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Abstract | Sweet corn (Zea mays L. var. saccharata) is an important palatable grain grown for human
consumption, for both fresh and processed foods. In this study, efficacy of Azolla pinnata aqueous extract
on the growth and yield of sweet corn through foliar application was evaluated. Independent variables were
application rates of urea (120, 110, 100, 90, 80, and 0 kg ha!) and aqueous Azolla extract (AE i.e. 0, 10, 20,
30, 40, and 100%, v/v). Common variables were 60 kg/ha triple superphosphate (T'SP), 90 kg/ha muriate of
potash (MOP), and watering. The dependent variables were growth and yield parameters of sweet corn. One-
way ANOVA was used for analysis, where significant differences between treatments were determined using
the Least Significant Difference (LSD) Test (SAS 9.4 software). Results revealed significant differences (p
<0.05) in sweet corn that received AE foliar spray in plant height (p = 0.0098), stem diameter (p = 0.0419), leaf
area (p = 0.0364), cob length (p = 0.0077), and number of grains per cob (p = 0.0207) compared to the control
plant received an optimal rate of 120 kg ha™ urea without AE. No significant differences were recorded for
chlorophyll content, cob fresh weight, and weight of 100 grains. It is found that sweet corn received high N
with the lowest AE (110 kg ha urea + 10% AE) enhanced vegetative growth in plant height, stem diameter,
leaf area, cob length, and grain yield. In sum, AE of Azolla is a potential and environmentally friendly organic
tertilizer that is easy to grow, prepare, and apply by growers, in compensation for the reduction of 10 kg ha™!
urea used in sweet corn cultivation.
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Introduction queen of cereals due to its high genetic yield potential

and productivity, as well as a food source and livestock

Corn (Zea mays L.) is the third most important
grain crop besides rice and wheat cultivated
worldwide by farmers under various spectrums of soil
and climate (Farooq ez al., 2015). Corn is known as a

feed as compared to other cereal crops (Dass ez al.,
2012). Meanwhile, sweet corn (Zea mays L. var.
saccharata) is an important palatable grain grown for
human consumption, for both fresh and canned food

—————— XXXX | Volume XX | Issue X | Page 101

o0 .
ot Links
GResearchers


https://dx.doi.org/10.17582/journal.sja/2024/40/s1.101.109
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
crossmark.crossref.org/dialog/?doi=10.17582/journal.sja/2024/40/s1.101.109&domain=pdf&date_stamp=2008-08-14

OPEN aACCESS

Sarhad Journal of Agriculture

industries (Budak and Aydemir, 2018). The consumer
and industrial demand for sweet corn is projected to
increase twofold by 2025 in the developing world
(Rosegrant ez al., 2008). Such demands may be
achieved with the intervention of technologies such
as breeding and release of single hybrid seed (Kumar
et al., 2015), via the increment of planting areas, and
precision in agronomic practices such as fertilization,
irrigation, and pest control programs.

In Malaysia, sweet corn and field corn have been
gaining attention lately due to issues rising throughout
recent years. For example, the rising prices of corn
imports for livestock feed as complained by the
Federation of Livestock Farmers Association of
Malaysia (FLFAM) in June 2016. Malaysian poultry
farmers have been under stress as corn is the main raw
material in poultry food formulation of between 60%
and 65%. This was followed by the cost increment of
fertilizers and pesticides to an extent of 57% during
the COVID-19 pandemic, which burdened the
farmers and harmed agricultural-related activities

(Utusan Malaysia, 2021).

Substituting chemical fertilizer with organic fertilizer
is a sustainable approach that can improve crop yields,
soil organic content, and soil microbial diversity
(Li e al., 2022). 'The floating fern Azolla pinnata
(Azollaceae), sometimes regarded as waterweed on
ponds, is a small green plant with potential used in
crop cultivation as an organic amendment (Khair ez
al., 2021). Its ability to fix atmospheric N is achieved
through its symbiotic association with a N-fixing
cyanobacterium Anabaena azollae (Watanabe ez al.,
1989). This led to rapid growth of Azolla with a
short life cycle (7-20 d), and capable of producing
fresh green biomass of around 390 t ha! annually
(Utomo ez al., 2019). In Asia, Azolla is therefore one
of the most used green manures for rice crop due to
its N-fixing capacity and ability to scavenge nutrients
from soil and water (Bhuvaneshwari and Singh,2015).
Cultivation of rice crops with biofertilization of 4.
pinnatahas been shown to increase yield, typically the
plant height, number of effective tillers, dry matter,
and N-content of rice plant (Setiawati ez a/., 2018).

Sweet corn cultivation is distinct from rice crops
as the planting system does not require an aquatic
environment that could enhance the coexistence and
cocultivation of sweet corn and Azolla. The potential
use of aqueous Azolla extract on growth performance

and yield of sweet corn is promising but its optimum
concentration for foliar and field application remains
to be determined. Therefore, the present study was
undertaken to examine the feasibility of using Azolla
as a nutritional alternative to sweet corn. The main
objective of this work was to study the efficacy of
using A. pinnata extract on sweet corn growth and
yield under reduced nitrogen fertilization practices.

Materials and Methods

Sweet corn cultivation and agronomic practices

'The study was conducted at the Faculty of Sustainable
Agriculture (FSA), Universiti Malaysia Sabah (UMS),
Sandakan Campus, Sabah (5°55’4” N 118°0’8” E), in
an insect-proof net house No. 2 from Aug. to Nov.
2022. The planting medium was used, a mixture of
topsoil and goat manure compost (3:1, v/v) obtained
from ruminant house within the campus. The media
was sun-dried for a week before being ground into
a fine powder using the Red Roo CMS80 Chipper
Mulcher. The pots used were 34 cm in diameter and
30 cm in height, each filled with 11 kg of soil mixture.
In this study, the super sweet (var. saccharata) was
used as a test crop. Three seeds were directly sown and
germinated in each pot to avoid transplanting shock.
After 7 days, seedlings were culled leaving a single
seedling for the current study. The number of pots used
was 30 and arranged separately 50 cm in rows and 75
cm between rows (Khair ez a/.,2021). Watering is done
twice a day in morning and afternoon. Continuous
monitoring was conducted throughout the study for
weeds and disease management according to cultural
control practices.

Azolla cultivation and extract preparation

A. pinnatawas used in this study, which was propagated
in a 200-gallon polyethylene (PE) tank measuring 82
cm in height and 156 ¢m in diameter, with a water
depth of 50 cm. The water in tank was pre-fertilized
with goat manure compost (5g) before fresh Azolla
(50g) was sprinkled onto the water surface (Hanafy ez
al., 2018). The tank was filled with Azolla and ready
to be harvested within 3 weeks where it was brought
back to the laboratory, washed under running tap
water to remove dirt, and consecutively air dried
under the shade for 72 hours until a uniform dark
brown dried Azolla biomass was obtained.

Dried Azolla was crushed using a pestle and mortar
before being extracted with distilled water (1:1,
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w/v) for an hour under continuous stirring with a
magnet stirrer at room temperature (30 °C). After
filtering with a muslin cloth, the resulting filtrate was
considered 100% Azolla Extract (AE), and further
diluted with adding distilled water to obtain 40%,
30%, 20%, and 10% of AE, respectively. The proximate
N-content in AE’s was determined using a CHN628
analyzer (Model 622-000-000, LECO, Germany).
For sample analysis, 0.1005 g of each extract was
weighted using an analytical balance and loaded into
an individual capsule tin. The sample was transferred
into CHN628 analyzer, and result was recorded 5
min after analysis (Eksperiandoya ez a/., 2011). All
extracts were preserved by cooling in the refrigerator

(5.0¢1.0 °C) until further usage.

Chemical and bioorganic fertilization

Nitrogen was sole independent variable in this
study and its effect on dependent variables such as
vegetative growth and yield were investigated by
substituting the chemical fertilizer urea with AE.
Hence, the amount of urea used was different for
each treatment, ranging from 0 to 120 kg ha, and
the Azolla extract used ranged from 0 to 100% (Table
1). The application rate of phosphorus and potassium
tertilizers was 60 and 90 kg ha™ and considered
from Triple Superphosphate (T'SP) and Muriate of
Potash (MOP) in all treatments. The combination
of chemical fertilizers and Azolla extract used in this
study were summarized in the Table 1.

Application of chemical fertilizers was split into three
equal rounds on 15, 30, and 45 days after sowing via
the top-dressing method, representing vegetative
growth, reproductive, and flowering stages respectively
(Sunarpi e al.,2010). Application of AE on treatment
plants was done by foliar spray method at 3 days after
the application of chemical fertilizer, which were on
18, 33, and 48 days (Maswada ez a/., 2020). A total
of 30 mL of AE was sprayed during the vegetative
growth, and its volume was increased to 50 mL of AE

at reproductive stage to cover the new-growth shoots
and leaves regardless of AE concentration used. Sweet
corn grown solely under optimum N application was
served as control 1 (C1), where AE was replaced using
the distilled water. Pot received only AE 100% without
urea was served as control 2 (C2).

Harvesting and data collection

Growth parameters including chlorophyll content
(SPAD), plant height (cm), stem diameter (cm), and
leaf area (cm?) were monitored weekly until week 8,
when sweet corn reached the physiological maturing
stage at 56 DAS. The average chlorophyll content
of each replicated plant was measured with SPAD-
502 meter (Konica Minolta, Japan) by selecting
three leaves randomly from middle until the upper
part of a sweet corn plant. Plant height was recorded
from ground level or from the collar (point on stem
where roots begin to grow), to the left base of the top
growing leaf using a measuring tape. Stem diameter
was measured at 3 different points (upper, middle,
lower) on individual plants using a digital caliper and
data were presented as average diameter for each plant.
Three fully expanded green leaves were randomly
selected on each plant and length (L) with maximum
width (W) were determined by measuring tape to
obtain the estimated average leaf area using formula:

leaf area (cm?) = L x W (Berdjour ez a/., 2020).

For yield components, cobs were generally harvestable
once the silk appeared brownish and dried with
the husk remaining green. After removing the cob,
fresh weight (g) of the corn is weighed using a scale
Electronic Balance. The measurement for cob length
(cm) was taken from end to end of cob using a ruler.
'The number of grains per cob was counted from the
top to end of the cob manually by using a marker pen.
The weight of 100 corn grains (g) was calculated by
taking corn grains randomly using forceps and grain
weight was weighed using an Analytical Balance

(Mettler Toledo, Switzerland).

Table 1: Treatment combinations of urea and Azolla extract for sweet corn per pot.

Treatment Description

T1 Optimum N (control 1, C1)
T2 High N with lowest AE

T3 Medium N with low AE
T4 Low N with medium AE
TS5 Lowest N with high AE
Té6 Highest AE (control 2, C2)
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Experimental design and statistical analysis

A total of six treatments were there including two
controls in this study. All treatments were arranged
using a completely randomized design (CRD) with
five replications for each treatment within the insect-
proof net house. Data of growth and yield obtained
at week 8 were analyzed using SAS version 9.4. Data
collected were subjected to variance analysis by one-
way ANOVA. When F was significant at a level, tests
between treatments were determined by using the

LSD test (p < 0.05).
Results and Discussion

The efficacy of aqueous 4. pinnata extract (AE), a
N-fixing cyanobacteria-associated floating fern, in
substituting chemical fertilizer (urea) on sweet corn
growth and yield was conducted. Propagation of 4.
pinnata at the plot and the growth of sweet corn
until harvested are shown in Figure 1. The proximate
nitrogen contents (w/v) in the AE as revealed by
the CHN628 analyzer (LECO, Germany) were as
follows: 10% AE (3.9 mg/g), 20% AE (4.1 mg/g),
30% AE (4.9 mg/g), 40% AE (5.6 mg/g), and 100%
AE (6.0 mg/g).

Figure 1: (a) A handful of the water fern Azolla pinnata and
mass propagation for aqueous Azolla extract preparation, (b) sweet
corn plants on 9-week after planting showing the tassel of male
inflorescence (top part) and ear of female inflorescence (middle parz),
(c) representative mature ear harvested on 10-week after planting
Jfrom each respective treatment plant and (d) three randomly selected
kernels from each treatment plant.

Effects of aqueous Azolla extract on sweet corn growth

Sweet corn plants received AE showed statistically
significant differences between treatments in plant
height (p < 0.05, p = 0.0098), stem diameter (p < 0.05,
p = 0.0419), and leaf area (p < 0.05, p = 0.0364) after

8 weeks of cultivation at the physiological maturing

stage. Plant height in treatments substituted with
lowest to highest AE (T2 to T6) was significantly
higher than plant received solely optimum N
fertilization (T1). Mean plant height recorded for AE
treated sweet corn ranged between 274.8 to 294.4 cm
with plant received high N + lowest AE (T2) being
the highest compared to T1 which was much lower at
236.0 cm. There was no significant difference in mean
plant height between sweet corn irrespective of AE
concentration used in this study (Figure 2a).
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Figure 2: Mean value of growth parameters between treatments on
sweet corn (a) Plant height, (b) stem diameter, (c) leaf area, and (d)
chlorophyll content. The mean value with the same letter indicates no
significant difference at p < 0.05.

Sweet corn stem diameter received high N + lowest
AE (T2) again recorded the highest mean value of
1.6 cm in diameter, significantly thicker than plants
grown under T1, T3, T4, and T6 (mean 1.28 to 1.36
cm). Meanwhile, plant received a combination of
lowest N + high AE (T5) has no significant difference
from all others with a mean value of 1.42 cm (Figure
2b). For leaf area, plants received high N + lowest
AE (T2), medium N + low AE (T3), and lowest N
+ high AE (T5) had significantly wider estimated
leaf area (mean 838.14 to 866.94 cm?) compared to
plant fertilized with optimum N without AE (T1,
mean 728.10 cm?), as well as plant received highest
AE without urea (T6, mean 732.58 cm?) (Figure
2¢). Total chlorophyll content showed no statistically
significant difference (p > 0.05, p = 0.8646) among
the treatments until week 8. The mean chlorophyll
content of all treatments falls between 55.82 to 57.62
as recorded by the SPAD meter.

Nearly every aspect of sweet corn development is

influenced by N levels. Cultivation crops typically
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absorb N and other essential minerals through the
root system from planting medium or absorption in
the leaf via foliar, or both. In this study, sweet corn
receiving both urea and AE foliar spray treatments
were significantly higher in height, with plants
received 110N: 60P: 90K kg ha' + 10% AE (T2, mean
294.4 cm) being the highest among all than T'1 (mean
236.0 cm) plants that received optimum fertilization
rate at 120N: 60P: 90K kg ha'. According to Igbal ez
al.(2015), increasing the usage of significant amounts
of nutrients, particularly nitrogen, will improve the
coordination of vegetative development and plant
reproduction. A combination of chemical fertilizers
and plant-based extract in crops was reported to
produce better growth than just using chemical
fertilizer alone (Paul 7 a/.,2016). Similar results were
also reported by Singh ez a/. (2018) in rice cultivation
where combined application of Azolla biomass and
urea significantly increased plant height.

Based on results obtained from the current study,
together with several reports that investigate the
efficacy of AE upon application on corn, rice,
sorghum, and wheat (Macale and Vlek, 2004; Sunarpi
et al., 2010; Kheirabadi ez a/., 2012; Bhuvaneshwari
and Singh, 2015; Singh ez a/., 2018; Altai ez al., 2019;
Adhikari ez al., 2021; Khair ez al., 2021; Thapa and
Poudel, 2021; Marzouk ez al., 2023), the grass family
(Poaceae) seems to respond positively towards aqueous
extract of A. pinnata in terms of plant height. The
potential foliar application of AE in enhancing the
vegetative growth of Napier grass (family Poaceae),
the main grazing grass cultivated for livestock animals
and dairy-related industries, is promising and worth
investigating in near future.

Stem diameter is an important structure for plant
nutrient uptake and photosynthate translocation.
Besides containing organic-rich protein as contributed
by the symbiont N-fixing cyanobacteria, AE is also
known to contain abundant sources of macro- and
micronutrients (El-Serafy ez al, 2021). Although
foliar application of nitrogen has been reported to
increase plant height, stem diameter, as well as fresh
and dry weight of corns (Kheirabadi ez a/., 2012;
Boye et al., 2018; Hanafy ez al., 2018), very limited
studies were focus on the optimization of AE foliar
application towards sweet corn growth. According to
the current findings in corn stem diameter, an ideal
AE concentration has notably caused a difference in
stem diameter between untreated and treated corn

plants. Results suggest that a combination of folia
application (10% AE) together with soil dressing
fertilization (110N: 60P: 90K kg ha™ urea) is an
optimum concentration capable of enhancing stem
development in sweet corn. Such findings would
open another research question of how the sugarcane
(family Poaceae) stems in response to AE application.

Leaf area is an important component in plant
growth analysis, and it has a great influence on the
photosynthate, growth rate, and plant transpiration.
Spraying AE (10 to 40%) directly on sweet corn could
theoretically increase total N in leaves with minimal
loss from leaching. This was supported by Sarakhsi ez
al. (2010) and Hanafy ez a/. (2018) where leaf growth
and leaf surface area were significantly increased after
exposure to foliar spray. Buono ez al. (2022) theorized
that increase in leaf surface area observed in corn
plants after plant extract treatment may be brought
on by excessive absorption of nutrients. It is worth
mentioning that, in this study, although there was
no significant difference in the chlorophyll contents
across treatments, plants with no chemical nitrogen
input for uptake via root, showed no sign of chlorosis
when foliar fertilization was carried out using 100%
AE (T6). A similar observation was also reported
by Maswada ez al. (2020) when growing sweet corn
under water and N deficiencies in the presence of
Azolla ficuloides. Hence, a treatment rate consisting
of high N (110 kg ha?) + lowest AE (10%) can be

recommended to farmers in sweet corn cultivation.

Interestingly, several studies have reported the
presence of plant growth regulators such as cytokinin,
jasmonic acid, and salicylic acid in Azolla extract
(Arthur ez al.,2007). Leaf surface area can be affected
by cytokinin, a plant hormone that promotes cell
proliferation, cell expansion,and prolongs the function
of photosynthetic cells (or delays leaf senescence)
(Giron et al., 2013). Results obtained in this study
were generally in agreement with the cytokinin
effect on plant growth, with treatments received 10—
40% AE showing significantly higher plant height,
stem diameter, and leaf area. On the other hand,
application of 100% AE may contain excessive plant-
based secondary metabolites that eventually reverse
its growth promotion effects. Overall, spraying sweet
corn, or crops with AE may potentially increase plant
height, stem diameter, leaf surface area, as well as
activation of plant systemic acquired resistance via
the induction of jasmonate and salicylate defense
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response pathways (Gao ez al., 2015).

Effect of aqueous Azolla extract on sweet corn yield

For vyield parameters, a statistically significant
difference between treatments was recorded in corn
cob length (p < 0.05, p = 0.0077) and total grains (p <
0.05,p =0.0207).Cob length in treatments substituted
with lowest to highest AE (T2 to T6, 17.6 to 18.8
cm) was significantly longer than plant received solely
optimum N fertilization (T1, 16.0 cm). There was no
significant difference in mean cob length between T2
to T'6 (Figure 3). Average total grains number per cob
was found significantly higher in plants that received
high N + lowest AE (12,577.0) and medium N + low
AE (T3, 543.8), and lowest in plants that received
optimum N (T1, 437.4) and 100% AE (T6, 451.6).
No statistical difference was found for data recorded
on the cob fresh weight (141.57 to 211.50 g; p > 0.05,
p = 0.0677) and weight of 100 grains (17.39 to 25.09
g; p > 0.05, p = 0.2485).

(a)
18.8a 1540
I 1 17.6a

20 .
16.0b 1 1 "
16
12
8
a
° |
T 2 T4 5

::::::

Mean cob length (cm)

g

Mean fresh weight per cob () @
e &
s 5 5 ¥ B
- & 8 & 8 &
I
2
< I
g
H
"
3
8
4
B
e
Mean weight of 100 grains (g)

T3
Treatment Treatment

Figure 3: The mean value of yield parameters between treatments
on sweet corn (a) cob length, (b) total grains, (c) fresh weight of cob,
and (d) weight of 100 grains. The mean value with the same letter
indicates no significant difference at p < 0.05.

Sweet corn requires high amounts of N fertilizer
to achieve maximum yield. It is well known that
N-levels had a significant effect on cob length (Bakht
et al., 2007) and grain yield (Khan ez a/, 2018).
According to a similar study on seaweed extract by
Jader ez al. (2019), an increase in cob length in corn
following foliar application is also attributed to the
plant hormones cytokinin and mineral nutrients
(boron, magnesium, manganese, and potassium) that
are crucial for cell development and grain formation.
In this study, aqueous AE seems to improve the cob
length and yield, but its mechanism has not been
investigated. It is believed application of AE could

promote better plant growth through direct foliar
fertilization effect and indirect supplementation of
plant growth regulators, with the latter not present in
excessive levels.

Conclusions and Recommendations

Azolla pinnata is a N-rich aqueous fern that coexists
with free living N-fixing cyanobacteria. Folia
application of A. pinnata AE has been shown to
increase plant height, stem diameter, leaf area, cob
length, and number of grains in sweet corn. These
results are suggested to be attributed to the presence
of plant hormones and macro- and microelements in
the aqueous extract. The combination of soil dressing
fertilization (110 kg ha™ urea, 60 kg ha™ T'SP, 90 kg
ha? MOP) with foliar application of 10% AE seems
promising to produce better growth and yield in
sweet corn. In sum, AE of Azolla is a potential and
environmentally friendly organic fertilizer that is easy
to grow, prepare, and apply by growers. Future studies
of AE on crops such as sugarcane and Napier grass
remain to be considered.
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