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Article Info Abstract
Keywords: Tomato, water stress, organic Despite the importance of tomato in human nutrition, occurrence
mulch, stress alleviation, proximate of drought stress constitutes a major bane to its bountiful
composition, growth and yield production. Therefore, this experiment was conducted to
determine the effectiveness of organic mulch in improving growth,
Received 09 May 2022 yield and quality of water stressed tomato. The experiment was
Revised 23 May 2022 laid out in randomized complete block design (RCBD) with three
Accepted 29 May 2022 replications. The six treatments used in the experiment were
Available online 10 June 2022 normal irrigation with zero mulch, drought stress with zero mulch
and drought stress with mulch at the rates of 10tons/ha, 15tons/ha,
d g Crossref 20tons/ha and 25tons/ha. The organic mulch material used was
maize husk and the tomato variety tested was Platinum 107 F1.

Water deficit treatment was imposed at flowering stage (five weeks
after transplanting (5WAT)) by applying 50% field capacity as
https://nipesjournals.org.ng irrigation water. Data were collected on plant height, number of
© 2022 NIPES Pub. All rights reserved leaves per plant, number of branches per plant, number of flowers
per plant and mass of fruit yield per plant. Furthermore, leaf
proximate compositions (crude fat, crude protein, crude fibre, ash
content and dry matter) and leaf chlorophyll content were
determined. All the data collected were subjected to analysis of
variance (ANOVA) and significant means were separated using
least significant difference (LSD) at 5% probability level. Results
from this research work showed that stressed plants without mulch
application had a drastic reduction in all the measured
parameters. The plants subjected to drought and treated with
20tons/ha mulch showed higher plant height, number of branches
and yield as well as chlorophyll, fiber and ash content compared
to the plants treated with 10tons/ha, 15tons/ha and 25t/ha mulch.
It is, therefore, concluded that 20tons/ha mulch be used for
alleviating drought stress condition in Platinum 107 F1 tomato
variety in the study area when all the conditions in this research
are maintained.

https://doi.org/10.37933/nipes.e/4.2.2022.23

1. Introduction

Tomato is sensitive to water scarcity and requires abundance of water for vegetative and
reproductive growth, especially flowering and fruit enlargement stage [1]. Stress is an adverse
condition in which plant is influenced by external factors such as low and abundant water, high and
low temperature, light which exert a disadvantageous effect. In water stress condition tomato crop
is affected in various ways such as reduced growth and leaf surface area, flower shedding, mineral
deficiency due to lack of absorption, reduction in fruit size, fruit splitting, puffiness and many
physiological disorders related to calcium deficiency such as blossom end rot (BER), poor seed
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viability and so on[2].There are many factors which affect the impact of drought on plants such as
environmental and genotypic interaction, timing, severity and duration of water stress condition.
Water availability is the key factor for dry matter production in plant. Low water availability
decreases water and nutrient uptake, photosynthetic rate and translocation of photo assimilates. An
experiment conducted by Nahar et al. [3] with four tomato genotype showed reduction in dry matter
production under water deficit condition.

Effect of mulching on conserving moisture and increasing productivity of crops had been reported
in maize [4], wheat [5], vegetables [6] and other crops [7] as well as bare fields [8]. Mulch has the
potential to control weed growth [9] and retain soil moisture [10]. Research results have strongly
established that the conserved moisture through mulching have been very effective to plants during
stress.

Mulch has a great role in soil moisture conservation through modification of microclimatic soil
conditions. It helps to prevent weed growth, reduce evaporation, and increase infiltration of rain
water during growing season [11]. Different research result showed mulch increase soil moisture
through increasing infiltration, reducing evaporation, and modifying water retention capacity of the
soil [12] Water holding capacity of the soil improved through mulch decomposition and humus
formation [12]. In aqua crop water productivity model by Raes et al. [13], soil evaporation reduction
by 50% was modeled with 100 percent cover of the soil by organic mulch. This is in line with
Hatfield et al. [14] who also reported a 34—50 percent reduction in soil water evaporation as a result
of crop residue mulching.

Mulch plays an important role to regulate soil temperature, conserve moisture, restrict evaporation
losses, and suppress weed growth, reducing the number of dirty and diseased berries [15], enhancing
nutrient uptake, and improving water use efficiency and yield [16]. Mulching technique increases
the vegetative growth, flowering of plants, yield, and quality of strawberry [17] and creates loose
soil surface that increases the total intake of water and reduces surface runoff [18]. Kirnak et al. [19]
found that mulching can mitigate negative effects of water stress on the plant growth and fruit yield
of strawberry under the field grown condition especially in semiarid regions. Root zone
temperatures play an important role in plant growth and development through the uptake of water
and nutrients by roots. Pandey et al. [20] found beneficial effects of mulching on root zone
temperature which were reflected in an increased number of fruits and fruit size. He recommended
mulch for effective root zone temperature, weed control, and moisture regulation to grow
strawberry. Mulches were found to act as a barrier to the action of rainfall that compacts soil thereby
reduce soil erosion by water and inhibits weed growth. Black plastic significantly enhanced root
growth and facilitated higher nutrient uptake thereby promoted growth and development of plants
[16]. The application of organic mulches as a soil cover is effective in improving the quality of soil
and increasing crop yield, especially in organic farming. Mulching is an effective method in
manipulating crop growing environment to increase yield and improve product quality by
controlling weeds, ameliorating soil temperature, conserving soil moisture, reducing soil erosion,
improving soil structure and enhancing organic matter content [21].

The objective of this work was to determine the effectiveness organic mulch in improving growth,
yield and quality traits of water-stressed tomato

2. Methodology

2.1. Site description

The experiment was conducted at the pavilion of the Department of Agronomy, Faculty of
Agriculture, University of llorin, Kwara State in the Southern Guinea savanna agro ecological zone
of Nigeria. The site was located at latitude 8°29°N, Longitude 4°35’E using the global positioning
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station. The annual rainfall in llorin is between 1000-1240mm with mean temperature range of 19°C
—33°C. The study was carried out between November 2018 and April 2019.

Raising of Seedlings and Transplanting

Seeds of tomato of variety Platinum 701 F1 were obtained from an agro-chemical shop in llorin,
Kwara State. The seedlings of the seeds were raised for a month in a nursery using a wide plastic
container filled with soil in the same pavilion. The seedlings were transplanted four weeks after
sowing to 7liter pots filled with 10kg of air dried soil. That was free of gravel and non-biodegradable
materials. There were three plants per pot. The pots were perforated for removal of gravitational
water. The transplanted tomatoes were watered till 80% flowering stage before commencing water-
deficit treatment.

2.2. Experimental Design, Treatments and Cultural Practices

The experiment was laid out in randomized complete block design (RCBD) with three replications.
There were six treatments in the experiment to have a total of eighteen experimental pots. The
treatments were normal irrigation with no mulch, drought stress without mulch, drought stress with
mulch application at the rates of 10tha, 15tha™, 20tha and 25tha™’. The organic mulch material
used was maize husk and the tomato variety planted was Platinum 107 F1. Water deficit treatment
was imposed at flowering stage (five weeks after transplanting (SWAT)) by applying 50% field
capacity as irrigation water.

Plants were irrigated on daily basis till the time of imposition of water-deficit stress. The
experimental pots were kept weed-free from the beginning to the end of the experiment using hand
pulling.

2.3. Data collection

At maturity after stress imposition and alleviation, data were collected on plant height (measured
from the base of the plant to the apex of the topmost leaf), number of leaves per plant, number of
branches per plant, number of flowers per plant (by counting) and mass of fruit yield per plant.
Furthermore, leaf proximate compositions (crude fat, crude protein, crude fibre, ash content and dry
matter) and leaf chlorophyll content were equally determined.

Determination of Leaf Total Chlorophyll

Leaf chlorophyll content was determined by homogenizing 1g of fresh leaf samples in 15ml of
ethanol. The mixture was then filtered and the filtrate was covered with aluminum foil to prevent it
from being broken down by sunlight. The concentration of chlorophyll was then measured as a
function of intensity of absorbed light in a spectrophotometer. Absorbance at 647 and 664 nm
wavelengths was measured with UV spectrophotometer.

Total and actual chlorophyll were calculated using the following formulae:

Chlorophyll a = (13.19 x Aes4)-(2.57 X Asa7) Q)
Chlorophyll b = (22.1 x Ag47)-(5.26 X Assas) (2)
Total chlorophyll = Chlorophyll a + chlorophyll b 3)

Asss and Ass7 are absorbance at wavelengths 647 and 664 nm respectively

Proximate Composition Determination

Preparation of Sample for Proximate Analysis

Dried samples of leaves were ground into fine powder. From the ground samples, crude fat, crude
protein, crude fibre and ash contents were determined using the methods described by Kirk and
Sawyer [22], AOAC [23] and James [24].
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2.4. Crude Protein Determination

This was done using Kjeldahl method described by Chang [25]. In this method, total nitrogen was
determined and multiplied by 6.25 to obtain crude protein content of plant samples. 0.5g of each
plant sample was mixed with 10ml of H.SO4 in a digestion flask. A tablet of selenium was then
added to the mixture and the resulting mixture was heated under a fume cupboard until the mixture
turned to a clear solution (sample digest). The digest was made up to 100ml using distilled water
and kept in a volumetric flask. 10ml of the digest was mixed with equal volume (10ml) of 45%
sodium hydroxide solution of Kjeldahl distillation apparatus. The mixture was distilled into 10ml
of 40% boric acid containing three drops of mixed indicators (bromocresol green and methyl red).
A total of 50ml distillate was collected and titrated against 0.02N EDTA until the colour turned
from green to deep red (the end point). Reagent without plant sample (blank) was also distilled and
titrated. The nitrogen and crude protein contents were then calculated using the following formulae:

%Nitrogen= %xTxB 4)
%Crude Protein= %N x6.25 (5)

W= Mass of sample (0.59)

N= Normality of titrant (0.02N H>SO4)
Vt= Total digest volume (100ml)

Va= Volume of analyzed digest (10ml)
T= Sample titre value

B=Blank titre value

Note:1ml of 1N H2SO4 =14mg

2.5. Determination of Crude Fat

The determination was through gravimetric method described by Krick and Sawyer [22]. Five grams
of plant sample was wrapped in a porous paper (whatman filter paper) and put in a thimble. The
thimble was put in a soxlet reflux flask and mounted on weighed extraction flask (W1) containing
200ml of petroleum ether. The upper part of the reflux flask was connected to a water condenser.
The solvent (petroleum ether) was heated to boil, vapourize and condense into soxlet reflux flask.
Through this process the sample in the thimble was shortly covered with the solvent after it was put
there until soxlet reflux flask was filled and then siphoned. The oil extract was carried down to the
boiling flask. This process was allowed to go on repeatedly for four hours before the defatted sample
was removed. The solvent was recovered and the oil extract was left in the flask. The flask
containing the oil extract was dried in an oven at 60°C for 30minutes to remove any remove any
residual solvent. The flask was then cooled in a desiccator and weighed (W>). The mass of oil (fat)

extract was determined as follows:

Y%Fat = W2rWL 100 (6)

Mass of plant sample

Where:
W;=Mass of empty extraction flask
W,=Mass of flask + Oil (fat) extract

2.6. Determination of Total Ash Content

This was determined through furnace incineration gravimetric method as described by James [24]
and AOAC (1984). Five grams of prepared plant sample was weighed into a porcelain crucible of
mass W1. The sample was burnt to ashes at 550°C in a muffle furnace. After it has completely burnt
into ashes, it was cooled in a desiccator and the mass of the crucible and ash was determined and
recorded as W». Percentage of ash in the sample was determined as follows:
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%Ash= ———2"V1_ 4100 )

Mass of plant sample

Where:
W=Mass of empty extraction flask
W>=Mass of crucible + Ash

2.7. Determination of Crude Fibre

This was determined by the procedure described by James [24]. Five grams of the prepared plant
sample was weighed and boiled in 150ml of 1.25% H2SO4 solution for 30minutes under reflux. The
boiled sample was washed in several portions of hot water using a two-fold cloth to trap plant
particles. The sample was returned to the flask and boiled again in 150ml of 1.25% sodium
hydroxide for 30 minutes under the same condition. After the sample was washed in several portions
of hot water, the sample was allowed to drain and dry before being transferred into a weighed
crucible where it was dried to a constant mass at 105°C using an oven. The mass of crucible + the
dry sample was recorded as W». The dried sample was then transferred into a muffle furnace and

burned into ashes. Percentage of crude fibre was determined as follows:

o . _ W2-W3
Y%Crude Fibre = Mass of plant sample x100 (8)
Where:

W>=Mass of crucible + sample after washing, boiling and drying
W3=Mass of crucible + Sample of ash

2.8. Statistical Analysis
All the data collected were subjected to analysis of variance (ANOVA) and significant means were
separated using least significant difference (LSD) at 5% probability level.

3.0. Results and Discussion
3.1. Effects of mulch on plant height of water stressed tomato
Drought stress was alleviated through increasing application of mulch from zero to 20t/ha after
which there was a decline. The tallest plants were from stressed plants treated with 20t/ha of mulch
followed by plants treated with 25t/ha mulch while the shortest plants were plants without mulch.
The height increased from plants with zero mulch to plants with 20t/ha mulch after which there was
a decline (Table 1). This implies that beyond 20t/ha, effectiveness of mulching on mitigation of
drought stress in tomato would stop. This is also true for number of leaves, number of branches and
chlorophyll content of leaves (Tables 1 and 2).
Increase in height of tomato under drought stress with increase in the rate of mulch application
might be linked to better conservation of water for the use of plants during the stressful period. This
led to higher height and increase in number of leaves and branches produced because of alleviation
of drought stress. Furthermore, increase in height as a result of increase in mulch application could
be attributed to usage of the conserved water by mulch for crop growth and yield rather than
allowing the water to evaporate [26]. In the same vein, the result could be attributed to ease of
nutrient release in the soil and its absorption by plants in solution. This consequently led to luxuriant
growth of the plants in form of increase in height, number of branches and leaves. Similarly, increase
in application rate of mulch could have resulted in lowering soil temperature to suit growth and
development of the plants as revealed by result of plant height (Table 1).
Decrease in height as water deficit increased showed clearly that the plants were adversely affected
by water deficit condition. The study of Hussein et al. [27] also found reduction of plant height with
increase in water deficit or drought levels. Reduction in height could be linked to alteration of water
potential, increase in ion toxicity, obstruction of cell division and expansion as well as ion imbalance
[28]. Moreover, height reduction could be the result of inhibition of apical growth and endogenous
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hormonal imbalance caused by water deficit stress [29]. It might equally be the result of inability of
getting sufficient water and nutrient needed for cell elongation and enlargement as a result of
physical dryness experienced by the plants. This might have had consequential effect on
photosynthate production because water and some nutrients like potassium and chlorine are needed
for successful photosynthetic activities. With less photosynthate production, translocation to the
growing areas becomes a great difficulty and, therefore, growth also found reduction of plant height
with increase in water deficit or drought levels. Reduction in height could be linked to alteration of
water potential, increase in ion toxicity, obstruction of cell division and expansion as well as ion
imbalance [28]. Moreover, height reduction could be the result of inhibition of apical growth and
endogenous hormonal imbalance caused by water deficit stress [29]. It might equally be the result
of inability of getting sufficient water and nutrient needed for cell elongation and enlargement as a
result of physical dryness experienced by the plants. This might have had consequential effect on
photosynthate production because water and some nutrients like potassium and chlorine are needed
for successful photosynthetic activities. With less photosynthate production, translocation to the
growing areas becomes a great difficulty and, therefore, growth The desirability of having tall plants
is hinged on avoidance of intra- or inter-species shading which might make a plant prone to
etiolation and reduction in photosynthetic efficiency when light harvesting apparatus receive solar
energy below the threshold for efficient production of photo-assimilates. Furthermore, plant height
and the angle of inclination of the leaves are major factors affecting light interception by plants.
Nevertheless, excessive height could make a plant prone to lodging and reduction in number of
branches believed to have been caused by height gain. The consequences of excessive height
constitute limitations to plant productivity because higher number of branches is a pre-requisite to
having higher number of flowers and consequently fruits. This in turn is a very important yield
determinant and, therefore, it becomes a target trait for all agronomic, physiological and genetic
manipulations.

3.2. Effects of mulch on number of leaves and branches of water stressed tomato

Effect of drought on leaf production in tomato was mitigated by increase in the rate of mulch
application. However, there was a drop in the number of leaves per plant beyond application of
20t/ha mulch. The highest number of leaves produced was from application of 20t/ha mulch
followed by application of 25t/ha while the lowest number of leaves was from the control (zero
mulch application). This result implies that the optimum application rate should be 20t/ha. Beyond
this, the law of diminishing return would set in (Table 1).

In the same vein, mulch application alleviated drought stress in tomato plants. This was showcased
through steady increase in  number of branches with increase in the rate of mulch application till
application of 20t/ha mulch. After that, there was a drop in the number of branches produced. The
highest number of branches was produced by plants from pots that received 20t/ha mulch followed
by those that received 25t/ha mulch while the lowest number was from the ones with zero mulch
(Table 1).

Improvement in the number of leaves and branches produced by drought stressed tomato through
increase in application rate of organic mulch might be attributed to enhancement of node production
as a result of availability of suitable hormones for production of more nodes which consequently
led to more leaf and branch production. These hormones could only be translocated in the presence
of water and that was made easy with conservation of water through application of mulch. Similarly,
considerable enhancement in tomato growth parameters (plant heights, numbers of branches,
numbers of leaves) was as a result of availability of water for growth and yield of the crop in
consideration through reduction in evaporation, regulation of soil temperature and making of
nutrient available for absorption by plant as a result of availability of water for dissolution of the
needed solutes. In the same vein, the result could be attributed to having greater soil profile moisture
under mulch which has important implication in the utilization of water by crop and in soil reactions
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that control the availability of nutrient and biological nutrient fixation that leads to improved plant
growth [30].

High number of branches show vegetative growth success in non-grass plants and are equivalent of
tillers in grasses. They can predict plant biomass yield. To some extent, economic yield can also be
predicted by them. This is because the number of branches determines the number of leaves to be
produced and the number of leaves produced determines the amount of photosynthate that will be
produced. Therefore, if photosynthate produced is judiciously partitioned, economic yield will
increase. There was reduction in the number of branches produced under water deficit condition in
this work. This was equally observed by Saeed et al. [31] when they subjected okra varieties
(Parbhani Karanti and DLPG) to drought stress. Along with reduction in number of branches, they
equally found reduction in fresh fruit yield per okra plant as the severity of drought stress increases.
Furthermore, Zhang et al. [32] recorded reduction in number of branches when they subjected
soybean plants to moderate water stress. These results might be because of the fact that plants were
not able to produce enough assimilates as a result of inhibited photosynthesis under water stress. It
could also be attributed to inhibition of cell division and enlargement of meristematic tissue as well
as having less amount of water uptake to prepare sufficient food needed for growth [33].

There was an inverse relationship between water deficit and number of leaves produced. This
implies that increase in water deficit led to decrease in number of leaves produced. In the same vein,
Manivannan et al. [34] found that water stress mostly decreased leaf growth and leaf areas in okra
crop and sunflower respectively. This might be because plants faced with the problem of water
deficit experienced a change in cell wall properties and photosynthetic rates which then led to
reduction in number of leaves produced. Furthermore, reduction in number of leaves could have
resulted from reduced turgor or reduction in extensibility of cell walls [35]. The problem might
equally be due to water stress in the short run and ion toxicity in the long run [36]. This reduction
in number of leaves can be seen as an avoidance mechanism which occurs so as to reduce water loss
by transpiration. This reduction in water loss by transpiration is also capable of limiting
accumulation of the salt ions in the shoot by favouring the retention of toxic ions in the roots [37].

Table 1: Effects of mulch on plant height, number of leaves and number of branches of water
stressed tomatoes

Application Rate (t/ha)  Plant Height(cm) Number of Leaves Number of Branches
Control 55.50% 85.50% 16.50?

0 26.25° 33.25° 4.75°

10 35.75° 44.50° 9.00¢

15 43,251 52.75¢ 11.50¢

20 65.75° 78.25° 15.252

25 53.75° 61.00" 13.50¢

3.3. Effects of mulch on number of flowers of water stressed tomato

Effect of drought stress was alleviated in tomato by increasing the number of flowers produced
above the control. Number of flowers increased linearly with increase in the rate of mulch
application though 20t/ha and 25t/ha produced the same number of flowers. So, the highest number
flowers was produced by plants from pots that received 20 and 25t/ha mulch followed by those that
were from plot with 15t/ha while the lowest number of flowers was produced by pots without mulch
(Table 2).

Availability of water to crops through the use of mulch enhanced production of more flowers. This
could be attributed to the fact that hormone for flowering requires water to flow to destination (target
organ) for its action. In the same vein, availability of water enhanced other biochemical activities in
the plant that are responsible flower production. The enhancement from water availability was
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because it has been established that increase in water stress affect flower development and crop
production [38]. Furthermore, increase in number of flowers as well as earliness in flowering has
been reported for water -stressed crops treated with mulch compared with plants without mulch
[39]. So, the optimum rate of mulch needed for tomato production could be pegged at 20t/ha since
application of 25t/ha did not result in appreciable betterment in the number of flowers produced.

3.4. Effects of mulch on fruit yield of water stressed tomato

Fruit production followed the pattern of dry matter production and biological yield. The highest fruit
yield was found in plants from pots that received 20t/ha mulch followed by those from pots that
received 25t/ha mulch while the lowest fruit yield was found in plants from pots that received 15t/ha
mulch. The trend was that there was increase in fruit yield of plants from pots that received 10t/ha
mulch followed by a decline in plants from pots that received 15t/ha much after which there was a
rise with a final fall in plants from pots with 20t/ha and 25t/ha respectively (Table 2).

Increase in fruit yield could be linked to better conservation and usage of water for cell
multiplication and cell enlargement at the reproductive stage. Similarly, it could have been that
better water conservation eased release of nutrients which were used for growth and development
of the plant as well as better photosynthesis coupled with judicious partitioning of the
photosynthates to the fruit. It should also be noted that flower production had a linear relationship
with rate of mulch application. However, abortion of flowers occurred at the time of fruit formation
and it occurred across all the application rates without following a particular trend. This has made
the prediction of the trend of fruit production difficult. Despite that, the optimum rate (20t/ha) as
found in other parameters still had the highest fruit yield.

In this study, it was found that number of fruits decreased with increase in severity of water stress.
Abdulrahman and Nadir [40] also found reduction in okra yield with increase in severity of drought
stress. In the same vein Specht et al. [41] found decrease in yield of soybean when it was raised
under drought stress condition. Furthermore, Nahar and Ullah [42] discovered yield reduction in
two tomato cultivars when they subjected them to water stress condition. This reduction in yield
under water deficit stress may be attributed to low cell expansion, less photosynthetic rate and leaf
senescence [43]. Furthermore, the growth of drought-stressed plants is mostly limited by the osmotic
effect of water deficit stress which results in reduced growth rate and low stomatal conductance. As
water deficit stress increases, yields move towards zero because most plants (mesophytes) will not
grow in high water deficit condition and are severely inhibited or even killed at very high stress
level because they were not genetically bred to tolerate that stress level. Furthermore, reduction in
yield could be attributed to reduction in number of leaves, plant height and number of branches
found in this work. Yield reduction might equally be linked to action of water deficit to induce Fe2+,
K+, and Ca2+ deficiencies [44] which resulted in yield losses [45].

Table 2: Effects of mulch on number of flowers and fruit yield of water stressed tomato

Application Rate (t/ha) Numbers of Flowers Fruit yield (g)
Control 14.50? 11.042

0 9.252 5.51°

10 12.50? 8.65°

15 14.75% 4.952

20 15.25% 13.472

25 15.25% 12.31%

227



Isiaka Kareem et al. / NIPES Journal of Science and Technology Research
4(2) 2022 pp. 220-234

3.5. Effects of mulch on leaf chlorophyll content of water stressed tomato

Application of mulch alleviated moisture stress effect by improving the chlorophyll contents of the
leaves above that of control. There was linear relationship between application rate and chlorophyll
contents till 20t/ha mulch application after which there was a decline in the chlorophyll contents.
So, the highest level of chlorophyll content was from plants that received 20t/ha mulch followed by
those that received 25t/ha mulch while the lowest chlorophyll content was from plants that received
no mulch at all (Table 2).

Increase in the severity of drought stress led to chlorophyll degradation as a result of production of
chlorophyllase. In the same vein, it equally prevents its synthesis [46]. With increase in the mulch
application rate, more water was retained in the plant system and the rate of chlorophyllase
production decreased and that led to increase in chlorophyll contentment of the plant leaves. With
increase in chlorophyll content, absorption of solar radiation will increase and dry matter production
will be increased in turn provided all other variables of photosynthesis are constant. It might equally
be said that leaf chlorophyll content decreases with drought stress while application of mulch leads
to the maintenance of chlorophyll level of plants under drought condition. Finally, better water
conservation and utilization through mulch application increased chlorophyll production in a
drought condition [46].

Chlorophyll is very important because it indicates the status of leaf nitrogen and nitrogen content is
an indicator of the plant source strength [47]. Chlorophyll content is an indication of nitrogen status
of the plant and it is significantly decreased by exposure to moisture stress especially chlorophyll-a
and chlorophyll-b [48]. If the chlorophyll content is high, it implies high source strength. High
source strength will in turn lead to high yield and consequent high harvest index [49]. if the
assimilates are judiciously partitioned to the developing fruits. It has been made known that
chlorophyll content has positive and significant correlation with both rice yield and harvest index
[50]. There was decline in chlorophyll content as water stress increased in this work. This was
equally reported that Manivannan et al. [51] found that decrease in chlorophyll content was caused
by water deficit stress in different sunflower varieties. Furthermore, Jaleel et al.[52] reported that
both chlorophyll a and b are reduced drought stress. It should be noted that decrease in chlorophyll
content or unchanged level of chlorophyll is dependent on the duration and severity of drought [53].
The result of this study might be ascribed to damage done to the chloroplast by reactive oxygen
species which are normally produced as a result of moisture or other environmental stresses [54].
Furthermore, water deficit induced reduction in chlorophyll content could be linked to loss of
chloroplast membranes, excessive swelling, distortion of the lamellae vesiculation, and the
appearance of lipid droplets [55]. In the same vein, decrease in chlorophyll content could be as a
result of water- deficit- induced weakening of protein-pigment- lipid complex and increased
chlorophyllase activities [56]. This reduction in chlorophyll content together with reduced
potassium uptake which results in K/Na antagonism resulted in impaired photosynthesis which
consequently led to low yield. It should be noted that photosynthesis is adversely affected during
moisture stress through lowering of chlorophyll level, disturbance of chlorophyll components and
destruction of photosynthetic apparatus [57]. From the on-going, it is evident that the assertion that
chlorophyll content has strong relationship with yield in rice [50] is equally true for okra. However,
there are still other contributing factors that influence yield. Therefore, chlorophyll cannot singly
determine the yield magnitude except if other yield contributors are also in line.

3.6. Effects of mulch on dry matter production of water stressed tomato

The highest dry matter content was found in plants from pots that received 20t/ha mulch followed
by those from pots that received 25t/ha mulch while the lowest dry matter content was found in
plants from pots that received 15t/ha mulch. The trend was that there was increase in dry matter
content of plants from pots that received 10t/ha mulch followed by a decline in plants from pots that
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received 15t/ha much after which there was a rise with a final fall in plants from pots with 20t/ha
and 25t/ha respectively (Table 2).

Increase in dry matter production and biological yield as a result of increase in mulch application
under water stress was because of water availability resulting from water retention of the soil
through application of mulch. This was so because water availability is a key factor for dry matter
production. It has been established that mulch application led to increase in photosynthetic rate,
water uptake and photo-assimilate translocation [3]. Furthermore, increased mulch application
might have led to prevention of soil moisture which resulted in better utilization of moisture by
tomato plants as well availability and absorption of soil nutrients which then led to improved growth
[30] of tomato.

All these are improvements through mulch application led to increase in dry matter production. It
has been observed that increase in chlorophyll contents as found in this work (Table 3) could lead
to higher photosynthetic rate which consequently result in overall yield of the plant. In the same
vein, increase in dry matter yield could be attributed to increased number of leaves which resulted
in better production of photo-assimilates and consequent increase in dry matter yield.

Table 3: Effects of mulch on chlorophyll content and dry matter production of water stressed tomato

Application Rate (t/ha) Chlorophyll(pmolcm) Dry matter(g)
Control 1.45a 2.62a
0 0.13b 0.72b
10 0.23c 2.95¢
15 0.32d 1.30b
20 1.55e 1.92a
25 0.66f 1.81a

3.7. Effects of mulch on leaf crude fibre content of water stressed tomato

The highest crude fibre content of leaves was from plants that received 10t/ha while the lowest was
from pots that received 20t/ha mulch. There was a surge after the control (i.e.10t/ha) after which
there was a decline in the crude fibre content. So, higher application rates (15, 20 and 25t/ha mulch)
resulted in lower crude fibre production in water-stressed tomato leaves (Table 4).

High content of crude fibre implies low digestibility of the food or feed material as well as low
energy and total digestible nutrient (TDN). There was increase in crude fibre with water deficit in
this work. Other researchers like Essafi et al.[58] and Sumithra et al.[59] have equally reported
increased fibre production with increase in water stress in plants. These results might be due to
plants’ increased production of crude fibre in response to water stress condition. Hale and Orcutt
[60] have observed that plants synthesize special high molecular proteins during water stress to
assist them in resisting the effects of water stress. The implication of this result is that the fruits
produced would be less useful as either food or feed. Although fruit bulking is through increase in
fibre and water contents which are both disadvantages because they result in low shelf life, low dry
matter content and low digestibility. However, high fibre content in okra is useful in stabilizing
blood sugar by slowing down or regulating the rate at which sugar is absorbed from the intestinal
tract and, therefore, useful for managing diabetes [61].

3.8. Effects of mulch on leaf crude protein content of water stressed tomato

Leaf crude protein contents followed the trend in plant height, number of leaves, number of flowers,
chlorophyll content and number of branches. Crude protein contents increased with application of
mulch as a result of alleviating moisture stress from zero application to application of 20t/ha after
which there was a drop in the highest application rate (25t/ha). So, the highest crude protein content
was from pot with application rate of 20t/ha mulch followed by 25t/ha mulch while the lowest crude
protein content was from pots with zero application (Table 4). The implication is that beyond 20t/ha,
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it is not profitable to use mulch in alleviating moisture stress in tomato. It might also be that
application of mulch beyond 20t/ha hampered the smooth growth of the plants or that it led to
addition of toxic materials (allelopathic chemicals) which were harmful to the plants in the soil.

There was decrease in crude protein with increasing water deficit in this work. Similar to this result
was that of Khalil et al.[62] who observed that increasing water stress lowered crude protein percent
in cowpea (Vigna unguiculata) plants. However, some researchers have reported contrary to this
result of ours. For example, Rostamza et al.[63] observed increase in crude protein content of pearl
millet with increase in water stress. Similarly, Bibi et al.[64] found that increase in moisture stress
resulted in increase in percentage of crude protein in sorghum (sudan grass hybrids). Finally,
Fariaszewska et al.[65] discovered increase in crude protein contents of forage grasses when they
were subjected to mild water stress. It is generally concluded that positive or negative effect of water
stress on forage crops depends on plant species. The result of this work might be linked to decreased
synthesis of protein as well as increased activities of protein hydrolysing enzymes which led to
accumulation of amino acids at the expense of protein [66]. Furthermore, protein reduction could
be attributed to higher ratio of Na* to K™ at high water deficit level which inactivates enzymes and
inhibits synthesis of protein. Moreover, low crude protein content can be linked to low nitrogen
level in the plant because the amount of nitrogen in the plants is used in calculating the crude protein
content (Equation 5). Finally, reduction in protein content might also be attributed to low nitrate
reduction activity (NR) which could have accounted for decline in plant growth. The implication of
our result is that crude protein of crops could be purposely increased or decreased using water stress
by choosing the appropriate plant species.

Table 4: Effects of mulch on crude fibre, crude protein content of water stressed tomato

Application Rate (t/ha) Crude Fiber (%) Crude Protein (%)
Control 1.602 4.43%
0 1.86° 1.40°
10 2.61° 2.48°¢
15 1.702 4.65%
20 0.84°¢ 6.55¢
25 0.95° 5.65¢

3.9. Effects of mulch on leaf ash content of water stressed tomato

The highest ash content was found in plants from pots with zero application of mulch. This was
followed by plants from pots with 10t/ha mulch while the lowest ash content was from plants with
25t/ha mulch application (Table 5). So, there was negative relationship between mulch application
rate and ash content of leaves.

This implies that higher mulch application does not improve ash production in water-stressed tomato
despite the fact that it had positive impacts on other growth and nutritional parameters of the same
plant.

There was decrease in ash contents with increase in severity of water stress in this research. In
similar studies, Haji Hassani Asl et al.[67] reported decrease in ash content with increase in severity
of water stress in three forage crops which were corn, sorghum and millet. Also, Bibi et al.[64]
found reduction in ash content of sorghum-sudangrass hybrids with increase in severity of water
stress. Moreover, Shoaei and Rafiei [68] discovered significant decrease in ash content of two
hybrids of maize. In cowpea, Khalil et al. [62] found significant reduction in ash content of cowpea
plants when raised under water stress conduction. This result could be attributed to the effect of
reduced soil nutrient availability and uptake as a result of decrease in soil water or it could be the
consequence of limited energy source (carbohydrates) supplied by leaves being affected by water
stress [62]. Furthermore, ash content signifies the level of minerals in the plant. However, increase
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in water deficit stress leads to progressive inhibition of mineral uptake by the plants. This is because
plant roots have less access to soil nutrients [69]. This then results in having low ash content which
is an indicator of the amount of minerals absorbed by the plants. Furthermore, insufficient moisture
might have led to tenacious adsorption of the minerals to the clay and the plant roots could not
absorb the minerals. Moreover, already absorbed minerals needed sufficient water for their
translocation to the fruits but that was not available as a result of deficit water supply. Therefore,
the fruits could not get enough minerals as the water deficit level increased and that resulted in low
ash content.

3.10. Effects of mulch on leaf crude fat content of water stressed tomato

The highest level of crude fat (ether extract) was from the plants with 15t/ha mulch application. This
was followed by plants with zero application of mulch while the lowest crude fat content was found
in plants with 20t/ha mulch. There was an up and down trend in the effect of mulch application.
Application of 10t/ha led to decline in crude fat content followed by a surge with application of
15t/ha mulch. This was followed by a decline in crude fat content with application of 20t/ha while
application of 25t/ha mulch led to a surge again in the content of crude fat in the leaves of tomato
under water stress alleviated with application of mulch (Table 5).

Ether extract (crude fat) is an indicator of energy production (twice that of carbohydrate), a means
of absorption of fat soluble vitamins, a protector of delicate organs in the body as well as an insulator
against cold. Crude fat content in this work decreased with increase in severity of drought stress.
Similar to this result, Onwugbuta-Enyi [70] and Martins —Junior et al.[71] reported that crude fat
content of cowpea seedlings was reduced by water stress. Bibi et al.[65] also showed that crude fat
of sorghum (sudan grass hybrids) decreased with imposition of water stress. Furthermore, Osuagwu
and Edeoga [72] found that water stress caused a significant reduction in the crude fat content of
leaves of African basil (Ocimum gratissimum L.) and Bush buck (Gongronema latifolium Benth.).
This might be because increase in water deficit triggered production of lipase which was responsible
for breaking down of fat. Therefore, increase in water deficit resulted in decrease in crude fat
content. The implication of this reduction as a result of breakdown of crude fat is that it leads to
formation of osmotic materials which aids plants in tolerating water stress.

Table 5: Effects of mulch on ash and crude fat contents of water stressed tomato

Application Rate (t/ha) Ash (%) Crude Fat (%)
Control 6.13% 2.512
0 3.65% 2.122
10 3.38? 1.79%
15 3.222 2.952
20 2.80? 1.25%
25 3.32% 1.60°

4.0. Conclusion

From this research work, it was found that stressed plants without mulch had a drastic reduction in
all the tested parameters. The plants subjected to drought and treated with 20tons/ha mulch showed
higher plant height, number of branches, yield, chlorophyll, fiber and ash content compared to the
plants treated with 10tons/ha, 15tons/ha,25t/ha mulch. It is, therefore, concluded that 20tons/ha
mulch be used for alleviating drought stress condition in Platinum 107 F1 tomato variety in the
study area when all the conditions in this research are maintained.

References

231



Isiaka Kareem et al. / NIPES Journal of Science and Technology Research
4(2) 2022 pp. 220-234

[1] Rao, N.K.S., R. M. Bhattand A. T. Sadasivan. 2000. Tolerance to water stress in tomato cultivars. Photosynthetica
38(3): 465-467.

[2] Kumar, R., S. S. Solankey and M. Singh, (2012). Breeding for drought tolerance in vegetables, Vegetable Science
39(1): 1-15.

[3] Nahar, K., Ullah, S. M., & Islam, N. (2011). Osmotic adjustment and quality response of five tomato cultivars
(Lycopersicon esculentum Mill) following water deficit stress under subtropical climate. Asian Journal of Plant
Sciences, 10(2), 153-157.

[4] Zhang, X.Y., Chen, S.Y., Dong, P., Liu, M.Y., Yong, S.H. (2005). Evapotranspiration, yield and crop coefficient of
irrigated maize under straw mulch. Pedosphere 15 (5): 576-584.

[5] Rahman, M.A., Chikushi, J., Saifizzaman, M., Lauren, J.G. (2005). Rice straw mulching and nitrogen response of
no-till wheat following rice in Bangladesh. Field Crops Res. 91 (1): 71-81.

[6] Araki, H.and Ito, M. (2004). Decrease of nitrogen fertilizer application in tomato production in no tilled field with
hairy vetch mulch. Acta Hortic. 638: 141-146.

[7] Kar, G. and Singh, R. (2004). Soil water retention-transmission studies and enhancing water-use-efficiency of winter
crops through soil surface modifications. Ind. J. Soil Conserv. 32 (1):18-23.

[8] Farrukh, I., Safdar, A. (2004). Impact of different types of mulches on soil moisture. Sarhad J. Agric. 20(4): 571—
573.

[9] Erenstein, O. (2002). Crop residue mulching in tropical and semitropical countries: an evaluation of residue
availability and other technological implications. Soil Till. Res. 67: 115-133.

[10] Enrique, G.S., Braud, I., Louis, T.J., Michel, V., Pierre, B., Christophe, C.J. (1999). Modelling heat and water
exchange of fallow land coverage with plant residue mulch. Agric. Meteorol. 97:151-169.

[11] Yang, Y.J., R. S. Dungan, A. M. Ibekwe, C. Valenzuela-Solano, D. M. Crohn, and D. E. Crowley.(2003). Effect of
organic mulches on soil bacterial communities one year after application, Biology and Fertility of Soils, 38(5): 273—
281.

[12]Ji., S. and P. W. Unger. (2001). Soil water accumulation under different precipitation, potential evaporation, and
straw mulch conditions, Soil Science Society of America Journal, 65(2): 442-448.

[13] Raes, D., P. Steduto, T. C. Hsiao, and E. Fereres. (2009). Aquacrop-The FAO crop model to simulate yield response
to water: 11. main algorithms and software description, Agronomy Journal, 101(3): 438-447.

[14] Hatfield, J.L., T. J. Sauer, and J. H. Prueger. (2001). Managing soils to achieve greater water use efficiency,
Agronomy Journal, 93(2): 271-280.

[15] Khadas, O. A. (2014). Effect of different irrigation levels on growth and yield of strawberry under silver black
mulch (Doctoral dissertation, Ph. D. dissertation, College of Agricultural Engineering and Technology, Dr. BSKKV,
Dapoli, India).

[16] Kumar, S. and P. Dey. (2011). Effect of different mulches and irrigation methods on root growth, nutrient uptake,
water use efficiency and yield of strawberry, Scientia Horticulturae, 127(3): 318-324.

[17] Angrej, A. and G. S. Gaur. (2007). Effect of mulching on growth, fruit yield and quality of strawberry (Fragaria x
ananassa Duch.), Asian Journal of Horticulture, 2(1): 149-151.

[18] Singh, B.K. and K. S. Yadav. (2017). Response of mulching on strawberry under field condition, Journal of Bio
Innovation, 6(5): 761-767.

[19] Kirnak, H., Kaya, C., Tas, I., & Higgs, D. (2001). The influence of water deficit on vegetative growth, physiology,
fruit yield and quality in eggplants. Bulg. J. Plant Physiol, 27(3-4), 34-46.

[20] Pandey, S., J. Singh, and I. B. Maurya (2015). Effect of black polythene mulch on growth and yield of winter dawn
strawberry (Fragaria x ananassa) by improving root zone temperature, Indian Journal of Agricultural Sciences,
85(9): 1219-1222.

[21] Opara-Nadi, O. (1993) Effect of Elephant Grass and Plastic Mulches on Soil Properties and Cowpea Yield on an
Ultisol in Southeastern Nigeria. In: Mulongoy, K. and Merckx, R., Eds., Soil Organic Matter Dynamic and
Sustainability of Tropical Agriculture, John Wiley and Sons, Chichester, 351-360.

[22] Kirk, B., Sawyer, S. (1980). Pearson’s Food Composition and Analysis. Longman, England. Page 34.

[23] AOAC (1984) Official Methods of Analysis. Association of Official Analytical Chemists. 14th Edition, AOAC,
Arlington.

[24] James, C. S. (1995). Analytical Chemistry of Foods. Chap. 6, General Food Studies, Firsted.

[25] Chang, S. K. C. (2003). Protein Analysis: Food Analysis, Nielson, S.S. (Ed.). Kluwer Academic Plenum Publisher,
New York.

[26] Xue, B. L., Guo, Q., Otto, A, Xiao, J,, Tao, S., & Li, L. (2015). Global patterns, trends, and driver of water use
efficiency from 2000 to 2013. Ecosphere, 6(10), 1-18.

[27]Hussein, H. A., Metwally, A. K., Farghaly, K. A., & Bahawirth, M. A. (2011). Effect of irrigation interval (water
stress) on vegetative growth and yield in two genotypes of okra. Australian Journal of Basic and Applied Sciences,
5(12), 3024-3032.

[28] Arshi, A., Abdin, M. Z., & Igbal, M. (2005). Ameliorative effects of CaCl, on growth, ionic relations, and proline
content of senna under salinity stress. Journal of plant nutrition, 28(1), 101-125.

232



Isiaka Kareem et al. / NIPES Journal of Science and Technology Research
4(2) 2022 pp. 220-234

[29] Younis, M. E., Hasaneen, M. N., & Kazamel, A. M.(2010). Exogenously applied ascorbic acid ameliorates
detrimental effects of NaCl and mannitol stress in Vicia faba seedlings. Protoplasma, 239(1-4), 39-48.

[30] Sharma, H.G. and Agarwal, N. (2004). Effect of different colour mulches on the growth and yield of tomato under
drip irrigation. Plant Archives 4(1): 93- 99

[31] Saeed, A.M., AJ. Abid, Malik, Abdul-Karim, M.B. Kumbhar, 2003. Response of okra to water stress. Sarhad-
Journal-of-Agriculture, 19(1): 73-79.

[32] Zhang, J., Smith, D. L., Liu, W., Chen, X., & Yang, W. (2011). Effects of shade and drought stress on soybean
hormones and yield of main-stem and branch. African Journal of Biotechnology, 10(65), 14392-14398.

[33] Zubaer, M. A., Chowdhury, A. K. M. M. B., Islam, M. Z., Ahmed, T., & Hasan, M. A. (2007). Effects of water
stress on growth and yield attributes of aman rice genotypes. International Journal of Sustainable Crop Production,
2(6), 25-30.

[34] Manivannan, P., Jaleel, C. A., Somasundaram, R., & Panneerselvam, R. (2008). Osmoregulation and antioxidant
metabolism in drought-stressed Helianthus annuus under triadimefon drenching. Comptes Rendus Biologies, 331(6),
418-425.

[35]Neumann, P. M. (1993). Wall extensibility and the growth of salt stressed leaves. In Interacting Stresses on Plants
in a Changing Climate (pp. 603-615). Springer, Berlin, Heidelberg.

[36] Yeo, A. R., Lee, A. S., Izard, P., Boursier, P. J., & Flowers, T. J. (1991). Short-and long-term effects of salinity on
leaf growth in rice (Oryza sativa L.). Journal of Experimental Botany, 42(7), 881-889

[37]Munns, R., and Tester, M. (2008). Mechanisms of salinity tolerance. Annu. Rev. Plant Biol., 59, 651-681.

[38] Kumar, A., Singh, S., Gaurav, A. K., Srivastava, S., & Verma, J. P. (2020). Plant growth-promoting bacteria:
biological tools for the mitigation of salinity stress in plants. Frontiers in Microbiology, 11, 1216.

[39] Tegen, H., Dessalegn, Y. and Mohammed, W. (2014). Effects of Mulching Material on the Early Fruit Yield of
Tomato (Lycopersicon esculentum Mill.) Varieties under Polyhouse Growing Condition. Journal of Agricultural
Science and Technology, B, 4, 612-620.

[40] Abdulrahman, F. A., & Nadir, H. A. (2018). Effect of water stress on okra yield at vegetative stage. Agric, 30(2),
111-116.

[41] Specht, J. E., Chase, K., Macrander, M., Graef, G. L., Chung, J., Markwell, J. P., ... & Lark, K. G. (2001). Soybean
response to water: a QTL analysis of drought tolerance. Crop Science, 41(2), 493-5009.

[42] Nahar, K., & Ullah, S. M. (2011). Effect of water stress on moisture content distribution in soil and morphological
characters of two tomato (Lycopersicon esculentum Mill) cultivars. Journal of Scientific Research, 3(3), 677-682.

[43]Wahid, A., & Rasul, E. (1997). Identification of salt tolerance traits in sugarcane lines. Field Crops Research, 54(1),
9-17.

[44] Singh, G., Singh, S., Singh, J. (2004). Optimization of Energy Inputs for Wheat Crop in Punjab. Energy Conversion
and Management, 45, 453- 465

[45]Hunshal, C. S., Viswanath, D. P., Chimmad, V. P., & Gali, S. K. (1991). Performance of groundnut genotypes under
saline water irrigation. Journal-Maharashtra Agricultural Universities, 16, 116-117.

[46] Montagu, K.D. and K.C. Woo (1999). Recovery of tree photosynthetic capacity from seasonal drought in the wet-
dry tropics: The role of phyllode and canopy processes in Acacia auriculiformis. Aust. J. Plant Physiol., 26: 135-
145.

[47] Gauthami, P., Subrahmanyam, D., Padma, V., RaghuveerRao, P. and Voleti, S.R. (2009).

[48] Ranjbarfordoei, A., Samson, R., Van Damme, P. and Lemeur, R. (2001). Effects of drought stress induced by
polyethylene glycol on pigment content and photosynthetic gas exchange of Pistacia khinjuk and P. mutica.
Photosynthetica. 38 (3): 443-447.

[49] Yu, X.Z., Zhang, F.Z. and Li, F.(2012) Phytotoxicity of thiocyanate to rice seedlings. Bulletin of Environmental
Contamination and Toxicology. 88: 703—706.

[50] Sengupta, S. and Majumder, A.L (2009). Insight into the salt tolerance factors of wild halophytic rice, Porteresia
coarctata: A physiological and proteomic approach. Planta. 229: 911-929.

[51] Manivannan, P., Jaleel, C. A., Kishorekumar, A., Sankar, B., Somasundaram, R., Sridharan, R. and Panneerselvam,
R. (2007). Changes in antioxidant metabolism of Vigna unguiculata (L.) Walp. by propiconazole under water deficit
stress. Colloids and Surfaces B: Biointerfaces. 57 (1): 69-74.

[52] Jaleel, C. A., Manivannan, P. A.R. A. M. A. S. I. V. A. M., Wahid, A., Farooq, M., Al-Juburi, H. J., Somasundaram,
R.A. M. A. M. U.R. T. H. Y., & Panneerselvam, R. (2009). Drought stress in plants: a review on morphological
characteristics and pigments composition. Int. J. Agric. Biol, 11(1), 100-105.

[53] Zhang, J., & Kirkham, M. B. (1996). Antioxidant responses to drought in sunflower and sorghum seedlings. New
phytologist, 132(3), 361-373.

[54] Smirnoff, N. (1995). Environment and plant metabolism, flexibility and acclimation. Bios Scientific Publishers,
Oxford, UK.

[55] Mariotti, A., Germon, J. C., Hubert, P., Kaiser, P., Letolle, R., Tardieux, A., & Tardieux, P. (1981). Experimental
determination of nitrogen kinetic isotope fractionation: some principles; illustration for the denitrification and
nitrification processes. Plant and soil, 62(3), 413-430.

233



Isiaka Kareem et al. / NIPES Journal of Science and Technology Research
4(2) 2022 pp. 220-234

[56] Ambede, J. G., Netondo, G. W., Mwai, G. N. & Musyimi, D. M. (2012). NaCl salinity affects germination, growth,
physiology, and biochemistryof bambara groundnut. Braz. J.Plant Physiol., 24(3): 151-160

[57] Iturbe-Ormaetxe, 1., Escuredo, P. R., Arrese-lgor, C. and Becana, M. (1998). Oxidative damage in pea plants exposed
to water deficit or paraquat. Plant Physiology. 116 (1): 173-181.

[58] Essafi, N. E., Mounsif, M., Abousalim, A., Bendaou, M., Rachidai, A., & Gaboune, F. (2006). Impact of water stress
on the fodder value of Atriplex halimus L. New Zealand Journal of Agricultural Research, 49(3), 321-329.

[59] Sumithra, K., Rasineni, G. K. and Reddy, A. R. (2007). Photosynthesis and antioxidative metabolism in cowpea
grown under varying water deficit regimes. Journal of Plant Biology, 34, 57-65.

[60] Hale, M. G., Orcutt, D. M. (1987). The physiologyof plants under stress. John Wiley and Sons Inc. New York.

[61] Ngoc, T., Ngo, N., Van, T., & Phung, V. (2008). Hypolipidemic effect of extracts from Abelmoschus esculentus L.
(Malvaceae) on Tyloxapol-induced hyperlipidemia in mice. Warasan Phesatchasat, 35, 42-46.

[62] Khalil, Z. M., Salem, A. K., & Sultan, F. M. (2015). Water stress tolerance of fodder cowpea as influenced by various
added levels of potassium sulphate. Journal of Soil Sciences and Agricultural Engineering, 6(2), 213-231.

[63] Rostamza, M., Chaichi, M. R., Jahansouz, M. R., & Alimadadi,A. (2011). Forage quality, water use and nitrogen
utilization efficiencies of pearl millet (Pennisetum americanum L.) grown under different soil moisture and nitrogen
levels. Agricultural Water Management, 98, 1607-1614.

[64] Bibi, A., Sadagat, H. A., Tahir, M. H. N., Fatima Usman, B., & Ali, M. (2012). Genetic analysis of forage quality
traitsin sorghum-sudangrass hybrids under water stress. The Journal of Animal and Plant Sciences, 22(4), 1092-
1100.

[65] Fariaszewska, A., Aper, J., Van Huylenbroeck, J., Baert, J., DeRiek, J., Staniak, M., & Pecio, L. (2016). Mild
droughtstress-induced changes in yield, physiological processes and chemical composition in Festuca,Lolium and
Festulolium. Journal of Agronomy and CropScience, 14, 1-14.

[66] Pessarakli, M., & Tucker, T. C. (1988). Dry matter yield and nitrogen-15uptake by tomatoes under sodium chloride
stress. Soil Sci.Soc.Am.J.,52(3), 698-700

[67] Haji Hassani Asl, N., MoradiAghdam, A., AliabadiFarahani,H., Hosseini, N., & Rassaei Far, M. (2011). Three
forage yield and its components under water deficit condition on delay cropping in Khoy zone (Iran). Advance in
Environmental Biology, 5(5), 847-852.

[68] Shoaei, S., and Rafiei, F. (2014). Investigation ofSuperabsorbent Polymer and Water Stress on Physiologicallndexes
of Maize. Journal of Advances in Biology, 4(3), 455-460.

[69] Steudle, E. (2000). Water uptake by roots, effects of water deficit. Journal of Experimental Botany, 51, 1531-1542.

[70] Onwugbuta-Enyi, J. (1996). Effect of water on germination and growth of Abelmoschus esculentus. Annals of
Agricultural Research, 17(4), 393-396.

[71] Martins Janior, R. R., Oliveira, M. S. C., Baccache, M. A., & Paula, F. M. D. (2008). Effects of water deficit and
rehydration on the polar lipid and membranes resistance leaves of Phaseolus vulgaris L. cv. Pérola. Brazilian
Archives of Biology and Technology, 51(2), 361-367.

[72] Osuagwu, G. G. E., & Edeoga, H. O. (2013). The effect ofwater stress (drought) on the proximate composition of
theleaves of Ocimum gratissimum (L) and Gongronemalatifolium (Benth). International Journal of Medicinal and
Aromatic Plants, 3(2), 293-299.

234



