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Abstract

To study the fate of potassium in the maize rhizosphere under induced saline sodic conditions an experiment was
conducted at Department of Soil Science, Gomal University, Dera Ismail Khan (Pakistan) during year 2019. In a factorial
experiment six potassium levels i.e. 0, 45, 60, 75, 90 and 120 kg ha™' and three NaCl concentrations viz. 60, 120 and 180
mM were investigated. Different soil and agronomic parameters were studied. The result showed that in the treatments
where no potassium was applied the pH, electrical conductivity (EC) and Sodium Adsorption Ratio (SAR) was increased
and potassium declined by increasing the NaCl to 180 mM. The increment of potassium has significantly reduced pH, EC
and SAR and increased potassium in the soil. Comparing the uptake of potassium by shoot and root of maize it has showed
greater uptake of potassium in the shoot as compared to the roots. However, the potassium levels significantly influenced the
uptake of potassium under severe saline sodic conditions. The growth parameters including chlorophyll contents, plant
height and root size was significantly influenced by application of potassium levels and high concentration of salts. The
fresh and dry weight of shoot and root were also significantly influenced by the application of potassium levels and
increasing salt concentration. It was evident that the fresh and dry shoot and roots tend to tolerate the salt content more
effectively by increasing levels of potassium. From the research it is concluded that increment of potassium at higher level
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under induced salt condition may improve the soil properties and growth of crop.
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Introduction

The problem of salinity is extensively due to
changing climate especially in the dryland areas. Globally
the agricultural productivity faces serious threats due to
soil salinity (Wang et al., 2003). In Pakistan the soil of
Indus plains have the inherent salinity problem due to soil
formation and also the rivers, canal and its tributaries
(Qureshi ef al., 2008). The saline sodic soil in Pakistan is
estimated to be 6.30 mha and mostly situated in these
plains (Alam et al., 2000). Due to continuous and
intensive use of surface irrigation under the Indus river
plain the hydrological equilibrium has changed.

Maize (Zea mays L.) is an important crop grown
throughout the world for its grains, oil and feed for the
livestock. Also it is used as a raw material in the
industries (Khatoon et al., 2010). Plant grown under
saline condition are badly affecting the biochemical and
physiological processes of plant, which ultimately reduce
plant growth and development (Munns, 2002; Tester &
Davenport, 2003). Apse & Blumwald (2002) reported
adverse effect of salt stress causing direct injury to plant
cells through the accumulation of toxic ions or by
restricting the flow of water and nutrients into the plants.
Under the environmental stress conditions the rate of
photosynthesis is affected, which ultimately influence the
growth and development of plants (Salisbary & Ross,
1992; Dubey, 1997; Taiz & Zeiger, 1998). A marked
inhibition of photosynthesis was linked with the inhibition
of vegetative growth in plants exposed to salinity
(Fisarakis et al., 2001). Photosynthesis rate was decreased
at high salinity and increased at low salinity, and stomatal
conductance was decreased at high salinity and remained
unchanged at low salinity (Parida ez al., 2004).

Potassium fertilizer has been believed to played a
vital function in reducing the toxic effects of salts on
some biochemical and physiological traits (Dawood et al.,
2014). The ionic absorption could not be reversed even if
some of the nutrients as N, P and K are present in a
greater quantity (Katerji er al., 2000). With increasing
salinity, the response of young maize plants to nutrient
applications gradually decrease. According to Hussain et
al., (2013) potassium and sodium possesses positive
charge and are found together in soil. Under salinity
stress, they employ both synergizing or antagonizing
affects during reciprocal absorption and translocation. The
adverse effects of increasing salt concentration may be
lessened by supplementary K (Kavitha et al., 2012).
Keeping in view importance of potassium fertilizer under
saline sodic condition the current study was designed with
maize a test crop.

Material and Methods

A pots experiment was conducted to study the
behavior of potassium in maize rhizosphere grown under
saline-sodic conditions. In a randomized complete design,
factorial experiment was conducted at Department of Soil
Science, Gomal University, Dera Ismail Khan. Six level
of potassium and three levels of salinity at variable
concentration were used. Potassium levels used were 0,
45, 60, 75, 90 and 105 kg ha™ while three salinity levels
included 60, 120 and 180 mM NaCl was used.

The soil used for the experiment was collected from
the site of rive Indus, Khyber Pakhtunkawa providence of
Pakistan. A composite soil sample was collected prior to
filling of pots for physicochemical properties analysis
(Table 1). Maize variety SG-2002 was grown and seven
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healthy seeds were sown in each pot on 2™ week of
February 2019. The starter dose of nitrogen and
phosphorus were applied at the rate of 60 and 80 kg ha™
respectively to all treatments.

Three different concentrations of salinity and sodicity
i.e 60, 120 and 180 mM were created through sodium
chloride (NaCl). After creating the NaCl levels the given
samples were used to measure the EC and SAR (Table 2).

Analysis of the soil samples were carried out to
determine the soil properties viz. pH and EC using pH-
meter and EC meter respectively in a 1:1 soil: water
solution (Ryan et al., 2001). The flame photometric
analysis of Sodium Adsorption Ratio (SAR) was carried
out using the procedure given by Richards (1954),
extractable cations K, Ca, Mg and Na in 1 N ammonium
acetate solution was determined by using the procedures
given by Bayrakli (1987).

Table 1. Physicochemical properties of soil before

experiment.

Properties Soil

pH 7.1

EC (ds m™) 1.3
Bulk density 1.22
Organic matter % 0.72
Total nitrogen % 0.036
Na (mmol, L™ 20.55
Ca (mmol. L™ 16.31
Mg (mmol L) 14.22

SAR 4.6
K (mg kg™) 116.2
Phosphorus (mg kg™ 7.51

Caly % 22

Silt % 59

Sand % 19

Texture class Silt loam

Table 2. EC and SAR of NaCl concentrations.

NaCl Concentrations EC (ds m™) SAR
60 Mm 3.13 10.4
120 Mm 7.00 16.2
180 Mm 10.60 21.8

Different plant parameters measured during the
experiment were chlorophyll content, plant height, root
length, fresh and dry shoot and root weight. Chlorophyll
content in the leaves of maize plant using the SPAD — 502
meter (Dwyer et al., 1991.). Plant height and root length
were measured in centimeter using meter rod and the
means were averaged. Fresh weight of shoot and root (g)
after the harvest of crop was determined using the
electrical balance. While the dry weight of shoot and root
in gram was calculated after drying of plants in oven at
70°C for 48 hours.

Statistical analysis was carried out using the
statistical package Statistix 8.1. using the procedure given
by Steel et al., (1997). The treatment means were
compared using the least significance difference (LSD) at
5% level of significance.
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Results

a. Soil pH: Soil reaction is an important chemical
property which has great influence on other soil
characteristics and plant parameters. Different potassium
levels and NaCl concentrations significantly affected soil
pH. The soil pH determined after the harvest of crop
showed significant rise in soil pH due to application of salt,
the maximum pH was recorded 10.5 where 180 mM NaCl
was applied but no potassium was added. While it was
evident that the use of potassium in the soil tend to buffer
the rise in soil pH. The lowest soil pH was observed 6.9 at
75 and 90 kg K ha™ for 60 mM NaCl (Table 3).

b. Soil EC: Soil electrical conductivity is an important
parameter indicating the accumulation of salts in soil. By
the applied concentration of salts, soil EC was increased
significantly, however the use of potassium in conjugation
with the salts have lowered the effect of induced salts.
The highest soil EC was recorded 12.6 dS m™ in the pots
recieving 180 mM salt concentration without any
potassium was applied. The EC was reduced with
increasing the level of Potassium in the three salt levels.
The lowest EC was showed 2.9 dS m™ at 75 kg K ha™ for
60 mM NaCl (Table 3).

c. Sodium adsorption ratio (SAR): Exchangeable
sodium in the soil is measured through the Sodium
adsorption ratio, which describes the relation between
exchangeable and soluble salts. Potassium fertilizer have
shown significant effect on SAR due to interaction between
potassium and sodium in soil. Maximum SAR was
observed for 180 mM at control level of potassium as 18.5.
Lowest sodium adsorption ratio was found 8.3 at 90 kg K
ha® for 60 mM NaCl (Table 3). The variation in the SAR
value may be due induced salt stress by adding NaCl.

d. Soil potassium: Potassium retention in soil was
affected positively by different potassium levels and NaCl
concentrations. Maximum potassium in soil was
measured 212.6 mg kg™ where 90 kg K ha™ was applied
and the induced salt stress was 60Mm. The potassium
content varied due to release of non — exchangeable K by
the addition of NaCl. The least potassium in soil was
found 95.1 mg kg™ in control treatment, where maximum
NaCl salts was applied (Table 3).

e. Potassium uptake by shoot and root: The uptake of
potassium by plants under high external Na mostly face
strong competition and the uptake of K is hindered. This
usually result in deficiency of K in plants under high
saline sodic conditions, which ultimately result in
impairment of plant growth. In the current study the
uptake by shoot was comparatively higher than the roots
of maize crop. However the application of potassium
fertilizers showed great influence on both root and shoot
of maize. Maximum and potassium uptake by shoot was
observed 83.3 mg kg™ at 105 kg K ha™ for 60 mM while
lowest uptake of potassium in shoot was observed 42 mg
kg™ at control level of potassium for 180 mM NaCl (Fig.
1). However, the differences between different potassium
levels and NaCl concentrations could not reach to a level
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of significance in respect of potassium uptake by root.
Maximum uptake of potassium was recorded 26.4 mg kg™
at 90 kg K ha™ for 60 mM. Lowest uptake of potassium in
root was found 17.1 mg kg™ in control level of potassium
for 180 mM NaCl (Fig. 1).

f.  Chlorophyll contents: Chlorophyll content was
determined by SPAD showing significant decline in its
value due to increasing salt concentration. The addition of
potassium at an increasing level showed different
chlorophyll content of maize leaves. Maximum SPAD
value of chlorophyll was noticed 38 pg m? by the unite
use of 75 kg K ha™* and 60 mM NaCl while lowest SPAD
value of chlorophyll was found 13.2 ug m? at 105 kg K
ha™ for 180 mM NaCl (Table 4).

g. Plant height: The application of salt concentrations
and potassium levels showed significant effect on the
plant stature of maize. But, as plant height was the genetic
trait of a veriety so it become difficult to draw the
conclusion that it was adversely affected by the salt stress
or increased by the potassium levels from the result of
current study. The results however showed maximum
plant height 131.9 cm at 90 kg K ha™ for 180 mM NaCl
while lowest plant height was recorded 89.3 cm at 75 kg
K hafor 120 mM NaCl (Table 4).

h. Root length: Study of nutrients and effect of salts on
the plant may be determined from the growth of its root in
the rhizosphere. In the current study, induced salt
conditions hindered the root length. The stunted growth of
root may be due to reduced water uptake by the plants
under higher salt levels. However, by the addition of
potassium levels the increase in the root length may be
attributed to support in water uptake and had resulted in
significant elongation of roots. The maximum root length
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was 27.2 cm at 105 kg K ha™ for 60 mM while lowest root
length was recorded 10.4 cm where highest salinity
concentration of 180 mM NaCl was applied without
potassium fertilizer (Table 4).

i. Fresh weight of shoot: The fresh weight of shoot
wasalso significantly influenced through potassium levels
and NaCl concentrations. Maximum fresh weight of shoot
was observed 145.9 gm at 105 kg K ha® for 60 mM.
Lowest weight of shoot was observed 55.3 gm at 45 kg K
ha* with stress of 60 mM NaCl (Table 5).

j.  Dry shoot weight: The results pertaining to the
weight of dried shoots revealed significant corelation
between the potassium levels and NaCl concentrations.
The results showed highest dry weight of 60.9 g by the
application of the highest potassium level i.e. 105 kg K
ha® under the applied salt concentration of 120 mM,
while lowest dry weight of shoot was observed at higher
concentration of NaCl 180 mM at 45 kg K ha™ which was
18 g (Table 5).

k. Root fresh weight: The data of root fresh weight was
also significant through the addition of potassium under
salt stress condition. The fresh weight of root was
recorded maximum 19.1 g at maximum concentration of
K, which was 105 kg K ha™ with the salt concentration of
60 mM NaCl and the minimum root fresh weight was
found 6.6 g at 45 kg K ha™ for 180 mM (Table 5).

I.  Root dry weight: Significant effect was found on
dry weight of root through different potassium levels and
NaCl concentration. Maximum dry weight of root was
observed 9.9 gm at 105 kg K ha™ for 60 mM NaCl while
minimum root dry weight was found 1.9 gm at 45 kg K
ha™ for higher level of NaCl 180 mM (Table 5).

75 kg K/ ha

m90kgK/ha m105kgK/ha

60 mM 120 mM

Uptake by Root

180 mM

Fig. 1. Potassium uptake by shoot and root of crop as influenced by potassium level under induced salt concentration.
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Table 3. Soil properties as affected by different levels of potassium under saline-sodic condition.

Variables Treatments 60 mM NaCl 120 mM NaCl 180 mM NaCl
(Kkgha)
Control 7.7 efgh 9.7b 10.5a
45 8.0 efg 8.3 de 10.5a
. 60 7.7 efgh 8.8 cd 9.0c
Soil pH . .
75 6.9 ] 7.0 ij 9.2 bc
90 6.9] 7.1 hij 7.6 fghi
105 7.2 hij 7.4 ghij 8.2 def
Control 4.9 def 10.1b 12.6a
45 6.0 cde 7.6 ¢ 10.1b
Soil EC 60 3.7fg 7.4c 10.2b
(dSm™) 75 29¢g 4.5 efg 6.7 cd
90 4.1 fg 5.4 def 73¢
105 4.1 fg 5.2 def 7.8¢
Control 14.4 be 18.1a 18.5a
45 10.0 ghi 13.5 cde 18.0a
60 10.1 ghi 11.5 efg 157b
SAR . .
75 9.1 hi 10.2 ghi 12.3 def
90 831 11.6 efg 13.9 bed
105 8.8 hi 10.4 fgh 14.1 bed
Control 100.6 kIlm 95.1 Im 77.2 m
45 116.4 jki 112.4 jkl 125.6 hijk
Potassium 60 145.5 fghi 132.6 ghij 119.9 ijki
(mg kg™ 75 175.8 bede 150.3 efgh 154.6 defg
90 212.6a 188.8 abc 177.5 bed
105 173.6 bede 197.6 ab 162.6 cdef

Table 4. Growth parameters as affected by different levels of potassium under saline-sodic condition.

Treatments

Variables (K kg ha') 60 mM NaCl 120 mM NaCl 180 mM NaCl
Control 26.3 cd 223¢ 16.2 gh
45 23.4 de 20.3 ef 16.9 fg
60 309b 28.0 bc 20.3 ef
Chlorophyll Contents
75 38.0a 30.2b 26.3 cd
90 22.4¢ 18.2 fg 15.2 gh
105 17.2 fg 15.5 gh 13.2h
Control 103.5 bede 93.3 de 98.7 cde
45 110.4 abcde 103.3 bede 101.6 bede
. 60 120.4 abc 122.1 abe 111.2 abcde
Plant height (cm)
75 124.6 abc 89.3¢ 120.4 abc
90 127.5 ab 122.5 abc 1319a
105 118.2 abed 121.8 abc 110.8 abcde
Control 15.2 efghi 10.7 i 10.41i
45 20.2 cd 19.0 cdef 13.3 ghi
60 263 a 19.7 cdef 14.6 fghi
Root length (cm) .
75 253 ab 15.7 defgh 12.6 hi
90 22.7 abe 20.8 be 18.3 cdef
105 272 a 20.0 cde 18.0 cdefg
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Table 5. Fresh and dry weight of shoot and root as affected by different levels of
potassium under saline-sodic condition.

Treatments

Variables (K kg ha') 60 mM NaCl 120 mM NacCl 180 mM NacCl
Control 69.5 hi 79.2 gh 90.7 efg
45 5531 82.5 gh 88.4 fgh
Fresh weight of shoot 60 101.5 def 81.3 gh 91.0 efg
(gm) 75 88.9 fgh 108.6 cde 84.0 fgh
90 102.8 def 88.9 fg 123.9 be
105 1459a 115.4 bed 128.8 ab
Control 18.8 h 20.6 h 23.8 fgh
45 25.9 fgh 22.1 gh 18.0h
Dry weight of shoot 60 29.4 efgh 35.4 def 33.9 defg
(gm) 75 35.1 def 24.3 fgh 34.5 def
90 49.4 abc 40.3 cde 46.1 bed
105 55.4 ab 609 a 48.9 be
Control 12.7 def 10.6 fgh 8.8 hij
45 9.7 ghi 8.01 6.6
Fresh weight of root 60 15.9 bc 13.4 cde 9.4 hi
(gm) 75 13.3 de 12.7 def 8.2 hij
90 18.0 ab 14.8 cd 11.9 efg
105 19.1a 17.6 ab 13.4 cde
Control 5.9 def 4.3 gh 4.2 gh
45 4.3 gh 3.1hi 1.9i
Dry weight of root 60 7.1cd 6.6 cde 4.0 gh
(gm) 75 6.5 cde 6.0 def 4.6 fgh
90 8.9 ab 7.3 cd 5.1 efg
105 99a 7.8 be 6.9 cd
Discussion

The soil properties including pH, EC and SAR were
significantly increased with the increase in the
concentration NaCl to develop salt stress conditions.
Different levels of potassium have shown to reduce the
pH, EC and SAR. This may be attributed to antagonistic
effect of K” on Na" and dominance effect of Na“ which
was responsible for increasing pH, EC and SAR at higher
NaCl concentration. Our result of study were in
accordance with Mostafizur et al., (2018) who found that
NaCl showed toxic effect on the physicochemical
properties of pot soil. Increase in soil pH by increase
salinity levels have been reported by Fontes & Ronchi
(2002). The increase in EC of normal soil by the addition
of salinity levels was reported by (Saleem et al., 1993,
Abid, 2000) and considered that due to non — leaching of
salts from the pots resulted in buildup of salts and greater
EC value. Abid et al., (2001) stated that SAR increased
with increase in the salt stress and the water intake rate
was decreased due to clog of soil pores. In high salinity
condition, the application of K fertilizer decreased Na"
and resulted lower SAR value. Higher salinity levels the
Na“ suppressed K' uptake from saline soil and resulted
high concentration of K" in saline soil (Sajid et al., 2014).
Gul et al., (2015) demonstrated that inducing the salt
stress by the application of NaCl might increase the
potassium in soil solution as the non-exchangeable K,

released from the soil minerals. Abbasi et al., (2014)
reported that the unfavourable effect of salt stress is
reduced by the application of Potassium fertilizer.

Maximum uptake of K by shoot and root was
observed by higher rate of K applied under lowest
concentration of NaCl due to the presence of less Na*
ions, K" ions remain dominant which improved uptake by
shoot and root. Higher NaCl concentration in solution
resulted in decreased K uptake and translocation from
root to shoot, regardless of K level. The toxic and higher
NaCl was suppressed by high level of K in solution and K
uptake and translocation from root to shoot was increased
(Ghazi, 2000). Reduction of potassium concentration in
whole plant or in tissue under salt stress condition was
reported by many researchers (Abbasi et al., 2015; Wang
& Han, 2007; Wu et al., 2009).

Chlorophyll is considered as the most important
parameter because of plant growth and development
depends upon photosynthesis and easily affected by
environmental stresses (Salisbary & Rose, 1992; Dubey,
1997; Taiz & Zeiger, 1998). In this study the chlorophyll
contents in maize leaf was reduced under higher NaCl
concentrations. Heidari (2012) reported that the
chlorophyll content in salt sensitive plants was reduced,
while in the salt tolerant was enhanced.

The agronomic parameters including plant height and
root length were significantly influenced by salt stress.
Werner & Finkelstein (1995) recorded inhibited growth of
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root and the elongation of shoot due to toxic effect and
restrained water uptake by plants. Also, the nutrients
uptake is restricted (Neumann, 1995).

The applied salt concentration showed greater
influence on the fresh and dry weight of both shoot and
root of plant. It was noticed by the addition of higher
levels of potassium under salt concentration of 60 mM
NaCl, the ion toxicity was enhanced and due to greater
Na' ions metabolic and nutritional characteristics were
imbalanced and resulted in reduction of both shoot and
root of maize. Fresh weights and osmotic effects were
effected by salt stress leading to growth reduction
(Shannon et al., 2000). The dry weight of plant was
reduced through high salt concentration and this effect
might be due to the specific ion effect of Na™ and CI
together with osmotic effect (Turan et al., 2007; Tafouo et
al., 2010). Usman et al., (2012) reported a reduction in
root fresh weight for 20 mM to 40 mM compared to the
control. Root dry weight of plant was decreased due to the
reduction in nutrients uptake and plant water absorption
under high salt stress condition (Kaya et al., 2001), this
reduction in morphological parameters was due to the
plant suffering in it metabolic activities which clearly
indicated the stress in plants.

Conclusion

It may be concluded from result of this study that
applied concentration of 60 mM salts along with higher
level of potassium reduced toxic effect on soil and
agronomic parameters as compared the lower level of
potassium and control (without potassium). Increasing
soil pH, EC and SAR was measured where 180 mM NaCl
was applied, which had developed higher Na" ions and
resulted in reduced nutrient uptake and water availability
to plants by clogging pores. The increasing concentration
of potassium fertilizer mitigated the antagonistic effect of
higher salinity concentrations imposed on maize plant and
resulted in better response in term of nutrients uptake and
agronomic parameters.
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