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Abstract

Identification of nutrient efficient genotypes as low cost, low input technology is considered one of most efficient
approaches for improving crop production in poor resource environments. Potassium (K) deficiency in the soils of Pakistan
is spreading rapidly and has become one of the most nutritional limiting factors for crop yield. In the present investigation,
six wheat genotypes were evaluated for growth, K uptake and utilization efficiency in the Johnson’® solution modified to
0.3mM (deficient-K) and 3.0 mM (adequate-K) using K2SOa. The experiment was conducted in a factorial, completely
randomized design (CRD), replicated thrice. Substantial variation was observed among the genotypes in the biomass
accumulation, allocation of K-uptake and -use efficiency in root and shoot at two contrasting K level. Generally, K-
deficiency decreased biomass production, K-uptake and K-use efficiency, however higher genetic potential genotypes
maintained their growth and K accumulation even at low K-level. Potassium use efficiency was increased almost four folds
in the genotype grown at low K and was positively correlated with K accumulation. The genotype SD-222 is responsive to
adequate K-supply, while the genotype 22-03 is efficient to low K-supply. It is suggested that these two genotypes could be

used in breeding programmes to improve K-efficiency.

Key words: Wheat, Potassium levels, Potassium use efficiency, Potassium stress factor.

Introduction

Pakistan is an agricultural country with a population of
about 192x10° people. Cereals crops play a vital role in
Pakistan’s economy whereas wheat is the most important
agricultural commodity (Hussain et al., 2012). In Pakistan, it
is grown by 80% of the farming community and covers the
largest area (9.17 m ha) in the country under any crop
(Anon., 2012-13). However, its production is still very low at
only about 25 million tons. Pakistan ranks 9% in area under
wheat cultivation, 11%in total production and 8" in average
yield among the major wheat producing countries of the
world (Arshad et al., 2007). Low wheat yields in the country
have resulted from drought, salinity, water logging,
temperature and various diseases. While most of these
research areas are being addressed; the exploitation of
nutrient efficient crops has being generally ignored. Recent
efforts have been concentrated on exploiting genetic
differences in the absorption and utilization of mineral
nutrients by crops (Gill et al., 1997). Nutrient efficient
varieties are likely to have positive environmental effects
through reduced impacts of chemicals in agriculture.

Potassium is the third major plant nutrient which is
essential for plant metabolic processes. It is known to be
involved in the activation of more than 60 enzymes, acts as
an osmoticum to maintain turgor pressure and regulates the
opening and closing of stomata in plant cells. Its impacts on
water relations, photosynthesis, assimilate transport and
enzyme activation can have direct consequences for crop
productivity (Pettigrew, 2008). Higher crop productivity and
improved quality may be achieved by increasing potassium
supply or by cultivating varieties with higher K use
efficiency  (Pettigrew, 2008). Potassium application
significantly increases the grain yield of wheat (Bhatti et al.,

1976, Vengiell, 1982, Malik et al., 1990 and Hamayun et al.,
2011). Ghulam et al. (2013) reported 11, 18 and 25%
increase in grain with K application of 31, 62 and 93 Kg ha™*,
while Tahir et al. (2008) reported 4, 9 and 11% increase in
grain yield with the same potassium application. In Pakistan
high fertilizer costs inhibit the use of K (Zia-ul-Hassan &
Arshad, 2008) besides the general impression is that soils in
Pakistan have sufficient K due to dominance of illite in the
clay fraction (Ranjha et al., 1990). In Pakistan, potassium is
being used only @ 0.8 kg ha! yr! as compared to the global
average of 15.1 kg ha (Anon., 2007). Therefore, irrigated
soils of Pakistan face an annual deficit of 0.265 million tons
of potassium (Bajwa, 1994). At present 40% of soils are K-
deficient in the country. Selection of K-efficient wheat
genotypes will be fruitful for future breeding programme,
focusing on low K-input agriculture (Akhter et al., 2009,
Wang & Chen, 2012).

The present study was designed to evaluate the K-
efficient and K-responsive wheat genotypes of Pakistan to
identify potential candidate genotypes for sustainable low
K-input wheat production in Pakistan.

Material and Methods

The solution culture experiment was conducted
during Rabi season of 2014-15, 2015-16 and 2016-17
under two contrasting potassium level i.e., adequate-K
(3.0 mM) & deficient-K (0.3 mM) at Nuclear Institute of
Agriculture (NIA), Tandojam. The presented data are the
grand mean of three years result. Seeds of six wheat
genotypes, viz. NIA-Sundar, SD-222, SD-502, NIA-
Sarang, NIA-MB-II and 22-03, were surface sterilized
with 0.5% NaOCI (sodium hypochlorite), germinated in
8.5 cm diameter bowls (Anon., 1984-85) in growth
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incubators (irradiance22 Wm2). Six d old uniform sized
seedlings were transferred in foam-plugged holes of
thermocol sheets floating on polyethylene lined iron tubs
(0.6m x 0.6 m x 0.15 m) containing, continuously aerated,
20 L half strength Johnson’s modified solutions (Johnson
et al., 1957). The basal composition of nutrient solution
(mM) was N 8.0, P 0.25, Ca2.0, Mg 1.0, S 2.0, B, and
0.025, Zn 0.002, Cu 0.0005, and Mo 0.0005. The solution
was modified to maintain deficient (0.3 mM) and
adequate (3.0 mM) K levels using K;SO4.The experiment
was arranged factorially in a completely randomized
design (CRD) with three replicates. One tub was filled
with nutrient solution of adequate K (3.0mM) and another
with deficient-K (0.3mM) level. The pH of nutrient
solution was monitored on daily basis and adjusted to 5.5
+ 0.2 using Ca(OH), and/or H,SOa.

Plants were harvested 14 days after transplantation
and separated into shoots and roots, washed with distilled
water and blotted dry. The dry weight of shoots and roots
were recorded and the samples were finely ground in a
wiley mill to pass through 1 mm (40-mesh) sieve.
Uniformly ground samples were digested in di-acid
mixture of nitric (HNOg3) and perchloric acid (HCIO,) in a
3:1(Miller, 1998). Potassium concentration (mg gdry
wt.) in shoots and roots were determined through flame
photometer (Jenway PFP-7).K relations were determined
using the standard formulae as described below:

Shoot/root K accumulation (SKA/RKA) = Shoot/root dry
weight x K concentration (Zhang et al., 2007).

Potassium use efficiency (KUE) = Shoot dry weight +
Shoot K concentration (Glass et al., 1981).

Potassium stress factor (KSF) =SDWadeq-
SDWoadeq X 100 (Siddique & Glass. 1981)

SDWoer. /

The chlorophyll contents were determined as
described by Lichtenthaler (1987).

Fresh leaves were chopped into small pieces and
extracted overnight with 80% acetone. The extract was
centrifuged at 14000 x g for 5 minutes and the absorbance
of the supernatant was measured at 645 and 663 nm using
Spectrophotometer. The Nitrate reductase activity was
determined following the method of Jordon, (1984). One
gm leaf segment was chopped in phosphate buffer (pH
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7.5), incubated in dark at 32°C for 1 hr. Added to it, each
0.5 ml sulphanilamide (1%) and N-(1-Naphthy) ethylene
diamine dihydrochloridel(0.02 %) and the solution was
incubated at room temperature for 20 min and read
spectrophotometrically at 542 nm. The activity was
represented as P mol NO2 gt F. wt hl,

The data was statistically analyzed using “Statistix ver.
8.1” (2006) and the means were separated using Tukey's
honestly significant test at alpha 0.05 (Tukey HSDg gs).

Results

The data for shoot dry weight (SDW), root dry weight
(RDW), potassium stress factor (KSF, %),total
biomass(TBM) and root shoot ratio (RSR) of six wheat
genotypes under two Contrasting K levels are presented in
table 1. At adequate-K level (Adeg-K), the genotype SD-222
showed significantly (p<0.05) higher shoot and root dry
weight (0.27 g plant? and 0.19 g plant® respectively),
whereas the genotype NIA-Sarang exhibited significantly
lower SDW (0.08g plant™) at low or deficient- K (Def-K)
level. The genotype 22-03 depicted the lowest KSF (-5.32%)
whereas the genotype NIA-Sunder showed the highest KSF
(55.49%) value. In case of root dry weight (RDW), again
SD-222 showed significantly the highest dry weight (0.189 g
plant?) at Adeg- K level. Under low K- availability (Def-K),
generally there was reduction in root dry weight of all six
genotypes; while two genotypes viz., NIA-Sarang and SD-
502 showed comparatively less reduction (15.74 and 11.93%
respectively). The genotype 22-03 has increased its dry
weight by 37.7%. In case of total biomass (TBM), wide
genetic variations were observed among the wheat genotypes
at both K-level. Under Adeg-K, the genotypes SD-222,
exhibited the highest biomass (0.456 g plant?) while at Def-
K, the genotype 22-03 showed significantly the highest
biomass (0.291 g plant?). K-deficiency stress caused
reduction in total biomass in all the genotypes except 22-03
which enhanced its dry weight by 15%. Maximum reduction
(56.26%) due to K- deficiency stress was observed in the
genotype NIA-Sundar.

Data for root/shoot ratio (RSR) exhibited differential
responses under two K- levels. Under Adeg-K, the
genotypes SD-222 showed significantly the highest RSR
(0.708), whereas three genotypes viz. NIA-Sarang, 22-03
and SD-502 enhanced RSR under Def- K level ( 23.57,
30.67 and 12.97 % respectively). Minimum reduction in
RSR (4.67%) was found by the genotype NIA-Sundar.

Table 1. Shoot and root dry weight, Potassium stress factor, Total bio-mass and root shoot ratio of wheat
genotypes grown at adequate and deficient K level.

-1 -1 -1
Genotypes SDW (g plant™) KSE RDW (g plant?) RI/RD TBM (g plant™) I;ID/ RSR RI/RD
Adeg-K | Def-K (%) | Adeg-K Def-K (%) Adeg-K Def-K (%) Adeg-K | Def-K %

NIA-Sarang 0.154f 0.105e 3182 0.070f 0.059 e 15.74 0.224 f 0.164e 26.77 0.458¢ 0.566c (23.57)
22 -03 0.176c 0.186a -532 0.076e 0.105a (37.70) 0.253d 0.291a (15.10) 0.433f 0.565c (30.67)
NIA-Sundar 0.173d 0.077f 5549 0.08c 0.037f 57.63 0262c¢ 0.115f 56.25 0.510c 0.486¢e 4.67
SD - 502 0.159e 0.124d 22.01 0.079d 0.069d  11.93 0.238e 0.190d 1862 0495d 0559d (12.97)
SD - 222 0.266a 0.132c¢c 5024 0.189a 0.081c 56.96 0.456 a 0.214c 53.03 0.708a 0.612b 13.49
NIA-MB-II 0.185b 0.136b 26.44 0.128b 0.086b 3271 0.314b 0.223b 2898 0.691b 0.633a 8.49
Mean 0.186 A 0.127B 0.105A 0.073B 0291 A 0.200B 0549 A 0570A
Tukey HSD (0.05)
Genotypic 0.0016 0.0006 0.0012 0.0005 0.0017 0.0010 0.0089 0.0026
Treatment 0.025 0.023 0.047 0.059

Means followed by similar letter do not differ significantly at p<0.05, Values in the parenthesis shows percentage increase over adequate
SDW = Shoot dry weight, RDW = Root dry weight, RSR = Root shoot ratio, TBM = Total biomass, R.l / R.D = Rel. increase / Rel. dec
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Table 2. Shoot and root potassium accumulation (SKA and RKA) and potassium use efficiency (KUE) of wheat genotypes grown at
adequate and deficient K level.

SKA (mg plant?) RKA (mg plant?) KUE (g? SDW mg* K)

Genotypes R.R (%) R.R (%)

Adeg-K | DefK Adeg-K |  Def-K Adeg-K | DefK
NIA-Sarang 10.37 be 1.013 be 90.23 2.94d 2.03b 30.87 0.0023d 0.0110 be
22-03 9.30¢c 1907 a 79.50 3.36 cd 3.15a 6.24 0.0037 ab 0.0183 a
NIA-Sundar 10.24 bc 0.720c 92.97 3.89¢c 101c 73.97 0.0029 bc 0.0084 ¢
SD - 502 9.23¢ 1.157 b 87.47 3.05cd 1.84b 39.61 0.0028 cd 0.0135b
SD —222 18.32a 1.297 b 92.92 11.21a 2.06b 81.59 0.0039 a 0.0138 b
NIA-MB-I11 12.26b 1.367b 88.85 7.44b 28la 62.29 0.0028 bc 0.0137b
Mean 11.62 A 1.243B 5316 A 215 B 0.0030 B 0.0131 A
Tukey HSD (0.05)
Genotypic 2.097 0.379 0.905 0.435 0.00055 0.0040
Treatment 1.601 1.551 0.0016

Means followed by similar letter do not differ significantly at p<0.05

SKA = Shoot potassium accumulation, RKA = Root potassium accumulation, KUE = Potassium use efficiency, R.R = Rel. reduction

Shoot potassium accumulation (SKA), root
potassium accumulation (RKA) and potassium use
efficiency (KUE) of six wheat genotypes are presented in
table 2. Potassium accumulation in shoot (mg plant™) was
significantly affected by both contrasting levels of K. All
six genotypes showed large reduction due to K stress.
Mean K accumulation at Adeq-K level was 11.62 mg
plant? while at Def-K it was 1.243 mg plant?. At Adeg-
K, the genotype SD-222 accumulated significantly more
K (18.32 mg plant?) while at Def-K, the genotype 22-03
accumulated more potassium (1.907 mg plant?).
Potassium accumulation in root (RKA) was also
significantly (p<0.05) affected by two K-levels. At Adeg-
K, significantly higher potassium was accumulated (11.21
mg plant?) by the genotype SD-222 and significantly
lower (3.05 mg plant™) by the genotype SD-502. At Def-
K, the genotype 22-03 coped with the adverse K-
environment and accumulated significantly more
potassium (3.15 mg plant?) with the lowest reduction
(6.24%). Generally, all six genotype exhibited reduction
in root K- accumulation due to K stress.

The chlorophyll contents (Total chlorophyll) (mg g*
fresh wt) and nitrate reductase activity (U mol NO; g
fresh wt h'l) of wheat genotypes at two contrasting K
levels is presented in figs. 1 and 2. The genotype NIA-
Sunder (1.333 mg g fresh wt) and SD-502 (0.743 mg g*
fresh wt) accumulated significantly (p< 0.05) higher and
lower chlorophyll contents respectively at adg. K level. At
def. K level, the genotype NIA-Sunder (1.046 mg g fresh
wt) maintained its superiority and exhibited significantly
higher chlorophyll contents while the genotype NIA-
Sarang (0.675 mg g fresh wt) showed lower chlorophyll
contents. The two genotypes i.e., SD-222 and 22-03
maintained chlorophyll contents at def. K as compared to
adg. K and showing less reduction of 3.07 and 6.80%
respectively. The genotype SD-502 (0.743 mg g* fresh
wt) accumulated significantly (p<0.05) lower chlorophyll
contents at adg. K level, however, at def. K level, this
genotype increased its chlorophyll contents (0.945 mg g
fresh wt ) by 27.19%, showing the potential of this
genotype to cope with the adverse K (def. K) conditions.
The genotype NIA-Sarang (0.756p mol NO, g*fresh wt h-
1) exhibited significantly (p<0.05) higher nitrate reductase
activity (NRA) at adg. K, followed by significantly
similar activity of this enzyme in the genotype 22-03

(0.731 p mol NO; g*fresh wt h't) and NIA-Sunder (0.681
u mol NO; gifresh wt h'').The genotype NIA-Sarang
(0.577 p mol NO; g'fresh wt h?) maintained its
superiority at def. K and showed minimum reduction
(23.68%). All other genotypes showed large reductions
(51.32- 63.68%) in NRA under K-deficiency stress.

The results with respect to potassium use efficiency
(KUE) (g? SDW mg* k) showed that there was increase in
KUE in almost all wheat genotypes due to K deficiency
stress. Significant differences among the genotypes at both
K-levels were observed. At Adeg-K, the genotypes SD-222
exhibited significantly higher KUE (0.0039 g> SDW mg
1K) followed by significantly similar KUE (0.0037 g> SDW
mg? k) in the genotype 22-03. The genotype 22-03 also
had significantly higher KUE (0.0183 g?> SDW mg? k)
under Def-K. Generally, K deficiency stress caused
increase in KUE in almost all genotypes; however three
genotypes namely, NIA-Sarang, 22-03 and NIA-MB-II
showed 5 fold increases in KUE.

Discussion

Shoot dry weight is considered to be the most
sensitive plant response parameters to nutrient deficiency
and given a pivotal place in screening experiments
(Fageria et al., 1988). This study revealed considerable
genetic variation in SDW production among wheat
genotypes at both K-levels. There was an inhibitory effect
of low K (Def. K) on shoot and root biomass of all the
genotypes except the genotype 22-03 which showed
increase at Def-K or low K level. General reduction in
root and shoot dry weight in wheat at low K-availability is
in accordance with the findings of Tahir (1999); however
Ismat et al. (2006) found an increase in root dry weight at
low K- level in maize at seedling stage. This contrasting
behavior of two crop (wheat and maize) may be due to
different genetic makeup of two different crops (Joachim
et al., 2004). Increase in shoot and root dry weight of the
genotype 22-03 at Def. K level reflects the tolerance of
the genotypes at low K regime, therefore the genotype 22-
03 may be rightly regarded as K efficient genotype under
these experimental conditions. Potassium stress factor
(KSF), which is a relative reduction in biomass
production due to K stress (Tahir 1999) also depicts the
lowest/negative KSF (-5.32%) for this genotype (i.e. 22-
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03), showing that the genotype is efficient to deficient K
supply (Def-K) but non-responsive to sufficient K
supply(Adeg-K). Similar trend for KSF for some of the
potential genotype (in terms of K-efficiency) was found
by Tahir (1999). The mean root shoot ratio (RSR)
enhanced from 0.549 (Adeg-K) to 0.569 (Def-K),
however, the increase between two K level is statistically
(p<0.05) non-significant (Table 1). In this study, the
genotype NIA-Sarang, 22-03 and SD-502 enhanced their
RSR by 23.6, 30.7 and 12.9% respectively while the other
three genotypes showed decrease in RSR. The results of
increase in RSR is in line with of work of Peuke et al.
(2002) who found that K deficiency inhibited the shoot
growth in Ricinnus communis at the expense of root
growth. Yang et al. (2004) and Shagufta et al. (2016) also
reported high root: shoot ratio in the plants growing in
nutrient deficient soil. Earlier, too, it is widely accepted
that all mineral nutrients are taken up through the roots
which required energy from photo-assimilates and k
deficiency restricts this translocation from leaf to root by
accumulating soluble sugars in K deficient plant parts
(Epstein & Bloom, 2005). However, inconsistent behavior
of this growth attribute among wheat genotypes was
observed by Tahir et al., 2008.

Shoot and root potassium accumulation (SKA and
RKA) revealed statistically (p<0.05) significant differences
between two K level. Significantly higher shoot (18.32 mg
plant) and root (11.21 mg plant?) potassium
accumulation, under adg. K-level, by the genotype SD-222
reflects the higher requirement of this genotype under high
K condition, however under low K condition, this
genotypes, as with other genotypes, could not cope with the
adverse K condition, showing 92.92 and 81.59% reduction
in shoot and root respectively (Table 2). Similarly the
genotype 22-03 has significantly low requirement of K in
shoot (9.30 mg plant?) and root (3.36 mg plant?) under
Adeg-K, but this genotype , to some extent, managed with
the low K condition showing comparatively less reduction
(79.50 and 6.24% in shoot and root respectively) as
compared to other genotypes. Similar results, as in the case
of genotype 22-03, were found by Santa-Maria et al.
(2015), who suggested that, under conditions of nutrient
scarcity, plant can develop efficient internal nutrient
economy, which may result from efficient redistribution
with the plant and/or lowering requirement of that
particular nutrient at functional sites. Apart from the
suggestion of Santa-Maria et al. (2015) Song (2011)
proposed that some genotypes, with small concentrations of
certain mineral nutrients and high photosynthetic rate,
require least amount of mineral (in our case K) to produce
high yield. Jia et al., 2008 reported that some genotypes
maintain shoot and root K- uptake by modifying their root
length under K deficiency stress.

The  higher  chlorophyll  contents  (Total
chlorophyll) of wheat genotypes at adq. K (genotypic
mean: 0.9708 mg gl.fwt) as compared to def. K
(genotypic mean 0.8204 mg g*.f.wt)is attributed to the
involvement of potassium in many photosynthetic
processes i.e., ATP synthesis, activation of some
enzymes involved in photosynthesis, uptake of COy,
electrical charge balance at the site of ATP and acting
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as the counter ion to light-induced H * flux across the
thylakoid membranes (Ray Tucker, 2004). Under K
deficiency stress, photosynthesis as well as ATP
production rates are reduced, which cause decrease in
chlorophyll contents (Anon., 1998).The increase in
chlorophyll contents by the genotype SD-502 may be
due to K deficiency stress tolerance of this genotype as
reported by Wang et al. (2015) in soybean and Jian et
al. (2017) in maize. However, SDW (0.124 g plant?) of
this genotype at def. k (Table 1) could not increase
accordingly. The maintenance of chlorophyll contents
by the genotypes, 22-03 (0.850 mg g*.f.wt) and SD-
222 (0.725 mg g*t.f.wt), at def. K level (Fig. 1) is
attributable to comparatively higher KUE of these
genotypes (Table 2) (0.0183 g> SDW mg?! K and
0.0138 g?> SDW mg* K respectively) at the same K
level i.e., at def. K. This also reflects the potential of
these genotypes (22-03 and SD-222) to cope with the
adverse K conditions.

Nitrate reductase is one of the key enzymes in the
assimilation of exogenous nitrate (NOs’)-the major form
of nitrogen available to plants growing in the soil or
growth medium. Activity of this enzyme predicts a good
estimate of the nitrogen status of the plant and is
frequently correlated with growth and yield. With respect
to the significance of K for NRA, Pflliger & Wiedemann
(1977) augmented that K probably was involved in the
activation of this enzyme and that K is essential for
synthesis of nitrate reductase. Numerous studies have
indicated the importance of K nutrition and its effect on
modulating the NRA in many crop plants (Umar &
Bansal, 1995; Anuradha & Sarma, 1995; Megda,
2009).As K is highly involved in the synthesis and
activation of NR, therefore reduction in the activity of this
enzyme in most of the genotypes(Out of six five
genotypes showed reduction in NR, Fig. 1) under K
deficient environment is clearly understandable and
reported by many workers (Venkatesan, & Ganapathy,
2004; José et al, 2010; Wiedenfeld et al.,
2009).Maintenance of activity of this enzyme(0.577 p
mol NO; g fresh wt h'?) by the genotype NIA-Sarang
under K-deficiency stress may be speculated due to higher
uptake of NOjs (substrate)from growth medium as NR is
substrate inducible enzyme (Ricardo & Joaquim, 2002).
However, comparatively low shoot dry weight (0.105 g
plant?) of this genotype, in spite of higher NRA, might be
due to toxic effects of higher NO3 accumulation in the
leaves. Cody Wrathall (2001) reported that in some
genotypes certain genetic or environmental factors inhibit
the activityof the nitrate reductase and allow nitrate to
accumulate in the plant.

Our study showed that potassium use efficiency (g2
SDW mg* K) had significant positive correlation with K
accumulation (n= 6, R? = 0.968), at def. K (Fig. 3)
concluding that these two important plant characters
could be used for selection of wheat genotypes better
adapted to low K-condition. Similar results of positive
correlation between these two parameters in wheat were
found by Sattelmacher et al. (1994), they advocated this
approach for the selection of nutrient efficient crops.
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Conclusion

The prime objective of the study was to explore K-
efficient and K-responsive wheat genotypes for
sustainable low K-input wheat production in Pakistan.
The results of the present study showed differential
responses of wheat genotypes at two K (adg. K and def.
K) levels. However, the genotype SD-222 is proved to be
responsive to adequate K-supply (adeg-K) while the
genotype 22-03 is efficient to low K-availability (def-K).
It is suggested that these two genotypes could be used in
the breeding programme to improve K-efficiency.
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