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Abstract

The purpose of this study was to determine the effects of different rates of
macronutrients as a foliar applications on growth and yield performance of
sweet corn cultivated in Rengam and Rasau soil series of Malaysia under
greenhouse condition. The study comprised five treatments of macronutri-
ent fertilization as a foliar application (0, 25, 50, 75 and 100 % NPK). The
plant height, stem width, leaf number, leaf area and cob height of sweet
corn grown in Rengam soil series were significantly influenced by foliar
macronutrient application. Notably, a rise in cob weight of sweet corns cul-
tivated in Rasau soil series was observed at the 75 % rate, reaching 75 g,
compared to 68 g for sweet corn grown in Rengam soil series. The foliar ap-
plication of 100 % NPK resulted in the highest total leaf area at 252.92 cm?
compared to all other treatments. Regarding the cob fresh weight and dry
matter content of sweet corn cultivated in the Rasau soil series, significant
improvement noted with the 75 % NPK treatment, however plants grown in
the Rengam soil series and treated with 75 % NPK as a foliar application did
not exhibit significant effects. The concentrations of Fe and Mn in the corn
stem from both soil series significantly increased with macronutrients foliar
application. In the corn leaves grown in Rengam soil series, the concentra-
tion of nutrients was significantly influenced by the rate of NPK used as a
foliar application in this study. Notably, the increased of Ca content in the
treated leaves was significantly higher compared to control plants. Addi-
tionally, the contents of P, K, Cu and Zn in the corn flower of the plants in
the Rengam soil series were significantly elevated in treated plants com-
pared to untreated ones. Conclusively, based on this greenhouse study, it
can be inferred that two foliar sprays of macronutrient solution at rates of
75 % and 100 % NPK greatly enhanced the growth, yield and nutrient con-
tents of sweet corn cultivated in the Rengam and Rasau soil series.
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Introduction

Various concerning problem faced by the world to obtain sufficient food in a
sustainable manner in order to meet the demands of an expanding global
population due to declining food supplies (1). Plant-based nutrients defi-
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ciency problems are faced by about 2 billion people across
the world, impacting the development of infants and
childs (2). Several factors including water availability tem-
perature, availability of nutrients and light in the soil influ-
ence growth of plants. Macro and micronutrients are vital
for the growth and development of plants (3). Both macro
and micro nutrient elements essential for flowering, fruit
and seed formation. Foliar feeding is the practise of feed-
ing plants by delivering fertiliser in the form of liquid di-
rectly to their leaves because plants may absorb nutrients
through their leaves. Foliar feeding is also referred to as
foliar spraying. Both their stomata and their epidermis are
used for the absorption (4). Recently, micro and macronu-
trients, humic materials, plant growth regulators and
growth promoting chemical like hydrogen peroxide have
been applied through foliar spray. Numerous benéeficial
effects are observed at morphological, physiological and
yield properties of agronomic crops due to foliar fertiliza-
tion (5). Like as nitrogen and potassium, phosphorus is
also a mobile macronutrient in the plants and foliar phos-
phorus may help the root and seed formation of the
plants.

The effect of a single nutrient in the growth and
development of plant has been studied in most plant nu-
trition research, on the other hand, study showed the in-
fluence of more than one nutrient in the similar experi-
ment is limited. Due to the fact that it is generated in
quantities significantly greater than those required for
human nourishment the most significant. The readily
available maize as affordable sources of protein and ener-
gy has greatly contributed to the swift expansion and de-
velopment of the livestock and poultry industries. Corn
became the main component as knowledge of the nutri-
tional requirements of farm animals and the desire for well
-balanced diets grew (6).

Rasau series was primarily composed of sandy loam
and had a low organic matter content. The Rasau series
was typically described as having a sandy soil texture with
more than 54 % sand, 30 %-32 % silt and an average of 13
% clay. In this experiment, the physical characteristics of
the soil, including bulk density, soil porosity, soil compac-
tion, hydraulic properties, soil losses and yield, were ob-
served. Rengam series are described as well-drained soils
produced on granite, with 10-20 cm of dark greyish brown
topsoil above yellowish subsoil above yellowish subsoil
(7). Based on the Entisols system of USDA soil classifica-
tion. It was utilised to monitor how treated POME sludge
affected particular soil physical qualities and hydraulic
characteristics after treatments were applied. This classifi-
cation of the Rengam Series follows the Second Approxi-
mation of the Malaysian Soil Taxonomy (8). Soil porosity,
soil compaction, hydraulic properties, soil losses and
yield, were observed above yellowish subsoil (9).

Macronutrients are subsequently lost to surface and
groundwaters by leaching and erosion if applied to soil.
However, due to their low solubility and relative immobili-
zation these minerals are relatively inaccessible to plants.
On the other hand, types of soil, pH and environmental
factors can also limit nutrient solubility, uptake and accu-
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mulation in the plants. Interestingly, a 25-year trial on an
inceptisol in some nations found that continual NPK fertili-
sation did not change the availability of micronutrients in
the topsoil, while the micronutrient availability was higher
in the non-fertilized control group (10). The introduction of
high-yielding cultivars and studies on how soybeans react
to delayed N applications have cast doubt on the use of
nitrogen fertilisers for soybeans. On the other hand, be-
cause urea top-dressing can result in up to 44 % loss of N-
NH3 due to ammonia volatilization, nitrogen fertilisation is
one of the most crucial aspects of maize management
(11).

Sweet corn is a heavy feeder, proper soil fertility
and nutrient supply are critical for plant growth, high yield
and quality of corn cob. Poor soil is unable to satisfy the
nutrient demand of sweet corn and affects the yield and
production of corn. Effect of macronutrient as a foliar ap-
plication on growth and yield of sweet corn (Thai super
sweet) cultivated in Rengam and Rasau soil series studied
in this research. There are very few studies about the
growth and yield manipulation of sweet corn by foliar
macronutrients, although corn is very important and pop-
ular grain crop. Although, there is no study reported on the
foliar macronutrient’s effects on growth and yield of sweet
corn at green house conditions. The regulatory effects of
foliar macronutrients on growth and yield of sweet corn
under greenhouse conditions has not been studied. In or-
der to enhance growth and yield of sweet corn grown in
two Malaysian soil series foliar macronutrients were ap-
plied as alternative to basal fertilization to reduce loss of
nutrients. It is proposed that the application of macronu-
trients as foliar spray can increase the growth, develop-
ment and yield of sweet corn under greenhouse condi-
tions.

Materials and Methods

This study was carried out at the greenhouse of the Faculty
of Bioresources and Food Industry, Universiti Sultan Zainal
Abidin, Terengganu (UniSZA), Besut Campus, Besut, Ter-
engganu, from February 2022 to January 2023 located at
latitude 5° 41’ North and longitude 103° 1; East, with alti-
tude of about 32 m above sea level (asl) and tropical rain-
forest being its climate. It has a men annual rainfall of 2911
mm (114.6 in) and average temperature of 26.7 °C (min
22 °C and max 32 °C), 77.7 % as the relative humidity which
ranges from 68 % in May/ Jun in December 2022.

Sweet corn var. Thai Super sweet (Zee mays var.
saccharata) sourced from Bumi Maju Agro enterprise, Kuala
Terengganu, Terengganu were used as an indicator plant
in this experiment. Two types of soil series Rengam and
Rasau were used and were collected from different areas
depend on the type of soil, for instants Rasau soil series
was collected from Bukit Kor, Marang, Terengganu, Malay-
sia while Rengam soil series was collected from Bukit Wan
Kuala Nerus, Terengganu, Malaysia. The soils were collect-
ed within 0-15 cm deep from soil surface, each polybag
was filled with 25 kg of the soil series using weighing scale,
after removing all weeds then the seeds of sweet corn
were planted in the polybag at 75 cm X 25 cm. The plants

https://plantsciencetoday.online


https://plantsciencetoday.online

were watered manually twice a day respectively.

The treatments comprised of 5 different levels of
NPK as foliar application, the source of NPK nutrients were
inorganic, urea as a source of nitrogen then triple super-
phosphate (TSP) as a source of phosphorus, while muriate
of potash as a source of potassium. the macronutrients
were spry individually to the plants for instant 150 kgNha-
1 as a source of N, 100 kg P205 ha-1 as a sources of P and
150 kg K20 ha-1 as a source of K, the treatments consist of
(0, 25, 50, 75 and 100 %) which were spray manually twice
at different growth stage, first treatment was applied at 20
days after planting while the second treatment was ap-
plied at 40 days after planting. The macronutrients were
spry individually to the plants as foliar spray that cultivat-
ed in the soil series whereas no addition macronutrient
added to the soil. The macronutrients were applied to the
plants to reduce the loss of nutrients by leaching and soil
erosion.

Experimental Layout

The design used to conduct this study was RCBD with 4
replicates which serves as a block, the factors constitute a
total of 10 treatment combinations replicated4 times as
block which gave a total of 40 experimental units. The corn
seedlings were treated with 0% (control), 25 %, 50 %, 75 %
and 100 % of NPK as a foliar application for both Rengam
and Rasau soil series. A total of 10 treatment combinations
was used in this study for 2 soil series of Malaysia under
greenhouse conditions. The plants were monitored for
data on growth performance of the crop at 10 days inter-
val until harvest. Then the plants were harvested at 75
days after planting. Data on several aspects of plant
growth were gathered. Every 10 days following planting,
the maize plants were observed to gauge their growth.
Plant height from the base to the top of the plant, stem
diameter, leaf area and the number of leaves were all
measured.

Leaf area was cal-
culated by get- LA=LLXLWX0.75 ting the prod-
uct of the leaf length, leaf width and a leaf correction fac-
tor (0.75).

Where, LA = Leaf Area, LL = Leaf Length and LW = Leaf
Width

Flowering date was calculated manually, starting
from the date of the male flower was appeared.

The fresh cob was analysed for its yield potentials,
parameters was taken and methods are listed below. Me-
ter ruler was used in measuring the cob length and record-
ed accordingly.

Fresh Cob Width, Fresh Cob Weight and Relative Yield (%)

Using a digital vernier calliper (Mitutoyo absolute digimat-
ic, Japan), the breadth of the new cob was measured. On
an electronic scale (GF-3000 by A&D, Japan), the fresh cob
was weighed. Using a method developed, the relative yield
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of sweet corn was calculated using the weight of the fresh
cob (12). A curve at 90 % is plotted on the % yield line
graph, which is used to determine the real rate of manure
that will produce an optimal yield of 90 %, where the maxi-
mum vyield is being utilised to find relative percent yield
achieved from other treatments.

Calculations; Manure rates (y, x, w and t)

y/y * 100 (if y has the highest yield) ......... 1
XIY * 10001t itiiti e e 2
W/Y 100, ie e e 3
/Y * 100. e eeeeeeee e 4

The rate with the highest yield was picked and uti-
lised in getting the % of the yield of other treatments ver-
sus the highest and the graph was produced using the re-
sult.

Dry Weight and Nutrients Analysis for Corn

At the end of the experiment, plants were harvested to
measure dry weights of roots, stems, leaves and flowers.
The leaves, stems, flowers and roots were cut out, and
then dried in an oven at 80 °C for 72 h. Nutrient in leaves,
stem, cob, flower and root such as N, P, K, Ca, Mg, Cu, Zn,
Fe and Mn were analysed using dry Ashing method. 2 g of
finely ground dried mature leaves samples were taken and
replaced in crucible. Then the crucible contains the sam-
ple was into the muffle furnace at 500 °C for 5 h. Then the
crucible with white and grayish ash was left to be cool, 2
mL of 37 concentrated HCl was added, evaporate to dry-
ness on a hot plate. 10 mL of 20 % HNO3 was added into
the water bath for 1 h. The mixture was transferred in to a
100 mL volumetric flask and made up t0100 mL distilled
water, finally the mixture was shake and filtered using
Watman no.2 and the sample analysed for macronutrient
by using Inductively Coupled Plasma Mass Spectropho-
tometer (ICP). Nutrient’s uptake of N, P, K, Ca, Mg, Cu, Zn,
Fe and Mn of root, stem leaves and flower was calculated
using dry weight multiply with nutrient concentration on
various parts of corn. Total nutrient uptake of corn plant
was calculated by adding the nutrient uptake from various
corn plants

Soil Nutrient Analysis

The nutrient content of each soil series was analysed be-

Table 1. Methods for soil analyses

Analysis Method Reference
N Semi-micro Kjeldahl (13)
P Bray & Kurtz No.2 (14)
K,Ca &Mg 1N NH4 OAcatpH7.0 (15)
Cu, Mn&Zn 0.1 NHCL (16)
Organic Carbon Walkley & Black (17)
pH 1:2.5 soil: solution (18)
Texture pipette (19)

fore planting of sweet corn for this current experiment as
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shown in Table 1.

Experimental Design and Data Analysis

The experiment was conducted using randomized com-
plete block design (RCBD) with four replications which
serves as block. The data were analysed using SAS soft-
ware (Ver. 9.1) (SAS institute, Inc., Cary, MC, USA). The
treatments means were compared by using DMRT at
p<0.05 level of probability.

Results
Plant height

There was a significant effect of foliar macronutrient (NPK)
on plant height of sweet corn cultivated in Rengam soil
series under greenhouse condition. The plant height of the
sweet corn was measured every 10 days for 6 times in this
study. The results showed that foliar macronutrient appli-
cation produced significant effect on plant height of sweet
corn from first to fourth measurements, while, corn plant
height is not affected significantly from 50 DAS to 60DAS
(Table 2). On the 40 DAS of observation, the highest plant
height was recorded in 75 % NPK treatment with a value of
87.50 cm, whereas, the lowest plant height (69.25 cm) was
found in control treatment of Rengam soil series (Table 2).
On the 60 DAS of measurement, the foliar NPK did not pro-
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height, as it seen there was no significant effect among all
the treatments, but using rate of 50 % had the highest
height at 190 cm, while the lowest height can be seen at
rate of 0 % with height of 161.50 cm.

The 1%, 2", 3 and 4% measurements of plant height
all show a substantial difference, as shown in Table 2. The
15" and 16" measurements showed no discernible impact
on plant height. The highest height may be observed at 13
cm at a rate of 25 %, while the lowest height can be seen at
11 cm with a rate of 50 % at initial measurement. When
using a rate of 100 %, the plant is 11.125 cm tall, whereas
when using a rate of 75 %, the plant is 12 cm tall. On the
third measurement, there was a significant difference be-
tween the rates of 50 % and 100 % at 44.00 and 37.00 cm
and rates of 0 %, 25 % and 75 % at 51.00, 50.75 and 51.00
cm.

Stem width

Stem width of the sweet corn was measured every 10 days
for 5 times. There was a significant effect using different
rates of NPK as a foliar fertilizer on stem width of sweet
corn grown in Rengam soil series. As it’s seen in Table 3,
there is a significant effect on stem width at first and fifth
measurements only, while there was no significant effect
on stem width at the rest of the measurements. The lowest
stem width could be seen at first measurement is 0.8750
mm for the rate of 100 %, while the highest stem width can
be seen at 1.15 mm for the rate of 0 followed by 1.10 mm

Table 2. Effects of different level of foliar NPK on plant height (cm) of sweet corn grown in Rengam and Rasau soil series.

Growth period (10 DAS)

Soil series Treatment (%)
10DAS 20DAS 30DAS 40DAS 50DAS 60DAS
0 11.500% 27.375° 51.000° 69.25% 102.25% 114.75°
25 13.000? 25.125% 50.750° 69.25% 116.50° 207.00°
Rengam 50 11.000° 24.000% 44.000% 68.25% 137.00° 183.75°
75 12.000% 26.250% 51.000° 87.50% 179.00* 214.75°
100 11.125° 21.750° 37.000° 63.25° 127.00* 196.75°
0 11.625% 24.750° 44.500° 68.000° 148.00* 161.50°
25 10.125%° 19.6252 35.250° 70.750° 145.252 175.00°
Rasau 50 10.625%° 23.000° 44.667° 69.250° 159.252 190.00°
75 10.125% 22.375° 44.250° 73.750° 155.00* 177.50°
100 09.000° 20.750° 45.000° 70.000° 143.50° 177.50°

Different small case letters in the same column of the table of each soil series indicate significant difference (DMRT, p <0.05).

duce any significant on plant height of sweet corn but 75
% NPK treatment showed better effect on plant height
increment (Table 2).

Using different rates of NPK as a foliar fertilizer has
significant effect on plant height of sweet corn grown in
Rasau soil series. As it’s seen in Table 2, there is a signifi-
cant effect on plant height at first measurement only.
While there was no significant effect on plant height at the
rest of the measurement. The lowest height could be seen
at first measurement is 9.0 cm for the rate of 100 %, while
the highest height can be seen at 11 cm at rate of 0 % com-
pared to rate of 25, 50 and 75 % at 10.125, 10.625 and
10.125 cm respectively. On the last measurement of the

for the rate of 75 %. On the last measurement, thought
there was a significant effect among the treatments, the
highest stem width was found to be at 2.25 mm followed
with 2 mm for the rate of 0 and 100 % respectively.

Table 3 shows the effect of different level of foliar
NPK on stem width (mm) of sweet corn cultivated in Rasau
soil series, as it is seen in the table, there was no signifi-
cant effect using different rates NPK as a foliar application
on stem width of sweet corn cultivated in Rasau soil series.

Leaf number

As it is seen in Table 4, a significant effect using different
rates of NPK as a foliar fertilizer on leaf number of sweet
corns grown in rengam soil series. A significant effect on
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Table 3. Effects of different level of foliar NPK on stem width (mm) of sweet corn grown in rengam and rasau soil series.

Growth period (10DAS

Soil series Treatment (%)
10DAS 20DAS 30DAS 40DAS 50DAS
0 1.150° 1.8750? 2.0750° 2.0000° 2.2500°
25 1.025% 1.6250* 2.1250° 1.7500* 1.6250°
Rengam 50 1.075%® 1.6250* 2.1250° 2.1250° 2.2500°
75 1.100%® 1.4000* 2.2500° 1.7500* 1.7500°
100 0.875° 1.47502 1.8750° 1.7500* 2.0000%
0 0.950* 1.4750* 1.8750° 1.5000* 1.7500°
25 0.800* 1.5000* 1.75002 1.5000* 1.6250°
Rasau 50 1.050° 1.4000* 1.82502 1.5000* 1.625°
75 0.950? 1.8500? 1.87502 1.7500* 1.8750°
100 0.7252 1.5000? 1.6250° 1.5000* 1.8750°
Table 4. Effects of different level of foliar NPK on leaf number of sweet corns grown in rengam and rasau soil series.
Growth period (10DAS)
Soil series Treatment (%)
10DAS 20DAS 30DAS 40DAS 50DAS 60DAS
0 5.00? 7.2500° 8.5000%° 8.2500° 9.250* 10.750*
25 5.00? 6.7500° 10.2500° 8.2500° 9.000? 11.2502
Rengam 50 5.00? 7.2500° 9.2500% 8.2500%° 10.7502 11.0002
75 5.00? 7.2500° 9.0000% 9.7500° 10.500% 10.500*
100 5.00? 7.00007 7.7500° 8.0000° 9.500% 9.750%
0 5.00? 6.7500° 7.5000% 8.2500° 9.7500° 8.7500°
25 4.50° 6.5000° 6.2250° 9.5000° 10.2500° 9.5000%
Rasau 50 4.75° 7.0000° 7.6667% 8.0000° 10.2500° 9.5000%
75 4.507 6.75007 8.7500° 9.5000° 10.75007 10.50007
100 4.50° 6.7500° 8.5000° 9.7500° 9.5000° 9.7500%

leaf number at third and fourth measurements was rec-
orded. The lowest leaf number could be seen at third
measurement is 7.75 for the rate of 100 % compared to the
highest leaf number at 10.25 for the rate of 25. Fourth
measurement, a significant effect was found among the
treatments, the highest leaf number was found to be at
9.75 for the rate of 75 % followed by the lowest leaf num-
ber at 8 for the rate of 100 %.

As it’s seen in Table 4 for Rasau soil series, there is
no significant effect of leaf number on every measurement
except on third and sixth measurements. The lowest leaf
number in the third measurement was 6.22 for the rate of
25 %, while the highest leaf number 8.75 was recorded at
rate of 75 %. On the last measurement, as it seen there is a
significant effect on leaf number among all the treatments

but using rate of 75 % had the highest leaf number at
10.50, while the lowest leaf number can be seen at rate of
0 % with leaf number of 8.75. Different levels of NPK as a
foliar fertilizer show a significant effect on leaf number of
sweet corns grown in Rasau soil series. As stated in the
Table 4, a significant effect was found on leaf number
which can be seen at fifth measurement, the lowest leaf
number was seen at the rate of 0 % at 7.25, while the high-
est leaf number by using the rate of 75 and 100 % at 9.

Leaf area

Different rates of NPK as a foliar fertilizer show a signifi-
cant effect on leaf area of sweet corn as it is seen in
Table 5. There is a significant effect between 0 and 100 %
at 121.0 and 252.92 respectively. Using rate of 100 % had
the highest total leaf area at 252.92 compared to all other

Table 5. Effects of different level of foliar NPK on leaf characteristics and flowering day of sweet corn grown in two types of soil series.

Rengam soil series

Rasau soil series

Treat (%)
L w T Flowering day L w T Flowering day
0 95.25° 7.25° 521.44° 53.75° 81.00° 7.002 415.4° 49.25°
25 87.00° 7.25° 476.34° 54.25° 88.75° 6.87° 456.94° 50.00°
50 90.75° 7.25° 495.75° 52.75° 90.50° 6.62° 441.28° 50.25°
75 92.00° 7.37° 507.66° 48.25° 91.75° 7.25° 503.16° 50.25°
100 89.25° 6.87° 463.50° 52.50° 93.25° 6.12° 435.47° 47.00°

L= Leaf length, W= Leaf width, T = Total leaf area
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treatments. Even though using different rates of NPK as a
foliar fertilizer show no significant effect on leaf area of
sweet corn cultivated in Rengam soil series but rate of 0
and 75 % showed the highest number at 521.44 and 507.66
respectively. Using different rates of NPK as a foliar
fertilizer show no significant effect on leaf area of sweet
corn cultivated in Rasau soil series while highest leaf area
was found using rate of 75 % at 503.47.

Flowering date

Different rate of NPK as a foliar application did not pro-
duce significant effect on sweet corn flowering in 2 differ-
ent type of soil series. Sweet corn cultivated in Rengam
soil series with the treatment of 75 % has given flowers at
minimum days at 48.25 while maximum days required of
flowering at treatment of 25 % with 54.25 days after plant-
ing. Rasau soil series showed minimum days of sweet corn
flowering date treated with 100 % of NPK as foliar applica-
tion at 47 days while maximum days required of flowering
at treatment of 50 and 75 % at 50.25 respectively.

Cobs Fresh weight

Different rates of NPK as a foliar fertilizer showed no signif-
icant effect on cob fresh weight and cob height of sweet
corn grown in 2 different types of soil series (Fig. 1). Alt-
hough the highest cob weight (67.25 g) was found in the
plant treated with rate of 75 and 100 % NPK in Rengam soil
series. The highest cob height was found at the plant treat-
ed with rate of 50 % at 19.50 cm. The highest cob diameter
was also seen at plant treated with the rate of 50 % with a
diameter of 41.75 mm.

Different rates of NPK as a foliar fertilizer showed no
significant effect on cob fresh weight of sweet corn culti-
vated in Rasau series (Fig. 1). The highest cob weight and
cob height were found in plant treated with rate of 25 and
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75 % with a value of 72.25 and 70.25 g respectively. The
highest Cob was found to be at sweet corn treated with 25
and 745 % at 18 cm. The 25 and 75 % NPK treatment was
also produced highest cob diameter with a value of 44.98
and 42.08 mm respectively (Fig. 2). It was also reported
that the plant treated with 75 % NPK as a foliar fertilizer
increased the yield characteristics of sweet corn under
greenhouse condition cultivated in Rengam and Rasau soil
series (Fig. 1 &2).

Relative yield (%)

It can be seen in the that the relative yield (%) cob weight
of Rengam and Rasau soil series was significantly affected
by different treatments of NPK fertilizer as foliar spray
(Fig. 3). The highest relative yield of sweet corn grown in
Rengam soil series was recorded in 75 and 100 % NPK foli-
ar treatment. In case of Rasau soil series highest relative
yield of sweet corn found in plants treated with 25 and 75
% NPK treatment. The control treatment produced the
lowest relative yield for the both soil series.

Dry weight

Dry weight of the plant was measured at the end of the
experiment soon as the plant was harvested and it was
affected significantly with the foliar NPK application in 2
soil series (Fig. 4). Root dry weight of the sweet corn was
the highest 10.55 g at the 50 % NPK treatment, while the
lowest value recorded in control plants. Sweet corn seed-
lings of Rengam soil series treated with 50 % NPK pro-
duced the highest stem, leaf and flower dry weight with a
value of 32.23 g, 24.28 g and 3.23 g respectively. On the
other hand, the lowest reading of root, stem and leaf were
shown in the control treatment (Fig. 5). The sweet corn
flower dry weight was not significantly affected by the
different rate of NPK in both soil series (Fig. 5).
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S50%
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Fig. 1. Effects of different level of foliar NPK on fresh cob weight and cob height of sweet corn grown in rengam and rasau soil series.
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Fig. 4. Effects of different level of foliar NPK on root and stem dry weight
of sweet corn grown in Rengam and Rasau soil series.

Sweet corn plant cultivated in Rasau soil series with
different rate of NPK as a foliar application has resulted a
significant effect on dry weight of the plant. Root dry
weight of the sweet corn was the highest (9.26 g) with the

g. 2. Effects of different level of foliar NPK on fresh cob diameter of sweet corn grown in Rengam and Rasau soil series.
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Fig. 5. Effects of different level of foliar NPK on leaves and flower dry
weight of sweet corn grown in Rengam and Rasau soil series.

100 % NPK. The treatment 75 % produced highest stem
and leaf dry weight with a value of 26.108 g and 30.04 g
respectively. Flower dry of sweet corn plant weight was
not affected significantly by the different rates of foliar
fertilizer at Rasau soil series (Fig. 5).

Root nutrient concentration (%) of plant cultivated in
Rengam soil series

The macro and micronutrients concentration of sweet
corn root cultivated in Rengam soil series were not affect-
ed significantly by using NPK as foliar application (Table
6). An increase in the rate of NPK results to increase in
concentration of Mg, Cu, Ca and P in the corn root but de-
crease the concentration of Mn (Table 6). The treatment 75
% resulted high concentration N and K with a value of
1.0794 and 2.322 % respectively, while 50 % treatment
resulted higher Zn concentration around 0.00149 %.

There was no statistically significant effect of using
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NPK as a foliar application on nutrient concentration of
corn root cultivated in Rasau soil series in all nutrients
analysed except for N and Mg (Table 6). The highest con-
centration of N recorded at 75 % treatment with a value of
1.0364 %. On the other side, the concentration of Mg was
reached to the highest at the plant treated with the rate of
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affected by the different rates of NPK as foliar spray. Con-
trol treatment followed by rate of 75 % resulted to a high
concentration of Fe at 0.1549 and 0.1205 % respectively.
The amount of Mn in the stem of sweet corn was also high-
est in control plants compared to other treatments (Table
7).

Table 6. Effects of different level of foliar NPK on nutrient contents (%) of the root of sweet corn plant grown in rengam and rasau s oil series.

Soil series Treat % N P K Ca Mg Cu Zn Fe Mn
0 0.8322 0.1082 1.467° 0.2202 0.1582 0.0006° 0.0010° 0.6152 0.00782
25 0.8575? 0.09° 1.354° 0.199% 0.1532 0.00047 0.0012° 0.3892 0.0448°
Rengam 50 1.227° 0.0932 2.0252 0.2762 0.1772 0.0006° 0.001492 0.7712 0.0162°
75 1.079° 0.0792 2.3222 0.3012 0.1452 0.00112 0.001482 0.5352 0.0115°
100 1.059° 0.1252 1.469° 0.310* 0.230* 0.0014° 0.00135° 0.5742 0.0130°
0 1.016° 0.1822 1.441° 0.2272 0.120% 0.0006° 0.0021° 0.3082 0.0554°
25 0.803° 0.146° 1.424° 0.1372 0.108° 0.0010° 0.0019° 0.203° 0.0346°
Rasau 50 1.0156* 0.499° 1.343° 0.219% 0.1782 0.1706° 0.0023? 0.1942 0.0304°
75 1.036° 0.2432 1.733° 0.1832 0.1822 0.0005° 0.0022° 0.1149° 0.0195°
100 1.031° 0.1792 1.500° 0.2422 0.1832 0.0007° 0.0016° 0.200? 0.0293°

100 % at 0.1839 %. Although, sweet corn treated with the
rate of 75 % of NPK as a foliar fertilizer resulted to 0.1826
%. The control treatment resulted lowest amount of Mg in
the root of sweet corn (Table 6).

Stem nutrient concentration (%)

The different treatment of NPK as a foliar spray did not
produce significant effects on nutrient concentration ex-
cept for Fe and Mn in the stem tissue of corn plant cultivat-
ed in Rengam soil series under this study (Table 7). As for
Fe, an increase in the rate of NPK results to decrease in
concentration in the corn stem tissue. The highest amount
of Fe and Mn recorded in the treatment 25 % NPK with a
value of 0.118 % and 0.0243 %, however, it starts to de-
crease with the higher concentration of NPK. The lowest
concentration of the Mn nutrient element at stem tissue of
control sweet corn was found to be at 0.0098 %. The con-
centration of Fe and Mn nutrients in the corn stem cultivat-
ed in Rasau soil series was significantly affected by the
rate of NPK as a foliar application in this study (Table 7).
Other macro and micro nutrients were not significantly

Leaf tissue nutrient concentration (%)

The concentration of N, P and Ca nutrients in the corn leaf
which is cultivated in Rengam soil series was significantly
affected by the rate of NPK as a foliar application (Table 8).
The highest amount of N concentration (1.18 %) was rec-
orded in 100 % NPK treatment and control treatment
yielded lowest amount of N. Leaf P content was highest in
25 % NPK treatment, whereas, control plants produced
the lowest amount (Table 8). The Lowest concentration of
the Ca nutrient element at leaf tissue of sweet corn was
found for the control plants, whereas, the plant treated
with the rate of 100 % produced the highest amount of Ca
0.7178 %.

Result showed no significant effect of NPK rate
across all measured nutrients element except for Zn, K and
Cu which shows a significant effect table 8 in Rasau soil
series. As for Zn, an increase in the rate of NPK at 100 %
results to high concentration of Zn at 0.0081 while control
treatment resulted the lowest concentration of Zn with a
value of 0.021 %. The lowest concentration (1.9144 %) of
the K nutrient element of leaf tissue of sweet corn was

Table 7. Effects of different level of foliar NPK on nutrient contents (%) of the stem of sweet corn plant grown in Rengam and Rasau soil series.

Soil series Treat % N P K Mg Cu Zn Fe Mn
0 1.12352 0.1435° 2.726° 0.1749° 0.1403° 0.00035° 0.00090° 0.047° 0.0098°
25 1.05512 0.1541° 3.492° 0.2097° 0.1641° 0.00044° 0.00139° 0.118° 0.0243°
Rengam 50 1.0288* 0.1028° 2.346° 0.1534° 0.1188° 0.00075° 0.00071° 0.060° 0.0135°
75 1.0425% 0.1162° 3.085? 0.1777° 0.1193° 0.00260° 0.00088° 0.065° 0.0128°
100 1.0186° 0.1446° 3.024° 0.2008° 0.5611° 0.00030° 0.0011° 0.061° 0.0143°
0 1.1205° 0.3387° 2.8075° 0.2006° 0.1154° 0.00030° 0.0034° 0.1549° 0.0323°
25 1.0503* 0.1672° 2.9809° 0.1663° 0.0980° 0.0020? 0.0038° 0.0288¢ 0.0073¢
Rasau 50 0.9922° 0.2802° 2.4747° 0.1361° 0.1231° 0.0003? 0.0036° 0.0369¢ 0.0087¢
75 1.0482* 0.26747 2.1893° 0.1362° 0.1071° 0.0004* 0.0025° 0.12052 0.02532
100 0.9742° 0.2567° 2.5652° 0.1863° 0.1448° 0.0003° 0.0043° 0.0597°¢ 0.0123
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Table 8. Effects of different level of foliar NPK on nutrient contents (%) of the leaf of sweet corn plant grown in rengam and rasau s oil series.
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Soil series Treat % N P K Ca Mg Cu Zn Fe Mn

0 1.0380° 0.1752° 2.4136° 0.4684" 0.269° 0.00043° 0.00216° 0.075° 0.0203

25 1.0744° 0.3035 2.9516° 0.7032 0.300° 0.00211° 0.00249° 0.083° 0.0240°

Rengam 50 1.0465° 0.1975 2.6622° 0. 4890° 0.272° 0.00058° 0.00171° 0.152° 0.0231°
75 1.0746° 0.1994 2.8203° 0.5983%® 0.224° 0.00051° 0.00239° 0.061° 0.0184°

100 1.1775° 0.1827 2.8719° 0.7178° 0.270° 0.00068° 0.00215° 0.079° 0.0234°

0 1.0448 0.1427 1.9144° 0.6157 0.2149° 0.0004 0.0021° 0.0716° 0.0251°

25 0.9236° 0.1908 2.2420% 0.5784 0.2209° 0.0005" 0.0031° 0.0547° 0.0230°

Rasau 50 0.9998° 0.2383 2.0363% 0.5951° 0.3148° 0.0004 0.0041° 0.084° 0.0279°
75 0.9686° 0.2510 2.5787° 0.5155° 0.2278° 0.0004° 0.0040° 0.0840° 0.0253

100 1.0863 0.3599° 2.2535% 0.6855° 0.3245° 0.0007 0.0081° 0.0718° 0.0244°

found in control plants, on the other hands plants treated  Discussion

with the rate of 75 % and 25 % resulted to the highest con-
centration of the K with a value of 2.5787 and 2.2420 re-
spectively. There was also a significant effect on concen-
tration of Cu, where the plant treated with the high rate of
NPK 100 % resulted to the high concentration of Cu at
0.0007 (Table 8).

Flower nutrient concentration (%)

There was statistically significant effect of using NPK as a
foliar application on nutrient concentration of corn flower
cultivated in Rengam soil series in all nutrients analysed

To evaluate the effects of foliar macronutrients on the
growth, yield and internal nutrient content of sweet corn
cultivated on Rengam and Rasau soil series under green-
house conditions, different percentages of NPK fertilisers
were applied as a foliar spray. The results showed that
foliar application of macronutrients (NPK) at 75 % and
100 % NKP significantly improved the plant growth and
development of the sweet corn grown in Rengam and Ra-
sau soil series. This study confirmed that foliar application
of NPK nutrients increased the growth, yield and nutrient

Table 9. Effects of different level of foliar NPK on nutrient contents (%) of the flower of sweet corn plant grown in rengam soil series.

Soil series Treat % N P K Ca Mg Cu Zn Fe Mn
0 2.0476° 0.0644° 0.913° 0.1968° 0.2580° 0.0005% 0.00472° 0.0892 0.0204°
25 1.5860* 0.1184° 0.9132 0.3468° 0.3586° 0.0008° 0.00592° 0.0892 0.0220°
Rengam 50 1.91242 0.1269°7 1.307% 0.2385° 0.2907° 0.0006 0.00532° 0.130* 0.0323°
75 1.77122 0.1428° 1.307%® 0.2434° 0.3140° 0.0004° 0.00512° 0.190* 0.0407°
100 1.7819° 0.1174° 1.095%° 0.2877° 0.3003° 0.0006%° 0.00571° 0.3052 0.0656°
0 1.86722 0.1344° 1.4904° 0.2567° 0.1864° 0.0003° 0.0058° 0.1114° 0.0304°
25 2.7741° 0.2408° 1.49042 0.2388° 0.1864° 0.0005° 0.0070° 0.1235° 0.0359°
Rasau 50 1.8662% 0.1892° 1.37512 0.2582° 0.2324° 0.0006° 0.0075° 0.2189° 0.0555°
75 1.46222 0.2051° 1.2045° 0.2515° 0.2343° 0.0004° 0.0091° 0.1429° 0.0381°
100 1.66332 0.8087° 1.5454° 0.2826° 0.2217° 0.0006° 0.0095° 0.1245° 0.0327°

except for N, Fe, Mg, Mn and Ca (Table 9). Using rates of 25,
50 and 100 % have the highest concentration of Zn at
0.00592, 0.00532 and 0.00571 respectively. The rate of 25
% NPK produced the highest concentration of K and Cu
with a concentration of 0.913 and at 0.0008 %. The sweet
corn seedlings treated with 75 % of NPK as a foliar fertilizer
resulted to highest amount of P with a value of 0.1428.

The nutrients concentration of corn flower cultivated in
Rasau soil series were not affected significantly by the
different doses of NPK as a foliar application (Table 9). The
amount of macro nutrients (N, P & K) was increased with
the lower dose of NPK (25 % NPK) but decrease with high
doses of NPK. The plants treated with 75 % NPK resulted
higher amount of Mg, Zn, Fe and Mn in the flower of sweet
corn (Table9).

levels in sweet corn plants under greenhouse condition.
The plant height of the sweet corn increased significantly
with the foliar NPK. Foliar nutrient can increase the crop
yield by improving the availability of the nutrients com-
pared to the soil applied nutrients which sometimes are
not readily available in the soil (20). They also reported
that foliar application of nutrient improves the quality of
cereals, vegetables, and fruit trees in alkaline and calcare-
ous soil. This current study showed that foliar spray of NPK
increased growth, yield and nutrient accumulation in the
sweet corn plants. In this study, the positive effect of
different rates of NPK as a foliar fertilizer were recorded on
stem width and plant height of the sweet corn cultivated
in Rengam soil series. Starting from the 10DAS to the 50
DAS this effect was significant between the treatments and
the control.

Leaf number and leaf area of the sweet corn culti-
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vated in Rengam soil series show a significant effect as a
result of different rates of NPK applied as a foliar fertilizer.
On 3 and 4" measurement the plant treated with 75 %
NPK treatment significantly increased the leaf number of
the sweet corn seedlings. The leaf area almost double in
treated sweet corn of Rengam soil series compared to the
control ones in greenhouse condition. Mineral nutrients
play a significant role in cell division, cell differentiations,
formation of chlorophyll, photosynthesis process, enzyme
activity, fixation and reduction of nitrogen. While, the
effect of foliar fertiliser on the plant cultivated in Rasau
soil series did not show significant increase on leaf area.
Sweet corn flowering also affected by foliar fertilization
under greenhouse condition. Foliar fertilizer of NPK at the
rate of 75 % enhance the flowering of the sweet corn
planted in Rengam soil series and it requires only 48 days
for flowering while control plants required 54 days to ap-
pear the flowers. For the Rasau soil series, 100 % NPK
treatment stimulate the flowering and requires less time
to complete flowering. An increased crop responses such
as higher plant height, leaf number and leaf area were rec-
orded with the application of different macronutrients was
reported (21). The foliar application of urea before flag leaf
emergence increased the flowering and grain yield when N
availability is limited (22). It was also reported that foliar
application of fertilizer increase grain and stover yields,
number of grains per ear, 1000 seed weight and individual
grain weight (23).

Cob or yield characteristics of sweet corn cultivated
in Rengam and Rasau soil series affected by different rates
of foliar fertilizer at greenhouse condition. Fresh cob
weight, cob diameter and cob height were recorded in this
study. The results of this study showed that plants treated
with 75 % and 100 % NPK as foliar application significantly
improved the cob characteristics of the sweet corn. Miner-
al nutrients are important for the metabolic processes that
begin with cell division and continue through differentia-
tion, photosynthesis, respiration, enzyme activity, nitro-
gen fixation and reduction in plants (24). This study
showed that foliar spray of macronutrients increased the
fresh cob weight, cob number and dry matter yield of
sweet corn. Our results also showed that 75 % to 100 %
NPK treatments were better to improve the cob character-
istics of the sweet corn cultivated in Rengam and Rasau
soil series under greenhouse condition. The yield charac-
teristics of sweet corn improved by foliar macronutrients
due to increasing enzyme activities, flower stimulation,
pollen viability and grain filling (25). Also stated that foliar
application of micronutrients increases the cob weight of
corn by improving plant growth, physiological and bio-
chemical processes. Our results showed that the relative
yield of cob weight increased with foliar fertilizer treat-
ment in green house conditions. It was earlier reported
that foliar application macro and micronutrients increase
the growth and grain relative yield of dahlia (21). In this
study, the highest relative yield was recorded in 75 % NPK
treatment, which is supported by findings of another study
(26). Our study ensured maximum utilization of resources
and as well give an insight for further research in finding
the minimum rate of NPK as a foliar application that will
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give optimum sweet corn growth performance and yield.
In addition, the foliar nutrients to corn plants increase the
synthesis and translocation of non-structural carbohy-
drates from leaf to stems, which stimulates the sucrose
phosphate synthase (SPS) activity, and in turn, which in-
crease flowering and filled grain number and grain weight
per cob.

Our results showed that foliar application macronu-
trients increased leaf area and leaf number of sweet corn
cultivated in green house under 2 different types of soil.
Exogenous macronutrients may be increased the cell divi-
sion, cell proliferation and maturation of leaf primordia
thus increased the leaf number and leaf area of sweet corn
seedlings. Leaf area, leaf area index, chlorophyll content
and growth rate of the crop regulated by the foliar applica-
tion of nutrient elements (27). In addition, synthesis and
translocation of non-structural carbohydrates from leaf to
stems or other sink areas increases by applying the foliar
fertilization, which encourage the sucrose phosphate syn-
thase (SPS) activity and in turn increase filled grain num-
ber and grain weight per panicle in rice plants (28). The
crop growth, development and yield increased when apply
foliar fertilization of macro and micronutrients (29). On the
other hand, it has been shown that foliar urea sprays at
the boot stage, when nitrogen availability is quite low,
improve maize grain yield and grain filling percentage (30).

The cob or yield characteristics of sweet corn im-
proved by the foliar macronutrients in this study. Potassi-
um and magnesium participate in the transportation of
photosynthates from the source to the sink and exerted a
significant effect on the weight of grains in the cob (31).
The combination of macro and micronutrients were better
than conventional fertilisers which lacked micronutrients,
and yield of the sweet corn was higher with the combined
foliar fertilizer (32). Foliar fertilization is a better technique
to supply the macro and micro nutrients where plants or
soil lack of nutrient availability (33).

Mineral nutrients applied topically improved the
amount of chlorophyll in leaves and the rate of photosyn-
thesis, which in turn increased crop growth and dry weight
(34). Plant growth rate is significantly connected with leaf
chlorophyll content, which is the component that controls
photosynthesis. According to this study, sweet corn plants'
growing dry weight in response to foliar spray may be
caused by a faster photosynthetic rate and a transfer of
carbohydrates from the leaves to the grains (35). Foliar
nitrogen feeding has a considerable impact on dry matter
accumulation as well as net photosynthetic rate (36). Opti-
mum concentration of nutrients as a foliar application
increased photosynthesis, improved accumulation and
translocation of photosynthates in the grain and produced
healthy panicle (37), and also increased the yield of grain
and dry matter content (38). Plant growth improved by
applying foliar spray of Mn, also increased the yield and
biomass content in wheat (39). Nitrogen is a primary con-
stituent which regulates plant growth and development by
affecting protein synthesis and production of plant growth
regulators, neurotransmitters and antioxidant compounds
(40).
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In this greenhouse study, applying different
amounts of NPK as a foliar spray enhanced the internal
level of macro and micronutrient content in the corn ear
leaf, mature leaves, corn stem, corn cob, corn flower and
whole plant. This increased nutritional level may result in
improvements in the amount of chlorophyll, the net pho-
tosynthetic rate, the activity of sucrose phosphate syn-
thase (SPS) and the accumulation of photosynthates in the
plants. In comparison to the control maize plants, the
treated maize plants produced more cobs, had higher
fresh cob weights, and produced more dry matter. Accord-
ing to studies, foliar applications of nitrogen (N), phospho-
rous (P) and potassium (K) boost crop growth and output
in dry land areas (41). However, the Zn content of wheat
seed and flour reduced as a result of foliar application of
NPK elements as foliar phosphorus (P). It is common prac-
tise in sustainable agriculture to employ macronutrients
as a foliar spray to address soil nutrient deficiencies. In
addition to absorbing light and CO, for photosynthesis,
plant leaves may also absorb nutrients because this is al-
ready known and used in nutrient management systems
(42). It has been reported that when plants treated with
NPK as a foliar application at the flowering stage increased
N uptake after flowering and protein content in the grain
(43). Foliar macronutrient induced root growth of wheat
led to enhancing the absorption of nutrient elements from
the soil (44). Thus, elevated levels of macro and micronu-
trient content in the plants indeed play a significant role to
improving the yield and quality of crop. It was also report-
ed that wheat production increased significantly when
applying foliar application of nutrients (45).

Because the leaf has numerous holes, including
stomata, hydathodes and lenticel, the plant may easily
absorb nutrients sprayed on it by foliar spray. Despite the
fact that the cuticle is present on both surfaces, the leaf
can still absorb minerals. Before being metabolised by
plants, a nutrient component applied to a leaf surface
must pass through a cuticle layer (made of wax or suber-
in), the cell wall and the cell membrane. Foliar spray is
more effective than other strategies at controlling nutrient
deficit and unavailable nutritional components in the soil
and can thus be used on plant surfaces (46). Foliar fertilisa-
tion provides rapid absorption and utilisation of nutrient
minerals, this can go into plant metabolism systems di-
rectly. Due to unfavourable soil situation, runoff and
leaching, sometimes soil applied nutrients are insufficient
for crops and plants to meet requirements which can
cease their growth and development and affect the yield
and quality of the crop produced. Foliar fertilisation is the
most cost-effective and efficient technique to produce
high-quality products and yields when nitrogen intake
from the soil is constrained and sink competition occurs
among plant organs (47).

The amount of amino acids in the plants rose when
N was applied topically. Foliar fertilisers, encourage the
growth of corn stems, leaves and roots (48). Foliar applica-
tion of NPK boosts agricultural plants' internal levels of
nitrogen (N), phosphorus (P) and potassium (K), maintains
leaf nutrition during photosynthesis and controls the C: N
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ratio (49). Foliar applications of N and P at 25 and 45 days
following sowing filled the crop's nitrogen needs (50). Ex-
ogenous N and P may speed up photosynthesis, increasing
the amount of carbohydrates and yielding more dry mat-
ter in the crop (51). This can be attributed to high N con-
centration as reported by Malvi 2011s possible hindrance
to other element availability.

The nitrate reductase (NRase) activity is increased
by foliar applications of nitrogen and phosphate, which
results in higher chlorophyll content, improved photosyn-
thesis and other physiological processes important for
plant growth and development. In our investigation, foliar
application of macronutrients boosted corn growth and
physiological parameters, which are strongly connected
with maize yield features (data not shown). Micronutrients
sprayed onto plants' leaves increased growth and yield,
which may have been caused by a rise in photosynthetic
rate, an accumulation of photosynthates and higher out-
put (52). Plants can quickly absorb foliar urea and that
urea can easily hydrolyze in the cytoplasm of cells (53).
Foliar application of K is preferable to a soil application in
terms of crop growth, development, and economic yield
(54). Comparing foliar fertilisation to soil application, it is -
6-20 times more effective (55). Early on in a crop's growth
cycle, supplemental foliar fertiliser treatment increased
the mineral content of the plant, enhancing crop output
(56). The foliar application of nutrients raised the amount
of micronutrients in wheat grain and this beneficial out-
come may be attributed to the improved physiological
functions of root cells that promoted the absorption of
nutrients from the soil (57).

Iron (Fe) and manganese (Mn) are quickly fixed with
the clay particles in alkaline soil pH, making it difficult for
plant roots to readily absorb these 2 minerals from the
topsoil properly (58). However, because they have fewer
mobile elements, calcium (Ca), magnesium (Mg) and man-
ganese (Mn) cannot just go from the roots to other sec-
tions of the plant (59). Therefore, applying mineral nutri-
ents exclusively to the root zone may not be providing the
plant with what it needs for healthy root development and
effective nutrient uptake. In order to provide nutrients to
the crops for optimum growth, development and produc-
tion, foliar spraying is an alternate method. According to
the discussion above, it can be concluded that in Rengam
series soil, foliar application of macronutrients (NPK) at 25
and 50 days after corn sowing enhanced the fresh weight
of cob, the number of cobs and the dry matter yield under
greenhouse condition.

Conclusion

This study was conducted to find the suitable concentra-
tion of the Macronutrients as foliar fertilization for increas-
ing the growth, development, yield and mineral accumula-
tion in the sweet corn grown in Rengam and Rasau soil
series under greenhouse condition. All the traits of maize
that were examined in this study were positively impacted
by the application of macronutrients to the leaves. A con-
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siderable increase in the quantity of the sweet corn cobs
was observed when the plants treated with macronutrient
as foliar application at the rate of 75 % and 100 %, accord-
ing to the results obtained. Additionally, plants treated
with 75 % and 100 % of NPK as foliar sprays showed a con-
siderable increase in the fresh weight of the cob and dry
matter production. The results of this study could be ap-
plied to enhance crop growth, increase crop yields and
enhance crop quality. Finally, it can be concluded that
foliar macronutrient at the rate of 75 % to 100 % increased
growth, yield and quality of corn under greenhouse condi-
tion grown on Rengam and Rasau soil series.
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