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ABSTRACT

Water deficit is one of the most important environmental factors affecting agricultural production
especially in rainfed cropping systems. To understand how morphological and physiological factors
interact, a study was conducted to assess the responses of leaf stomatal parameters to water
status and its relationship with chlorophyll content in False Horn plantain. Each plant was grown in
120 kg soil in bowls and subjected to varying watering regimes (10 ml, 15 ml, 20 ml, 25 ml, 30 ml
and control) without allowing natural rain into the bowls except the control. The result showed that
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False Horn plantain was sensitive to soil moisture stress; and this was reflected in changes in
reduced growth through reduced plant height. The study also showed a systematic growth of the
leaf with time. The patterns of leaf length growth remain similar under the different watering
regimes. There was a significant difference in the leaf growth between the control and the varying
amount of watering. The undulating pattern, however, showed that other factors could influence the
leaf length. The large leaf area used for transpiration in Apantu is likely to be affected by soil water
deficit. There was no correlation, however, between the leaf length to width ratio and the soil
moisture content. The study further revealed that leaf length and width in False Horn plantain
increases with growth, however, leaf sizes started to reduce when the plant approaches the flower
primordial stage of growth. Watering regime influenced stomatal opening and closure in False Horn
plantain and chlorophyll content. Leaf chlorophyll content was not highly influenced by the varying
watering regimes; indicating that the presence of laticifer cells may be a factor for water stress

tolerance in plantain.

Keywords: Plantain; physiology; stomata; water stress; chlorophyll content.

1. INTRODUCTION

Plantains are an important staple starch food and
cash crop in humid sub-Saharan Africa.
Plantains have been cultivated in the region over
centuries but there is little information on their
physiology and growth patterns. Knowledge on
plantain crop physiology and growth patterns is
important to establish the potential of the crop,
explore the possibility of extending the crop to
other areas and improve yields by resolving
major yield constraints.

Water deficit is one of the most important
environmental factors affecting agricultural
production especially in rain-fed cropping
systems. The consequences of water deficit
include its adverse effects on plant phenology,
development, assimilate partitioning, carbon
assimilation, growth, and plant reproduction
processes. Consequently, plant responses to
drought have been extensively investigated from
molecular, physiological, and whole plant to
ecosystem levels [1]. Physiological responses to
soil water deficit are the features that are most
likely to determine the response of a crop to
irrigation. Water stress could reduce leaf net
photosynthetic assimilation (A,) by both stomatal
and metabolic limitations [2,1,3,4]. Also, many
studies have reported that stomatal effects are
significant under moderate stresses, but
biochemical limitations are  quantitatively
important during leaf ageing or during severe
drought [5,6]. An early response to water deficit
in a plant is a reduction in leaf area and plant
growth, which allows plants to reduce their
transpiration, thus increasing water use
efficiencies (WUE) [7-9] and promoting
interspecific competition capacity under drought
[10].

Plants subjected to abiotic stress use various
defense mechanisms to cope with the stress. A
common strategy is the synthesis and
accumulation of osmoprotectants or compatible
solutes like proline, glycine betaine, polyamines
or trehalose. Tolerance to abiotic stresses can be
acquired by pre-treatment with such a protective
compound [11].

Several factors are known to influence stomatal
opening and closure. Notable among them are
light (intensity, duration and quality) internal
water status of the Ileaf, carbon dioxide
concentration of the surrounding air, and the leaf
temperature. Soil water deficit coupled with other
environmental factor create a complex
mechanism that is very difficult to understand
when not studied under control environment.
Also it becomes complex to interrelate all these
factors at the same time. Wind speed, soll
moisture, solar radiation leaf temperature and
relative humidity all contribute to influence the
physiological responses.

Plant stomata are crucial gateways between
plant and atmosphere and play a central role in
plant/vegetation responses to environmental
conditions. Several studies have been conducted
and continue to be conducted from molecular
and whole plant perspectives, as well as at
ecosystem and global levels [12,4,13]. Studies
carried out have shown stomatal density
responses to various environmental factors, such
as elevated CO, concentration [13], heat stress
[14], salt stress [15], drought [16,17,18],
precipitation change [19], and plant density [20].
Other studies have shown that water deficit leads
to an increase in stomatal density [21,22], and a
decrease in stomatal size [23,24,25] indicating
could influence adaptation of plant to drought



[23,25,26]. While studies have shown that some
selected abiotic factors influence physiological
responses, others like wind speed, relative
humidity, solar radiation, temperature and CO,
also play a significant role in shaping the
physiological responses.

Several authors have analyzed plant responses
to water deficit in relations to various plant traits.
While some authors related stress to stomatal
conductance [27] others linked responses to
photosynthesis [1]. Others also linked plant
responses to environmental factors as a type of
homeostasis [28]. A study showed that in some
plants, stomata on the same leaf may respond
homogeneously  for heterogeneously  to
environmental conditions [29,27,30,31]. This
behavior, named patchy stomatal closure, occurs
when stomata at different locations on the same
leaf show different responses to similar
perturbations [32,33,30,31]. Some plants are
known to rhythmically vary the width of the
stomatal pores, to control the flux of CO, and
H,O between the leaf and the surround air in
response to changes in environmental factors
[32,33]. Although the stomatal response to the
environment involves complex mechanisms
influenced by many factors, stomatal movements
appear to be governed by two principal control
circuits, one involving gradients of CO, and the
other involving gradients of H,O vapour [34].
Patchwise stomatal closure is especially
pronounced under stress situations, such as
water deficit [35,33]. According to Cardon [36],
during strong oscillatory behavior or even at a
steady-state stomatal conductance, a surprising
number of different behaviors in the dynamics of
the photosynthetic activity may be found.

Leaf morphological traits, including stomatal
density and distribution, and epidermal features
are known to affect gas exchange quite
remarkably and their relationships with key
environmental factors such as light, water status,
and CO, levels [13,12]. It is reported that
increasing the blue-light response of stomata
through red light is closely associated with guard
cell chloroplast activity [37,38,39], indicating
that leaf photosynthetic activity may involve

stomatal movement and development. The
balance  between carbon gain  through
photosynthesis and water loss through

transpiration was reported by lyyakkutty [40] to
also affect instantaneous water use efficiency
(WUE [37,38]. Unfortunately, how stomatal
density affects gas exchange has received little
attention over the years.
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Plantain as a giant monocot pose challenge to
physiologists to measure indicators of water
deficits, due to the presence of large air pockets
within the leaves, and laticifers containing latex
within the leaves, fruit, and corm that hinder the
use of standard methods of measuring water
relations [41]. Several methods have been used
to measure physiological indicators of response
[42,43,41]. However, none of these methods
have been accepted as the only standard to be
used, though [44] confirmed the reliability of
method by [42] that is dependent on the
refractive index of exuded latex. Although some
authors [44,42] used leaf folding as an indicator
of response to water deficit, in plantain under hot,
arid conditions, leaf folding is not considered to
be a reliable plant-based indicator of when to
irrigate [45]. While physiological mechanisms of
stomatal responses are complex and are not yet
fully understood, it is even worse with False horn
plantain as study describing how stomatal
parameters respond to different water stresses,
and their relationships with physiological
processes are limited. The purpose of this study
was to determine the stomatal response patterns
to different water status, and to develop the
relationship of stomatal parameters and
photosynthetic processes.

2. MATERIALS AND METHODS

The study was conducted at the Crops Research
Institute plantain orchard in Kumasi. The study
area is located on latitude 06° 42'740"N; and
longitude 001°31’ 827"W) with altitude of 300m
above sea level. The first set of experiments was
conducted between April 2013 and July 2013.
The experiments were repeated between April
2014 and July 2014.

Planting materials of (False Horn plantain AAB
subgroup) were generated using macro-
propagation technique [46]. Healthy seedlings of
uniform sizes with six leaves were selected and
used for the study. The plantain plants were
subjected to different water regimes for three
months. Each plant was grown in 120 kg of
sterile soil in large plastic bowls. The bases of
the bowls were perforated to avoid water logging.
The surfaces of the bowls were covered with
black polyethylene sheets to prevented external
rain water from entering. The soils were initially
soaked to field capacity at planting. The bowls
were then subjected to various water regimes- 10
ml, 15 ml, 20 ml, 25 ml, 30 ml per week. The
surfaces of the bowls with control plants were
uncovered to receive natural rain. Irrigation was



done with a large syringe through a pore at the
base of the pseudostem. Fertilizer (NPK) was
applied weekly at 15 g per plant. Fertilizer
application was at the time of watering.

Each treatment had 15 plants replicated four
times in a randomized complete block design
and repeated three times. The Data were taken
weekly from the first week to the 12" week on
leaf emergence, leaf length, leaf width petiole
length of fully opened new leaf. Plants were
released from the stress condition after the 12"
week. The plants were subjected to one month
water stress again from the 37" to the 42™
(flowering) leaf stage of growth. Data was
collected on the leaf length and leaf width. Data
was analysed wusing Analysis of variance
(ANOVA) (P=0.05).

2.1 Leaf Stomatal Density and Guard Cell
Size

The impression approach was used to determine
leaf stomatal density, which was expressed as
the number of stomata per unit leaf area [47].
The leaves selected were those for which
chlorophyll content was also measured. Micro-
morphological observations were carried out 12
weeks after planting using a digital microscope
(Amscope, USA). The stomatal density (SD)
stomatal length (SL) and stomatal width (SW)
were determined from the underside (abaxial
surface) of each leaf using prints made with nail
varnish. SL was measured between the junctions
of the guard cells at each end of the stoma as
defined by [48,49]. The SW was measured
perpendicularly to maximum width, which
represents the maximum potential opening of the
stomatal pore, but not the aperture of opening
that actually occurs. SD (number of stomata per
mm?) was determined as described by [47].
Stomatal surface (SS) stomatal shape coefficient
(SSC), potential conductance index (PCI) and
relative stomatal surface (RSS) was obtained
using equations 1 to 4 (equations from Wang
et al. [50] with some modifications).

SS = (SL * SW * ) /4 (1)
SSC = 100* SW/SL 2)
PCI = (SL)* * SD* 10™ (3)
RSS = SPS * SD * 100 (4)

The SL and SW values are measured as
micrometers (um), SS in (um)* and RSS in
percentages.,
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Stomatal conductance = (Stomatal aperture
length)® * Total stomatal density * 10 ™ [51].

The number of guard cells was estimated by
doubling the number of counted stomata in the
same leaf area [47]. Stomatal size was defined
as the length in micrometres between the
junctions of the guard cells at each end of the
stoma, and may indicate the maximum potential
opening of the stomatal pore, but not the
aperture of opening that actually occurs [48,49].

2.2 SPAD Value

Chlorophyll content was determined from intact
leaves using a chlorophyll meter (SPAD 502
Manitol) Reading of SPAD values was done on
weekly basis. Three measurements were made
per plant, three leaves were chosen from each
plant (lower, middle and upper leaves of a plant),
and three different regions of each leaf (middle
and two ends of leaf) were used for tests. The
chlorophyll meter was used to estimate the
nitrogen status of the crops. The instrument
measures transmission of red light at 650 nm, at
which chlorophyll absorbs light, and transmission
of infrared light at 940 nm, at which no
absorption occurs. One the basis of these two
transmission values the instrument calculates a
SPAD value that is quite well correlated with
chlorophyll content [52,53].

3. RESULTS AND DISCUSSION

The study area experiences bimodal rainy
season with the major rainy season starting from
March to July and the minor reason season from
September to November. Subjecting False Horn
plants to water stress affected physiological
morphological and biochemical processes. The
average temperature of the study area was 26
and the relative humidity was 82% (Table 1).

The  minimum  and maximum  annual
temperatures recorded during the period were
24C and 28° Crespectively (Table 1). The
lowest temperatures occurred in the months
between the major and the minor rainy seasons
(Table 1); whereas the maximum was observed
during the peak (February) of the dry season.
This deviates widely from the notion that April is
the hottest month in the middle belt of Ghana. In
April, the relative humidity is often high coupled
with the high temperature, the weather becomes
humid and hot; unlike in February when the
weather is dry hazy with the north-west westerly



winds. The lowest relative humidity was
recorded in the dry season (January). This is not
surprising as the weather is often dry and hazy in
January with the north-west westerly winds
bringing in a lot of dust from the Sahara desert. It
is interesting to observe the strongest winds
experienced in September and October.
However, the heaviest lodging in plantain is
experienced between March and April when the
rains are starting after a long drought. The
beginning of the rains comes along with strong
winds; and because the plants are dehydrated as
a result of the long drought there is severe
lodging.

Strong winds are known to cause stem and root
lodging in plantain but not at tender ages.
However, strong wind coupled with low relative
humidity could influence water loss from the
leaves; as these could influence stomatal
opening and closure to conserve water in the
tissues.

Water stress adversely affected plantain growth
and development. Leaf emergence was highly
influenced by water stress [41]. The control
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the other treatments (Table 2). Under 25 ml and
30 ml of water per week regimes, False Horn
produced one leaf in every seven days;
however, as the watering reduced, leaf
emergence was delayed to a leaf in 12 days.
Though there was no sign of dehydration of the
leaves, it was observed that leaf necrosis was
very high. The numbers reduced with time
especially after week three. This agrees with
Kallarackal, et al. [43] and Turner and Thomas
[41] that plantain response to water deficit by
stomatal closure and that as the soil water
decreases, the plants remain highly hydrated.
However, weekly leaf emergence is affected by
water stress. This prolongs the crop cycle. False
Horn plantain, as a determinate plant is expected
to produce a fixed number of leaves (about
42) leaves before flowering. Under
good irrigation conditions coupled with soil
nutrient flowering starts after six months and
harvesting at the ninth month. However, with new
leaf emergence at fortnightly intervals,
flowering would start after 12 months
and harvesting at the fifteenth month. This
situation would contribute to high cost of
production.

maintained regular leaf emergence compared to

Table 1. Mean of weather conditions at the experime  ntal location (2013-2014)

Month Temperature  Rainfall (mm) Relative Wind speed  Solar readiation
(©) humidity (%) (m/s) (W/mz)
January 26.5 8.0 56.6 0.7 155.8
February 28.1 17.8 65.8 0.9 165.3
March 27.2 82.4 815 1.0 172.5
April 27.0 152.6 80.9 0.9 185.9
May 26.4 169.4 87.2 0.7 162.1
June 25.7 199.2 89.1 0.9 1475
July 24.6 43.6 89.1 1.0 117.8
August 23.9 7.4 90.1 11 1015
September  23.7 255.4 90.1 128.9 121.4
October 24.7 215.2 90.1 139.4 154.9
November 26.2 414 85.2 0.6 156.0
December 25.9 40.8 80.1 0.6 149.1

Table 2. Analysis of variance of leaf emergence of  false horn plantain under water stress

Treatment Total n umber of leaves with time (weeks)

(ml) 1 2 3 4 5 6 7 8 9 10 11
Control 7.0 7.0 7.0 7.0 70 70 60 60 50 50 50
10 6.0 7.0 6.0 5.0 50 50 50 50 50 40 40
15 7.0 7.0 7.0 5.0 60 60 60 6.0 40 40 40
20 7.0 7.0 8.0 5.0 60 60 60 50 50 40 40
25 7.0 7.0 7.0 5.0 60 50 50 50 50 50 50
30 7.0 9.0 9.0 8.0 50 50 40 40 40 40 40
SE 0.4 0.4 0.4 0.5 04 05 03 04 05 03 04
CV% 5.7 5.1 6.7 9.5 68 74 59 7.0 104 6.0 101
LSD (p<0.05) 1.2 1.2 0.8 0.8 08 08 07 11 10 12 14




The sensitivity of False Horn plantain to soil
moisture stress is reflected in changes in
reduced growth through reduced plant height
(Table 3). There was a significant difference
(p<0.5) in plant height between the treatments
(Table 3). Soil water stress affected plant
growth. While plant height was increasing at a
weekly average rate of 57 cm in the
control, it was an average of 3.1 cm in the 10 ml,
29 cmin 15 ml, 3.1 cmin 20 ml, 3.3 cm in 25 ml
and 3.0 cm in 30 ml of water per week. The
results showed that False Horn plantains need
more than 30 ml of water per week to grow and
achieve its optimum potential. Though there was
no sign of dehydration in the pseudostem the
results showed that plantain has an internal
mechanism for water stress endurance. Growth
is determined by multiplication of cells and
expansion of cells, hence any environmental
factor that can hinder water loss can
influence growth. In their study, [43,41] reported
that, plantains are sensitive to soil
water deficits; expanding tissues such as
emerging leaves and growing fruit are among the
first to be affected. They also observed that as
the soil begins to dry, stomata close;
however, leaves remain highly hydrated. Turner,
[54] observed that stomatal closure under soil
water deficits conditions may likely be linked
to a signal from the roots rather than water deficit
in the leaves. In another experiment [55]
reported that drying part of root system of
banana had no effect on leaf water status but did
close the stomata. However, severing the roots
on the dry side caused the stomata to reopen.
These observations therefore support the view
that the roots produce a signal that is transported
to the leaves. This mechanism conserves the
plant's water, but reduces carbon assimilation
and productivity. The concept that plantains use
large amounts of water could not have a
strong physiological basis as the plants

Table 3. Analysis of variance of plant height of fa
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remain hydrated under severe soil moisture
deficit.

The new leaves produced continue to increase in
length with severe soil water deficit. There was a
significant difference between the control and the
treatments (Table 4). There was no significant
difference between in the leaf length between
treatments 10 ml, 15 ml, 20 ml and 25ml at week
4 (Table 4). This showed that other factors would
also be relevant to the growth of the plant. It is
observed that under thick and prolonged cloud
(about 2-6 weeks) plantains and banana cease
to growth. This has been a major challenge for
commercial banana growers in Ghana. It is
observed that during a period when day and
night temperature and almost the same, there is
lack of rains, but with high humidity and thick
cloud cover, fruits cease to grow irrespective of
the amount of water and nutrient applied. This
often occurs between March and April every year
in Ghana.

There was a significant difference in leaf width
between the control and the other treatments
from week one to week eleven (Table 6). Leaf
width experienced reduced rate of expansion
between week 3 to week 6 for all treatments. The
leaf surface area is the main photosynthetic
organ and reduction affects the photosynthetic
process of the plant. Plantain with broad leaf
surface and the large number of stomatal pores
would contribute to the physiological processes.
However, water stress is known to reduce
stomatal development, size and density; and
hence affect photosynthetic activities [39,56].
This could be attributed to other environmental
factors. The weather could be contributing to the
reduced growth. The high humidity, thick cloud
cover without rains and the narrow difference
between day and night temperatures could have
contributed to the reduced growth as
photosynthesis ceases.

Ise horn plantain under water stress

Treatment Plant height (cm) with time (weeks)

(ml) 1 2 3 4 5 6 7 8 9 10 11
Control 220 230 320 360 39.0 470 600 630 650 660 79
10 170 200 243 278 28.8 333 423 430 437 437 485
15 181 199 248 275 29.0 298 372 438 442 445 455
20 156 19.7 258 29.2 30.8 333 428 428 46.2 465 503
25 18.0 212 287 313 337 347 417 425 450 478 518
30 189 216 268 269 289 317 375 389 421 439 4438
SE 228 232 308 274 289 125 166 139 155 143 271
CV% 6.0 4.9 35 2.6 2.6 3.6 3.8 3.0 3.3 3.0 5.1
LSD (p<0.05) 349 471 471 420 442 511 746 835 8.70 892 1248
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Table 4. Analysis of variance of leaf length of fal

se horn plantain under water stress

Treatment Leaf length (cm) with time (weeks)

(ml) 1 2 3 4 5 6 7 8 9 10 11
Control 250 280 440 46.0 470 510 640 680 650 71.0 720
10 201 218 313 340 352 348 418 445 478 470 515
15 209 209 292 340 355 36.0 43.0 438 409 46.0 49.0
20 199 200 322 355 370 393 483 513 513 538 572
25 202 229 323 342 380 378 463 478 477 505 537
30 210 236 325 378 373 387 439 528 426 519 522
SE 137 309 054 093 082 034 122 158 182 1.2 14
CV% 6.5 3.7 1.6 25 2.2 09 26 3.1 3.7 2.3 2.6
LSD (p<0.05) 2.7 4.7 7.5 6.2 5.8 52 6.8 7.6 8.8 7.0 8.2

Table 5. Leaf length-width ratio of false horn plan

tain under varying water regimes

Watering regimes (ml) Mean leaf length (cm)

Mean leaf width (cm) Leaf length: Width

and SD and SD ratio

10 51.9+4 30.2+6 1.7
15 42.245 21.9+7 1.9
20 55.8+7 32.1+4 1.7
25 63.415 35.1+6 1.8
30 53.5+4 31.4+43 1.7
Control 71.7+10 38.2+8 1.9
LSD (p <0.05) 5.5 2.4

Table 6. Analysis of variance of leaf width of fals

e horn plantain under varying water regimes

Treatment Leaf width (cm) with time (week)

(ml) 1 2 3 4 5 6 7 8 9 10 11
Control 13.0 140 23.0 250 220 280 340 380 680 40.0 390
10 8.2 9.2 140 153 154 169 222 237 27.7 258 28.0
15 8.9 9.6 128 153 150 156 228 243 248 233 274
20 9.0 10.0 145 164 176 186 247 278 288 299 31.0
25 9.6 115 143 148 173 187 283 248 440 26.3 29.2
30 106 120 146 176 20.0 207 251 278 539 29.6 29.9
SE 0.7 0.6 0.7 0.8 0.5 07 26 1.6 2.3 13 11
CV% 7.0 5.2 4.7 4.7 2.8 37 99 5.7 5.6 44 35
LSD (p<0.05) 1.8 3.1 3.8 4.4 3.8 36 6.7 5.1 8.1 58 54

Petiole length was not significantly influenced by
soil water stress (Table 7). However, there was a
reduction growth between weeks 3 and 6 as a
result of other weather conditions. The control
however, had a frog leap in length after week 10.
The length of the petiole has an influence the leaf
lamina as it the base that holds the lamina and
exposes to the sun. The length would contribute
to the orientation of the lamina for effective
photosynthesis.

The study showed a systematic growth of the
leaf with time (Table 5). However, the pattern of
the leaf length shows moderately undulating
patterns. The patterns of leaf length growth
remain similar under the different watering
regimes (Table 5). There was a significant

difference between the control and the varying
amount of water application. The undulating
pattern, however, showed that other factors
could influence the leaf length growth. The large
leaf area used for transpiration in False Horn is
likely to be affected by soil water deficit. The
large leaf surface area coupled with the long crop
cycle under rain-fed conditions, False Horn
plantain must therefore develop an appropriate
mechanism for withstand soil water deficit.

There was no significant difference between the
leaf length to width ratio and the soil moisture
content. There was no correlation between
watering regimes and the leaf length: leaf width
ratio. This could be linked to the study by Turner
and Thomas [41] in which they stated that plants



remain hydrated under severe soil moisture
deficit. Thus water-use efficiency in plantain
could come from a closer match between plant
water use and the amount of water applied.

False Horn produces on the average 42 leaves
before flowering. It was observed that leaf length
and width in False Horn plantain increases with
growth, however, these features start to reduce
when the plant approaches the flower primordial
stage of growth (Table 8). Leaf length and width
reduction starts from 39" leaf to the 42™ (flag
leaf). The leaf length: width ratio did not change
much with growth (Table 8) when the plants were
subjected to water stress for one month before
flowering.

Under the control experiment, the leaf length and
width also reduces as the plant approached the
flower primordial stage of growth (Table 9).

Table 7. Analysis of variance of petiole length of
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However, there was no difference between the
leaf length: width ratio during growth and
development. The reduction in leaf length and
width  proportionately could be an innate
characteristic of the crop. It showed that ripeness
to flower primordial initiation results in energy
storage hence reduction in vegetative growth.

The study revealed a homogeneous closure of
stomata in response soil water deficit in False
Horn. However, under severe soil moisture
deficit, stomata closure is pronounced (Plate 1a).

The water regime influenced stomatal opening
and closure. Under the 10ml of water per week
regime, the stoma closes as compared to 20ml
and the control (Plates 1, 2 and 4). Soil water
deficit is known to reduce stomatal conductance
and leaf size [43] increased leaf senescence
[54].

false horn plantain under water stress

Treatment Petiole length (cm) with time (week)

(ml) 1 2 3 4 5 6 7 8 9 10 11

Control 3.8 5.0 5.0 5.2 5.7 8.0 8.7 103 9.0 102 142
10 3.0 45 4.1 4.1 3.8 5.5 6.5 6.8 7.2 7.6 7.5
15 34 35 4.1 4.3 4.4 4.7 6.5 6.5 7.0 7.1 7.1
20 3.3 3.9 4.3 4.6 4.3 6.2 6.8 7.0 7.8 8.1 8.0
25 34 4.8 4.2 4.1 5.5 5.5 7.5 7.0 7.5 6.8 9.4
30 3.9 4.2 4.1 4.1 4.6 4.7 6.3 7.0 7.2 7.0 7.4
SE 0.2 0.2 0.3 0.2 0.3 0.5 0.5 0.3 0.4 0.5 0.5
CV (%) 6.2 3.9 6.5 5.2 7.1 9.3 6.6 4.1 4.7 6.9 5.9
LSD (p<0.05) 1.0 0.8 0.8 0.5 0.7 0.9 1.3 11 1.0 1.2 2.1

Table 8. Flower primordial growth stage leaf length

-width ratio of false horn plantain under

water stress

Leaf number Mean leaf length (cm)

Mean leaf width (cm) Leaf length: Width

and SD and SD ratio
37" 189+14 82+12 2.3
38" 171411 70+13 2.4
39th 153+14 61+11 2.5
40" 142411 57+16 2.4
41 118+12 49+10 2.4
LSD (p< 0.05) 6.0 7.0

Table 9. Flower primordial growth stage leaf length

: Width ratio of false horn plantain under

well watering regime

Leaf number Mean leaf length (cm) with SD Mean leaf width ( cm) with Leaf length:
SD width ratio

37" 194412 86+19 2.3

38" 187+14 77413 2.4

39" 163+18 68+16 2.4

40" 142+16 60+14 2.4

41° 120+19 51+11 2.4

LSD (p< 0.05) 5.6 4.7




Dzomeku et al.; IJPSS, 12(2): 1-14, 2016; Article no.IJPSS.25101

Plate 1. (a) Stomatal shape under 10 ml water
regime

Plate 2. (b) Stomatal shape under 20 ml water
regime

Plate 3. Stomatal shape under 30 ml water
regime

Plate 5. Stomatal shape under 15 ml water
regime

Plantains (Musa spp.) rarely attain their full
genetic potential for yield due to limitations
imposed by abiotic factors which limit the plant’s
photosynthesis. Plantains are reported to be

Plate 4. Stomatal shape under the
control

particularly sensitive to changes in the
environment [57]. This thus affect the productivity
of the crop because there is often early closure
of stomata to conserve water and hence affect
photosynthetic activities.

Leaf folding is on characteristic feature of plants
to response to water deficit. Leaf folding results
in reduction in surface area. In their study soil
water deficit and banana responses, [41]
reported that there was a link between leaf
folding and water deficit. In another study Lu
et al. [58] did not find any link between leaf
folding and soil water deficit as they compared
sap flow system with gravimetric system to
measure drought resistance in banana. In this
leaf folding was not observed as a characteristic
in response to water deficit. It was observed that
leaves of False Horn plantain remained hydrated
throughout. Leaf drying and delayed leaf
emergence were rather observed during the
experimental period.



Table 10. Changes in guard cell length, stomatal density and

Dzomeku et al.; IJPSS, 12(2): 1-14, 2016; Article no.lJPSS.25101

potential conductance index of

false horn plantain with varying water regimes

Watering regimes  Guard cell length

Stomatal density

Potential Conductance Index

(um) with SD (count/mm %) with SD  (PCI) with SD

10 ml 151.4+0.6 464+0.8 106.4+0.5

15 ml 225.0+0.4 352+0.5 178.2+0.3

20 ml 167.3+0.6 304+0.3 85.1+0.4

25 ml 178.240.3 320+0.6 85.1+ 0.6

30 ml 209.7+0.4 304+0.2 63.5+0.5
Control 155.2+0.3 304+0.8 85.1+0.4

LSD (p< 0.05) 5.3 2.7 54

Table 11. Analysis of variance of SPAD chlorophyll
routine application of water

conductance of false horn plantain before

Treatment Chlorophyll conductance with time (Week)

(ml) 1 2 3 4 5 6 7 8 9 10 11

Control 49.7 493 325 452 447 495 501 427 436 46.8 455
10 428 511 450 449 457 536 536 516 485 49.1 499
15 413 493 447 556 464 527 535 593 558 496 46.4
20 449 487 438 491 455 516 503 454 47.0 449 423
25 480 508 41.8 466 451 496 48.6 46.6 485 476 447
30 50.3 479 365 422 49.7 506 604 416 386 421 453
SE 1.7 1.7 3.4 1.9 23 33 34 5.7 3.7 31 14

CV (%) 3.7 34 8.4 3.9 56 6.3 6.5 120 78 65 3.0

LSD (p,0.05) 6.0 5.6 6.9 9.0 49 6.1 6.7 153 85 84 6.2

All the plants recovered after three months of
water stress. The result therefore showed that
water stress at early stages of growth has little
influence on the final growth and yield of crops
with long gestation.

Table 12. Stomatal conductance index (PCI)
of false horn plantain under varying watering

Watering Stomatal Stomatal PCI

regime density length

(ml) (um)

10 464+8 151.4+6 106.4

15 352+7 225.0+8 178.4

20 30418 167.345 85.1

25 30416 178.3+7 85.1

30 32045 209.7+6 63.5

Control 304+7 141.049 85.1
P<0.05

The chlorophyll content did not show any
significant trend in response to watering regime.
The chlorophyll content showed undulating
characteristics indicating that there was no
relationship between soil moisture stress and
chlorophyll content. Studies showed that the
presence of large air pockets within the leaves,
and laticifers containing latex within the leaves,
fruit, and corm that hinder the use of standard
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methods of measuring water relations [41]. This
peculiar characteristic of plantains and bananas
make them adjust quickly to water stress without
showing significant physiological changes. In a
study with two tobacco species, there was a
significant relationship between the heavy metal
concentration and stomatal parameters [29].

Stomatal conductance is linked to stomatal
density and guard cell length. The study has not
shown any straightforward link between water
deficit and physiological responses with growth in
False Horn (Table 12). There was no correlation
between stomatal density and length stomatal
conductance index (PCIl) in False Horn. It is
known that stoamtal densities and stomatal
lengths have a correlation with stomatal
conductance index [51]. These parameters are
also influenced by water stress; however, in
some plants like plantain the presence of large
air pockets within the leaves, and laticifers
containing latex within the leaves, fruit, and corm
influence physiological responses. Stomatal
conductance is known to be a function of
stomatal density, size and the degree of opening
of the stomatal pores [59]. However, in their
study, Lawson and Blatt, [59] reported that
stomatal density and size can be negatively
correlated as the stomatal opening is induced by
abiotic factors.



Variation in the abiotic factors (water,
temperature, light, wind speed and CO,) affect
stomatal aperture within minutes and can also
induce long term changes in stomatal density,
hence determine the limits for maximum stomatal
conductance [60].

The world-wide water shortage and uneven
distribution of rainfall as a result of climate
variability makes drought resistance important
factor to consider in physiological studies. The
physiological changes within leaves such as
changes in stomatal aperture or leaf folding or
leaf elongation in response to soil water deficit
did not correspond with changes in leaf water
status measured. False Horn plantain
productivity is greatly affected by environmental
stresses such as drought, however, the crop
responds and adaption to these stresses to
survive could be at the molecular and cellular
levels as well as at the physiological and
biochemical levels.

4. CONCLUSION

The False Horn plant was sensitive to soil
moisture stress. This was reflected in reduced
growth through reduced plant height. Response
to water stress reflects equally on the leaf length
and width hence the leaf length: Leaf width ratio.
The study has shown that False Horn plantain for
that matter plantain genotypes have different
inbuilt mechanisms for resistance to drought
stress. Physiological responses of plantain to
stress require that each parameter be studied
under control environment without other having
influence.
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