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ABSTRACT

Sweet corn (Zea mays L. var. saccharata [Sturtev.] L.H. Bailey) is a thermophilic crop that is sensitive to cold stress
and thus may be cultivated by raising seedlings. The aim of this work was to determine the impact of transplanting and
direct sowing on the yield and earliness of the sweet corn crop. The treatment protocol used had a combination of two
different cultivation technologies (transplanting and direct sowing) and two different sowing periods (8 and 15 May
during both growing seasons). The results show that the different cultivation technologies both had significant effects on
the productive properties and earliness of sweet corn. The transplanting variants had about 34% more plants per hectare
compared with the direct sowing yield. The ear length and mass were higher in crops grown using transplanting (22.2
cm and 278.0 g, respectively) than in crops grown using direct sowing (21.2 cm and 270.3 g, respectively). During the
research period, a significantly higher ear yield was noted in the transplanted variants (11.7 t ha'') compared with those
of direct sowing (7.6 t ha'). The transplanting variants had earlier harvests by 18 and 16 d in the first and second sowing
periods, respectively, compared with those of direct sowing.
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INTRODUCTION

Sweet corn (Zea mays L. var. saccharata [Sturtev.] L.H. Bailey) is one variety of corn whose morphological characteristics
and cultivation technology are generally similar to those of other varieties —with some differences. Compared with other
corn varieties, sweet corn has a kernel rich in protein, fat, and sugar (Budak and Aydemir, 2018) that is soft, juicy, sweet,
and very tasty at the milk stage (Ugur and Maden, 2015). Given these characteristics, the kernels are consumed fresh or
processed (Rattin et al., 2018).

Sweet corn is a thermophilic crop with an optimum growth temperature range of 21-27 °C (Mao et al., 2017;
Hacisalihoglu et al., 2018). Cold temperatures (< 10 °C) can hinder growth and can damage plants. The growing demand
for sweet corn in recent years (Ugur and Maden, 2015) has resulted in the expansion of sweet corn production to regions
with less-than-optimal temperatures for growth. Sweet corn cultivation in such regions results in low and variable yields.

Furthermore, increasing consumer demand requires extending the supply of fresh sweet corn beyond the conventional
season, which is challenging because the quality of the kernel deteriorates rapidly after the milk stage (Alan et al., 2014).
Currently, the most common method to solve this problem and extend the harvest time is to sow sweet corn earlier or
later than the conventional sowing time. Sometimes, however, inadequate sowing time can cause the sweet corn crop to
be exposed to various abiotic stresses. Sowing early in spring exposes the crop to cold stress, which leads to low seed
germination and a reduced number of plants per hectare (Hassell et al., 2003; El-Hamed et al., 2012). While sweet corn
grown at a later sowing period is susceptible to various diseases and insects (Williams, 2008) and is exposed to drought
and heat stress (Heshemi et al., 2017; Tabakovic et al., 2020).
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To avoid cold stress, sweet corn may be cultivated by raising the seedlings in a greenhouse, after which they can be
transplanted in the field during the most favourable weather conditions. Transplanting is commonly used in vegetable
cultivation; the benefits of this practice are more uniform crops, better crop stand, and higher and more stable yield
(Adesina et al., 2014). However, some species, including corn, are regarded as difficult to transplant because of a lower
rate of root regeneration after transplanting (Aguyoh et al., 1999). Nonetheless, several researchers have studied sweet
corn transplantation (Welbaum et al., 2001; Di Benedetto and Rattin, 2008; Andonova, 2014; Céccoli et al., 2014) and
found that using seedlings has a positive effect on the crop stand and shortens the time to harvest by 2-3 wk. However,
only limited data is available on sweet corn yield and its response to the impact of different environmental conditions.
Sweet corn is also sown in Bosnia and Herzegovina in the early spring, but no information is available regarding the yield
and use of the seedlings. Therefore, the objective of this work was to determine the impact of transplanting and direct
sowing on the productive properties, earliness, and supply extension of sweet corn under the environmental conditions of
Bosnia and Herzegovina.

MATERIALS AND METHODS

The research was conducted during two different growing seasons (2018 and 2019) at the Butmir experimental field of
the Faculty of Agriculture and Food Science in Sarajevo (43°49°34.42” N, 18°19°18.48” E; 505 m a.s.l.) Weather analysis
was performed based on data of a meteorological station in Bjelave (Sarajevo) located 10 km from the field experiment
(FHMZ, 2019).

The sweet corn (Zea mays L. var. saccharata [Sturtev.] L.H. Bailey) hybrid ‘Gold Cup’ was used in the research. The
treatments had a combination of two factors viz. two different cultivation technologies (transplanting and direct sowing)
and two different sowing periods (8 and 15 May during both growing seasons). Sowing and transplanting of sweet corn
were accomplished manually. The seedlings for transplanting were used at the age of 19 d with four developed leaves.
The experiment was set up in a randomised block design and was replicated four times. The size of a basic plot was 20.0 m?
(5.2 m long and 3.85 m wide).

Growing seedlings

The sweet corn seedlings for transplanting were grown in a greenhouse and raised in polystyrene containers using a
commercial substrate, Klasmann Potgrond H (Deilmann GmbH, Geeste, Germany). The dimensions of the nursery trays
were 523.6 x 314.5 x 60 mm. Each tray contained 104 cells (pots), each with a capacity of 32 mL. The sweet corn was
sown 19 d before transplantation.

Site preparation and crop management

Before the experiment was set up, soil samples were collected at 0-20 cm depth for chemical analysis. A basic analysis
of the chemical properties of the soil (pH, humus, P»Os, and K»>O) was conducted in the laboratory of the Faculty of
Agriculture and Food Sciences in Sarajevo. Soil fertilisation conditions were the same in both years. Fertilisation was split
into two applications: fertiliser at a rate of 300 kg ha' (NPK 15:15:15) was applied with deep ploughing prior to sowing,
and the rest of N (100 kg ha') was given at the stage of 5-7 leaves. Weeding and harvesting were accomplished manually.
The ears were harvested at the milk stage.

Data collection and statistical methods
All data were recorded upon the harvesting period. Plant height (cm) was measured from the soil surface for 10 randomly
selected plants per plot. The number of plants per hectare was determined from the total number of plants per basic plot
(20 m?). Measurements of the de-husked ear length were made on 10 randomly selected ears per plot (cm). Ear mass
(without husks) (g) was measured in 10 replicates per basic plot using a field scale. The yield per hectare was calculated
based on the yield per basic plot (20 m?), which was calculated based on the mass and number of ears per plot. The
optimum harvest time was determined by the daily control of the growth stage of sweet corn.

All the experimental measurements were statistically elaborated with the use of ANOVA at a level of significance of
up to 0.05. Statistical analyses were performed using the SPSS 22.0 software program (IBM, Armonk, New York, USA).
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RESULTS

The weather conditions during the research period differed from those during the reference period (1961-1990) (Figure 1).
In 2018, above-average temperatures and rainfall were recorded throughout the growing season. The largest amount of
rainfall in the first year of research was registered after experiment set-up. Rainfall throughout this period created such
problems as a soil crust, which had a negative impact on sweet corn emergence. The amount of rainfall in the second year
of research (2019) was approximately equal to that of the reference period. However, the average monthly temperatures
differed from those recorded during the reference period. Lower-than-average temperatures were recorded during the
first part of the crop cycle (May), while above-average temperatures were recorded in the second part of the crop cycle.
A particularly warm period was recorded in August, when the air temperature was higher by 3.4 °C compared to that of
the climate reference period.

The cultivation technology significantly affected the evaluated parameters except plant height in 2018 (Table 1). The
highest plant height (2 yr average) was recorded in sweet corn crops cultivated with direct sowing (182.6 cm) compared
with the transplanted crops (175.4 cm). In the 2 yr period, the largest number of plants per hectare was recorded among

Figure 1. Average monthly temperature and rainfall.
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Table 1. Effect of transplanting and direct sowing on plant height, number of plants per hectare, ear length, ear mass and
yield during 2018 and 2019 experimental year at Butmir.

Year 2018 Year 2019 2-yr average
Sowing Direct Direct Direct
time sowing Transplanting Average sowing Transplanting Average sowing Transplanting Average

Plant height,cm  First 188.7 1732 181.0ns 178.7 176.9 177 8a 183.7 175.1 179 4ns
Second 193.9 181.6 187.8ns 169.1 169.9 169.5b 181.5 1758 178.6ns
Average 191.3a 177 .4b 173 9ns 173 .4ns 182.6ns 175 4ns

Number of plants First 30833 45125 37979ns 30125 49875 40000ns 30479 47500 38989ns

per hectare Second 31250 46250 38750ns 28500 43500 36000ns 29875 44875 37375ns
Average 31041b 45687a 29312b 46687a 30177b 46187a

Ear length, cm First 21.9 223 22.1ns 21.2 22.5 21.8ns 21.5 224 22.0ns
Second 214 223 21.9ns 20.5 21.7 21.1ns 21 22 21.5ns
Average 21.6b 22.3a 20.8b 22.1a 21.2b 22.2a

Ear mass, g First 301.8 306.3 304.0ns 260.9 245.5 253.2a 281.3 2759 278.6a
Second 2973 305.8 301.5ns 221.1 2544 237.8b 2592 280.1 269.6b
Average 299.5b 306.0a 241.0ns 250.0ns 270.3b 278.0a

Yield, t ha First 58 11.6 8.7ns 10.6 11.3 10.9ns 8.2 114 9.8ns
Second 38 13.0 8.4ns 102 10.8 10.5ns 7.0 119 9.5ns
Average 4.8b 123a 10.4b 11.0a 7.6b 11.7a

Different letters indicate significant differences at the 0.05 level; ns: nonsignificant difference.

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 81(1) JANUARY-MARCH 2021

41



the transplanting variants during the harvest. This variant had about 34% more plants per hectare compared with the
direct sowing yield. The visual parameters of the ear (length and mass) were significantly dependent on the cultivation
technologies and sowing time. Ear length and mass were higher in crops grown using the transplanting technique (22.2
cm and 278.0 g, respectively) than in crops grown using direct sowing (21.2 cm and 270.3 g, respectively). A delayed
sowing time also led to a decrease in ear mass and length. Notably, the longest and heaviest ears (22.0 cm and 278.6 g)
were recorded among the crops grown during the first sowing period (8 May).

Cultivation technology significantly influenced sweet corn yield, while sowing time had no effect. The average values
of 2 yr yield ranged from 7.6 t ha! (direct sowing) to 11.7 t ha' (transplanting). Therefore, the transplanting variant had
ayield higher by 4.1 t ha'' than the direct sowing variant. Similar effects of the cultivation technologies and sowing time
were recorded during the research (2018 and 2019).

The simple correlation coefficient between the researched properties is shown in Table 2. These results show a positive
correlation between the yield and the number of plants per hectare (r = 0.499). The correlation coefficients also indicate
that the ear mass had the highest positive correlation with plant height (r = 0.525) as well as a significant positive
correlation with ear length (r = 0.428). Cultivation technology and sowing time influenced the earliness of the sweet corn
harvest period (Table 3). In 2018, the transplanting variants had earlier harvests by 18 and 16 d in the first and second
sowing periods, respectively, compared to the direct sowing variants. In 2019, the transplanting variants were harvested
on 7 August (first sowing period) and on 12 August (second sowing period), 9 and 6 d earlier than the direct sowing
variants, respectively.

Table 2. Coefficients of linear correlation between plant height, number of plants per hectare, ear length, ear mass and
yield of sweet corn.

Number of
Plant height plants per hectare Ear length Ear mass Yield
Plant height 1
Number of plants per hectare -0.166 1
Ear length 0.144 0.574%%* 1
Ear mass 0.525%* 0.168 0.428* 1
Yield -0.540%* 0.499%* 0.337 -0.177 1

*, **Sjgnificant at the 0.05 and 0.01 levels, respectively.

Table 3. Dates of ear harvest and duration of crop cycle of sweet corn depending on cultivation technology.

Year 2018 Year 2019
Time of Time of

Cultivation Sowing  sowing/transplanting  Harvest sowing/transplanting ~ Harvest
technology time in field time Days in field time Days
Direct First 8 May 12 Aug 96 8 May 16 Aug 100
sowing Second 15 May 15 Aug 89 15 May 18 Aug 92
Transplanting First 8 May 25 Jul 78 8 May 7 Aug 91
of seedlings Second 15 May 30 Jul 76 15 May 12 Aug 89
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DISCUSSION

The resulting plant height suggests two things. First, plant height of the direct sowing variant was higher than plant height
of the transplantation variant. This is in accordance with Adesina et al. (2014), who reported that after transplantation of
sweet corn, physiological changes in the root are reflected in the growth of the vegetative mass of the plant. Second, plant
height decreases with delayed sowing time, which has also been recorded in previous research (Williams, 2008; Rosa,
2014; Ugur and Maden, 2015), this is because of the shorter period available for absorbing solar radiation, which affects
the formation of vegetative mass.

Although both variants of the field experiment were created with the same number of plants per hectare (seed and
seedling), a significant difference was recorded at harvest. Missing plants in the field is a normal phenomenon, if within
the normal range. According to Di Benedetto and Rattin (2008), this range can reach up to 15%, and any increase over this
limit has a negative impact on yield. In both years, the recorded plant density among the transplant variants was within
the normal range. However, the direct sowing variants had significantly more missing plants, which suggests that these
variants were under abiotic stresses. During the first year, excessive rain at the beginning of the growing season caused
abiotic stress — that is, created soil crusts, which cause problems such as seedling emergence reduction (Amezketa et
al., 2003; Wu et al., 2018). The main reason for a large number of missing plants among the direct sowing variants in
the second year was low temperature. In Butmir, the low temperature during the beginning of May is one of the most
important abiotic factors which affects corn germination. Low temperature during germination results in poor seed
emergence, which is reflected in the form of reduced plant density (Rymen et al., 2007; Kara and Atar, 2013; Céccoli
et al.,2014; Mao et al., 2017).

While cultivation technology and sowing date did not significantly affect ear parameters during both years of research,
the results suggest that ear parameters were better in the transplant variant and visual parameters of the ear were better in the
first sowing period. Dekhane and Dumbre (2017) also confirmed these findings in sweet corn, stating that among different
sowing periods, maximum ear length and mass were obtained during the first sowing period. Similarly, Khan et al. (2018)
found that yield components such as ear mass decline if the sowing time is delayed; they explained this by using a shorter
period for plant growth, which reduced photosynthates.

The average yield of the transplantation variant was higher than that of the direct sowing variant, which suggests
that the former produces a more stable yield. The main reason for this is the large number of plants per hectare. This
observation can be confirmed with a positive correlation found between yield and number of plants per hectare. This
finding is consistent with those of many other authors (Ugur and Maden, 2015; Lykhovyd, 2019) who reported that
the number of plants per hectare is a major factor affecting sweet corn yield. On the other hand, when comparing the
results of different sowing periods in this research, sowing time did not influence sweet corn yield. This observation
differs from those previously reported, where sowing time was reported to significantly affect sweet corn yield (Ugur and
Maden, 2015; Franco et al., 2016). The differences in yield reported in these studies might be due to the differences in
environmental conditions and sowing times.

The results obtained from this research indicated that cultivation technologies and sowing time affect harvest time.
Generally, during both years of study, the use of seedlings shortened the growing period to harvest, which was to be
expected as the seedlings had the advantage of 18 d from the greenhouse. This finding is consistent with that of Di
Benedetto and Rattin (2008), who reported that transplantation has a positive effect on the earliness of sweet corn harvest.
After a comparison of the years of research, cultivation technologies and sowing date were found to differently affect
harvest time. For instance, in 2019, the harvest dates were close, which can be explained by different weather conditions
throughout the year. In 2019, after sowing in May, the low temperature slowed the growth of sweet corn. After the cold
period, an above-average warm period occurred in June, which accelerated the growth of both corn variants used in the
research. According to Franco et al. (2016), temperature is a major factor in corn growth and development, and low
temperature slows down the process of photosynthesis.

In this research, different cultivation technologies impacted the research parameters. However, the sowing times had
little or no effect on the parameters studied and had been selected based on the usual practice, which is, for Butmir from
May 5 to 15. However, this approach to selecting the sowing time is a limitation because it does not provide results on the
effect of various cultivation technologies beyond the usual sowing time. Another limitation of this research is the use of
only one variety of sweet corn as different varieties respond differently to environmental conditions.
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The use of seedlings in this research has some benefits compared to direct sowing, and these advantages can be used
in practice. Moreover, the benefits of using seedlings may be particularly pronounced in environmental conditions
where problems with achieving the optimum plant density and yield abound, which is common where the soil is cold
during sowing. Also, this cultivation technology can be used to achieve an early harvest when the ear has a higher price
in the market.

This research has exhibited the advantage of using seedlings and their effect on yield stability and the earliness of sweet
corn harvest. However, further research should be conducted to observe the impact of using seedlings of different varieties
on the productive properties and harvest earliness of sweet corn. In addition to this, future research should investigate the
impact of transplantation on the nutritional value of sweet corn and its economic benefits.

CONCLUSIONS

According to this research, different cultivation technologies significantly affect the evaluated parameters. Plant population
was 34% greater in transplanted than in directly sown crops because of abiotic stress. Low temperatures and soil crusts
negatively affected the germination of sweet corn and reduced plant population in directly sown crops. Differences in
plant population caused differences in ear yield, and therefore, the transplant variant had a 4.1 t ha' higher yield than
direct sowing. Furthermore, the use of seedlings can positively affect ear length and mass. Conclusively, the results of this
study proved that the use of seedlings has a positive effect on harvest earliness, which extended the supply of fresh sweet
corn beyond the conventional season by up to 18 d.
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