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Abstract – Zea mays L. (corn) is a staple food for about 20% of the Philippine population, making
it one of the most important food crops in the country, but are threatened to have a decline in
production due to El Nio and water shortage in the Philippines. This study aimed to investigate if
the addition of potassium polyacrylate to the soil will improve soil water retention to help optimize
the drought tolerance of Zea mays (maize). This can help develop a new method in assisting
plant survival during drought conditions and increase crop yield and growth. Since drought is an
impending problem that greatly affects agricultural industries, this study can help address the
problem of hunger in some areas, especially those which rely greatly on corn produce.Thirty corn
seeds were planted and divided among six different groups, five under PEG-induced drought stress
with varying concentrations of potassium polyacrylate incorporated to the soil, and one under
normal conditions. Height, number of standing leaves, and soil moisture content were determined
weekly for four weeks. Twenty-five plants germinated after five to six days. By the fourth week,
only 11 plants were left. The results of the different parameters were insignificantly different,
indicating that potassium polyacrylate was ineffective in improving soil water retention and does
not help in the optimization of drought tolerance of maize. Increasing sample size, measuring
daily osmotic potential, increasing frequency of measurements, observing until the reproductive
stage and using PEG 6000 or 8000 instead of PEG 4000 are recommended for further studies.

Introduction. – Zea mays L. (corn) is a staple food
for about 20% of the Philippine population, making it one
of the most important food crops in the country [1]. The
largest corn producer in the country is Mindanao, which
contributes 50% of the total national production. Due
to the severe drought conditions brought about by the El
Nio phenomenon however, corn prospects in Mindanao for
2016 were expected to decline relative to the five-year av-
erage and that of 2015 [2, 3]. The Philippine Statistics
Authority reported the volume of corn production in 2015
to be 7,518.75 metric tons and in 2016 to be 7,218.81 met-
ric tons, yielding a production growth rate of -3.99% for
years 2015-2016 [4]. Moreover, the World Resources Insti-
tute (WRI) conducted a study which predicted that by the
year 2040 the Philippines will have a high degree of water
shortage. The study went further and predicted that the
agricultural sector of the country would receive the high-
est degree of water stress among three sectors, the other
two being the industrial and domestic sectors [5]. Cur-

rently, farmers would use various irrigation techniques or
water at a certain schedule for optimal efficiency to address
the effects of drought on their agriculture [6]. Essentially,
drought refers to the fragile balance between water supply
and demand and is not necessarily just a physical occur-
rence that is defined by the weather. Agricultural drought
happens when there is insufficient moisture for average
crop production on farms or average grass production on
rangeland [7]. During this period, decreased rainfall and
increased sunlight leads to soil moisture depletion. The
quality of soil degrades because of lack of organic activ-
ity and increased wind erosion. Wind erosion causes dust
storms and sand deposition which could kill even more
vegetation [8,9]. Superabsorbent Polymers(SAP) are ma-
terials that are able to absorb and retain large volumes of
liquid and aqueous substances up to hundreds of times its
own weight and is made from partially neutralised, lightly
cross-linked polyacrylic acid. SAPs are used ideally for
diapers and adult incontinence pads for the absorption of
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medical dressings and controlled release medium. Potas-
sium polyacrylate is a SAP that is helpful for plants and
can improve its structure [10,11]. Potassium is important in
numerous processes such as photosynthesis, photosynthate
translocation, protein synthesis, control of ionic balance,
regulation of plant stomata and water use, and activa-
tion of plant enzymes [12]. Potassium is also a primary
osmoticum in the maintenance of low water potential of
plant tissues, aside from being an essential macronutrient
for plant growth and development. Therefore, the accu-
mulation of abundant K+ in plant tissues may play a vital
role in water uptake for plants under drought conditions
[13]. Given the ability of Superabsorbent Polymers to re-
tain water, an agricultural concern for soil under drought
conditions, this study proposes to investigate if the incor-
poration of potassium polyacrylate to the soil will enhance
its water retention and reinforce the drought tolerance of
Zea mays. This study aimed to investigate if the addition
of potassium polyacrylate to the soil will improve soil wa-
ter retention to help optimize the drought tolerance of Zea
mays (maize). Specifically it aimed to measure and com-
pare the germination time, number of standing leaves, soil
moisture content, height growth rate of Zea mays plants
grown in drought and normal conditions with and without
potassium polyacrylate as well as identify the relationship
between the soil moisture content rate and height growth
rate between the aforementioned conditions.

Methods. – The study was conducted in a room in
the Iloilo Sports Complex Hostel. There were six test
groups with five maize plants each. One group was un-
der normal environmental conditions, without potassium
polyacrylate applications. Five other test groups were sub-
jected to drought stress through the addition of PEG, and
had five different concentrations of potassium polyacry-
late applications in percentage ratio to the soil, specifi-
cally, 0, 0.08, 0.2, 0.5 and 1. The mean germination time,
mean number of standing leaves, mean height and mean
soil moisture content of all the plants in all the setups
were determined and compared. Results were compared
weekly to determine if there was a significant effect on
the growth of plants in terms of the aforementioned pa-
rameters given the different treatments during each of the
various stages of growth. The corn seeds were obtained
from the Provincial Agriculture Office, Region 6. The
polyethylene bags in which the samples were placed were
bought from Janiuay Market in Iloilo. The loamy soil
was obtained from Brgy. Danao, Iloilo City. PEG - 4000
and apparatuses were obtained from Patagonian Enter-
prises, Iloilo City. Potassium polyacrylate was obtained
from Shanghai iChemical Technology Co., Ltd. Fluores-
cent lights were used as they are one of the best sources
of artificial light for plant growth. The study utilized 20-
watt fluorescent bulbs with a distance of 6ft and 9 inches
from the pots. A daily photoperiod of 14 hours was used
as most facilities growing corn in a greenhouse use this
duration of artificial light [14]. One corn seed per pot with

dimensions of 6 x 6 x 8 was planted 2 inches deep into 2500
grams of loamy soil. The plants were watered every day
with the specified amount of water they need depending
on which stage of growth they undergo as shown in Table
1. The area was kept at 25 C. PEG - 4000 solution was
used to simulate drought conditions. The solutions were
prepared at 20% concentration to be added at four-day
intervals by quantities depending on the daily water re-
quirement.The potassium polyacrylate was incorporated
15cm below the topsoil at a dose of 0.23g per square foot
as shown below [15]. This is done with the purpose of im-
proving soil structure and water penetration, increasing
retention capacity, decreasing water runoff and avoiding
erosion [16]. Potassium Polyacrylate is not mixed with the
soil in order to keep the polymers together, since single
polymers are unlikely to absorb water to their maximum
potential [17]. The number of days lapsed after planting
when the seed has sprouted were noted for the germination
time. Physical parameters such as plant height and num-
ber of standing leaves were recorded weekly. A ruler was
initially used to measure the height of the plants. When
plant height became higher than 12 inches, a meter stick
was used. Height growth rate was calculated based on the
change of standing height within the span of one week.
Measurement of soil water content was also done weekly
at the PSHS laboratory by gravimetric method. Three
out of five plants per test group were taken soil samples
of one teaspoon or approximately 5 cc or 5 mL. The wet
weight of soil samples was measured. Soil samples were
oven dried at a temperature of 100-110C for an hour. Sam-
ples were weighed after oven drying and are to be dried
again for 30 minutes. This process was repeated until
the weight of the sample becomes constant to get the dry
weight measurement. One-way ANOVA was conducted
for three parameters to determine if the addition of potas-
sium polyacrylate had a significant effect on germination
time, number of standing leaves, height, soil water content
among treatment groups. An alpha of 0.05 was used to
compute for the significance of the data. Kruskal-Wallis
was conducted for the number of standing leaves for the
same purpose.

Results. – Germination Time All plants with potas-
sium polyacrylate had a germination time of about five
days with group 1 and 0.08 having mean germination times
of 5.5 days. All plants without potassium polyacrylate had
a germination time of about six days. The plants which
were put under drought conditions had the longest time to
germinate among all the plants with a mean germination
time of 6.25 days (Figure 1). Differences among the val-
ues were not significant at an alpha of 0.05. The P-value
for the germination time was 0.235, signifying that any
of the different concentrations of potassium polyacrylate
treatments would not significantly affect the outcome of
the germination time of maize plants.
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Fig. 1:

Number of Standing Leaves At week one, groups 1 and
0.08 had two standing leaves in all plants, while group 0.5
and group 0 had zero to two leaves and group 0.2 had one
to two leaves. At week two, all groups had three leaves
in all plants except for groups 1 and 0.2 with one plant
in each of the groups having four leaves. At week three,
groups 1 and 0.2 still had three to four leaves, group 0.5
still had three leaves in all plants, group 0.08 had only one
standing leaf left in the only plant that was still alive and
group 0 had two plants without any standing leaves and
one plant with three leaves. At week four, group 1 had
zero to one leaf, group 0.5 had zero to two leaves, group
0.2 had one to two leaves, group 0.08 plants were all dead
and group 0 had one plant remaining without any stand-
ing leaf (Figure 2). Results were not significant at =0.05
for all weeks, indicating that the number of leaves among
the plants were generally not affected by the potassium
polyacrylate treatments and the different concentrations
of those treatments in different stages of growth.

Fig. 2:

Moisture Content Groups 1, 0.5 and 0.08 had approxi-
mately 23% mean moisture content, group group 0.2 had
approximately 24% and group 0 had approximately 21%
(Figure 3). Moisture content for all groups, except for
groups 0.2 and 0.08, generally increased on the second

week. All groups decreased in soil moisture content on the
third week. Moisture content among groups was only sig-
nificantly different at an alpha of 0.05 in the second week
with a p-value of 0.03. The moisture content in the third
week yielded a p-value of 0.540, the greatest deviation to
the critical value among the weekly results.

Fig. 3:

Height Growth Rate Between the second and first week,
group 0 had the highest growth rate mean of approxi-
mately 400%, groups 1, 0.08 and N had the higher growth
rate means at around 300%, while the other groups had
around 200%. Between the third and second week, group
0.08 had the highest growth rate mean while group 0 had
a negative growth rate mean. For the last and third week,
group 1 had a negative growth rate mean, while group 0
was able to regain a positive growth rate mean (Figure
4). Group 0.08 continued to have the highest growth rate
mean. Growth rates were only significantly different at
an alpha of 0.05 in the last week, with only 11 plants left
alive.

Fig. 4:

Mortality Rate By the end of the span of four weeks only
the group with 1% Potassium Polyacrylate had sustained
all of the plants that germinated. Groups with 0.5% and
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0.2% had one and two deaths respectively. The group
without reinforcement under drought conditions only had
one plant left at the end of the study. The group under
drought conditions with 0.08% and the group under nor-
mal conditions had no plants left at the end of the study
(Figure 5).

Fig. 5:

Discussion. – Since the results were generally not
significantly different, three possibilities may be inferred.
First, that drought conditions were not properly stimu-
lated with PEG-4000. In the study that was used as basis
for the application of PEG in this study, the effects of
PEG were only investigated within a 12-day period [18].
At applications every four days for four weeks, osmotic
potential may no longer be of similar value through time
or may not have a damaging effect on plant growth.The
means of the plant height and number of standing leaves
were all less in group 0 than in group N, and germination
time was longer in group 0 than in group N, indicating
that growth was slightly stunted for group 0. However, in
Table 8, these factors, although quantitatively still less in
group 0 than in group N, increased at a greater rate in
group 0 than in group N. The possible reason for this is
that the plants could have developed coping mechanisms
or acclimatized to the conditions. Plant acclimation is the
process of adjusting to a gradual change in environmental
conditions in order for a plant to maintain its performance.
This is done by the development of tolerance, resistance or
avoidance mechanisms [19]. Second, that potassium poly-
acrylate was not able to execute the mechanism involving
osmosis. No study was found indicating the specific re-
quirements for osmosis by potassium polyacrylate, such
as extracellular and intracellular water volumes. Without
the release of the absorbed water in dry conditions, potas-
sium polyacrylate gives little to no effect on the growth of
maize. Since moisture content was not significant between
the different setups shown in Table 8, it is highly probable
that osmosis was not in optimal conditions. Third, that
the plants were not able to receive the requirements for op-
timal growth. Maize prefers pH in the range of 6.0-7.2 in
order to maximize growth and ensure nutrients. However,

the aging of PEG was found to have effects on its chemical
properties, including a reduction in pH [20]. Furthermore,
aging is accelerated by warm temperature or room tem-
perature, light and the presence of oxygen, all of which
are present in our set-up [20]. This means that the PEG
that was watered on the plants might have affected the pH
of the soil. Thus, since a regular soil test was not taken
over the course of this study, it is possible that this re-
quirement was not met, yet the issue was unidentified and
contributed to the stunted growth of the plants. More-
over, the plants were watered at night time, past 6:00 pm.
This may be a factor that could have affected the growth
of the plants in two ways. First, because transpiration
occurs during the day, moisture from watering at night
would not have been expelled by the stomata and made
the plant vulnerable to pathogen infiltration, which might
have then caused rot or damaging injuries to the foliage.
Second, because the soil is compacted, water moves slowly
into the topsoil from the surface, and without the sun to
evaporate the puddle of water on the surface, roots may
have received less air and moisture. The plant stem and
crown may have also been harmed by pathogens or may
have rotted from the concentration of water in the plant
base [21].

Conclusion. – In conclusion, the addition of Potas-
sium polyacrylate to soil does not improve soil water reten-
tion and consequently does not help optimize the drought
tolerance of Zea mays.The incorporation of Potassium
polyacrylate to soil for plants under drought conditions
had no significant difference to plants in both drought and
normal conditions. All parameters namely germination
time, number of standing leaves, soil moisture content,
and height growth rate displayed no significant difference
among all set-ups.
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