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Key Massage: The present study evaluated the effect of
potassium application methods in maize under salt-affected
soils. Generally, subsurface application method gave the
significant results especially for shoot fresh weight, shoot
dry weight, relative water contents and K concentration in
leaves.

Abstract: Potassium (K) is considered as an important
nutrient element for maize growth because its availability
varies from different K sources to different soil conditions.
Therefore, in this study, a pot experiment was conducted to
investigate the efficiency of different K fertilization
methods in maize under salt-affected soils. The different
application methods (mixing, surface, band placement, and
fertigation) were compared by considering the different
sources of K, e.g., potassium chloride (KCI) and potassium
sulfate (K,SO,). For subsurface application method, the
significant increase in shoot fresh weight (SFW) was
recorded 272 g and 285 g for KCI, and K,SOy,
respectively. For shoot dry weight (SDW), both sources of
K either KCI (44.91 g) or K,SO, (68 g) also showed
significant results for subsurface application. On the

contrary, for electrolyte leakage, the surface (43.34%) and mix
(43.58%) application methods on an average showed the
significant results compared with other methods. The relative
water contents were higher in the subsurface application
method. The K concentration trend showed the significantly
decreased K* contents in the mix (19.95 mg) and significantly
increased the results in the subsurface (25.25 mg) method than
fertigation (21.90 mg) and surface (20-83 mg) from the
application of KCI. However, for K* concentration, significant
and best results were found in subsurface (27.15 mg) for
K,SO, source of K compared with the surface, mixing, and
fertigation methods. The K fertigation and subsurface
placement in pots registered maximum K recovery and the
agronomic efficiency of maize. Hence the current research
recognizes which application method and source of K could
provide the maximum benefits to maize crop, and results under
the saline-sodic soil are very useful and beneficial for maize
production for the future studies. © 2021 Department of
Agricultural Sciences, AIOU

Keywords: KCI, K,SOy,
methods, Saline-sodic soils

Maize, Potassium application

To cite this article: Nisa, Z. U., Saifullah, N. U. A, Ullah, M. |, Zia, Z. U., Ali, B., Hussain, Z., Hussain, S., & Husain, A.
(2021). Comparison of different potassium application methods for maize (Zea mays L.) growth under salt-affected soils.

Journal of Pure and Applied Agriculture, 6(1), 44-53.
Introduction

Soil salinity, water scarcity, environmental pollution, and
growing world population are considered significant
threats to global food supply and security in the 21%
century (Singh et al., 2020). The reduction in available
agricultural land resources for crops cultivation is more
worsening due to the increasing global population day by
day and big challenges for researchers ( Shrivastava &
Kumar, 2015; Folberth et al., 2020). Crop production and
cultivation have been severely affected by the various
environmental stresses, e.g., extreme temperature, drought,

radiations, flood, and soil salinity. The increased concentration
of salts in the soil (salinity and sodicity) is critical for
environmental stresses (Corwin, 2020; Kamran et al., 2020;
Sindhu et al., 2020). It causes a significant reduction in
cultivable land area and reduces crop production ( Shahbaz &
Ashraf, 2013; Nawaz et al., 2020). It has also been estimated
that high salinity has afflicted the globally 20% of the
cultivated land and 33% of the irrigated agricultural lands,
especially in the world's arid and semi-arid regions (Singh et
al., 2020). For these areas, evapotranspiration needs more
water, but an insufficient amount of water unable to remove
the salts from the soil profile (Minhas et al., 2020). The higher
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concentration of salts in the subsurface soil requires
scientific knowledge for proper mineral nutrition to grow
crops in such soil environment. Moreover, the use of
osmotica element like potassium (K) makes the plants to
combat against the water starvation due to higher salt in the
root zone (Wakeel, 2013). The balanced nutrition in
combination with K helps the crop plants to uptake water
from soil solution (Shabala & Cuin, 2008; Wang et al.,
2013). Nevertheless, soil salinity has a substantial effect on
plant growth, development, and yield of many crops,
including the cereal (rice, wheat, and maize), pulses crops
(chickpea, peas, and pigeon pea), forage, and horticultural
crops (Husain et al., 2019; Singh et al., 2020). However,
maize is known relatively more susceptible crop to the
higher salt concentration (Banziger & Araus, 2007,
AbdElgawad et al., 2016).

Globally, maize (Zea mays L.) ranks third most
important crop after rice and wheat, grown for grains and
forage purposes (Shahzad et al., 2017; Abbas et al., 2020).
It is produced in both seasons because of its wider
adaptability, i.e., spring and autumn on ~1.23 M ha area in
Pakistan (Ahmad et al., 2018), and more than 50% of the
total grain production of a country comes from the spring
maize. The increased production percentage manifests the
advancement in research activities of maize crop. Owing to
changing climatic conditions, including biotic and abiotic
stresses, cause the substantial losses in maize yield and
quality (Li et al., 2019; Mesterhazy et al., 2020). Among
these, soil salinity is considered vital abiotic stress that
causes yield loss in maize crop (Tahjib-Ul-Arif et al.,
2018). It is a known as a dominant environmental factor
that limits the crop production of major crops maize that is
quite sensitive to salinity (Farooq et al., 2015; Zorb et al.,
2019). lons that contribute to salinity/sodicity into the soil
include the Na*, Mg®, Ca®*, SO,”, HCO*, CI’, and
seldom, K" or NO3" (Singh et al., 2020). The main risk for
agriculture sustainability is the increasing human
population and arable land reduction (Shahbaz & Ashraf,
2013). In recent decades, the rate of arable land
salinization has increased (Pitman & L&uchli, 2002). In the
saline-sodic soils, poor soil physicochemical properties,
nutritional toxicities and imbalance, and high osmotic
stress result in poor crop establishment lead to a decline in
crop productivity (L&uchli & Epstein, 1990; Xu et al.,
2016). Plants that grow in saline soil cannot absorb the
most crucial elements due to increased salt concentration
and results in nutritional imbalance (Blaylock, 1994).
Increased Na+ ions in the cell wall of plants lead to the
osmotic blast and cell death (Munns, 2002). Additionally,
toxicity in plants is also increased by aggregation of some
other elements as sodium (Na), chloride (CI) and boron in
cytosol of cell (Munns, 2002; Shahbaz & Ashraf, 2013).
Therefore, finding innovative technologies are matter of
great interest to offset the salinity and improve the
nutrients uptake in maize crop.

The selection of the certain type of fertilizers,
especially the application techniques and methods, are the
most important cultural practices that significantly affect

increasing the yield (Drazic et al., 2020). The selection of
fertilizer and its time of application in sufficient quantity is
imperative (Latkovi¢ et al., 2009; McDaniel et al., 2020). The
investigators believe that through intensive cultivation, the
demand for K will be increased. In maize cultivation, the
farmers only pay great attention to nitrogen fertilizer, and P
and K application levels are often very low, mostly lack of K
fertilization (Goulding et al., 2008). K is considered the third
most critical nutrient element afterward N and P for plant
nourishment ). K also plays a significant role in the
development and growth of maize. It also supports plants to
absorb nitrogen in the soil and increase corn grain yields
(Hickman, 2002). Moreover, the availability or lack of certain
elements can distress soil fertility. K is a soil-accumulating
element that positively affects soil physical properties and crop
production (Hamza & Anderson, 2003). Plants constantly
absorb K in the form of K, and the most commonly used K
sources are potassium chloride (KCI), potassium sulfate
(K5S0,), potassium magnesium sulfate and potassium nitrate
(Mengel et al., 1998). Placement of K fertilizers with or near
the seed is usually the most effective and efficient fertilizer
method. However, it has not been extensively studied using
different application methods, i.e., surface, subsurface, mixing,
and fertigation based on K source fertilizers, e.g. KCI and
K,SO,. For that reason, there is an urgent need to consider the
different potential application methods of fertilization in maize
crop to evaluate their effect on plant biomass and nutrients
uptake in maize crop.

Therefore, the present research was aimed at a
comprehensive evaluation of fertilizer application methods by
using various sources of K (e.g. KCI and K,SO,) for maize
crop under saline-sodic soil conditions. However, to the best of
our knowledge, this study, for the first time, investigated the
effect of different application methods based KCI and K,SO,
fertilizers. The key objectives were (1) to examine the effect of
different application methods on plant biomass and nutrients
uptake; (2) to identify which source of K fertilizer and
application method gives the significant results.

Materials and Methods
Description of experiment area and design

The present study was carried out in Bahauddin Zakariya
University (BZU), Multan, Punjab, Pakistan (Fig. 1) during
2018. Geographically it is located 030° 11' 32" North at the
latitude and 071° 27' 57" East at longitude. The soil samples
were collected at a depth of 0-15 cm from the experimental
farm of BZU, and the soil was saline-sodic. These were
subjected air-dried, and sieved from 2mm sieve size. A
representative sample of the soil was taken into the laboratory
to study the basic different physicochemical characteristics of
the soil, shown in Table 1. To check the growth of maize under
saline-sodic soils, we used the four different application
methods, i.e., mixing, surface, subsurface, and fertigation by
using two potassium (K) source fertilizers, potassium chloride
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(KCI), and potassium sulfate (K,SO,). We used three
replications for each treatment (application method), and

nitrogen (N) and phosphorous (P) at 100 mg kg™ of soil.
Finally, seeds of maize were grown in pots.

total 24 pots were prepared (Fig.1 b). Each pot was filled
with 10 Kg of soil, and provided with basal dose of

(b)
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Fig. 1 (a) Map showing the study area (BZU, Multan, Pakistan) (b) application methods by using the

potassium chloride and potassium sulfate.

Table 1 Basic soil physicochemical properties

. Calcium Organic Available
Parameters Sand Silt Clay carbonate matter EC pH potassium
Units % % % % % dS m-1 mg kg-1
Values 43 37 20 4.7 0.6 4.1 8.6 118

Analytical procedures
Plant harvest

After 45 days of sowing, the plants were harvested, and
roots and shoots samples were used to determine root fresh
weight (RFW), and shoot fresh weight (SFW),
respectively. The roots and shoots samples were oven-
dried to measure root dry weight (RDW), and shoot dry
weight (SDW) (Muneer et al.,2020 a&b).

Determination of electrolyte leakage and relative water
contents

We selected three leaves from each pot for electrolyte
leakage and excised four discs from each leaf and kept into
the test tubes with distilled water for 2 hours at the room
temperature. We measured the first time electrical
conductivity, and called it EC,. After that, then it was
autoclaved at 121°C for 15 minutes, and test tubes were put
in the desiccator for cooling and then measured the
electrical conductivity again called EC, (Jungklang et al.,
2017). Finally, we measured the electrolyte leakage by
following equation:

EC1
Electrolyte leakage = (ECZ - m) X 10

For relative water contents (RWC) determination, fresh
leaf samples were selected from each plant, and it was cut
from the lower and upper side in such a way that we finally

got 1cm leaf of the middle part, and fresh weight (FW) was
measured. After that, we put the leaf samples into the test tubes
with distilled for four hours, and hydrated leaves weight was
recorded again, and called it (HW). Finally, the leaf samples
were dried overnight and named it dry weight (DW). RWC
was calculated by the following equation

- DW

HW - DW * 100

Relative water contents =

Determination of potassium and sodium in leaf

To determine the K contents in the plants, 1g of dry leaf
samples were taken from each treatment, and kept it in the 50
ml centrifuge tube with digestion mixer at room temperature
for one day. After that, these centrifuge tubes were kept on hot
plate for 1 hour to digest the leaves until the solution get
colorless. After leaves digestion, final volume was made up to
50 ml by addition of distilled water. Finally, K contents in the
leaves were calculated with flame photometer by following the
K standards (Borkiewicz et al., 2020). We followed the same
procedure for the determination of Na in plants by using the
standards of sodium as we did above for K determination in
plants.

Statistical analysis
One-way analysis of variance (ANOVA) was performed to

analyze the effect of different application methods on different
traits. We performed the least significant difference (LSD) test
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at a = 0.05 and Duncan's new multiple range test to
analyze the difference between the treatments using the
SPSS 25.0 software. OriginPro 2018 was used for the
figures.

Results and Discussion

Maize (Zea mays L.) is one of the most important cereal
crops of Pakistan. The deficiency of micronutrients and
macronutrients has significantly affected the maize crop
yield and growth performance, e.g. K deficiency. The
availability of K from various sources, for example KCI
and K,SO,, showed the synergetic effect on the plants
growth with different application methods. Therefore, in
this study, we used different application methods (surface,
subsurface, mixing, fertigation) with varying sources of k
to check their effect on the maize growth.

Effect of different application methods on plant
biomass

Shoot and root fresh weight

We found the significant results for shoot fresh weight
(SFW) in the subsurface application method compared
with other methods, for both sources of K application,
i.e. KCl (272g) and K,SO, (285 g). The significant
minimum values were recorded under the surface
application method about 217g for KCI and 202g for
K,SO, (Fig. 2a). It could explain that subsurface
application may decrease the K localization from the
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root zone and improve the K uptake efficiency. Besides,
subsurface application regulates the provision of nutrients
at high concentration around the growing that facilitate to
uptake more easily ( Shear & Moschler, 1969; Griffith et al.,
1977; Ketcheson, 1980; Mackay et al., 1987; Karathanasis &
Wells, 1990; Karlen et al., 1991). Thus, subsurface application
significantly improves the yield by the provision of K at higher
concentration, especially in such areas that have optimum to
high K concentration (Belcher & Ragland, 1972).

For root fresh weight (RFW), the application methods of
surface (77 g) and mix (70 g) showed the significant results for
KCI source. The subsurface and fertigation application
methods showed the significant best results for K,SO, source
(Fig. 2b). It has also been found that nutrients uptake
efficiency is changed with application of various methods. We
also found similar results that different application methods
yield the different results. Moreover, we found that the
subsurface application method for SFW and surface or mixing
for RFW gave significant results under saline-sodic soils
because different crop species exhibit an inclusive range of
genetic variation for salt tolerance (Ashraf et al., 2002).
Therefore, it would be quite helpful to find the genetic
diversity that could help the breeders to produce the salt
tolerant crop species (Ashraf et al., 1999). Additionally, the
plant roots are susceptible to salinity and the first tissue that
encounters the problem of salinity (Cramer et al., 1988).
Hence, it suggests that our results under the saline-sodic soil
are very useful and beneficial for maize production for the
future studies.
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Fig. 2. Comparison of the effect of potassium application methods and sources on plant fresh weight. The different lowercase letters indicate
a significant difference at P < 0.05 among different treatments (means + standard deviation).
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Shoot and root dry weight

For shoot dry weight (SDW), under both sources of K, the
significant results were found under subsurface method,
while fertigation application method showed promising
results for K,SO, source compared with mixing and
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surface methods (Fig. 3a). Root dry weight (RDW) showed
the significant results under the surface and mix methods
for KCI. Whereas, under K,SO, source, the RDW was
recorded significant for subsurface application and
fertigation also showed promising results (Fig. 3b).
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Fig. 3. Comparison of the effect of potassium application methods and sources on plant dry weight. The different lowercase
letters indicate a significant difference at P < 0.05 among different treatments (means * standard deviation).

It has been reported that K has a significant effect on
improving the dry matter and plant growth. However, in
this study, we found that subsurface and mixing
application methods gave the considerable results for dry
matter production. It could be owing to more K availability
than sodium (Na) in the root zone by homogenized mixing
of the applied fertilizer into the soil through application in
the subsurface compared with surface and fertigation
methods. The higher concentration of salts into the
agricultural soils results in hard soil that affects the root
growth and results in plant’s water balance disturbance. On
the other hand, high concentration of salts causes the plant
tissue toxicity, inhibition of seed germination, effect on

plant physiology, leaf anatomy, and photosynthesis (Parida &
Das, 2005; Degl’Innocenti et al., 2009).

Electrolyte leakage and relative water contents

Electrolyte leakage and relative water contents (RWC) were
significantly affected in maize by various application methods
with different sources of K. RWC, and electrolyte leakage
(membrane stability index) were significantly improved by
KCI and K,SO,. For electrolyte leakage, subsurface and
fertigation methods gave the significant results under KCI
and K,SO,, respectively (Fig. 4a). On the contrary, for
RWC, the subsurface method showed significant results for
both sources of K (Fig. 4b).
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RWC is described as an index representing the
amount of water in the plant tissues, and as well
demonstrating the plant’s ability to conserve the water
under the stress conditions (Abbaszadeh et al., 2008).
Due to Na+ toxicity under the saline conditions, plant
growth is reduced because of low RWC, poor antioxidant
enzymatic activity, and increased reactive oxygen species
(ROS) that result in poor chlorophyll contents and
membrane stability under the salt stress. Moreover, it has
also been studied that K fertilization has significant effects
in improving the crop physiological characteristics and
also increased the water use efficiency (WUE) of the crops
(Marschner, 1995; Egilla et al., 2005). RWC as
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significantly higher for both sources, i.e. KCl and K,SO,
under application of subsurface compared with surface and
fertigation (Fig. 4b). It could be explained on the basis that K
uptake was effective, and the results in no K accumulation, and
reduced the K losses. The fertigation application methods also
showed the significant results for RWC for KCI and K,SO,.
On the contrary to RWC, we found the best results for
surface and mixing application methods for both sources of
k compared with fertigation and subsurface application
methods. It could be owing to the application of K on the
surface reduces the salt rise and also maintains the soil
moisture contents (Saeed & Ahmad, 2013).

(b)

Relative water contents (%

Fig. 4. The effect of K application methods and their sources (KCI and K,SO,) on electrolyte leakage and relative water
contents. The different lowercase letters indicate a significant difference at P < 0.05 among different treatments (means +

standard deviation).
Leaf Na* and K* concentration (mg g™)

For Na* and K" contents, significant differences were
observed under saline-sodic soils in the maize plant under
different application methods and sources of K. The
minimum Na* concentration was noted under subsurface
method, and the maximum value was recorded in the

fertigation application method for KCI, while for K,SO,, the
subsurface application method showed the best results
compared with (Fig. 5a). For K* concentration in the leaves,
the subsurface application method showed significant best
results under KCI source of K (Fig. 5b).
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To improve the plant growth and development under
the saline-sodic soils, it is necessary to maximize the
uptake of K*, while minimizing the uptake of Na’. The
more uptake of Na in the plants is mainly because of
higher concentration of salts in the soil, and it is guided via
non-selective the cations channels (White, 1999; Tester &
Davenport, 2003). Na* competes with K* for uptake by the
plant species and higher contents of K* absorption through
the plant’s root zone facilitates the K in such competition.
The Na" and K" interaction has been explored by the
various researchers (Maathuis & Amtmann, 1999;

] Kci Hl K,so, B

Leaf sodium concentration (mg/g)

Demidchik et al., 2002; Cuin et al., 2003; Cuin & Shabala,
2005; Cuin et al., 2008). A comprehensive understanding of
Na" and K" interaction and their communication in the plants
have prime importance for in-depth exploration of their uptake
and transportation mechanisms under the saline-sodic soils.
Hence, the present was focused on providing a crucial
overview of K interaction regarding different application
methods and K sources that are extremely important for
optimizing the growth and production by maintaining the
optimum concentration of K in the plant tissues under the
saline-sodic soils.

(b)

Leaf potassium concentration (mg/g)

Fig. 5. The effect of K application methods and their sources (KCI and K,SO,) on leaf Na* and K" contents. Different
lowercase letters indicate the significant differences at P < 0.05 among different treatments (means + standard deviation).

Conclusion

This research trial was conducted on saline-sodic soil at the
Agricultural Farm of Bahauddin Zakariya University,
Multan, Punjab, Pakistan. In this experiment, the influence
of K on maize crop growth was investigated under
different K application methods and various sources like
KCI and K,SO, in saline-sodic soil. It was evident that
SFW was significantly increased in the subsurface
application for KCI as well as for K,SO,. Similarly, for
RFW, the surface, and mix application methods gave the
incredibly best results for both sources of K. Relative
Water Content and electrolyte showed significant effects in
maize with various sources and different application
methods of K. In the case of electrolyte leakage, the mix,
and surface application methods gave the significant and

satisfactory results for KCl and K,SO, respectively than
subsurface and fertigation. While, for RWC, subsurface
showed the significant results for both sources of K. The trend
of K concentration showed the significantly decreased K"
contents in the mix and significantly best results in subsurface
method from the application of KCI than mixing, surface, and
fertigation. However, K concentration decreased in surface
method of application, and significant results were recorded for
subsurface under K,SO,4.-Hence, there is a robust requirement
for proper K application to get the maximum benefits and the
yield response. The key problems regarding the K application
still unsolved. Hence the current research recognizes which
application method and source of K could provide the
maximum benefits to maize crop.
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