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Effects of increased supply of potassium on growth and nutrient content

in pearl millet under water stress
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Abstract

Influence of increased K supply on growth and nutrient content in pearl millet (Pennisetum glaucum) under severe water
stress was assessed in a pot experiment under glasshouse conditions. Nineteen-day-old plants of two lines, ICMV94133
and WCA-78 were subjected for 30 d to 235, 352.5, and 470 mg(K) kg'(soil) and two water regimes (100 and 30 %
field capacity). Increasing soil K supply did not alleviate the adverse effect of water deficit on the growth of two lines of
pearl millet. Accumulation of N and K in the shoots of both lines was higher under water deficit than that under well-
watered conditions, but such effect was not observed for P or Ca.
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Pearl millet (Pennisetum glaucum (L.) R. Br.) is a forage
and grain crop of drylands of many countries. Although it
is relatively drought resistant compared with most of the
C, grasses, its growth and grain yield are markedly
reduced under water deficit (Bidinger et al. 1987, Ashraf
et al. 1994, Van Oosterom et al. 1995). The growth of the
crop is also significantly inhibited by K deficiency
(Ashraf et al. 1994) since K plays a vital role in
osmoregulation, respiration, photosynthesis, protein
synthesis, stomatal movement, etc. (Mengel and Pfluger
1972, Jacoby et al. 1973, Flowers and Lauchli 1983,
Ashraf and Naz 1994, Quintero ef al. 1998).

Potassium nutrition is positively associated with plant
water relations inasmuch as this cation is known to be
absorbed by plants both passively and actively and its
concentration in the cytosol is very high compared with
other essential cations (Mengel and Kirkby 1987,
Marschner 1995). Jones et al. (1980) reported that K was
the major cation contributing to osmotic adjustment in
sorghum. Working with wheat, Morgan (1992) showed
that the lines manifesting high osmotic adjustment had
high accumulation of K in their tissues.

The positive interaction of K with drought resistance
is attributable to its stimulating effect on water uptake by
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lowering osmotic potential of root cells and xylem sap as
well as to the active role of K in stomatal movements
(Marschner 1995). In a water-limited environment,
wilting and low pressure potential in plants are typical
symptoms of K deficiency. The lower tolerance of
K deficient plants to drought can be primarily attributable
to the role of K in stomatal regulation which is a major
mechanism controlling the water balance in plants. This
could also be due to the role of K as the major osmeticum
in the vacuole, maintaining a high tissue water potential
even under severe drought conditions (Marschner 1995).
For instance, while studying the effect of K fertilization
on water relations and growth of young sunflower plants
under simulated drought conditions, Lindhauer (1985)
found that despite increasing dry matter and leaf area,
K fertilization caused the maintenance of high water
content in the plant tissues even under severe water
deficit conditions. Similarly, Abdel-Wahab and Abd-Alla
(1995) have reported that harmful effects of water deficits
on faba bean can be alleviated by increasing
K supplementation.

The effects of K nutrition and drought stress on
growth of pearl millet have been studied -as isolated
factors, but little information is available in the literature
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on their possible interactions. Thus the primary objective
of the present study was to determine the effects of both
K supply and water deficit on the growth of pearl millet.
Whether K nutrition alleviates the adverse effect of
drought on plant growth and whether soil water content
affects uptake of K and other inorganic nutrients, were
also determined.

Seed of two lines (ICMV-94133 and WCA-78) of
(Pennisetum glaucum (L.) R.Br.) were obtained from the
Maize and Millet Research Station, Yousafwala, District
Sahiwal, Pakistan. All seed samples were surface sterilized
in 5 % sodium hypochlorite solution for 10 min before
sowing. The experiment was carried out in a naturally-lit
glasshouse at the Nuclear Institute for Agriculture and
Biology, Faisalabad, Pakistan (latitude 31°30 N, longitude
73°10 E and altitude 213 'm), where the average PAR
measured at noon ranged from 929 to 1760 umol m? s™,
day/night relative humidity 28/54 % and temperature
44/31 °C. In June 1999, 15 seeds of each line were sown
randomly about 5 mm deep in plastic pots (25 cm x
25.5 cm) which contained 8.0 kg sandy loam soil (pH =
7.76). After the emergence of seedlings the plants were
thinned to nine in each pot. All the pots were irrigated for
34 d with normal canal irrigation water after which time
treatments were begun. The K (K;SO,) concentrations used
were 235, 352.5, or 470 mg kg™ dry soil in half strength
Hoagland's nutrient solution without K. These
concentrations are supposed to be supra-optimal for most
crop species (Epstein 1972, Mengel and Kirby 1987,
Marschner 1995). At the same time drought was imposed
by maintaining the moisture level equivalent to 30 % field
capacity whereas the well-watered pots were maintained at
full field capacity. The soil moisture content was monitored
daily by weighing the pots. Thus there were two water
regimes, i.e., well-watered (field capacity) and water deficit
(30 % field capacity) and three K treatments. The
experiment was arranged in a completely randomized
design with three replicates.

Plants were harvested at 15 and 30 d after the start of
treatments. Three plants from each pot were harvested and
washed well with distilled deionized water. After recording
fresh mass of shoots they were oven-dried at 65 °C to
constant dry mass.

Dried shoot samples (100 mg) were milled for the
determination of the nutrients. They were determined by
the methods described by Allen er al. (1986). Plant
samples were digested in 2 cm® of sulphuric-peroxide
digestion mixture until a clear and almost colourless
solution was obtained. After digestion, the volume of the
sample was made to 100 cm’ with distilled deionized
water. K and Ca were determined with a flame
photometer Jenway PFP7 (Gransmore Green, Dunmow,
UK). P was determined using a spectrophotometer
Hitachi U-2000 (Tokyo, Japan) and N by titration method
following Allen et al. (1986).

Analysis of variance of data for all the parameters was
computed using COSTAT computer package (CoHort
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Software, Berkeley, USA). The least significant differences
between the mean values were calculated following
Snedecor and Cochran (1980).

Imposition of water stress for a period of 30-d had a
detrimental effect on shoot dry matter (Fig. 1). The shoot
dry matter of ICMV-94133 decreased with increase in
Ksupply under well-watered conditions, whereas in
WCA-78 it remained almost unaffected either under well
watered or water limiting conditions (Fig. 1). Plant height
of both lines was significantly reduced due to water
deficit but increased K supply did not show any
significant effect on plant height (Fig. 1). Thus the
increased supply of K to the medium of two pearl millet
lines did not prove to be beneficial in alleviating the
effect of drought on their growth. The reason could be the
adaptation of this crop to low nutrient content usually
encountered under water limiting conditions in dry lands
(Bidinger et al. 1987, Ashraf and Naz 1994, Van
Oosterom et al. 1995). Thus it is possible that the critical
and adequate contents of K for this crop may be much
lower than those for crops which are normally grown on
well-watered fertile soils.

Shoot N concentration in both lines was significantly
affected by water deficit but not by supra-optimal
contents of K (Fig. 1). However, in WCA-78 shoot N
increased consistently with increase in K supply under
water stress (Fig. 1). Such a positive association of shoot
N accumulation with external K supply has already been
found in a drought resistant grass, Dichanthium
annulatum (Ashraf and Naz 1994).

It has been reported that water deficit affects uptake
of nutrients by the roots and shoots. It has also been
reported that increasing supply of one cation in the
growth medium can decrease the content of other cations
in the plant. However, from the data for N accumulation,
it is clear that the effect of increasing K content in the
growth medium was non-significant on accumulation of
N in shoots of both lines of pearl millet under both weli-
watered and water deficit conditions, although
N accumulation in the shoots of both lines under water
deficit conditions ‘was higher as compared to that under
well watered conditions. In WCA-78, N accumulation
under water deficit conditions was considerably higher
than that in ICMV-94133. In general, high
N concentration in crop plants experiencing drought
stress was ascribed to the fast accumulation of free amino
acids that are not converted into proteins (Barnett and
Naylor 1966). It is also possible that the slow growth rate
of plants under water deficit stress prevents the dilution
effect of nutrients within the cells or tissues.

There was no significant effect of K supply or water
stress on P or Ca concentrations in shoots of both lines.
Only in WCA-78 shoot P concentrations slightly
increased with increasing K supply. The results are
parallel to those of Ashraf and Naz (1994) for
D. annulatum in which a positive relationship between
P accumulation and external K supply was found.



EFFECTS OF POTASSIUM ON GROWTH AND NUTRIENT CONTENTS

P accumulation was generally higher under water deficit
than at well watered conditions.

Potassium concentration in the shoots of drought
experiencing plants of both lines was significantly higher
than that of the well-watered plants, although lines did
not differ significantly (Fig. 1). Increase in shoot
K content due to drought stress has also been observed in
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wheat cultivars (Sinha 1978). Potassium is one of the
very mobile nutrients in plants. The uptake of water by
cells and tissues is frequently the consequence of active
K uptake (Lauchli and Pfliiger 1978) since this element
has been found indispensable for attaining optimum cell
pressure potential.

M 235.0 mg(K) kg™ soil
B3 352.5 mg(K) kg™ soil
470.0 mg(K) kg™ soil
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Fig. 1. Shoot dry mass, plant height, and concentrations of different nutrients in shoots of two lines of pearl millet when 19-d-old
plants were subjected for 30 d to different K supply under well watered (WW) or water-stressed (WS) conditions.

Although Ca mobility in plants is low, it plays a vital
role in many metabolic processes in addition to its
important role in maintenance of membrane stability and
permeability (Mengel and Kirkby 1987, Marschner
1995). However, in view of Loneragan and Snowball
(1969) Ca uptake appears mainly to be a passive and its
translocation is dependent on transpiration rate.
Nevertheless, Ca concentration in both watering regimes
remained unchanged (Fig. 1). There was a small increase
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