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ABSTRACT

In this research the cell membrane stability (CMS), relative water content (RWC) and effect of
different water interval on Cymbopogon citratus (lemon grass) was assessed. The cell membrane
stability and relative water content of the plant shows the physiological activity of the plant. The
plant sample was subjected to three different watering regimes viz: one, two- and three-days
intervals with a control sample irrigated daily for a period of twelve months. Uniform stalk of lemon
grass plants were planted into a depth of 7.5 cm composted soil, each treatment was made in
triplicate. The evaluated growth parameters where height of the plant, number of leaves and tillers,
which were taken weekly for period of twelve months (year). The height shows a significant
difference from first to twelfth month after planting. The height of the plant increases simultaneous
with the age of the plant. First month after planting show significant difference in height of sample
watered daily and treated samples. The results shows that the RWC (07.14%) and CMS (52.58%)
was low in samples under water stress respectively when compared to well-watered samples
(55.41%). No significant difference was observed between samples under one, two and three days
interval. The number of leaves differs significantly in the first MAP except in the samples watered
daily and three days interval. Maximum number of leaves was achieved at twelfth MAP under one
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compared to the remaining treatment.

day interval (137.33) followed by samples watered daily (126) and two days interval, while three
days interval has the least number of leaves (leaf number). The number of tillers shows significant
differences between the means at fifth and sixth MAP, (fifth MAP = 73.33 and sixth MAP = 126)
and the treatments under one day intervals (fifth MAP = 18.33 and sixth MAP = 35.67). In the
research, samples watered daily and under one day intervals shows high productivity when

Keywords: Cymbopogon citrates; Month after Planting (MAP); Cell Membrane Stability (CMS);
Relative Water Content (RWC); irrigation frequency.

1. INTRODUCTION

Drought leads to drastic lowering of water table
in the vulnerable areas. It is identified among the
major environmental problems faced in northern
part of Nigeria. According to Ogundele [1] and
Obi [2], the livelihoods in the affected area in this
sub-region are heavily dependent on soil, water
resources and part of vegetation resources.
Mostly are affected with drought and human
activities such as overgrazing, mono-cropping,
lack or shortage of soil nutrients or manure. It
affected the natural ecological equilibrium of the
drought affected area. Variation in climate
especially precipitation and temperature are

major determining factors influencing
desertification and drought in  Northern
Nigeria [2].

Global change in climatic conditions is one of the
key factors responsible for increased drought
coupled with increase population has lead to high
demands for food production and energy which
ultimately result to the abandoning of some
economically important plants. Unfortunately,
availability of water is a major environmental
constraint faced in most communities of arid and
Sudan savanna and most of the crops basically
need water for their normal physiological
activities for normal growth and productivity. This
results to irrigation farming of ornamental and
economic important plants in the area. Ildea
about the basic requirement of watering regime
is not clear.

Grass can be grown and harvested on a
marginal land, away from areas suitable for food
crop [3]. They are one of the largest groups in
plant kingdom. Dominating almost all available
terrestrial ecosystems. The advantage of using
grass crops is that they can grow on marginal
lands (soils that can be in bad physical condition
or which suffer from salt stress) [4]. Lemon grass
is a turfted or compacted perennial crop having a
characteristic scent of lemon with so many
medicinal potential and economic values [5]. It is

used as a culinary in Asia countries and as insect
repellents [3]. The aim of this research is to
determine effect of different irrigation frequency
of Cymbopogon citratus (Lemon grass). The
objectives are to assess the effect of three
watering regimes (one-, two- and three-days
interval) on the growth parameters (leaf and
tillers number) and productivity of C. citratus
(Lemon grass).

2. MATERIALS AND METHODS
2.1 Study Area

The study was conducted within the premises of
the Main campus, Usmanu Danfodiyo University,
Sokoto (13°06’- 13°08’ N, 5°11’- 5°12" E and
350 m above sea level. It has about 70-125 days
of rainy season and the rest as long dry season
of the year [6]. Annual rainfall is not only variable
and unreliable, but a mere fraction of the
potential evapo-transpiration. The mean annual
rainfall is 700 mm per annum, falling between the
months of June and October. The harmattan
season stretches from November to March, with
dry and dust laden wind [6].

Sokoto state has a maximum temperature of
45°C and minimum of 10°C in April and January
respectively. Temperatures are variable during
the dry and rainy season. The minimum
temperature range is 10-23°C and the maximum
is between 33°C-45°C. Annual average
temperature has a minimum of 22.90°C and a
maximum of 35.98°C. Relative humidity
during the rainy season is between 52% -
56% and below 28% in the dry season (SERC,
2016).

2.2 Samples Collection

Thirty pieces of 15 cm vegetative stalk of lemon
grass were obtained by cutting the stalk with
blade from different plants. The species were
authenticated by comparison with preserved
specimen in the University Herbarium (Usmanu
Danfodiyo University, Sokoto).
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2.3 Grass Cultivation and Induction of

Water Stress

Stalks of lemon grass were planted directly into a
depth of 7.5 cm in plastic pots with an area of
12.57 cm? containing composted garden soil. It
was then watered for a period of one week to
acclimatize before imposing the treatments.

2.4 Induction of Irrigation Frequency

After two weeks of transplanting, irrigation
frequency was imposed by reducing the amount
of irrigation water per pot and irrigation frequency
per week. Three watering regimes were
constituted and the plants therefore formed into
three groups. The first group was watered after
three (3) days, the second group was watered
after two (2) days and the third group was
watered after one day interval. All with one litre
per irrigation event. Each group was replicated
three (3) times. This gives a total of three
experimental set-ups by three replications by

three plants.
2.5 Growth Evaluation

The growth of the C. citratus was evaluated each
week, for a period when the plants are expected
to reach vegetative growth. The evaluated
growth parameters are plant height (cm), number
of leaves and tillers per plant.

2.6 Assessment of
Properties of C. citrates

Physiological

The physiological properties of the grasses (C.
citratus) assessed are the relative water content
(RWC) and cell membrane stability (CMS) as
follows:

2.7 Relative Water Content of the Plant
(RWC)

Leaf samples were detached from the main plant
and immediately weighed to determine the fresh
weight (FW). Samples were placed into covered
petri dishes filled with water for the leaves to
reach full hydration. After approximately 24 hours
in a freezer under 4°C leaf samples were blotted
dry with paper towels and weighed to determine
turgid weight (TW). Leaf tissues were then dried
in an oven at 80°C for 48 hours to determine dry
weight (DW). Leaf RWC was calculated as: (FW-
DW)/(TW-DW) x100 [7].

2.8 Cell Membrane Stability

The cell membrane stability was assessed by
measuring the electrolyte linkage for ten seconds
for each of the treatment (well-watered and
stressed samples). Exactly 0.5 cm long leaves of
each of the treatment were incubated in 5 ml
distilled deionized water, it was then placed on a
shaker for 24 hours. The conductance of the
incubation solution was measured as the initial
electrolyte leakage (C;) using a conductance
meter. Leaf tissue in the solution was autoclaved
at 120°C for 30 minutes in order to kill the leaf
tissue. The conductance of the incubated
solution of the autoclaved tissues samples (Cax)
was determined following 24 h incubation on a
shaker with Slight Modification of [7,8]. Relatively
electrolyte conductance was calculated as
(Ci/Cmax) x 100 [7,8].

Data

2.9 Experimental and

Analysis

Design

Complete Randomized Design (CRD) was used
for the experimental design. The data obtained
were subjected to Analysis of Variance (ANOVA)
and means that are significant were
separated using Duncan at 5% level of
significance.

3. RESULTS AND DISCUSSION

Relative water content and membrane stability in
Table 1 shows the physiological activities of the
grasses. The result shows 90% relative water
content in all the well-watered samples of C.
citratus. Water stress affects the growth
activities, number of leaves and tillers of C.
citratus. This is in agreement with [9]
observations that water stress has an adverse
effect on main aspect of plant physiology,
especially photosynthetic capacity. If the stress is
prolonged the plant growth and productivity are
negatively affected. This determines the
development of plants, increase survivability and
growth. Although, [10,11] pointed out that plant
developed various mechanisms to reduce their
consumption of resources and adjust their growth
to adverse environmental conditions.

Mahmoodian [12] reported plant performance
under water stress affecting various physiological
processes associated with growth, development
and economic yield of a crop [13]. Water deficits
disturb normal turgor pressure and the loss of
cell turgidity may stop cell enlargement that
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causes reduced plant growth. It decreases leaf
area index. Economic important crops such as
maize, wheat, rice barley belonging to
poeacea family and other food crops are

affected by changes in water potentials at
important stages [14]. In the field water deficits
do not act alone, but also with high
temperature and high light stressed [15].
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Fig. 1. Effect of different irrigation frequency on the height of C. citratus
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Fig. 2. Effect of different irrigation frequency on the leaves of C. citratus



Maishanu and Rabe; ARRB, 33(2): 1-7, 2019; Article no.ARRB.51483

180 1 =i—1day
interval
160 1 2 days : : : : : :
interval
140 - =>¢=3 days
interval
» 120 == Daily interval
K]
< 100
kS
()]
Qo
g 80
>
2
60
40
20
O T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12
Months
Fig. 3. Effect of different irrigation intervals on the tillers of C. citrates
Table 1. Physiological properties of C. citrates
S/No Treatment Relative water content (%) Cell membrane stability (%)
1 Well watered 90.00° 55.41°
2 Water stressed 07.14° 52.58°

Means followed by different super script in the same column are significantly different (P<0.05) using one-way
ANOVA

C. citratus which was transplanted, tend to
acclimatized to the environment in the first week
of planting. In the second week, the emergence
of leaves from the stalk was noted. Looking at
the stage of grass growth, three main stages
were observed. The first stage shows a
vegetative stage and second stage transition
stage [16]. In the vegetative stage, favourable
environmental condition plays an important part
on the growth of the plant species. But in this
research, different watering regime (water stress)
was taken into consideration for the growth
tolerance of the plant; samples irrigated daily
shows fastest vegetative growth in the first three
month of planting. This is in line with the rules of
growth as described by Singh et al. [16] and
Rabe et al. [17], who stated that during lag phase
or second phase of growth, the growth rate is
faster. Samples watered after two days and one
day interval shows slight significant differences at
all stages.

Water frequency has effect on the leaves
productivity, as the water supplies is frequently
adequate, the number of leaves produce tend to
increase. The increase in the number of leaves
determines the physiological activities of the
species. Despite all other factors, water plays a
greater role in activities such as food synthesis or
production in the process of photosynthesis. The
results obtained, during the first period of growth
under all the watering regimes shows that the
growth rate is slow with certain fluctuation in the
number of leaves, this happens as a results of
stress that happens at certain interval of growth
as indicated in Figs 1, 2 and 3. During the period
the number of leaves decreases within fourth and
sixth MAP. This could be due to high intensity of
light and temperature which resulted in high
photosynthetic activity and evapo-transpiration
within the plant samples. However, for the
process to take place water is needed and the
water level is lower than the basic requirements
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of the plant species. The water requirement in
well watered sample is sufficient enough for the
plant to carry out its physiological activities.
These resulted in growth and productivity with an
increase in leaf number. Moreover, due to
sufficient water requirement of the sample
irrigated daily, the highest number of leaves was
obtained within sixth MAP. While water stress
effect the number and vegetative growth of the
leaves under two days intervals, extending
longer than samples irrigated daily for a period of
three month.

It was observed that in the beginning of fifth
month, the grass samples watered after
three-day intervals could not tolerate water
stress; therefore, tend to wither in order to
reduce loss of water to the environment because
of the high temperature (43°C), this is in
agreement with observation of Chaves et al. [15]
and Rabe et al. [17]. Although, all watering
regimes, except for three-day interval, have high
leaves production. This is an indication of
efficient  photosynthetic and  physiological
activities occurring within the grass samples (C.
citratus). On the other hand, it is also in line with
[18] findings which show that long term water
stress effects on metabolic reactions are
associated with plant growth stage, water
storage capacity of soil and physiological aspects
of plant.

According to Rabe et al. [17], plant stress is
impaired by severe drought stress due to a
decrease in stomatal opening which limits carbon
dioxides uptake and hence reduces
photosynthetic activity. Plant growth was
anchored by photosynthesis; however, excess
light can cause severe damage to plants. Excess
light induces photo-oxidation, which leads to
increase production of highly reactive oxygen
intermediates that negatively affect biological
molecules, and if severe, a significant decrease
in plant productivity [19]. Water stress is
controlled by complex regulatory events such as
Abscisic acids and activities of transcript factor
that regulates the opening and closing of the
stomata which enables the plants to adapt and
survive [17].

The Agricultural productivity is affected by water
deficiency in term of plant growth, life cycle and
biomass accumulation. This result to reduction of
rate of cell division, expansion, leaf size, stem
elongation, root proliferation, disturbed stomata
oscillations, plant water and nutrient relations
with diminished crop productivity and water use
efficiency [20].

4. CONCLUSION

In this research, samples irrigated daily yielded
more followed by samples irrigated after one day
and two days intervals. While samples under
three days intervals couldn’t sustain water stress.
The yield and productivity of the grass samples
tested was higher under samples irrigated daily
and one day interval. Lemon grass being
perennial plants, the seeds and inflorescent was
not achieved in this research within the period of
studies. Watering regime of two-day interval
should be considered instead of one day interval.
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