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Abstract: Potassium (K) nutrition play a vital role in improving plant health by mitigating the severity of disease, drought and salinity
stresses and improve yield of plants. We assessed the performance of three rice genotypes (DR-92, DR-51 and IR-6) using potassium
treatments under saline environment. The experiments were laid down in completely randomized design with five potassium treatments
(T=0.0, T2=37.0, T=40.7, T= 44.4 and T=48.1 kg ha) at Green house, Shah Abdul Latif University Khairpur. The recommended rates of
N:P fertilizer (160:90 kg ha™) were applied. Five seedlings of twenty-five days old were transplanted in each pot filled with ten kg of
naturally occurring saline soil (EC 6.25 dS m™). Agronomic parameters were recorded at the time of maturity. lonic analysis i.e. the contents
of K*, Na* and K*/Na"* ratio were determined in shoot dry matter and grains. The results revealed a significant increase in vegetative and
yield components of rice genotypes at higher potassium applications. Moreover, Na* contents in grain and straw samples of rice genotypes
decreased with increasing potassium applications. Overall, genotype DR-92 followed by DR-51 performed better with potassium application

to mitigate salt stress.
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INTRODUCTION

Rice (Oryza sativa L.) is one of the important food crops
cultivated around the world. Its growth and development are
susceptible to the availability of the macronutrient.
Potassium (K), a vital macronutrient, plays a crucial role in
the physiological processes in plant body, consequently
affecting the crop production in relation to grain yield,
control on abiotic stress, and disease resistance (Ahmed
et al., 2016; Zhang et al., 2017). The physiological functions
of potassium include promoting chlorophyll synthesis,
carbohydrates metabolisms, activating enzymes, enhancing
membrane permeability to ions, conferring to drought
resistance, frost, and pests, and enhancing anti lodging
(Amtmann et al., 2009; Maathuis et al., 2009; Zhang et al.,
2017). It contributes significantly to cell turgor, especially in
rapidly expanding cells, and acts as a counter action for
anion accumulation and electrogenic transport processes
(Amtmann et al., 2006; White and Karley, 2010). Potassium
is also an important nutrient for the formation of pollen tube
and its growth ( Liu et al., 2016).

Although Potassium is the eighth most abundant element
present in lithosphere (Wedepohl, 1995). Only a limited
fraction is available to plants for absorption (Zorb et al.,
2014). Therefore a massive amount of potassium fertilizers is
applied to crop fields worldwide annually to increase crop
production (Britto et al., 2008). The rice plants require a high
quantity of potassium to stabilize yield. Modern high-
yielding rice varieties remove much higher amount of

potassium than phosphorous and nitrogen (Choudhury et al.,
1997; Liu et al., 2009; Sharma et al., 2013).

The application of potassium fertilizer is effective in
reducing the adverse impact of sodium ions in the saline soil
(Khan et al., 2014). Proper application of potash fertilizer is
attractive for the sufficient use of Fe, while its higher
application results to competition with Fe (Celik et al.,
2010). Commonly, rice growers pay much attention to N and
P fertilizers, while the application of potassium is largely
ignored, particularly on salt-affected soils (Akhtar et al.,
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Fig. 1. The effect of five potassium treatments on the
vegetative growth, (a) Shoot length and (b) Root length, of
rice genotypes. The bar represent mean at 95% confidence

level.
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Table-1 Physico-chemical properties of soil analysed before
transplanting.

Properties Values
Textural class Silty clay
Sand 16.25 %
Silt 52.3%
Clay 315%
EC 6.3 dSm™
pH (1:5, H,0) 75%
Organic matter contents 0.8 %
Extractable K 70 mg/kg

Potassium Applications on Rice (Oryza sativalL.)...

2003; Li et al., 2014). This study was aimed to investigate
the effect of potassium on the growth and yield of various
rice genotypes under saline conditions (Fig. 1).

2. MATERIAL AND METHODS

The experiment was conducted in July 2017, at
Department of Botany, Shah Abdul University Khairpur.
Three rice genotypes namely DR - 92, DR- 51 and IR-6 were
used in experiments as the genotypes are widely grown in
the rice growing regions of Sindh. Experiment was
conducted in Complete Randomized Design (CRD) with
three replications. Soil was analyzed for different physico-
chemical properties before transplanting (Tab. 1). The soil
was silty clay in texture, saline in nature, slightly alkaline in
reaction, both low in organic matter and extract table K.

The soil sample were prepared and analyzed for the
characteristic of organic matter using method of Walkley and
Black (Walkley and Black, 1934), soil texture using
Bouyoucos hydrometer (Bouyoucos, 1965). Electrical
conductivity (EC) was determined by using digital meter
(WTW LF-530, Inolab., Germany) in 1:5 soil water extract
(Jackson, 1958). The instrument was calibrated with standard
solution of KCI (1.0 M) at 25 °C. Soil pH was analyzed by
using digital meter (JENWAY 3510, UK) previously
calibrated using buffer solutions of pH 4, 7 and 9.2.

Initially a nursery was established in normal soil.
Twenty-five days old seedling was transplanted in plastic
pots (one plant hill1,3 hills pot?). Four treatment of
Potassium (T1= Control (without K fertilizer), T2= 37 kg
hal, T3= 40.7 kg hal, T4= 44.4 kg hal, T5= 48.1 kg ha)
were applied along with the recommended rates of N:P
(160:90 kg hal) fertilizer (Channa, 2013). Agronomical
parameters such as plant shoot height (cm), root length (cm),

number of productive tillers plant?, panicle length (cm),
1000 grains weight (g), biological yield plant, harvest index
(% )were recorded at maturity. The contents of K*, Na* and
K*/Na* ratio were determined in shoot dry matter and rice
grains using Dry-Ash Method (DAM) through (JENWAY)
flame photometer (Chapman and Pratt, 1961). Harvest index
(%) was computed using formula: Harvest index (%) = Grain
yield /Biological yield x 100.

In order to measure the effect of potassium treatments
Percent increase over control (PIOC) of the growth and yield
, AR MR . s34

P1OC = (Volume in treatment-Value in control) (Value in
control) x 100

All the data were statistical analyzed using analysis of
variance (ANOVA). Least Significant Difference (LSD) test
used to compare treatment means using software
STATISTIX® (VERSION 8.1) Analytical Software Inc.,
Tallahassee, FL., USA.

3. RESULTS
A Effect of potassium on growth parameters of rice
genotypes

The results revealed that shoot height and root length
of rice genotypes were significantly  increased by
potassium fertilizer compared to the control in saline soil
(Fig. 1). The study recorded an average 13% and 24%
increase in shoot height and root length, respectively, in all
genotypes (Fig.2). The mean shoot and root length in DR-51
was higher among the genotypes. The effect of potassium
applications on shoot height (Anova, two way, df=4, F=17.8,
p < 0.01) and root length (Anova, two way, df=4, F=10.30,
p < 0.01) were found to be statistically significant. However,
the resp of genotypes to
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Fig. 2: Percent increase over control in selected growth and
yield parameters of rice genotypes at various treatments of
Potassium.
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B. Effect of potassium on yield components of rice
genotypes

The higher potassium applications also had a positive
influence on the inflorescence and yield characters (Fig. 3).
DR-92 (37% mean) and IR-6 (19.5% mean) produced more
number of tillers per plant® on increased potassium
applications(Fig.3). The genotypes produced mean 25%

more tillers per plant®. The genotype DR-51 produced
higher panicle length (mean 9.6 cm), biological yield (mean
19.6 g) and harvest index (5.5%) at potassium treatment 5,
whereas DR-92 was recorded with the highest grain yield
panicle® and thousand grain weight (mean 43.1 g). All
genotypes produced significantly higher number of tillers
(Anova, two way, df=4, F=12.5, p<0.01), increased panicle
length (Anova, two way, df=4, F=20.5, p<0.01), grain yield
panicle® (Anova, two way, df=4, F=48.1, p<0.01), and
thousand grain weight (Anova, two way, df=4, F=1139.0,
p<0.01) on the applications of potassium.

The response of rice genotypes also significantly varied
to potassium treatments for panicle length (Anova, two way,
df=2, F=5.35, p<0.01), number of productive tillers (two
way Anova, df=2, F=7.14, p<0.01), thousand grain weight

335l
yield panicle? (Anova, two way, df=2, F=2.32, p=0.15) did
not vary among the genotypes. Biological yield (Anova, two
way, df=4, F=190, p<0.01) and harvest index (Anova, two
way, df=4, F=19.74, p<0.01) of rice genotypes also
increased significantly with the increased potassium
applications. The production of biological yield among
genotypes vary significantly (Anova, two way, df=2,
F=125.27, p<0.01) whereas the harvest index did not vary
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Fig. 3. The effect of five potassium treatments yield parameter of rice genotypes (a) Number of tillers , (b) Panicle length ,

(c) Grain yield per panicle, (d) Thousand grain weight, (e) Biological yield, and (f) Harvest index. The bar represent mean at 95%
confidence level.



among genotypes (Anova, two way, df=2, F=2.34, p=0.113).
C. lon analysis in grains and straw samples

The data revealed that content of K* both in straw and
oPRIASI T ARNlicHieRs MicECYyEOEsadVdigni.. ... ...,
with increased potassium levels as compared to control
(Fig.4). The maximum accumulation of K* in straw (26.6
mean) and grains (22.8 mean) took place in genotype Dr-92
followed by DR-51. It was also noted that content of K* in
straw was higher than that of grains in all rice genotypes
almost in all the treatments. However, the K* contents were
significantly higher in rice straw (Anova, two way, df=4,
F=6.86, p<0.01) at higher potassium applications. The effect
was not significantly different among rice genotypes
(Anova, two way, df=2, F=2.16, p=0.133). The K* contents
in grains were not found to be significantly different at all
treatments (Anova, two way, df=4, F=0.30, p=0.8) and
among the genotypes (Anova, two way, df=2, F=0.01,
p=0.9).

Whereas content of sodium (Na*) in straw and grains of
rice genotypes reduced with increased potassium levels as
compared to control (Fig.4). The genotype IR-6 revealed a
minimum accumulation of sodium in straw (mean 387.3
ppm), in contrast the lowest accumulation of sodium in
grains ( mean 397.3 ppm) was observed in DR-92, followed
by IR-6 (mean 386.6 ppm). The further analysis revealed

DR-51 DR-92 IR-6

that the effect of potassium treatments on the accumulation
of Na*in straw ( Two way ANOVA, df=4, F=17.2, p<0.01)
and grain (two way ANOVA, df=4, F=4.34, p<0.01) was
the straw vary significantly among the genotypes (Anova,
two way, df=2, F=, p<0.01) whereas all genotypes roughly
accumulated equal amount of sodium in their grains (Two
way ANOVA, df=2, F=0.24, p=0.8).

The data revealed that content of K*/Na* ratio both in
straw and grains of all three rice genotypes increased with
increased potassium applications as compared to control. Its
maximum (0.096) accumulation in straw was witnessed in
genotype DR-51 followed by DR-92 (0.08). The effect if
increasing level of potassium treatment on the K*/Na* ratio
in straw (Anova, two way, df=4, F=7.06, p<0.01) and grain
(Anova, two way, df=4, F=11.35, p<=0.01) were found to
be significant. Whereas this ratio did not vary among the
genotypes for K*/Na® in straw (Anova, two way, df=2,
FaOodHpsAth al = ' T

p=0.4).
4. DISCUSSION

Salinity affects the plant growth and yield of rice crop.
The imbalanced application of fertilizers is a major yield
limiting factor. In the rice growing areas, farmers pay much
attention to N and P fertilizers, while the K* application is

DR-51 DR-32 IR-6

[
[

K - grain (ppm)

-
[=]

T T T
™ T2 T3 T4 TS T1 T2 T3 T4 TS T1 T2 T3 T4 TS

(a) Treatments
DR-51 DR-92 IR-6

750

E &50

o

= 5504

=

T 450

E H

| 350

- [
250

T I—f—||+| T T T T T

150

T 1 T
T T2 T3 T4 TS5 T1 T2 T3 T4 T5 T1 T2 T3 T4 TS

PN roatrmante

DR-51 DR-g92 IR-6

0.20
0.15

0107

KJ/Ma ratio - straw

afil

T1 T2 T3 T4 TS

AR o

0.00
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
(e) Treatments

5 T T T T
T™ T2 73 T4 T5 ™ T2 T3 T4 15 T™ T2 T3 T4 T5

(b} Treatments
DR-51 DR-92 IR-6
550
E 500
(=R
£ 450
=
T 400
L]
350
(3]
< 3p0—
250—
T T2 T3 T4 T5 T1 T2 T3 T4 T5 TI T2 T3 T4 T5
td) Treatments
DR-51 DOR-92 IR-6
0.10
=
© 008
—n
& 006
)
= _
o 004
=
¥ 0.02-
0.00 T T T T T T T T T T T
T T2 T3 T4 T5 ™ T2 T3 T4 T5 ™ T2 T3 T4 15
(f) Treatments

Fig. 4. The effect of five potassium treatments on ion contents of rice genotypes (a) K* contents in straw, (b) K* contents in grain,
(c) Na* contents in straw, (d) Na* contents in grain, (¢) K*/Na* ratio in straw, and (f) K*/Na* ratio in grain. The bar represent mean
at 95% confidence level.



ignored, particularly on salt-affected soils in Pakistan

(Akhtar et al., 2003). The application of potassium fertilizer5. 5.

reduces the effect of salinity on vegetative characteristics and
therefore the yield of crop. This study tested the selected
genotypes commonly grown in Pakistan. The results
revealed that under saline soil the application of potassium
fertilizer were effective to increase the growth and yield
attributes. Shoot height of rice genotypes was significantly
increased due to application of potassium treatments. Other
studies have also reported the similar impact of potassium
application in other genotypes of rice (Biswas et al., 2001;
Mukherjee and Sen, 2005). These result are also in
consensus with Singh et al., (2013) who found an increase of

vegetative characteristics of wheat crop in response to™

effective management of potassium fertilizer. The potassium
is involved in various physiological activities which benefit
plant growth. It improved the micro and macro nutrients
uptake in above ground parts resulting in vigorous growth
and increased canopy for photosynthetic activity and dry
mass of plant (Meena et al., 2002; Banerjee and Pal, 2009).

The results also indicated a significant effect of
potassium treatments on yield parameters of the genotypes.
The genotypes produced a higher number of reproductive
tillers. The panicle length increased; resulted in having more
grain/ seeds per panicle and grain weight. A similar increase
in yield characteristics with the use of potassium have been
reported in other hybrid rice genotypes (Mitra et al., 2001;
Meena et al., 2003; Krishnappa et al., 2006). Potassium
affects the variations in plant hormones; for examples the
delaying production of abscisic acid for few days, therefore
resulting in increased yield characters due to translocation of
food to seed for few extra days (Yuan and Huang, 1993).
Potassium is also know to promote the production of
cytokinin; a hormone that encourage zygote formation (Yuan
and Huang, 1993); hence more seeds per panicle were
produced as expected.

Potassium and sodium play a vital role in the growth of
plants. The K*/Na* ratio is often considered an important
criteria for screening the salt tolerant plants. The varieties
that maintain high K*/Na* ratio produce higher yields and
considered as salt tolerant. The potassium contents in straw
and grain has a positive relationship with yield (Banerjee
et al., 2018). The present study found a higher concentration
of potassium in plant body and reduced level of sodium at
higher rate of potassium applications. It was also evident that
K*/Na* ratio increased in straw and grains in almost all rice
genotypes with potassium treatments. Zhang et al., (2010)
also found an higher accumulation of K* and reduction in
levels Na* ratio in plants at higher application of Potassium.
A similar changes of ions in plant parts are also reported by
Wakeel (2013). The potassium is said to compete with
sodium contents and acts for osmotic regulation by
maintaining a required K*Na* ratio in plants (Hasanuz
zaman et al., 2018).

CONCLUSION

It can be concluded from present study that all rice
genotypes responded significantly to use of potassium
applications. Potassium fertilization increased in vegetative
growth and vyield of rice genotypes under salt stress over
control. Increasing K levels significantly decreased Na*
content in grains and straw samples of rice. Better
performance of rice genotypes was observed at T5 (48.1 Kg
hal) as compared to control in salinity environment. On the
basis of all yield & vyield components, trend of rice
genotypes remained as DR-92 > DR-51 > IR-6.
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