 ± 0.26
2018 3.75 13.91 ± 0.22 B a 12.82 ± 0.15 B b

5.25 14.69 ± 0.35 AB a 13.89 ± 0.15 A a
6.75 15.35 ± 0.33 A a 14.32 ± 0.23 A a

14.65 ± 0.26 13.68 ± 0.24

Note: Same capital letters indicate no significant difference between 
plant densities within the same year at a = 0.05. Same small letters 
indicate no significance between water treatments (WW and WL) 
in the same year, PD at a = 0.05. The mean and standard errors are 
reported.

Table 6
Fresh grain yield (ton ha–1) of waxy maize affected by PD 
(plants m–2), and water treatments (WW and WL) in 2017 and 
2018

Year PD WW WL

2017 3.75 9.71 ± 0.09 B a 9.49 ± 0.12 B b
5.25 10.11 ± 0.22 A a 9.79 ± 0.11 A b
6.75 10.04 ± 0.14 A a 9.63 ± 0.06 AB a

9.95 ± 0.18 9.64 ± 0.06
2018 3.75 9.43 ± 0.07 B a 8.78 ± 0.26 B a

5.25 10.06 ± 0.25 A a 9.87 ± 0.21 A a
6.75 9.92 ± 0.11 A a 9.45 ± 0.06 AB b

9.8 ± 0.12 9.37 ± 0.19

Note: Same capital letters indicate no significant difference between 
plant densities within the same year at a = 0.05. Same small letters 
indicate no significance between water treatments (WW and WL) 
in the same year, PD at a = 0.05. The mean and standard errors are 
reported.
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decreased the thousand-kernel weight (P < 0.01) by 4.78% 
across all plant densities and years. There were significant 
interactions between PD and year (P < 0.01) but showed no 
interaction with other factors (Table 4). Thousand-kernel 
weight decreased linearly with an increase in PD across both 
water treatments and all years (Fig. 1). The interactions among 
water treatment, plant density, and year were no significant.

Kernel number per ear was also significantly affected 
by water treatment, PD, and year (Table 4). Across all plant 
densities and years, kernel number per ear significantly 
increased by 2.86% after WW treatment application (P < 0.01). 
Whereas this parameter was significantly increased linearly 
by an increase in PD (P < 0.01) across all years and both water 
treatments (Fig. 2). Interactions between water treatment and 
other factors were not significantly different, whereas there 
was a significant interaction between water treatment and 
years (P < 0.01) (Table 4).

3.4. Plant height and ear height

Water treatment, PD and year affected plant height in a 
statistically significant way (Table 3). PD made plant height 

increase remarkably (Fig. 3), across all water treatments and 
in both years. WL stress decreased plant height by 4.07% with 
statistical significance (P < 0.01) across the entire year and PD 
grades and showed no significant interaction with other fac-
tors (P < 0.01) (Table 2).

Ear height was also significantly affected by water treat-
ment, plant density, and year (Table 3). WL stress signifi-
cantly reduced (P < 0.01) ear height by 7.97% across entire 
year and PD grades. Also the effect of WL stress in lowing ear 
position less at low PD than high PD (Fig. 4).

3.5. Ear grade in size

Ear distribution percentage was significantly affected by 
water treatment, and PD (Table 4). There were no significant 
interactions between water treatment and plant density. Ear 
length distribution percentage was significantly shorter at 
high plant densities, especially in superfine grade ears (ear 
length greater than or equal to 20 cm) (Fig. 5). After the WW 
treatment application, the ear length distribution percentage 
(P < 0.01) significantly increased by 19.19% across all plant 
densities in 2018.

 Fig. 1. Effects of water treatments (WW and WL) on the thousand 
kernel weight of waxy maize cultivar planted at three densities 
in 2017 and 2018.

 Fig. 2. Effects of water treatments (WW and WL) on the kernels 
per ear of waxy maize cultivar planted at three densities in 2017 
and 2018.
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Across all plant densities, the highest ear length distribu-
tion percentage (77.24%) was greater than or equal to 20 cm, 
which more than other grade ears (Fig. 5). However, the effect 
of WW treatment in superfine grade ears (5.24%, ear length 
distribution percentage concentrated in ear length ≥ 20 cm) 
lower than the first-grade ears (18.65%, for the ear length, 
ranging from 18 to 20 cm), and secondary (33.68%, for the ear 
length, ranged from 16 to 18 cm).

4. Discussion

Globally, maize is an economically important crop that 
is highly susceptible to WL stress [26,35]. The frequency of 
WL stress events increased in large parts of NCP because 
of the uneven distribution of rainfall and limited irrigation 
water resources [4,36–40]. Has reported that only one-week 
drought can impair maize growth (Lehoczky et al., 2009). 
In waxy maize of this study, as a result of extended WL 
stress lasted more than 9 d at the jointing stage, fresh ear 
yield, fresh grain yield and various other yield components 
decreased obviously. Compared with the WW treatment, 
WL treatment significantly decreased the fresh ear yield by 
4.95% across the 2 y due to decreasing ear length in waxy 

maize. In contrast, fresh grain yield significantly reduced 
by 3.75% due to decreasing kernel weight and numbers 
per ear by WL stress. For the past few decades, in addition 
to the improvement of new varieties, the yield of maize is 
increased due to the usage of innovative cultivation tech-
niques (e.g. reasonable irrigation time, suitable for plant 
density) in the field [9,10,12–13]. A study reported that 
suitable irrigation aims at matching water requirements for 
sensitive phenological stages of crops with limited water 
supply to avoid the occurrence of years with low yields and 
stabilizes yields at a level greater than under rainfed condi-
tions [38,46]. In our experiments, the highest fresh ear yield 
(15.54-ton ha–1) was obtained by WW treatment at an opti-
mal PD of 6.75 plants m–2 over 2 y, which is probably bring-
ing about the high commercial value of single ear for waxy 
maize. Further, averaged fresh grain yield were significant 
interactions between PD and year (P < 0.05) (Table 4), the 
best performing for the optimal PD increased by 3.17% in 
2017 and 1.89% in 2018 resulted from WW treatment. The 
present results indicated that the yield of the waxy maize 
was possibly optimized through the application of WW 
treatment under field conditions.

The plant height of hybrid maize was slightly increased 
and the ear height was decreased based on an elevation in 

 Fig. 3. Effects of plant density, and water treatments (WW and 
WL) on waxy maize plant height in 2017 and 2018.

 Fig. 4. Effects of plant density, and water treatments (WW and 
WL) on waxy maize ear height in 2017 and 2018.
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yield and PD [39,49]. In this experiment, WL stress decreased 
plant and ear height by 4.07%, and 7.97% with statistical sig-
nificance. This result possibly resulted from more undesir-
able pollination for kernels per ear decreased because of less 

radiation [13,40]. In various ecological regions around the 
world, PD exerts an essential in maize yields [10,19,13]. The 
higher density of plant population leads to increased crop 
transpiration and decreased evaporation of soil water while 
optimized PD varies among the environment and receives the 
influence of genotype and managing measure [41–43]. Across 
the 2 y, WW treatment increased the fresh ear and grain yield 
in this study, however, WW treatment did no changed the 
optimal density for grain yield (5.25 plants m–2) and fresh 
ear (6.75 plants m–2), and optimized PD values were differ-
ent according to discoveries in maize previously (Hernández 
et al., 2014; Lindsey et al., 2015). The reason largely because 
the degree of WL stress at the jointing stage is relatively low. 
Another reason is that there was only one cultivar and less 
environment. Accordingly, the increased frequency and 
severity of WL stress and more waxy maize varieties need 
to be more comprehensively assessed in field experiments. 
The findings in this study are possibly helpful to farmers in 
the optimization of yielding potential and PD of waxy maize 
under field conditions.

The ear length was negatively correlated with the num-
ber of rows ear–1 for the Mead and North Platte irrigated 
environments [31]. In the present study, ear length distribu-
tion percentage has been shown to be affected by water treat-
ment, and PD (Table 4). Over the first three grades, across all 
plant densities WW treatment significantly increased the ear 
length distribution percentage by 19.19%. Further, its effect 
by 5.24% in superfine grade ears, and other grade ears more 
than this. Also, the optimal effect of WW in superfine grade 
ears increased 9.13% at 3.75 plants m–2, however, its effect 
decreased from 5.25 to 6.75 plants m–2. Nonetheless, longer 
ear length and its higher distribution percentage contributed 
to selling at a good price in a single ear for waxy maize. Thus, 
farmers will benefit from the high price of the single ear, 
result from the prospect of waxy maize industry broader and 
more predictable.

We concluded that WL stress lasted more than 9 d at the 
jointing stage in waxy maize decreased fresh ear yield, fresh 
grain yield by decreasing kernel weight and numbers per 
ear. However, the optimized PD showed no difference with 
fresh ear yield and fresh grain yield under field conditions. 
Applying WW treatment significantly increased the ear 
length distribution percentage, have compensatory effects 
offset WL stress in the field. The findings in the current 
study are possibly helpful to farmers in the optimization of 
plant yield and density associated with an extended com-
mercial value of fresh ear yield and also help agronomists in 
the improvement of yielding potential under variations of 
climate in the future.

5. Conclusions

In general, fresh waxy maize ear yield, and grain yield 
were affected for all treatments after WL stress lasted more 
than 9 d at the jointing stage. Compared with the WW treat-
ment, WL treatment significantly decreased the fresh ear 
yield by 4.95%, and fresh grain yield significantly reduced 
by 3.75%. WW treatment significantly increased the ear 
length distribution percentage by 19.19%, offset WL stress in 
the field, which effectively expands the commercial value of 
fresh ears of waxy maize.

 Fig. 5. Waxy maize ear length distribution percentage (%) 
affected by plant density, and water treatments (WW and WL) 
in 2018.
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