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Abstract

Evaluation of salt tolerance on morphometric features of some pepper species in their germination stage was carried out using a
completely randomized design with four replications. Data were analysed using analysis of variance (ANOVA) and compared with
duncan multiple range test (DMRT). Morphometric features studied include; rate of germination, germination percentage, root
length, shoot length, root ratio, shoot ratio and dry weight of plantlet. Sodium chloride was used for salinity treatments. Salinity
stress with slow decline in germination of plants was observed in bell pepper, bird pepper and sweet pepper, thus the salinity was
12 ds/m™ and germination percentage was high in the three plants. Germination rate under salt stress linearly decreased in all
plants. The germination rate compared to germination percentage in plants assessment showed greater sensitivity to salt stress. The
results showed that the germination stage of bell pepper and bird pepper were tolerant to salinity, sweet pepper was moderately
resistant to salinity and cayenne pepper was highly sensitive to salt. The results of data analyses showed salinity effect on studied
varieties and interaction of pepper varieties to salinity on the studied characters were significant at 1% level. Also some characters
as rate and percentage of germination, root and shoot length, root to shoot ratio and dry weight of plantlet with increasing salinity
in four pepper varieties decreased.
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1. Introduction

Salinity is one of the most important environmental factors that
limits crop yield in arid and semi-arid regions of the world.
Saline soil in most parts of the world is about 23.8 million
hectares of total land area. Nowadays, almost half of the more
than 18 million hectares of cultivated land in some regions are
irrigated where salinity is one of the major and challenging
problems. The development of salinity-tolerant cultivars is an
economical and effective approach to cope with salinity 1.
Salinity is one of the key environmental factors that adversely
influence crop productivity in several regions of the world 2!
Bl Soil salinity is a major abiotic stress that severely affects
crop production worldwide ™. A considerable amount of land
in the world is affected by salinity and more than 45 million
hectares (M ha) of irrigated land which account to 20% of total
land have been damaged by salt and 1.5 M ha are taken out of
production each year due to high salinity levels in the soil 1.
High salt concentrations cause various events that negatively
impact agricultural production, such as delays in plant growth
and development, inhibition of enzymatic activities and a
reduction in the photosynthetic rate . It has been reported that
excess Na* and ClI™ in the soil solution caused osmotic stress,
and plants accumulate osmotically active compounds to lower
the osmotic potential "1, Salts also interfere with plant growth
through two major processes: initially, the growth slows due to
osmotic stress, as the water uptake by root is impaired;
subsequently, the salts accumulate in toxic concentration in old
leaves and cause its death 1. When initially exposed to high
salt content, plant growth rapidly reduces due to osmotic (non-

specific) effects. Over longer periods (days to weeks),
individual salts may accumulate to toxic levels, thereby
inducing specific-ion toxicities [,

Pepper is an important crop not only because of its economic
importance but also for the nutritional value of its fruits being a
major source of natural colours and antioxidant compounds I,
The intake of these compounds in food is an important health
protecting factor, they have been recognized as being
beneficial for prevention of widespread human diseases,
including cancer and cardiovascular diseases when taken daily
in adequate amounts 1%, Over 25 percent of the world’s
population consumes peppers everyday . In Nigeria two
cultivated species (Capsicum annum and Capsicum frutescens
L.) comprising of six varieties represent the genus. The
following varieties are widely grown in Nigeria and commonly
consumed in south west, that is Capsicum frutescens: these are
cayenne red pepper, they are known as bird pepper (local name
Ata wewe), cayenne pepper (locally known as Ata Sombo) and
bird eye chilli pepper (known locally as Ata bawa) and
Capsicum annum: Bell pepper (tatase) and sweet pepper (Ata
rodo). These peppers are used either fresh or dried in
preparation of traditional diets but they are commonly used
fresh. Although pepper has been reportedly used as medicine in
the management of arthritis pair, diabetic, neuropathy, post
mastectomy pan among others, there is paucity of information
about the antioxidant capacity of the pepper varieties used as
major condiments in the traditionally prepared diet in the south
west of Nigeria. Hence this study is aimed at evaluating the
proximate, mineral composition, antioxidant activity and total
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phenolic content of the four varieties that are commonly used
as condiments- bird pepper (Atawewe) cayenne pepper (Ata
sombo), bell pepper (Tatase) and sweet pepper (Ata rodo). It is
believed that this will provide the much needed data in
formulating diets and fill the missing gap in the food
composition table of an indigenous food plant.

2. Materials and methods

2.1 Evaluation of salt tolerance during germination figures
The study was carried out in the laboratory using a completely
randomized design with four replications of petri dish with a
diameter of 11 cm and 20 seeds. Sodium chloride was the salt
used for the experiment. The petri-dish was placed in the oven
at 65 °C for 24 hours before use and was further disinfected
with sodium hypochlorite. Also, the surface where the
experiment was to be done was sterilized with 2.5% sodium
hypochlorite solution and rinsed with distilled water. The seeds
were then transferred to sterile moist filter paper and were put
in a petri dish for germination at 25 °C. In this experiment,
number of seeds was reviewed on a daily basis and roots were
counted as seeds germinate the root and shoot length was also
measured. The dry weight (DW) was measured after the
samples were dried at 70 °C for 48 h; these parameters were
taken to calculate the relative growth rate (RGR) of the
seedlings.

2.2 Statistical analysis
Data were statistically analyzed using analysis of variance
(ANOVA). The data were compared using Duncan Multiple

Range Test. Analysis of variance was significant at P<0.05.
Correlation analyses were conducted to determine the
relationships between the traits by software SPSS v.16.
GP=100. (NG/NT)

GP= germination percentage

NG= number of germinated seeds

NT= total number of seeds

3. Results and Discussion

Results of analysis of variance revealed significant effects of
salinity on seed germination, root growth, shoot dry weight and
ratio of root and shoot of the seedling in all four pepper plants
studied and their interactions were significant at 1% (Table 1).
Germination percentage and germination ratio decreased with
increasing salinity. The highest percentage of germination is
sweet pepper with zero salinity and cayenne pepper was lowest
with salinity of 12 ds/m! (Figure 1). Average seeds
germination of studied plants at different salinity levels is
shown in Figure 1. In this study, the salinity decreased all
components of the plant germination in the following
hierarchy; sweet pepper, cayenne pepper, bird pepper and bell
pepper. Several studies have shown that the percentage of seed
germination decreases with increasing salinity. 2! stated that
with increasing salinity, plant height, shoot and root dry weight
and root length was reduced. Generally with increasing salinity
germination decreased in all four plants.

Table 1: Analysis of variance for germination characteristics of pepper plants

SOV df Radicle Plumule Seedling dry Radicle to Percentage Rate of
T length length weight plumule ratio Germination Germination
Salt (A) 3 5.75%* 3.11%* 0.0002** 0.05** 301.80** 170.99**
Capsicum species (B) 2.84** 1.45** 0.001** 1.57** 246.28** 322.88**
A*B 9 0.176** 0.045*= 0.00008** 0.04*= 16.91** 4.87**
(Error) 48 0.022 0.017 0.000008** 0.008 23.14 2.62
CV(%) 6.55 5.91 5.54 8.15 5.27 9.40

* and **: significant at 5 and 1% level of probability respectively

In Table 1 above, analysis of variance showed a significant
effect of different levels of osmotic stress caused by salinity on
root and shoot of all four pepper plants. Analysis of variance
showed that the effect of salinity on germination of plant is
also significant. In general it was observed that with increasing
salinity, germination rate was reduced. Also the plants’

reaction to salinity was different, as cayenne pepper and sweet
pepper had more decreased rate of germination while the rate
of germination in bell pepper and bird pepper were less
affected by salinity, this implies that the two plants were more

resistant and less sensitive to salinity.

Table 2: Mean comparison of germination characteristics of four pepper plants in control

Treatment Radicle length Plumule length Seedli.ng dry Radicle to_plumule Percgnta_ge Rat.e Of.
weight ratio Germination | Germination

Sweet pepper 2.81a 2.47a 0.84c 0.02a 95.83a 23.41a

Cayenne pepper 2.36b 2.31b 1.33b 0.02b 91.66a 17.21b

Bird pepper 2.12¢ 1.93c 1.44a 0.017¢ 91.24a 17.21b

Bell pepper 1.81d 1.77d 0.85d 0.014d 86.24b 13.87c

Similar letters in each column show non-significant differences according to Duncan’s Multiple Range Test.
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Table 3: Mean comparison of germination characteristics of pepper plants in salinity stress

Treatment Radicle Plumule Seedling dry Radicle to plumule Percentage Rate of
length length weight ratio Germination Germination

Sweet pepper 3.01a 2.62a 1.18a 0.019a 95.83a 21.17a

Cayenne pepper 2.49b 2.24b 1.14ab 0.017b 93.74a 17.96b

Bird pepper 1.94c 1.81c 1.10ab 0.014c 89.16b 16.38b

Bell pepper 1.66d 1.63d 1.04b 0.012d 86.24b 13.36¢

Similar letters in each column show non-significant differences according to Duncan’s Multiple Range Test.

Table 4: Correlations between germination characteristics in four pepper plants

- : Plumule Seedling dr Radicle to Percentage Rate of
Trait Radicle length length weig?]t / plumule ratio Germinat?on Germination

Root length [
Shoot length 0.48** [

Root to shoot ratio 0.18** 0.57** [

Seedling dry weight 0.65** 0.32** -0.68** [

Percentage germination 0.27** 0.64** 0.38** -0.22ns [
Germination rate 0.47** 0.75** 0.22ns 0.12** 0.31** [

Ns,* and **: Non-significant and significant at 5% and 1% level of probability respectively.

In Table 4 above there was a relatively consistent and positive
correlation between root length and shoot length r=0.48** as
well as a positive correlation between root length and root
shoot ratio r=0.65**. Correlation analysis of the positive
relationship between root and shoot length can confirm that,
the root's water and useful minerals uptake can increase dry
matter accumulation in both root and shoot and elongate them.

Correlation analysis of the positive and significant relationship
between shoots and root length and germination rate was
observed. A positive significant correlation was found between
shoot length and seedling dry weight. Non positive significant
correlation between the percentage of germination and seedling
dry weight, root length was observed
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Salinity is a growth reducing factor for most of the plant
species. The major inhibitory effect of salinity on plant growth
and development had been attributed to osmotic inhibition of
water availability, toxic effects of salt ions responsible for
salinization and nutritional imbalance caused by such ions, but
the specific effects of soil salinity largely differ depending
upon the predominant ions, their concentrations and the
physiological stage of growth at which the plants were
subjected to salinity %1, Salinity results in poor plant stand due
to the decrease in the germination rate of seeds and seedling
survival for most of the agricultural crops [l Research on
different plants showed that salinity reduced germination and
this might be due to low osmotic potential and low ionic
concentrations of the control (151,

Increased salinity had harmful effects on root and shoot (Figure
2 and 3). Also in all pepper plants studied, increase in salinity
levels brought about decrease in root length, shoot length and
root/shoot ratio. In all experimented plants, root and shoot
length in the salinity of 12 ds/m-1 decreased compared to the
control (Figure 2 and 3). @ reported that salinity decreases
speed of germination and seedling growth. He also said that the
salt stress effect on root and shoot of most crops is a way to
evaluate salt tolerance. So far, there have been reports on crop
germination and the impact of increased salinity on shoot
length, root length and seedling dry weight which was
significantly reduced compared to the control sample [16: [7],
Studies have shown that plants that are tolerant to saline and
drought conditions are forced to build some compounds such
as proline and glycine for osmotic regulation and since making
these products requires energy, thus, conditions such as growth
and seedling dry weight are reduced 181, The results of the
mean comparison showed that increasing salinity decreased all
evaluated features.

There was a drop in the length of root and shoot with increase
in salinity in bird pepper and bell pepper while in sweet pepper
and cayenne pepper there was slow reduction at salinity 8 ds/m-
! (Tables 2 and 3). One reason for the shoot decline during the
plant osmotic stress was the slower degradation of the
endosperm and thus reducing the transmission of substances or
seed storage tissues of the fetus [*°I. Suggestions by % 211 was
that salinity can reduce the length of root or stem, and
ultimately reduce the length of the plant while root shoot ratio
increased (Table 2). The germination of plants in saline
conditions and controls showed no significant difference
(Tables 2 and 3). Mean comparison results showed the trend of
seedlings dry weight under salt stress in studied plants. Salinity
decreased dry weight of all evaluated pepper plants (Table 2).
221 reported that high concentration of salt in sorghum reduced
seed germination and seedling weight. They observed in ten
plants that with increasing salinity levels, seedling dry weight
decreased linearly. Similar results based on the dry weight of
seedlings were observed in other plants 23 241,

4. Conclusion

The result of the study showed that increase in salinity levels
decreased germination indices in sweet pepper, cayenne
pepper, bell pepper and bird pepper. Also from the study, bell
pepper and bird pepper were observed to be resistant, sweet
pepper was moderately tolerant to salt and cayenne pepper was
more sensitive. Increase in salinity, reduced the percentage of
germination of the Capsicum species. From the study, it can be
concluded that there was a significant difference in all

characteristics between plants while increase in salinity
significantly reduced the rate of germination, seedling growth
(root and shoot) and seedling dry weight. Therefore,
germination, seedlings growth and their development is
directly dependent on the plant’s tolerance to salinity.
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