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DIFFERENTIAL POTASSIUM REQUIREMENT AND ITS SUBSTITUTION BY
SODIUM IN COTTON GENOTYPES

Liagat Ali, Rahmatullah, A.M. Ranjha, Tariq Aziz, M.Aamer Magsood and M. Ashraf
Institute of Soil and Environmental Sciences, University of Agriculture, Faisalabad

Sodium (Na) can substitute different osmoregulatory functions of potassium (K) in several crop species. Inter and
intra-specific variations in crop species have been reported for (K) uptake and use efficiency. We studied 30
cotton genotypes in hydroponics for growth response, K use efficiency and potassium substitution by sodium. The
treatments were, deficient K (0.3mM), adeguate K (3.0mM) and deficient K (0.3mM) + Na (2.7mM). The cotton
cultivars differed significantly (p<0.01) in biomass production. The three treatments significantly (p<0.05) differed
in total dry matter, root: shoot ratio, total K uptake and K use efficiency (KUE) in various cotton genotypes.
Greater efficiency in total dry matter production (6.0 g plant™) in NIBGE-2 and minimum (2.15 g plant’) in PB-899
per unit of K concentration at deficient K was observed. At adequate K a substantial increase (45%) in mean total
dry weight was obvious compared to deficient K. At deficient K maximum K concentration (18.2 mg g ") and total
K uptake (105 mg plant'1) were noted in NIBGE-2. Addition of 2.7 mM sodium to deficient K level, increased mean
total dry weight by 38% compared to deficient K only. In deficient K + Na treatment maximum total dry matter was
produced again by NIBGE-2 and minimum by MNH-786. Root: shoot ratio didn't differ by sodium addition to
deficient K. The root: shoot ratio was maximum in FH-115 and minimum in PB-843.

The results confirmed that screening of genotypes on the basis of their KUE and K substitution by Na could be an
effective approach for categorizing crops under K deficient condition for their growth and yield. Overall genotype
NIBGE-2 had the medium potential for making better growth on K deficient soils because of more total dry matter,
KUE and K, Na uptake in shoot.
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INTRODUCTION

Exploitation of genetic variability for increased
potassium use efficiency (KUE) and K substitution by
Na can substantially increase crop productivity in low
input sustainable agricultural systems particularly in
developing countries. The use of fertilizer has been
mainly confined to the application of N and P, while
ignoring K. This has been due to the general
consensus that soils of Pakistan contain sufficient
amount of K due to the dominance of illite in their clay
fractions (McLean and Watson, 1985). Although total
soil K is quite high but its release rate from soil matrix
generally fall short to meet the K requirement of crops
(Tisdale et al, 2000). The increase in cropping
intensity and introduction of high yielding varieties have
also resulted in depletion of soil K reserves, which in
turn caused negative K balance and also had erratic
response. Sodium can substitute K to a large extent in
its non —specific functions within the vacuole. This can
result in K availability for specific functions within the
cell (El-sheikh and Ulrich, 1970). If supply is limiting,
retranslocation of K from other plant parts or increased
uptake of cations such as Na, Mg and Ca or organic
solutes  (Marschner, 1995) to at least partially
substitution for the possible loss of non-
specific(vacuolar) functions of K. It is well recognized
that varieties within species widely differ in their ability

to take up and utilize mineral elements. A possible way
for increasing growth and cotton vyield is the
exploitation of genetic variability, that exists among
different varieties of the crop for different utilization of
mineral nutrients in the growth medium. Many studies
have been undertaken to examine the extent of genetic
variations in mineral nutrition including differential
growth and vield response to varying nutrient levels,
nutrient uptake and utilization (Gill, et al., 1997,
Pettigrew et al., 1996 and Yadav and Swami, 1988).
Cassman et al.,, (1989) conducted an experiment on
two cotton cultivars to study their differential response
at various K levels in terms of K-use efficiency.
Variation existed among sweet potato genotypes in K
concentration, accumulation and K efficiency ratio in
the field. Among various plant parts, petiole contained
the highest K accumulation at maturity (George et al,
2002 and Jennifer et al., 2004). Because the majority
of the K ion is located within the central vacuole of
plant celis where it functions as an osmoticum,
changes in measured tissue K concentrations mostly
reflected changes in vacuolar K levels. However
growth and essential plant requirements for K appear
to relate more to its role as an activator of biochemical
processes in the cytosole (Leigh and Wyn Jones,
1986). Cytosolic K is not replaceable in its functions by
other cations and any decrease in cytosolic K
concentrations will affect many K-specific processes in

108

=



\

Ali, Rahmatullah, Ranjha, Aziz, Magsood and Ashraf

the plant (Lauchii and Plugar 1978) reducing severely
plant growth and hence yield. Under K-deficiency cell
first attempts to maintain cytosolic K concentrations at
the cost of vacuolar, particularly in plant parts those
are most vital for further crop development. This may
then lead to increased root K uptake. It mainly involves
maintenance of the osmotic potential of cells. The
existence and understanding of real genetic
differences may provide a basis for engineering “high-
K” crops to reduce their K requirements (Leigh, 1989).
Use of the low fertility tolerant cultivars should be
maximized in breeding and genetic studies to enhance
sustainable farming systems (Singh ef al; 2003).
Fageria and Barbosa (1982) classified rice genotypes
into four categories on the basis of average yield of the
P-stress plants and grain yield response index. The
categories include efficient responsive, efficient
nonresponsive, nonefficient responsive and
nonefficient nonresponsive. The extent to which Na
can replace K varies between different plant species,
different cultivars of the same species and even
between different leaves of the same plant. Na can
replace K in red beet without adversely affecting
metabolic  functions such as water relations,
photosynthetic rates and growth was determined by
Subbarao et al., (1999). Younger leaves relying more
on K than older ones (Lindhauer etal, 1990).
Interestingly, halophytes require less K for growth than
glycophytes (Marschner, 1995), indicating a link
between the ability to substitute K with Na and salt
tolerance. Potassium  substitution and  growth
stimulation by Na are of great interest for improved
crop production and K fertilizers management. Keeping
in view the above facts, the present hydroponic study
aimed at, identifying cotton cultivars efficient in K
utilizations and its substitution by Na.

MATERIALS AND METHODS

A hydroponic experiment was conducted to study the
growth response of 30 cotton cultivars in a wire-house.
Seeds of 30 cotton genotypes were germinated in pre-
washed river bed sand taken in polythene lined iron
trays. Sand in the trays was moistened with distilled
water for germination. One week old uniform cotton
seedlings were transplanted in foam plugged holes of
thermopal sheet, floating on 200 L of one half strength
of Johnson's modified solution (Johnson etal,.1957) in
three polythene lined iron tubs. Continuous aeration
was provided with the help of aeration pump. The
treatments included; 0.3mM K, 3.0mM K, and 0.3mM K
+ 2.7mM Na, used as KNO; and Na,SO, The pH of
the solution was maintained daily at 5.5 + 0.5.The
experiment was laid out according to completely
randomized factorial design with six replicates of each

cultivar (Steel and Torrie 19803. Average temperature
in the greenhouse was 33t5 "C at different times of
day and 23+5°C during the night for the experimental
period. Relative humidity dropped to 31 % at mid day
and increased to 80 % at mid night. Plants harvested
five weeks after transplanting were separated into
shoot and root before drying them to a constant weight
at 70°C in a forced air oven for their dry matter yield.
Sodium and K in both shoots and roots were
determined after wet digestion with diacid mixture
(HNO3, HCIO4). Potassium stress factor %, KUE and
% substitution were also calculated by following
formula

KSF= SDW adequate K~ SDW geficientk x 100
SDwW adequate K

KUE = 1 X SDM
K Conc
% Substitution = 100* (KSF getk —KSF geric+ Na) / KSF ger

The data collected was analyzed statistically using
software MSTAT-C (Steel and Torrie, 1980).

RESULTS

Various cotton genotypes differed significantly (p<0.01)
in total dry matter and root: shoot ratio at deficient and
adequate K supply in root medium (Table 1). Total dry
matter production by cotton genotypes increased two
folds when K supply was increased from 0.3 mM to 3.0
mM in growth medium. It ranged between 2.15 and 6.0
g plant ' with deficient K in the rooting medium. Under
K deficiency, maximum total dry mass was produced
by NIBGE-2 and minimum by PB-889. A substantial
increase (45%) in mean total dry weight was obvious at
adequate K compared to deficient K. At deficient K
supply maximum root shoot ratio was observed in
MNH-700 and minimum in RH-510.

Thirty cotton genotypes were classified into four
classes (Fig-1). Addition of 2.7 mM sodium to deficient
K level, increased mea total dry weight by 38%
compared to deficient K only. In deficient K+Na
treatment maximum total dry matter was produced
again by NIBGE-2 and minimum by MNH-786.
Root:shoot ratio didn’'t differ by sodium addition to
deficient K. The root shoot ratio was maximum in FH-
115 and minimum inPB-843.

Addition of 2.7 mM sodium to deficient K level,
increased mean total dry weight by 38% compared to
deficient K only. In deficient K + Na treatment
maximum total dry matter was produced again by
NIBGE-2 and minimum by MNH-786. Root: shoot ratio
didn’t differ by sodium addition to deficient K. The root
shoot ratio was maximum in FH-115 and minimum in
PB-843.
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Potassium requirement and its substitution by sodium in cotton genotypes

0.50
0.45
0.40

NIAB-111

A
c 0.35

RH-51C

m 0.30

N:AB-999
+

.

A

h-§1-F2
%

N{AB-884

NIAB-2
*

FH-2925

. ALSEEMI1 NiAB-98

NIBGAE-2

[ 4
8LH-317

CRIS-460
. * *»

FH-2008 *  BHie2

*

0 . 25 CiM-473
12 MNeelum-NS-11

*

RH-5 NIAB-G24
*
TH-41/83

*
PE-843

0.20
S
*% ¢ cimase
FRA1S o000

FH-1000

MNH-786

MNH-700
*

*
PB-859

0.15

0.10

73 SLH-279
MNH-732 o /

SLH-284

1.50 2.00 2.50 3.00

3.50 4.00 4.50 5.00 5.50

Shoot dry matter
Fig.1 KUE and Categorization of cotton cultivars

Potassium concentration in shoot was significantly
affected by K supply, genotypes and their interaction
(Table 2a). Genotypes grown with 3 mM K had about
three fold more K in their shoot compared to those
grown with 0.3 mM K. Maximum K concentration in
shoot was observed in NIBGE-2 at deficient K and
minimum in NIAB-999. It ranged between 9.1 to 18.2
mg g’1. At adequate K, maximum K concentration was
in NIBGE-2 and minimum in FH-1000. Total K uptake
by cotton cultivars was increased five fold when K
supply increased from 0.3 mM K to 3.0 mM K in growth
medium. Under deficient K total K uptake was
maximum in NIBGE-2 and minimum by NIAB-999.

Mean decrease in shoot K concentration in genotypes
supplied with Na was 19% compared to those grown
with 0.3 mM K alone. The maximum shoot K
concentration was in SLH-279 and minimum in PB-843
at deficient K +Na. Mean total K uptake did not change
significantly by adding Na in deficient K. Under
deficient K +Na, maximum total K uptake was noted
again by NIBGE-2 and minimum by MNH-786. Mean
maximum KUE (40% and 62.5%) was observed higher
in genotypes grown with deficient K +Na than those of
grown with deficient K and adequate K respectively
(Table 2b). The differences in Na concentration and
total Na uptake in shoot of cotton genotypes grown
with deficient K +Na were significant (Table-3). The Na
concentration in shoot ranged between 2.29 to 22.11

mg g'1 but differences in total Na uptake in shoot were
4.0 fold among the genotypes.

DISCUSSION

Total dry matter of different genotypes was increased
and ranged from 2.15 to 6.0 and 3.34 to 10.01 g plant”
at deficient K, and adequate K respectively. Significant
differences among genotypes in dry matter were due to
intra-specific variations for K-use efficiency. Some
varieties used K more efficiently than others. As
NIBGE-2 exhibited highest total dry matter at deficient
K, because it used K more efficiently (Cassman et al.,
1989 in cotton, Gill et al., 1997 in wheat and Pettigrew
et al,, 1996 in cotton cultivars). At adequate K, mean
increase in root: shoot ratio of cotton genotypes was
due to high accumulation of K in the root. At deficient K
supply to root medium significant increase in K
concentration and total K uptake was because of the
differences in ability of some genotypes to accumulate
and take up K more efficiently than others (Yadav and
Swami; 1988, George et al, 2002, Jennifer et al., 2004
and Singh et al., 1991). Mean increase (50%) in KUE
among different genotypes at deficient K supply was
evident in increased dry matter per unit of K
concentration used. Eleven genotypes can be claimed
as efficient and responsive to potassium since their
shoot dry matter increased as the potassium supply in
the growth medium was increased (Fig 1). Twelve
genotypes are grouped as non efficient non
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responsive, as they produced minimum dry mass at
both level of potassium.

Total dry matter distributed within range i.e.2.24-8.24 g
plant” at deficient K +Na. By adding Na in deficient K
increased yield due to K substitution by Na in its
certain non-specific functions. Overall, the genotypes
performed best in total dry matter; those were highest
in percent substitution and lowest in KSF (%). More K
substitution withstands the K deficiency resulting in
increased growth (Subbarao et al., 1999). By addition
of sodium with deficient K increased KUE (>500 mg®
mg"’ K) as showed in NIBGE-2 followed by PB-843 and
NIAB-111. K:Na ratio (>1) promoted less total Na
uptake (Table 3) in NIAB-111 ,FH-1000 and MNH-
786,But NIBGE-2 depicted high total Na uptake, so
more K substitution occurred.

CONCLUSION

The results confirmed that screening of genotypes on
the basis of their KUE and potassium substitution by
sodium could be an effective approach for enhancing
the growth and yield of crops under K deficient
conditions. Overall genotype NIBGE-2 had the highest
potential for better growth in K deficient soils due to
increased TDM and high total K uptake in shoot.
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