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ABSTRACT. In addition to developing ornamental plants, the world has focused on determining and
promoting new genera and species that are not being produced. Chamaecytisus hirsutus is a deciduous
shrub like this with high ornamental potential. The aim of this research was to determine the effects of
different cutting excision times and different dose applications of some auxins on the rooting of
Chamaecytisus hirsutus which is found naturally in the flora of the Mediterranean climate zone. Cuttings
were taken in October, November, February, March, and April and were treated with 0.1%, 0.2%, 0.3%,
0.4% IBA or NAA solutions for 5 seconds. The results showed that the application of 0.1% (8.00), 0.2%
(9.06), 0.3% (7.56), and 0.4% (8.39) NAA and 0.3% (6.89) IBA doses in April gave the best rooting rate.
For the propagation of Chamaecytisus hirsutus, we recommend treating the cuttings with 0.1% NAA
concentration to produce large amounts of planting materials economically for using less auxin levels.

Keywords: Chamaecytisus hirsutus, cutting, IBA, NAA, propagation, timing, rooting

INTRODUCTION

The diversity of native plant species plays a considerable role in rural and urban
landscape planning [1]. Natural plants are very important and economic alternatives for
landscaping, protection, and stabilization studies due to these features. When natural
plants are used in landscaping and vegetation studies, they both render the studies
efficient in terms of aesthetics and function and ensure a healthy eco-system by means of
adapting to the natural surroundings and the surrounding flora, thereby increasing the
success of the studies [2]. Increases in heat caused by global warming, which is one of
the important effects in many geographies, increase the demand for drought-tolerant
plants in the Mediterranean flora. Therefore, the usage of Mediterranean plants, their
production, and cultivation need to be prioritized [3]. Cultivating natural genera should
initially start by determining propagation methods [4]. According to Erwin [5], the initial
work to be done regarding plants to be commercialized as ornamental plants are to collect
data regarding the vegetative development of the plant and to work on their production.

Generative propagation techniques should be preferred in order to ensure tolerance of
natural conditions and a natural adaptation to the conditions in which the material is
found. However, the methods preferred for the reproduction of species produced
commercially are vegetative propagation methods. Therefore, it is imperative to
understand vegetative propagation as well as the generative propagation of every material
to be presented to the ornamental plants producers, to encourage them to adopt these
species [4]. Rooting of cuttings is the best efficient model of vegetative propagation and
necessities for maintain and cultivation of wild threatened plant genetic resources [6].
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Chamaecytisus hirsutus is a perennial, semi woody plant with yellow flowers (Fig. 1).
It is 20-100 cm high and slightly wild; slowly and vertically grown shrub. C. hirsutus
blooms in April to June. Naturally grows in the Aegean, Mediterranean, Marmara, and
Western Black Sea Regions, ranging between 10 and 2000 m in altitude and is one out of
ten Chamaecytisus species in the flora of Turkey [7, 8]. It is native to; Albania, Austria,
Belgium, Bulgaria, Czech Republic, France, Greece, Hungary, Italy, Poland, Romania,
Switzerland, Turkey and former Yugoslavia [10,11].

Chamaecytisus species which have high ornamental plant potential are also used as
provender in some mediterranean countries . C. hirsutus can also be generatively
produced, but germination rate ranges between 12.50-59.00 % [9]. These ratios are not
sufficient for commercial production. For a higher rate and faster production of this
species has to be produced vegetatively. It is clear that there is limited information about
the propagation of C. hirsutus by cutting, effect of different cutting excision times,
different auxins with different doses.

In this study, it is aimed to determine the effect of different cutting excision times and
different dose applications of auxins on the rooting of cuttings the natural plant species
Chamaecytisus hirsutus in line with the principles to ensure sustainable usage of natural
genera in flora of the southern Europe and to convert natural resources into economic
values.

MATERIALS AND METHODS

Cuttings taken from natural populations of Chamaecytisus hirsutus in Uludag—Bursa
as a material of this research. The map with the studied populations was given in Fig.2.
The research was conducted in Atatiirk Horticultural Central Research Institute' research
field

udag =

Fig. 2. The natural population maps of C.
hirsutus cuttings collected

Fig. 1. Chamaecytisus hirsutus (L.) Link

Rooting trials of cuttings excised in September, October, November, February, March,
and April in the years of 2008-2009 and 2009-2010. The trials were conducted two factors
(time and auxin applications) and 3 replicates, each replicate had 50 cuttings. Four doses
(0.1%, 0.2%, 0.3% and 0.4%) of indole-3-butyric acid (IBA) and naphthalene acetic acid
(NAA) were compared with control applications for rooting. The cuttings were collected
from wild plants, grown in natural conditions at different ages in Bursa province. Cuttings
were prepared as semi woody cuttings that were 18-20 cm long. 1-2 leaves were left on
top of each cutting (Fig. 3a) and left in perlite as the rooting medium (Fig. 3c). The
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temperature was adjusted to 20+1 °C during the trials. Air humidification was ensured
automatic fogging system adjusted with 10 seconds of mist which was sprayed every 30
minutes.

After the cuttings were prepared, they were soaked in 0.5% Captan solution for 30
minutes, left to dry for 5 minutes, and then treated with auxin applications for 5 seconds
(Fig. 3b). Auxin solution was prepared 50% alcohol and 50% distilled water. NAA and
IBA applications were applied as dipping to liquid solution onto cuttings that were planted
on the 10" to 15" day of each month. The rooting of cuttings was evaluated 8 weeks after
they were planted, and the cuttings that had developed at least one root were considered
to be rooted (Fig. 3d). The rooting trays were alternately treated with 0.25% Captan and
0.1% Benomyl every 15 days [12].

e L e Ak . g o&ﬁ%‘. S

Fig. 3. The images of C. hirsutus reproductions works with cuttings
a-cuttings, b-auxin treatments, c-rooting medium and fogging system, d-rooted cuttings

The means of two years observations or measurements were used for statistical
analysis. The percentage values were analyzed after transformed arcsine square root
transformation. The data were analyzed using analyzis of variance (ANOV A) according
to the randomized complete block design. Least Significant Differences test (LSD) was
used for multiple comparison analyzes, at 95% reliability limit (¢=0.05). All statistical
analyzes were conducted in the JMP 7.0 (SAS Institute Inc.) package statistic programme
[13,14].
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RESULTS AND DISCUSSION

The variance analysis shows that the time of cutting excision and auxin applications
affected the rooting of the cuttings of the C. hirsutus plant. The interactions between the
cutting time and applications were found to be insignificant.

In this study, the best rooting rate of C. hirsutus cuttings rooting was obtained in April.
The rooting rate in April was 15.4% on average. September, October, November,
February and March months had the same effect for C. hirsutus cuttings rooting and they
were statistically in the same group. Considering the effect of time on rooting, while the
rooting percentages were low in time applications conducted in September, October,
November, and February, they started to increase in March. The rooting rate reached a
peak point in April (Table 1, Fig. 4). These results showed that C. hirsutus cuttings had
higher rooting potential in spring than autumn and winter. Giatromanolaki et al. [15] and
Zencirkiran and Erken [16] reported contrast findings that, autumn (November) is the best
time for the rooting of Staehelina petiolata and Platanus orientalis cuttings and than in
April which none of the cuttings rooted. The same results of our findings were reported
by Alsup et al. [17] and Nhung et al. [18]. Alsup et al. [17] found that rooting percentage
was greatest in May (1999) and April (2000), of Acer saccharum cuttings. Nhung et al.
[18] found that rooting percentage was higher in spring and autumn than summer and
winter, best time for root length is the spring season for Dalbergia tonkinensis cuttings.
Our findings can be explained that imparted knowledge by Mascarello et al. [19], In
spring, during anthesis, the plant showed the highest rooting performance when the floral
buds were excised and the presence of flowers strongly inhibited the rooting process.
According to Enders and Strader [20], all of these results should be considered normally

as they reported that endogenous auxin content of different species may vary at different
times.

Table 1. Effect of different time on the rooting of C. hirsutus (%)

Time Mean Rooting
M =+ se*

September 410+ 0.23 Db**
October 337+023 b
November 457024 b
February 433+£023 b
March 8.10+0.23 b
April 1540+0.23 a

*The means (M) + standard error of 3 replicates (SE)
**within a column followed by the same letter are not significantly different by LSD multiple range test
atp <0.05 (CV=0.17)

According to our results 0.2%, 0.4%, 0.1%, 0.3% NAA and 0.3% IBA applications
effected the rate of rooted cuttings and values are 9.06%, 8.39%, 8.00%, 7.56%, 6.89%
respectively. All of NAA and 0.3% IBA doses were in the same group and had the rooting
rate better than control. These applications were statistically different from others and had
the best results (Table 2, Fig. 5) whereas IBA applications and doses were in the second
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and third groups exception of 0.3% IBA application. These findings shows that; all doses
of NAA aplications are more efficient than IBA for rooting of C. hirsutus cuttings, during
the 8 weeks of rooting time. IBA concentrations were not statistically important than
control group (Table 2).

Table 2. Effect of different auxins applications on the rooting of C. hirsutus (%)

Concentration of Auxin and Mean Rooting
Doses M + se*
0.1% IBA 394+0.13 d**
0.2% IBA 5.83+0.13 bced
0.3% IBA 6.89 +£0.13 abc
0.4% IBA 6.67+0.14 bcd
0.1% NAA 8.00+£0.14 ab
0.2% NAA 9.06+0.13 a
0.3% NAA 7.56+0.13 ab
0.4% NAA 8.39+0.13 ab
Control 5.06+0.14 cd

*The means (M) + standard error of 3 replicates (SE)
**within a column followed by the same letter are not significantly different by LSD multiple
range test at p<0.01 (CV =0.17)
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Fig. 4. Effects of different cutting time on  Fig. 5. Effects of different auxin applications on
rooting of the C. hirsutus (%) rooting of the C. hirsutus (%) cuttings

A similar study was carried out by Sedaghathoor et al. [21] in Pinus mugo cuttings and
Song et al. [22] in P. rupestris cuttings. Sedaghathoor et al [21] conducted with the same
plant growth regulators and treated same doses like our study, the best rooting was
obtained from 4000 ppm NAA and 1000 ppm IBA applications. According to Song et al.
[22], it was revealed that 5370 uM NAA and 4920 uM IBA applications were more
effective than rooting Rooton preparations and control on rooting of P. rupestris cuttings.

Our observations are in compatible with announced findings of Yan et al. [23] and
Yusnita et al. [24]. According to Yan et al. [23], NAA applications were found more
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effective in rooting hybrid Aspen cuttings than IAA and IBA applications. In the studies
of Yusnita et al. [24], they reported that NAA is more effective than IBA in rooting of
Syzygium malaccense cuttings and that the NAA doses of 2000 and 4000 ppm are the
most effective.

Hartmann et al. [12], reported that IBA induced rooting in all species it was more
effective than other auxins. These declarations are in contrast to ours.

Again some results were reported by the Gehlot [25], Bayraktar et al [26], Chaudhari
et al. [27], Shao et al. [28] and Nhung et al [18] were contrast to our results. In the study
of rooting Azadirachta indica cuttings, Gehlot [25] found that IBA was more effective
than NAA and IAA; 500 mg L' dose was more effective than 100, 250, 750, 1000 and
1500 mg L' doses. In the study of Bayraktar et al [26], it was determined that IBA's more
effective than NAA and 5000 ppm dose was more effective than 1000 ppm upon the
rooting of Taxus baccata cuttings. Chaudhar et al. [27] reported that 4000 ppm dose of
IBA was the most effective application for rooting Euphorbia pulcherrima cuttings. Shao
et al. [28], reported that 1500 mg L' dose of IBA was the most effective application for
rooting Zizyphus jujuba cuttings. In the studies of Nhung et al [18], it was found that IBA
was more effective than IAA and NAA in the rooting of Dalbergia tonkinensis cuttings.

Azamal [29] on Grewia optiva cuttings, Pandey et al. [30] on Ginkgo bloba L. cuttings,
Khosh-Khui and Kaviani [31] on Melia azedarach cuttings and Egbe et al. [32] on Albizia
zygia cuttings, Zencirkiran and Erken [16] on Platanus orientalis cuttings observed that
IBA and NAA treatments were able to induce rooting and the application of IBA was
found to be more effective than NAA. Different researchers reported that the application
of IBA increased the rooting percentage of cuttings in some ornamental plants [17, 33,
34, 35, 36] Tiwari and Das [37] found that, IBA and NAA had a similar effect to Embelia
tsjeiam cuttings.

While the rooting percentages increased with applications of IBA rising from 0.1% to
0.2% and 0.3%, the rooting rate decreased once again at the dose of 0.4% and statistically
took place in the same group as the 0.2% dose. In the NAA dose applications, however,
rooting starting at 8% with 0.1% dose and decreased once again after rising to 9.06% with
0.2% dose (Fig. 5). In the study of Azad et al. [38], although the rooting rate of Sterculia
foetida cuttings increased with the increment of IBA doses, contrary in our study rooting
rate decreased while the dose increased.

In NAA applications, however, according to statistical groups, the positive effect of
NAA on the rooting of C. hirsutus cuttings started to decline after the 0.2% doses were
applied. Holloway et al. [39] and Han et al. [40] reported that treatment with a high
concentration of IBA did not improve the rooting of cuttings. Rooting rate declined with
the hormone concentration increasing and high hormone concentration has side effects
on the root development. Tate and Page [41] found that 3000, 4000 and 8000 ppm doses
of IBA were ineffective in their study on rooting of Santalum austrocaledonicum cuttings.
While in Nhung et al. [18]’s study revealed the effect of a single dose (1.5 g L"\-IBA)
clearly, but in our study any single and clear dose could be revealed.

In our experiment the values of rooting rates were found between 3.94-9.06% with
NAA and IBA treatments. Chunshan et al. [42] (2007) found that rooting rate of another
Chamaecytisus species C. palmensis cuttings had the average rooting rate 5-20% with
ABT rooting powder treated cuttings. It is not so much higher than our findings.
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CONCLUSION

The rooting percentages obtained in this study are not applied commercially in terms
of levels. The cuttings were taken from natural populations and elderly plants of different
ages. It was not possible to find a sufficient number of standard cuttings. In some
experiments, the rooting period was delimited for 8 weeks. Lyubomirova and Iliev [43]
reported that IBA had an important influence on rooting after 75 days. Sulusoglu and
Cavusoglu [44] recommended, 90 days rooting time for Prunus laurocerasus.

Rooting ability depends on a great extent upon the age of stock plants along with
physiological condition of the cuttings. This means that, the young plants must be used
in the autovegetative propagation [45, 46]. It is thought that the rooting rates have
remained low for these factors in this study.

According to our findings it’s obtained that, cutting collecting date is an important
factor in rooting, best time for excision of C. hirsutus cuttings is April and NAA
treatments are more effective than IBA treatments. All NAA treatment doses effect
rooting of the hairy broom cuttings. The rooting rates of cuttings can be increased if we
would take cuttings from younger and cultivated plants.
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ABSTRACT. Understanding landscape features of cultivable agricultural lands and the influence by
topographic settings and degradation has become imperative for sustainable land use planning and
management. This study compared land degradation in three locations and sampling periods under arable
crop production in Nsukka area. Three locations (Obukpa, Lejja and Ozi-Edem) were selected. Soil auger
samples were randomly collected in triplicates fromdepth of 0-30cm in plots of 25 m? marked on the
farmer’s field. Soil core samples were collected at 0-10cm depth. Soil sampling was done at three
repeated periods; April-May, July-August and October-November for 1%,2"¢ and 3" sampling period,
respectively. Soil samples were analyzed for physical and chemical properties and all data statistically
analyzed as a 3 x 3 x 3factorial using Genstat statistical software. FAO method was employed in land
degradation assessment. Results showed that most physical and chemical properties had significantly (p <
0.05) highest values at low slope relative to others,and also at first sampling period relative to other
sampling periods. Degradation in Upper slope increased by 3.4 and 5.9 % over middle and lower slope,
respectively. Obukpa had the highest level of degradation relative to other locations. Degradation was
highest in 3"sampling period and increasedby 8.4 and 14.9 %over2™and ISsampling period,
respectively.Degree of degradation increased with sampling time. Appropriate conservation measures,
inclusion of restorative crops in cropping systems, use of locally available materials and bio fertilizer are
recommended to reduce effect of land degradation in arable soils.

Keywords: siope, degradation, soil properties, land use, sub-tropic

INTRODUCTION

Land degradation is the result of a combination of social, political and biophysical
forces operating across a broad spectrum of temporal and spatial scales but essentially
arises from bad management that encourages soil erosion by wind and water.
Intensification rather than extensification of agriculture is widely practiced to scale up
food production. This practice has escalated land degradation [13].

In the tropics and subtropics, agricultural activities have been taking place under
varying dynamic context such as physiography, agro-ecology, climate and soil
conditions. The success is then strongly influenced by topographic settings, degree of
human interferences and underlying biographical features [11].

It was reported that extreme pressure on landscape stability is high where there is a
sharp increase in population [23] and this has been causing intensive land utilization and
forest clearing for cultivation even in areas that are not practical for agriculture such as
in steep hill slopes or marginal lands [38]. The greatest concern to the agriculturists in
developing countries is to meet the future needs of the growing population. Land has
been utilized intensively for all purposes at the expense of its suitability thereby
resulting in land degradation and altering the natural ecological conservational balances
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in the landscape. Such imbalances pose great difficulty to soil productivity and food
security [36].

In the last 50 years alone, 20% of the world’s agricultural land has been irreversibly
damaged due to human-induced land degradation. Thus, if the process of destruction
continues at this pace, agriculture will lose 15-30% of its present productivity [18].
Land degradation is caused by poor land management practices such as slash and burn
agriculture, uncontrolled livestock grazing on fragile lands, poor road construction and
unplanned or poorly planned settlements in landslide-prone areas [33]. Annually
colossal amounts of valuable top-soil is eroded into rivers and out to sea during heavy
rains. Land degradation is a function of slope attribute, the amount of soil erosion has
always been proportional to the steepness of the slope [24].

Variations in the physiography of agricultural lands have an enormous influence on
soil properties and crop production. Study on the influence of different land uses and
topography on soil properties in southeastern Nigeria revealed an increasing trend in
soil pH, organic carbon and exchangeable bases with a decrease in slope [15]. Similar
report was made for Wollo, Ethiopia [9]. Another study in northeastern Nigeriaby
Ezeaku and Unagwu [13]and northeastern Ethiopia [19] also indicated that mean values
of total nitrogen, organic matter and cation exchange capacity were higher in lower than
upper slope land position. Report by Yimer [40]showed significant changes in soil
properties on varied altitudinal ranges of Bale mountains, Ethiopia.

Other studies showed that involvement of farmers’ different land use types put
impact on soil fertility and productivity [19]. Their findings indicated lower soil organic
carbon, total nitrogen and basic cations in cultivated lands compared to grazing or
protected forest area which was attributed by continuous cultivation, absence of
fallowing and erosion. Limited maintenance of soil physico-chemical health is very
likely to result to poor aggregate stability, decline of soil organic matter, nutrient
deficiency and unavailability to plants and stagnation of crop yields [39] and
exacerbates soil degradation.

The foregoing is an indication that the soil quality is associated with biophysical
setting and anthropogenic factors. Although, studies have shown effects of land use on
soil properties along a toposequence [15, 6, 11, 9], there is dearth of information on
degree of land degradation as influenced by location and sampling periods in
physiographic units under cultivated crops. Again, soil degradation due to erosion is a
major threat to sustainable agricultural production in the inland-upland continuum in
Nsukka subtropical area. These necessitate the need for adequate information to
intervene and solve soil degradation problem in the general area. The main objective of
the study therefore is to asses land degradation as influenced by sampling period in
physiographic units under cultivated crops in sub-humid tropics of Nsukka area.

MATERIALS AND METHODS
Description of Study Area

This research was carried out in three locations at Nsukka namely; Obukpa, Lejja
and Ozi-Edem. These locations are in Nsukka agricultural zone of Enugu state with
longitude of 6°43! - 6°55'E and latitude 7°18' - 7°28'N (Figure 1). The three locations
were selected because they are among the major crop producing areas in Nsukka
agricultural zone and are mostly affected by land degradation as was observed during
the reconnaissance visits of the towns in the zone. Nsukka climate is characteristically
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sub-humid tropical, with mean annual total rainfall of about 1600 mm; of which
distribution is bimodal, with peaks during July and October in the first and second
phases, respectively. Atmospheric temperature in Nsukka is high with mean daily
minimum temperatures between 21.40and 25.00°C, and mean daily maximum
temperature ranges from 28.10 to 34.60°C. Relative humidity ranges between 70 and
80% [16]. The soils in Nsukka of Eastern Nigeria are generally derived from the
residuum of false-bedded sand-stone or upper - coal measure formation as a result of
disintegration of rock (which could be alteration by physical, chemical and biological
processes) [2]. During reconnaissance visits, different land uses were identified along
the physiographic units (Table 1) as being practiced by local farmers.

Field Methods
Site selection

Three locations (Lejja, Obukpa and Ozi-Edem) in Nsukka local Government Area
were selected and used for the study. Prior to the selection, reconnaissance visits were
undertaken on five locations, out of which, three namely; Lejja, Obukpa and Ozi-Edem
showed similarity in cropping systems (eg arable cropping: cassava/yam/ vegetable/
maize inter crops and cereal such as guinea corn cropping). The crops were observed to
be grown along the landscape (physiographic units) positions — upper slope, middle
slope and toe slope. Again, the three sites were observed to be experiencing erosion
menace as shown by the presence of rill, sheet and gully erosions. The topographic map
of the three selected locations is shown in Fig. 1, while Table 1 shows the coordinates
and land use types obtained in the three locations.

Table 1. Location physiographic units and land uses with their coordinates
Location Physiographic Latitude Longitude Altitude Land use

unit (m)
Lejja (0N 6.4836°N  7.2342°E 496.58 Pepper/maize/cassava
MS 6.4837°N  7.2343°E 490.60 Pumpkin/tomatoes
TS 6.4838°N  7.2344°E 439.91 Cocoyam/cassava/ Pepper
Obukpa UsS 6.5315°N  7.2380°E 417.76 Cassava/bitter yam
MS 6.5313°N  7.2377°E 414.32 Garden egg/ tomatoes
TS 6.5311°N  7.2375°E 389.86 Cocoyam
Ozi-Edem  US 6.5093°N  7.2069° E 414.28 Pepper/maize/tomatoes
MS 6.5094°N  7.2067°E 409.97 Garden egg/maize/cassava
TS 6.5095°N  7.2065°E 402.94 Cassava/garden egg

NB: US= upper- slope; MS = middle- slope; TS =toe -slope. (Zea mays), Cassava (Manihot esculenta),
Pumpkin (Cucurbita pepo), Cocoyam (Colocasia esculenta), bitter yam (Dioscorea bulbifera), Garden egg
(Solanum melongena), Tomatoes (Solanum lycopersicum)
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Nsukka Elevation: 456 meter Map by www.FloodMap.net (beta)

meter 213 242 272 303 33 263 54 424 454 484 314 44 373
Msukka Elevation Map developed by wersr. FloodMap. net Basemap © OpenStrestMap contributors

Fig.1. Elevation, Topo and Contour map of Nsukka, Nigeria.
The elevation map of Nsukka, Nigeria is generated using elevation data from NASA's
90m resolution SRTM data

Soil sampling

Disturbed and undisturbed soil samples were taken from the field using auger and
core sampler respectively. Soil auger samples were collected in three replicates at depth
of 0-30 cmat random from plots of 5 x 5 m (25m?) marked on the farmer’s field in the
physiographic units (upper slope, middle slope and toe-slope). Core samples were
collected at 0-10cm soil depth. The soil sampling was done at three repeated periods;
April to May for the first sampling period; July to August for the second sampling
period, and October to November 2015 for the third sampling period. Eighteen (18) soil
samples were collected from each location giving a total of fifty-four (54) soil samples
collected for the first sampling period. A total of 162 samples were collected at the end
of the three sampling periods across the locations.

Laboratory Studies

After each visit, soil samples were collected and put into polyethylene bag, tied and
labeled and taken to the laboratory. Thereafter, they were dried, ground and sieved
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through 2 mm sieve. The samples were analyzed for physical and chemical properties
like particle size distribution, bulk density, soil pH, organic carbon, total N and other
macro elements.

Methods for soil physical and chemical properties determination

Particle-size distribution (PSD) was analyzed following the method by Gee and
Bauder [20], bulk density by core method [3], saturated hydraulic conductivity (Ks)
[27], soil chemical properties : soil pH (1:2.5 soil: water suspension) [29], soil organic
carbon [30], total nitrogen [4], available phosphorus [18], exchangeable bases (Na*, K",
Ca*",and Mg?") [7], exchangeable acidity (E.A) [37] andcation exchange capacity
(CEC) [35].

Soil Degradation Assessment

The degradation status of the soils in the various locations was assessed by field
observation and determined analytical indicators to compare with the standard
indicators and criteria for land degradation assessment according to Food and
Agricultural Organization [17] as shown in Table 2. Those indicators are; soil bulk
density, content of nitrogen, phosphorus, potassium and base saturation.

Aggregate degradation determination

Aggregate degradation determination is defined as the ratio of total actual class score

to potential (possible) highest score. This is mathematically calculated as:
AD (%) = =< X 100
PHS

Where AD (%) = Percent aggregate degradation

TAC = Total actual class score
PHS = Potential highest score (24)

Aggregate degradation rating values have an inverse relationship with the rating of
agricultural productivity potential byEzeaku [14]. The higher the aggregate degradation,
the lower the suitability and agricultural productivity (Table 3)

Table 2. Indicators and criteria for land degradation assessment

Criteria Degree of Degradation

1 2 3 4
Soil bulk density (g cm™) <1.5 1.5-2.5 2.5-5 >5
Content of organic matter (g kg™") >2.5 2-2.5 1.0-2 <1.0
Content of total Nitrogen element (g kg™!) >0.13  0.10-0.13 0.08-0.10 <0.08
K content (cmol kg ) >0.16 0.14-0.16 0.12-0.14 <0.12
Content of Base Saturation (%) >10% 5-10% 2.5-5% <2.5%
Content of available phosphorus element (mg kg™) >8 7-8 6-7 <6
Aggregate Score (%) 0-25 25-50 50-75 75-100

Source: FAO [17] Key: Class1: None- slightly degraded; Class 2: Moderately degraded; Class 3: Highly
Degraded’; Class 4: Very highly Degraded
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Table 3. Degree / class of degradation suitability and aggregate degradation ratings

S/N Degree of Degradation Suitability class Potential Aggregate

Degradation class class agricultural degradation
productivity (%)

1 Non to slightly 1 Si 75-100 0-25
degraded soil

2 Moderately degraded 2 S, 50-75 25-50

3 Highly degraded 3 S3 25-50 50-75

4 Veryhighly degraded 4 Ni 0-25 75-100

NB: S :highly suitable, S2: moderately suitable, S3: marginally suitable, Ni: currently not suitable. Source: [17].

Statistical Analysis

All data were statistically analyzed as a 3 x 3 x 3 factorial using Genstat statistical
software. Discovery Edition 4. The means were separated using Fisher's least significant
differences. The factors were; location with three rates: Lejja, Obukpa and Ozi-Edem,;
physiographic Units: Upper- slope, Middle- slope and Toe- slope and sampling periods :
first sampling period (April/May), second sampling period (July/August) and third
sampling periods (October/November).

RESULTS AND DISCUSSIONS

Effect of physiographic units, sampling periods and their interactions on soil physical
properties in the three study sites

The study areas are characterized by marked topographic variations in which
agriculture is practiced under flat to very steep sloping topographic lands. Again, the
study areas are dominated by rain feds agricultural activities. These significantly
influenced most of soil physical and chemical properties. The results of soil physical
properties according to their physiographic units for the three locations are presented in
Table 4. It was observed that for Lejja location, there were no significant differences for
silt and total sandamong the physiographic units, while all physical properties measured
at Ozi-Edem showed significant (p < 0.05) differences among the physiographic units
except for total sand (Table 4).

The soil physical properties according to the sampling period for the three locations
are presented in Table 5. It was observed that there were no significant differences for
total sand at the different sampling periods across the locations while at Lejja other soil
physical properties such as clay, silt, bulk density, total porosity and hydraulic
conductivity showed significant (p < 0.05) differences at the different sampling periods
across the locations. At Ozi-Edem, there were no significant differences among the
three sampling periods for bulk density and total porosity. All other measured physical
properties such as hydraulic conductivity showed significant differences (p < 0.05)
among the sampling periods for all the study locations.

Clay and silt contents were significantly (p <0.05) higher at the toe-slopefollowed by
the middle-slope, whileupper-slope had the lowest value (Table 5) in all the locations.
Total sand content decreased down slope while the other particle sizes increased in the
same direction. This could be due to larger size of sand and its decreased
transportability while silt and clay sizes are smaller and lighter hence easily moved in
suspension towards the valley bottom [32].
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Clay content had significantly (p <0.05) higher value(Table 5) at the first sampling
period (April) for all locations while the second and third sampling period values were
statistically equal. Silt content was significantly (p <0.05) higher at the third sampling
period (6.00, 9.00) followed by the first (5.67, 8.67) and second sampling periods value
(5.67) (Table 5)for both Lejja and Obukpa. At Ozi-Edem, highest value of silt (11.17) at
the first sampling period was offered followed by the second (10.67) and third sampling
periods (6.33). Significantly (p < 0.05) higher value was recorded for total sand content
at second sampling period compared to the others for the three locations (Table 5).

Bulk density was significantly (p < 0.05) higher(Table 4) at the upper-slope regions
for all the study locations while the middle and toe-slope values were not significantly
different for Lejja and Obukpa and significantly (p < 0.05) different for Ozi-Edem.
Generally, the upper-slope had higher bulk density and this could be due to its greater
sand content. Bulk density normally decreases, as mineral soils become finer[8]. Bulk
density for Lejja and Obukpa were significantly (p < 0.05) highest at the first sampling
period while the second and third sampling period values were not significantly
different. This could be due to the higher sand content at the first sampling period due to
more intense erosion.

Total porosity was significantly (p < 0.05) higher at the toe-slope regions (Table 4)
for all the study locations while the middle-slope and upper-slope values were not
significantly different. Increase in bulk density could be due to more compaction of
finer particles that reduced porosity probablydue to machinery traction and heavy
raindrops [28].

Upper, middle and toe-slopepositions along the landscape had significantly (p <
0.05) higher value for saturated hydraulic conductivity (Ks) at Lejja(Table 4).Saturated
hydraulic conductivity decreases with increasing bulk density as a response of the
smaller volume of coarse pores (Dee, et al., 2008) and this could explain the higher Ksin
the toe-slope of Obukpa. Saturated hydraulic conductivity values significantly decreased
in the order: 1st sampling period> 2" sampling period > 3™ sampling period for all the
study locations.This is to say that Lejja had: 67.37>63.18>27.33cm hr*while Obukpa
recorded: 42.72> 25.09>41.08 cm hr! and Ozi-Edem:39.03>33.34>16.33 c¢cm hr”,
respectively (Table 5).

Table 6 also shows the interactive effect of physiographic units and sampling period
on the soil physical properties for the three locations. It was observed that most of the
soil physical properties had highest value at an interaction between the upper-slope and
first sampling period except for bulk density which had highest value (1.71 g cm™)
(Table 6) at the interaction between the toe-slope and third sampling period.
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Table 4. Main effect of physiographic units on soil physical properties in the three sites

Location Unit Clay Silt T.Sand BD TP Ksat
— gkg! +— goem?® % Cm h!
UsS 8.33 5.00 86.34 1.61 39.24  53.89
Lejja MS 8.66 5.00 85.34 1.55 41.72  55.68
TS 10.00 6.33 85.00 1.53 42.11  47.30
LSD(0.05%) 0.49 NS NS 0.04 1.62 4.42
[N 12.00 5.33 82.67 1.63 38.53  36.08
Obukpa MS 12.16 7.00 80.84 1.53 42.68  31.58
TS 12.33 10.83 76.84 1.49 43.03  41.22
LSD(0.05%) NS 0.52 NS 0.04 1.94 2.22
UsS 20.16 8.17 71.67 1.24 50.00 35.61
Ozi — Edem MS 20.67 8.82 70.51 1.22 53.89  26.05
TS 21.00 11.33 67.67 1.17 55.89  27.08
LSD(0.05%) 0.51 0.52 NS 0.06 6.74 1.86

NB: BD = bulk density TP = total porosity Ks = hydraulic conductivity, T.sand = total Sand, US = upper-
slope, MS = middle-slope, TS = toe-slope, NS= not significant

Table 5. Main effect of sampling period on soil physical properties in the three

Location sampling Clay Silt T.Sand BD TP Ks
period —> (gkg) «—— gem?® % Cm ™!
I 9.00 5.67 85.33 1.62 42.28 67.37
Lejja 2nd 8.66 5.67 85.67 1.54 41.72 62.18
3w 8.33 6.00 85.67 1.53 39.08 27.33
LSD(0.05%) 0.49 0.17 NS 0.04 1.62  4.42
I 12.67 8.67 78.66 1.58 42.11 42.72
Obukpa 2nd 11.33 5.67 83.00 1.53 40.55 25.09
3rd 12.33 9.00 78.67 1.54 41.60 41.08
LSD(0.05%) 0.19 0.52 NS 0.04 1.94 222
I 21.00 11.17 67.83 1.23 55.18 39.03
Ozi — Edem 2nd 20.67 10.67 68.66 1.21 50.83 33.34
3rd 20.33 6.33 73.33 1.19 53.75 16.33
LSD(0.05%) 0.51 0.52 NS NS NS 1.86

NB: BD = bulk density TP = total porosity Ks = hydraulic conductivity, T.sand = total Sand, NS= not
significant
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Location Unit sampling Clay Silt CS FS BD TP Ks
period ., gkg'! g/cm % Cm h-!
UsS 1 9.00 4.00 46.00 45.50 1.58 40.25 69.75
Lejja [N 2nd 8.00 5.00 45.00 42.50 1.57 40.88 67.51
[N 3w 8.00 6.00 42.00 43.00 1.49 44.03 24.41
MS 1 9.00 4.00 43.50 41.00 1.44 45.45 73.27
MS 2nd 8.00 5.00 43.50 41.50 1.51 43.02 63.48
MS 3w 8.00 6.00 42.00 40.50 1.65 37.86 30.30
TS I 12.00 6.00 43.50 44.00 1.56 41.13 59.07
TS 2nd 10.00 6.00 42.50 42.00 1.56 41.26 55.56
TS 3rd 9.00 7.00 40.50 41.50 1.71 35.35 27.27
LSD(0.05) 0.86 0.86 0.86 0.86 0.08 2.80 7.65
UsS I 12.00 5.00 49.00 46.50 1.68 36.60 41.91
[N 2nd 9.00 5.00 37.00 49.00 1.59 40.13 28.45
UsS 3w 11.00 6.00 36.00 49.00 1.62 38.87 37.88
Obukpa MS 1 13.00 8.00 38.00 45.50 1.50 43.90 39.20
MS 2nd 12.00 6.00 35.00 47.00 1.54 41.76 17.68
MS 3w 12.00 9.00 28.00 47.00 1.54 42.39 37.88
TS 1 13.00 13.00 34.00 29.50 1.43 45.82 47.06
TS 2nd 13.00 7.00 28.00 46.00 1.60 39.75 29.12
TS 3rd 13.00 12.00 30.00 45.50 1.43 43.53 47.47
LSD(0.05) 0.93 0.19 0.91 0.89 0.08 3.35 3.85
UsS I 20.00 10.00 32.00 44.00 1.11 58.00 50.43
UsS 2nd 11.00 9.00 32.00 51.00 1.18 55.50 41.24
Ozi— Edem US 3rd 20.00. 5.00 29.50 45.00 1.21 54.20 15.15
MS 1 21.00 10.00 31.50 39.00 1.19 55.10 30.01
MS 2nd 21.00 10.00 27.00 44.50 1.24 53.2 27.45
MS 3w 20.00 6.00 24.50 45.50 1.24 53.3 20.71
TS 1 21.00 13.00 27.00 37.00 1.26 52.50 36.78
TS 2nd 21.00 11.00 22.00 39.00 1.22 43.80 31.33
TS 3rd 21.00 8.00 26.00 42.50 1.24 53.70 13.13
LSD(0.05) 0.89 0.19 0.91 0.93 0.09 11.67 3.215

NB: BD = bulk density TP = total porosity Ks = hydraulic conductivity FS = fine sand CS = coarse sand. UP = upper-slope, MS = middle-slope and TS = toe-slope
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Effect of physiographic units, sampling period and their interactions on soil chemical
properties in the three study sites

The soil chemical properties according to their physiographic units and sampling
periods for the three locations are presented in Table 7. It was observed that for Lejja,
Obukpa and Ozi-Edem, there were no significant differences for EA, OM, K" and Na*
among the physiographic units. However, soil pH, total nitrogen, Ca**, Mg?*, CEC,
base saturation and available phosphorus were significantly different (p < 0.05).

The soil chemical properties according to the sampling period for the three locations
are presented in Table 8. It was observed that there were no significant differences for
soil pH, K, and Na?" at the different sampling periods. At Lejja and Ozi-Edem, there
were no significant differences among the three sampling periods for CEC, organic
matter and total nitrogen.

Soil pH had significantly (p <0.05) higher value at toe-slope regions for all the study
locations. Exchangeable acidity was significantly (p <0.05) higher at the middle-slope
followed by the toe-slope with the middle-slope having the lowest value for Ozi-Edem.
Exchangeable acidity was only found significant at Obukpa among the various sampling
periods where the third and second sampling periods had the lowest value. The increase
of soil pH down the slope may be attributed to possible loss of basic cations down the
slope which finally accumulate at the lowland [32,26].

Organic matter was only significantly different (p <0.05)at Lejja among the various
sampling periods with the third sampling period being significantly higher than the
second sampling period which was statistically equal with the first sampling period.
This should be expected as the lowlands are enriched of the plant nutrients by flood
waters. This is in agreement with earlier reports [1, 25,12].

Significantly (p < 0.05) higher value was recorded for total nitrogen at toe-slope
compared to the middle and upper-slope regions at Lejja location. This could be
associated to the process of washing soil nutrientelements downslope by runoff waters.
This accords earlier reports [1, 25, 12]. Ozi Edem and Obukpa recorded highestvalue of
nitrogen at the upper-slope compared to the middle and toe-slope regions, and could be
due to minimal water erosion at the upper slope.

Exchangeable Ca** and Mg?* were the only cations that were significantly different
both among the physiographic units and the sampling periods for all the study locations.
It was observed that for both Ca*" and Mg?*, toe-slope regions in Ozi Edem and Lejja
had significantly (p < 0.05) higher values when compared to the other physiographic
units. At Obukpa, upper-slope had highest value for Mg?*. The higher Ca?>" and Mg**
contents at thetoe-slope could be as a result of runoff carrying the cations down the
slope. This is synonymous with the results of Pillai and Natarajan [34].

Among the various sampling periods, Ca** had significantly (p < 0.05) highest value
at the third sampling period for Ozi-Edem while Mg?* had the highest value at the
second and first sampling periods for Lejja and Obukpa, respectively. The value of
Ca®", Mg 2" and Na" decreases irregularly along the physiographic units through mid-
slope and toe-slope which could be as a result of runoff. Higher value of Ca*", Mg 2"
and Na" at TS could beattributed to elements eroded from upper-slope during run off
and deposited on flood plains by flood water [31].

Generally, toe-slope soils were having significantly (p< 0.05) higher base saturation
than upper-slope indicating high degree of leaching in upper slopes. These findings are
in concurrence with previous results [34]. Among the sampling periods, CEC was
significantly highest (16.27 cmol kg™!) at the third sampling period for Ozi-Edem,while
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base saturation was highest in the following order: second (96.97 %)> first (96.15 %) >
third (93.82 %) sampling periods for Lejja, Obukpa and Ozi-Edem, respectively (Table
8). This variation could be due to slight differences in the land use at various locations.
Obukpa location had highest value of % base saturation may be due to higher vegetation
cover of the land surface.

Available phosphorus at Lejja was significantly (p < 0.05) higher at the middle-slope
followed by the toe-slope and upper-slope. High available phosphorus at the middle-
slope could be due to higher biological activities and accumulation of organic matter in
the middle-slope [21]. At Obukpa, available phosphorus concentration followed the
order upper-slope > middle-slope > toe-slope while at Ozi-Edem the reverse occurred.
Increase and decrease of phosphorus along the physiographic units could be attributed
to run off and leaching.

Among the sampling periods, the second sampling period of available phosphorus
was significantly (p < 0.05) higherthan the first sampling period but was not
significantly different to the third sampling period for Obukpa. While the third sampling
period was significantly higher than the first sampling period this was found statistically
equal to the second sampling period for Ozi-Edem. High phosphorus availability could
be attributed to higher organic matter content in the soils.

The interactive effect of physiographic units and sampling period on the soil
chemical properties for the three locations is presented in Table 9. Results show that
most properties such as base saturation (96.81%) had highest value at an interaction
between the toe-slope and first sampling period.
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Table 7. Main effect of physiographic units on soil chemical properties in the three study sites

Location Unit Soil pH EA oM TN Exchangeable Bases (cmolkg’) B.S AP
H:0 KCL  cmol Ca? Mg K* NAZ CEC
kg! — » cmol kg™! % mg kg!
(gkg") «—
us 5.1 4.35 1.20 6.9 0.6 12.05 1.14 0.05 0.03 14.15 94.70 7.01
Lejja MS 5.27 4.54 1.67 6.6 0.9 14.05 1.30 0.07 0.02 16.18 97.91 26.27
TS 5.50 4.79 1.45 73 1.7 12.68 1.60 0.07 0.03 15.47 93.10 11.04
LSD(0.05%) 0.17 0.16 NS NS 0.1 0.34 0.26 NS NS 0.35 0.27 0.27
us 4.70 3.88 1.47 94 1.0 12.05 1.80 0.06 0.03 14.57 96.14 20.08
Obukpa MS 4.87 3.97 1.84 9.6 0.8 12.80 1.57 0.06 0.03 15.10 95.41 12.11
TS 5.15 4.42 1.91 83 0.7 12.95 1.52 0.06 0.03 15.57 94.87 9.81
LSD(0.05%) 0.17 0.16 NS NS 0.1 0.28 0.31 NS NS 0.36 0.31 0.27
uUs 4.49 3.80 1.40 23.2 1.2 12.60 1.97 0.08 0.02 15.70 93.66 6.41
Ozi— MS 4.52 3.89 1.87 22.6 1.1 12.70 1.73 0.08 0.02 15.10 90.48 4.53
Edem TS 4.64 3.95 1.77 22.6 0.9 13.80 1.64 0.08 0.02 15.57 95.98 6.86
LSD (0.05%) NS NS 0.35 NS 0.1 0.40 0.28 NS NS 0.45 0.25 0.26
Table 8. Main effect of sampling period on soil chemical properties in the three study sites
Location  Sampling Soil pH EA oM TN Exchangeable Bases (cmolkg") B.S AP
period
H:20 KCL cmol kg! Ca? Mg* K* NAZ CEC
pekg! —m— » cmolkg! < % mg kg!
I 542 4.57 1.60 7.5 0.7 12.92 1.33 0.06 0.03 15.23 95.08 14.77
Lejja 2nd 5.25 4.58 1.40 7.3 0.7 12.82 1.50 0.06 0.03 15.00 96.97 14.77
3rd 5.20 4.52 1.33 5.9 1.8 13.05 1.20 0.06 0.02 15.30 94.55 14.78
LSD(0.05%)  0.17 NS NS 0.6 0.1 NS 0.26 NS NS NS 0.27 NS
I 5.05 4.15 1.63 9.7 1.0 12.95 1.87 0.06 0.03 15.67 96.15 10.93
Obukpa 2nd 4.72 4.07 2.03 8.0 0.5 12.10 1.50 0.06 0.02 14.40 94.75 11.31
3rd 4.95 4.05 1.50 9.5 1.0 12.83 1.52 0.06 0.03 15.17 95.51 10.88
LSD(0.05% 0.17 NS 0.19 NS NS 0.28 0.31 NS NS 0.36 0.31 0.27
I 4.57 3.88 1.90 23.0 1.0 12.90 1.87 0.08 0.02 16.27 93.36 4.58
Ozi— 2nd 4.48 3.87 1.80 22.4 0.9 12.87 1.83 0.08 0.02 15.93 92.94 4.51
Edem 3w 4.58 3.88 1.87 23.0 1.2 13.33 1.63 0.08 0.01 16.08 93.82 8.70
LSD (0.05%) NS NS NS NS 0.1 0.40 NS NS NS NS 0.25 0.26
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Table 9. Interactive effect of physiographic unit and sampling period on soil chemical properties in the three study sites

Location Unit Sampling Soil pH EA oM TN Exchangeable Bases (cmol kg") AP
period
H20 KCL Cmol kg™! Ca? Mgt K* NAZ CEC B.S
—— W kg!) « » Cmol kg'! < % mg kg!
us I 5.03 4.10 1.30 7.4 0.6 12.20 1.10 0.05 0..03 14.10 9481  7.96
us 2nd 4.95 4.20 1.00 7.2 2.0 12.30 1.10 0.05 0.03 14.00 96.20  7.93
Us 3rd 5.30 4.75 1.20 6.0 0.6 12.10 1.20 0.08 0.02 14.35 93.10 5.13
Lejja MS It 5.50 4.65 1.90 7.4 0.8 14.30 1.60 0.06 0.03 16.2 98.68  23.28
MS 2 5.25 4.60 1.80 7.2 2.7 14.10 1.20 0.07 0.03 15.90 96.72 2331
MS 3¢ 5.05 4.35 1.10 5.1 1.0 14.20 1.10 0.08 0.02 15.65 98.32 3221
TS I 5.70 5.25 1.60 7.2 3.1 12.70 1.30 0.07 0.04 15.40 98.68  13.06
TS 2nd 5.55 4.95 1.11 7.5 0.6 12.50 2.45 0.07 0.03 15.10 97.98  13.06
TS 3rd 5.25 4.45 1.30 6.6 3.9 13.10 1.30 0.07 0.02 15.40 94.16  7.00
LSD(0.05) 0.29 0.28 0.54 2.8 0.2 0.58 0.45 0.00 0.00 0.61 0.47 0.46
Us IS 4.85 3.90 1.80 10.2 1.2 12.40 2.50 0.06 0.03 15.30 91.88  9.38
Us 2nd 5.00 4.15 1.60 1.8 0.5 11.80 1.40 0.06 0.02 13.90 9549 1492
Us 3 4.75 3.85 1.70 9.9 1.2 12.20 1.50 0.06 0.03 14.50 95.04  4.39
Obukpa MS I 4.80 3.85 1.60 10.0 0.9 13.40 1.50 0.05 0.04 15.60 96.06  13.58
MS  2n 4.60 4.05 1.30 8.7 0.6 11.70 1.90 0.05 0.03 14.60 93.57 9.23
MS 3¢ 4.70 3.75 2.60 9.9 0.9 13.30 1.30 0.06 0.03 15.20 96.61 4.71
TS I 5.50 4.70 1.10 8.9 0.9 13.05 2.05 0.06 0.04 16.10 9452  9.84
TS 2nd 4.55 4.00 2.66 7.2 0.4 12.80 1.20 0.06 0.02 14.80 95.19  9.80
TS 3rd 5.40 4.55 1.80 8.7 0.9 13.00 1.90 0.06 0.03 15.80 9489 2.24
LSD(0.05) 0.29 0.28 2.00 3.2 0.1 0.49 0.54 0.00 0.01 0.63 0.53 0.46
Us IS 4.65 3.95 2.00 22.6 01.0 12.10 2.10 0.08 0.02 15.20 94.08  4.30
us 2nd 4.50 3.90 1.60 222 1.0 12.10 2.20 0.09 0.02 15.20 94.75  4.20
Ozi— Edem US 3rd 4.75 4.00 1.80 24.8 1.5 13.70 1.60 0.08 0.02 16.70 92.15  10.73
MS I 4.6 3.90 1.60 23.1 1.2 12.80 1.80 0.08 0.02 16.50 89.20 4.71
MS  2n 4.50 3.90 2.00 222 1.1 12.90 1.70 0.09 0.02 16.50 89.22  4.67
MS 3¢ 4.45 3.85 2.00 224 1.1 12.40 1.70 0.08 0.01 15.24 93.04 4.20
TS IS 4.45 3.80 1.80 232 1.4 13.80 1.70 0.08 0.02 16.10 96.81 4.72
TS 2nd 4.45 3.80 2.00 22.8 1.2 13.60 1.60 0.08 0.02 16.10 9485  4.67
TS 3 4.55 3.80 0.61 219 1.0 14.00 1.60 0.08 0.02 16.30 96.28 11.19
LSD(0.05) 0.13 0.32 0.61 2.8 0.1 0.69 0.49 0.00 0.01 0.78 0.44 0.45

NB: OM = organic carbon, TN = total nitrogen, CEC = cation exchange capacity, AP = available phosphorus, BS = base saturation, EA = exchangeable acidity,
US=upper-slope, MS middle-slope and TS= toe-slope
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Degree of degradation class scores of the soil properties at the three locations based
on sampling periods

This revealed that soil physical and chemical properties degraded differently under
the different physiographic units. The soil properties degradation score ranges from 1, 2
through 3 to 4, representing non-slightly degraded, moderately degraded through highly
degraded to very highly degraded, respectively. Soil properties with the highest-class
score of degradation class 3 (highly degraded) and class 4 (very highly degraded) are
total nitrogen, exchangeable K', base saturation and available phosphorus. The
implication is that most arable crops will not perform optimally since they need these
basic elements more in the soil.

Results in Table 11 show the overall aggregate degradation class score. The
aggregate degradation scores varied from 37.5 to 66.7% representing moderate (Sz) to
marginally suitable (S3) land within the upper slope to toe slope continuum across the
three locations.

Using the % aggregate score (AS) to group the soils, it was observed that the soils
were highly and moderately degraded across the three sampling periods along the
physiographic units. Obukpa up-slope in the 3™ sampling period has the highest
aggregate score (66.7) while Ozi-Edem up-slope and toe-slope (3™ sampling period) has
the least aggregate score (37.5). The 1% sampling period has the highest level of
degradation followed by the 2nd sampling period and least at the 3™ sampling period.
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Table 10. Degree of degradation class scores of the three study areas based on
sampling period and physiographic units across the location

April/May
Location Lejja Obukpa Ozi — Edem
Physiographic Unit Us MS TS Us MS TS Us MS TS
Bulk density 2 1 2 2 2 1 1 1 1
Organic matter 1 1 1 1 1 1 1 1 1
Total Nitrogen 4 3 1 4 3 3 4 4 4
Exchangeable K* 4 4 4 4 4 4 1 1 1
Base saturation 1 1 1 1 1 1 1 1 1
Available phosphorus 2 1 1 1 1 1 4 4 4
% aggregate Score 58.3 45.8 41.7 54.2 50,0 45.8 50.0 50.0 50.0
July/August
Bulk density 2 2 2 2 2 2 1 1 1
Organic matter 1 1 1 2 1 1 1 1 1
Total Nitrogen 4 1 1 4 4 4 1 1 1
Exchangeable K* 4 4 4 4 4 4 4 4 4
Base saturation 1 1 1 1 I\ 1 1 1 1
Available phosphorus 2 1 1 1 1 1 4 4 4
% aggregate Score 58.3 45.8 41.7 59.3 542  54.2 50.0 50.0 50,0
October/November
Bulk density 1 2 2 2 2 1 1 1 1
Organic matter (%) 1 1 1 1 1 1 1 1 1
Total Nitrogen 1 1 1 4 3 3 1 1 1
Exchangeable K** 4 4 4 4 4 4 4 4 4
Base saturation 1 1 1 1 1 1 1 1 1
Available phosphorus 4 1 3 4 4 4 1 4 1
% Aggregate Score 50.0 41.7 50.0 66.7 62.5 58.3 37.5 50.0 37.5

NB: Aggregate scores:-1. Non - slightly degraded soil (0- 25 %). 2. Moderately degraded soil (25-50%).
3. Highly degraded soil (50-75%). Very highly degraded soil (75-100 %). US= upper slope, MS= middle
slope and TS=toe-slope
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Table 11. Percentage aggregate score of the degradation class of the physiographic
units in the three locations

Location Physiographic = % Aggregate Degree of Degradation

Unit Score Class

UsS 58.3 Highly Degraded
Lejja MS 45.8 Moderately Degraded

TS 41.7 Moderately Degraded

UsS 54.2 Moderately Degraded
Obukpa MS 50.0 Highly Degraded

TS 45.8 Moderately Degraded

UsS 50.0 Highly Degraded
Ozi—Edem MS 50.0 Highly Degraded

TS 50.0 Highly Degraded

UsS 58.3 Highly Degraded
Lejja

MS 45.8 Moderately Degraded

TS 41.7 Moderately Degraded

UsS 58.3 Highly Degraded
Obukpa MS 54.2 Highly Degraded

TS 54.2 Highly Degraded

UsS 50.0 Moderately Degraded
Ozi—Edem MS 50.0 Highly Degraded

TS 50.0 Moderately Degraded

UsS 50.0 Highly Degraded
Lejja MS 41.7 Moderately Degraded

TS 50.0 Highly Degraded
Obukpa UsS 66.7 Highly Degraded

MS 62.5 Highly Degraded

TS 58.3 Highly Degraded
Ozi-Edem  US 37.5 Moderately Degraded

MS 50.0 Highly Degraded

TS 37.5 Moderately Degraded

NB: Aggregate scores:-1. Non - slightly degraded soil (0- 25 %). 2. Moderately degraded soil (25-50 %).
3. Highly degraded soil (50-75%). Very highly degraded soil (75-100 %). US= upper slope, MS= middle
slope and TS=toe-slope

Effect of location, physiographic unit and sampling period on the degree of
degradation

The degree of degradation across locations, physiographic units and sampling
periods are shown in figure 2-4. Figure 2 shows degree of degradation across
physiographic units. The up-slope had the highest level of degradation followed by the
middle-slope and least at the toe-slope. The up-slope had the highest level of
degradation with a percent increase of 3.4 and 5.9 over the middle slope and toe-slope
which had the lowest level of degradation. The mean % AS of the middle-slope was
2.6% higher than the toe-slope.

Upper slope being more degraded when compared to toe-slope, an implication that
up- slope to be more prone to erosion. It has been shown that steeper land is more
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erosion prone [5] and a more level landscape reduces the chance of extreme soil erosion
[22].

Percent aggregate score in relation to the degree of degradation across locations is
shown in Fig 3. Obukpa had the highest level of degradation with a percent increase of
0.62 and 10.8 over Lejja and Ozi-Edem, respectively. However, the mean % AS of
Lejja was 10.2% higher than Ozi-Edem with the lowest % AS. The overall degradation
score obtained in the upper-slope at Obukpa was higher (56.1%) than Lejja (48.0%) and
Ozi -Edem (47.2%), representing a difference of 13.2% and 24.6% respectively. Also
the aggregate degradation score for Obukpa is higher than Ozi -Edem by 13.1%. Given
these, it can be said that Ozi -Edem upper-slope is less prone to degradation when
compared to Obukpa and Lejja that have less vegetation covers.

In terms of sampling periods, figure 4 shows the recorded mean % aggregate score of
463.5%, 454.2% and 445.8% for third, second and first sampling periods, respectively.
The third sampling period had the highest level of degradation with a percent increase
of 7.56 and 13.7 over the second and first sampling periods, respectively. The mean %
AS of the second sampling period was 50.% higher than the first sampling period. This
shows the increment of degradation status of the soils: Oct/Nov > July/Aug >
April/May. This phenomenon may be associated to soil erosion and leaching as well as
other anthropogenic influences like crop harvesting and animal grazing.

Sum of % Aggregate Score by Physiographic Unit
= TOTAL, US
83.3

B TOTAL, MS
50.0

B TOTAL, TS
29.2

Fig. 2. Percent aggregate score in relation to degree of degradation across the
physiographic units in the study locations
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Sum of % Aggregate Score by location

B Lejja, 432.3
B Obukpa, 505.2

B Ozi-Edem, 425.0

Fig. 3. Percent aggregate score in relation to the degree of degradation across the
three study locations

Sum of % Aggregate Score by Sampling PeFiod Total, thrid
B Total, second sampling period,
u Total, first sampling period, 454.2
sampling period, 63.5

45.8

Fig. 4. Degree of degradation across the sampling periods in the three study areas

CONCLUSION

The results revealed that the study areas were moderately and highly degraded. The
physical and chemical properties varied within the various physiographic units with the
lower slope having higher nutrient contents due to minimal degradation relative to
middle and upper slopes; suggesting that toe slope land could be better utilized for crop
production. In terms of location, Obukpa had the highest level of soil degradation
followed by Lejja and Ozi-Edem having the lowest degradation and were not
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significantly different. Highest soil degradation was recorded during October/November
periods relative to July/August and April/May periods.

Farmers need monitoring tools such as local level monitoring approach to help them
assess the status of their soils since most farming soils in the study locations are
vulnerable to erosion and by the time that degradation becomes visible and irreversible,
it might be too late or very expensive to reverse it.There is potential for possible
increase in crop yield if appropriate soil management practices are applied in the study
locations. Therefore, integrating the following activities such as appropriate soil
conservation measures, inclusion of restorative crops in cropping systems, use of locally
available materials, and use of bio fertilizers are recommended to combat soil
degradation problems and exploring the potential crop productivity. This study under
pines the need for adequate information to intervene and solve soil degradation
problems in the sub-humid tropics of Nigeria.
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ABSTRACT. The objectives assigned to the present study are the phytochemical screening of several
secondary metabolites and the evaluation of the antibacterial activity of the methanolic extracts of the
different organs of 4juga iva L. Phytochemical screening revealed the presence of substances with high
therapeutic values (flavonoids, tannins, polyphenols, coumarin, etc.). The antibacterial activity of the
extracts is carried out by the diffusion method on agar medium vis-a-vis twenty-three bacterial strains
chosen according to the traditional use of this species in Algeria: Bacillus cereus, Escherichia coli
(ATCC22), Escherichia coli (BLSE), Escherichia coli (ciproR), Escherichia coli (mcrl), Klebsiella
pneumoniae (C+), Klebsiella pneumoniae (C-), Klebsiella pneumoniae Nassey Marseille, Serratia sp,
Salmonella sp, Pseudomonas aeruginosa (ATCCS53), Pseudomonas sp, Pseudomonas aeruginosa
(VIM21), Pseudomonas aeruginosa (VIM22), Acinetobacter (NDM1), Acinetobacter (OXA23),
Staphylococcus aureus, Staphylococcus aureus (23), Staphylococcus aureus (13), Enterobacter cloacae
(FOSR1), Enterobacter cloacae (FOSR2), Enterococcus faecalis (Vanc R), Enterococcus faecalis
(ATCC12). The study shows a remarkable antibacterial activity against all the microbial strains tested
with the exception of Enterobacter cloacae (FOSR1).

Keywords: Ajuga iva L., Guelma, phytochemical screening, methanolic extract, antibacterial effect

INTRODUCTION

Medicinal plants represent a rich source of antimicrobial agents. A wide variety of
natural products are used in the treatment of common infection in traditional medicine
in developing countries [1]. The routin use of antibiotic has led to the development of
one or more antibiotics resistant infectious bacteria. This issue has resulted on the
failure of the treatments to numerous microbial causing infectious diseases. Previous
investigations pointed out to a number of medicinal plant extracts by constituting a
group of potent natural antimicrobial agents [2].

Ajuga iva is a small (5-10 cm) wooly, aromatic perennial herb with well documented
anti-ulcerous, hypoglycemic and anti- inflammatory activities. Topically, it has been
used for wound healing and breast hardness [3]. It was mentioned as “Chendgoura” in
traditional Algerian medicine.

Ethnopharmacological surveys have revealed that some 20 species of 4juga plants
are used in traditional medicine mostly in Africa, Asia and China. In North Africa,
Ajuga plants are used to treat diabetes and hypertension [4, 5]. Other reported activities
of  Ajuga plants include  antibacterial,  antifungal,  anti-inflammatory,
antimalarial/antiplasmodial, antimycobacterial, antioxidant, antipyretic, larvae and
insect antifeedant and insect growth inhibitor activity [6].

The aim of this study was to evaluate anti-bacterial effects of methanolic extract
from leaf, stem and root of Ajuga iva L. against twenty-three bacteria. Furthermore,
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phytochemical analysis was also carried out for justifying the possible reason of
antibacterial efficacy.

MATERIALS AND METHODS
Plant Material

The species Ajuga iva L. was harvested in the region of Guelma (north-eastern
Algeria) in February 2019.

The identification of the plant was done with the key to determining the flora of
Quezel and Santa [7]. Specimens were kept at the Laboratory of Cryptogamy and
Medical Botany, Department of Pharmacy, Faculty of Medicine Annaba-Algeria.

Preparation of Methanolic Extracts

Dry parts (stem, leaf and root) of 4juga iva L. have been ground and stored in glass
bottles, hermetically sealed at low temperatures. 10 g of the vegetable powder was
macerated in 100 ml of methanol with stirring for 24 hours at a temperature of 25 + 2°
C. The extract obtained was filtered and evaporated to dryness under reduced pressure
at 50° C on a rotavapor. The dry residue is taken up in 3 ml of methanol and stored at -
18 © C until it is used [8].

The yield of the methanolic extracts was calculated by the following formula: R (%)
= (M/My) x100. With: R (%): yield expressed in%; M: mass in grams of the resulting
dry extract; Mo: mass in grams of the plant material to be treated.

Phytochemical Screening

Phytochemical tests of the powders of the stem, leaf and root of Ajuga iva L.
obtained are made from precipitation reactions or characteristic staining in order to
highlight chemical groups that may be present in this species. The tests are carried out
according to the protocols described by Diallo and al., and Senhadji et al. [9, 10].

The results are classified according to the appearance in:

Frankly positive reaction: +++;
Positive reaction: ++;
Moderately positive reaction: +;
Shady reaction: +;

Negative reaction: -.

Antibacterial test

The test of the sensitivity of the bacteria is carried out by the diffusion method in
agar medium (the disk method). It is a method similar to that of the antibiogram which
consists in determining the sensitivity of a bacterial strain vis-a-vis one or more
substances [8].

The antibacterial activity of the methanolic extracts of the stem, leaf and root of
Ajuga iva L. is evaluated vis-a-vis twenty-three bacterial strains chosen according to the
traditional use of this species in Algeria: Bacillus cereus, Escherichia coli (ATCC22),
Escherichia coli (BLSE), Escherichia coli (ciproR), Escherichia coli (mcrl), Klebsiella
pneumoniae (C+), Klebsiella pneumoniae (C-), Klebsiella pneumoniae Nassey
Marseille, Serratia sp, Salmonella sp, Pseudomonas aeruginosa (ATCCS3),
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Pseudomonas sp, Pseudomonas aeruginosa (VIM21), Pseudomonas aeruginosa
(VIM22), Acinetobacter (NDM1), Acinetobacter (OXA23), Staphylococcus aureus,
Staphylococcus aureus (23), Staphylococcus aureus (13), Enterobacter cloacae
(FOSR1), Enterobacter cloacae (FOSR2), Enterococcus faecalis (Vanc R),
Enterococcus faecalis (ATCC12). These strains were kindly provided by the
Microbiology Laboratory Manager at Annaba Medical School, Algeria.

Preparation of The Inoculum

By taking twenty-three tubes that each contains 5 ml of sterile physiological saline.
Using a platinum loop, some well isolated colonies are scraped from each of the
bacteria, each of which will be discharged into a tube.

For the preparation of the different concentrations of extracts, 2, 5 mg of each freeze-
dried extract (methanolic extract of leaf and stem), are introduced into a labeled tube, in
which we added 1 ml of dimethylsulfoxide (DMSO), solvent without any antibacterial
effect. The tubes are vortexed until complete dissolution of the extract, and the dilutions
are prepared to obtain X/4, X/8 and X/16 concentrations from the stock solution.

Seeding should be done within 15 minutes after the preparation of the inoculum. In
69 sterile Petri® dishes, 20 ml of agar are poured. After solidification of the medium,
the latter is inoculated with 1 ml of bacteria to be studied. Then, it is spread on the
surface using a glass rake.

Sterile 5 mm diameter disks prepared in Whatman® n°1 papers are impregnated with
a sterile metal forceps in each concentration and placed on the surface of the solidified
medium (Mueller-Hinton). The dishes were incubated for half an hour at room
temperature, then for 24 to 48 hours in an oven at 37 ° C.

The reading is carried out by measuring the diameter of the inhibition zone (9),
which translates into a translucent halo around each disc; the presence or absence of a
halo would explain the sensitivity or the resistance of the germs vis-a-vis extracts tested;
according to a symbolic notation scale from - to +++ [11].

Table 1. Sensitivity of microbial strains according to zones of inhibition

Sensitivity Inhibition zone
Not sensitive or resistant (-) Diameter <10 mm
Sensitive (+) Diameter between 10 to 16 mm
Very sensitive (++) Diameter between 16 to 25 mm
Extremely sensitive (+++) Diameter > 25 mm
RESULTS AND DISCUSSION

Phytochemical Screening

The phytochemical screening tests shown in Table 2 show the following results:
-The presence of mucilage, polyphenols, coumarins, tannins, flavonoids, reducing
compounds, saponosides, flavonoids, carotenoids, iridoids in the plant studied;
-The absence of anthocyanins, alkaloids, triterpenes and starch in the all parts of the
plant.
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Table 2. Phytochemical Screening Tests

Leaf Stem Root
Mucilage A A e
Polyphenols +++ +++ -
Anthocyanins - - -
Coumarins +++ +++ ++
Tannins Condensed tannins +++ +++ +++
Hydrolyzable tannins +++ +++ +++
Flavonoids Flavonoids A=iE A ++
Flavonols Flavonols Flavanones Flavones
Reducing compounds +++ ++ ++
Alkaloids - - -
Saponosides ++ (foam +++ (foam -
index less index= 157)
than 100)
Anthracene Free derivatives - - -
derivatives O-glycoside i ++ -
C-glycoside +++ +++ -
Cardiotonic glycosides - s 4
Triterpenes - - -
Sterols,
triterpenes, Sterols +++ ++ -
carotenoids, Carotenoids +++ ++ +
iridoids Iridoids A A +++
Starch - - -

Extraction Yield

The yield, appearance and color of the methanolic extracts of the stem, leaf and root

of Ajuga iva L. are shown in Table 3.

These results show that the yield of the methanolic extract of the leaf is the highest,

with a percentage of 6.33%, and it is pasty dark green.

Table 3. Extraction yield of Ajuga iva L., by the methanol mixture

Extraction Color of the Aspect Yield in%
Solvent extract

Stem Absolute Green Pasty 1.33%
methanol 99%

Leaf Absolute Dark green Pasty 6.33%
methanol 99%

Root Absolute Dark yellow Pasty 1%
methanol 99%

Reading Antibiograms

Results showed that the leaf, stem and root of Ajuga iva L. possessed antibacterial
activity against all the microbial strains tested with the exception of Enterobacter
cloacae (FOSR1). However, the most antibacterial effect has been observed against
Escherichia coli (ATCC22) and Klebsiella pneumoniae Nassey Marseille (diameter of
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zone of inhibition= 19,2mm “leaf/root” and 15,3mm “leaf”, respectively). The zone of
inhibition by each organ extract in the nutrient agar media is represented in Table 4.

Table 4. Inhibition Diameter (mm) of methanolic extracts of Ajuga iva L.

Dilutions of leaf extract Dilutions of stem extract Dilutions of root extract

x/4  x/8 x/1  x/32 x/4 x/8 x/1 x/3 x/4 x/8 x/1 x/3
47. (23. 6 (5.93 (10 & 6 2 (75 @37 6 2
5 75 (11. mg/m mg/m mg/ 25 (1.2 mg 5m (1.8 (0.9
mg/ mg/ 87 1) 1) ml) mg/ 5 ml) g/m 7m 3m
ml) ml) mg/ ml) mg/ ) gm gm
ml) ml) 1) 1)
10.8 19.2 16.7 9.5 6.2 85 11.7 76 192 103 81 95
Escherichia mm mm mm mm mm mm mm mm mm mm mm mm
coli (ATCC22)
81 92 97 11.2 8.4 105 101 9.1 65 101 62 6.2
Escherichia mm mm mm mm mm mm mm mm mm mm mm mm
coli (BLSE)
Escherichia 85 92 95 10.5 6.7 92 81 85 77 81 85 74
coli (ciproR) mm mm mm —mm mm mm mm mm mm mm mm mm
Escherichia 11.1 113 11.1  11.1 106 11.1 11.1 113 12.1 112 11.4 105
coli (mer1) mm mm mm = mm mm mm mm mm mm mm mm mm
Klebsiella 87 9.1 105 10.8 6.2 92 85 93 114 114 10.1 11.6
pneumoniae mm mm mm mm mm mm mm mm mm mm mm mm
(C+)
Klebsiella 10.1 105 7.5 6.4 6.2 9.7 85 85 11.8 95 109 109
pneumoniae mm mm mm mm mm mm mm mm mm mm mm mm
(€
Klebsiella 145 153 153 95 7.2 1.5 117 11.7 11.1 129 83 10.1
pneumoniae mm mm mm mm mm mm mm mm mm mm mm mm
Nassey
Marseille
Serratia sp 85 9.2 10.1 8.5 6.4 82 84 62 96 95 72 72
mm mm mm mm mm mm mm mm mm mm mm mm
Salmonellasp 9.5 62 6.2 9.1 6.2 62 101 93 68 68 71 64
mm mm mm —mm mm mm mm mm mm mm mm mm
Enterobacter 6.2 62 6.2 6.2 6.2 62 62 62 62 62 62 62
cloacae mm mm mm mm mm mm mm mm mm mm mm mm
(FOSR1)
Enterobacter 9.1 6.6 6.6 6.8 6.8 63 63 62 86 98 65 62
cloacae mm mm mm mm mm mm mm mm mm mm mm mm
(FOSR2)
Bacillus cereus 7.1 9.1 10.7 6.2 6.2 81 81 9.1 10.1 10.2 10.7 12.6
mm mm mm mm mm mm mm mm mm mm mm mm
Pseudomonas 9.2 9.2 9.2 6.3 6.3 91 63 63 161 156 81 7.6
aeruginosa mm mm mm ~—mm ~mm mm mm mm mm mm mm mm
(ATCC53)
Pseudomonas 9.1 88 103 10.3 7.6 9.1 125 128 102 84 9.1 9.1
sp mm mm mm mm mm mm mm mm mm mm mm mm
Pseudomonas 9.8 102 104 93 10.4 8.1 81 10.5 104 109 109 109
aeruginosa mm mm mm mm mm mm mm mm mm mm mm mm
(VIM21)
Pseudomonas 7.7 7.7 10.1 10.1 6.4 91 92 85 63 82 76 7.6
aeruginosa mm mm mm mm mm mm mm mm mm mm mm mm
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(VIM22)
Acinetobacter 63 8.7 95 6.3 6.3 68 62 64 71 71 62 9.1
(NDM1) mm mm mm mm mm mm mm mm mm mm mm mm
Acinetobacter 85 84 63 6.3 6.2 82 93 88 63 63 81 10.1
(0XA23) mm mm mm = mm mm mm mm mm mm mm mm mm
Staphylococcus 6.7 6.8 6.7 8.5 6.3 91 97 6.7 101 62 7Tm 7Tm
aureus mm mm mm mm mm mm mm mm mm mm m m

94 105 102 10.1 8.1 10.1 10.1 10.1 74 81 9.1 9.1
Staphylococcus mm mm mm  mm mm mm mm mm mm mm mm mm

aureus (23)
Staphylococcus 7.1 85 9.2 7.3 7.1 72 84 9.7 11 85 105 11.1

aureus (13) mm mm mm = mm mm mm mm mm mm mm mm mm
Enterococcus 9.8 10.1 102 10.1 8.1 81 94 98 98 105 105 105
faecalis mm mm mm mm mm mm mm mm mm mm mm mm
(Vanc R)
Enterococcus 64 75 75 7.5 6.7 91 7.5 85 135 132 10.1 124
faecalis mm mm mm mm mm mm mm mm mm mm mm mm
(ATCC12)

The variation in yield and biological activity could be attributed to difference in the
type and amount phytochemicals concentrated during growth of the plant. The variation
in phytochemicals is an attribute of differences in soil, age, seasons, climate and type of
vegetation among the ecological zones [12], phytochemical production in plants varies
with the geographical location. Plant developmental stage influences secondary
metabolism; defense compounds are generally more concentrated and diverse when
plants are young and more “apparent” to herbivores, but they are known to decrease
with age as structural defenses are developed [13,14].

The phytoconstituents alkaloids, glycosides, flavonoids and saponins are antibiotic
principles of plants, these antibiotic principles are actually the defensive mechanism of
the plants against different pathogens [1].

The Ajuga iva L. methanolic extracts showed varied antimicrobial activity against
the bacteria used in this study (Table 4). Among the tested microorganisms, Escherichia
coli (ATCC22) was the most susceptible microorganism against leaf and root extracts
(19,2mm) followed by Klebsiella pneumoniae Nassey Marseille against leaf extract
(15,3mm).

The high antibacterial efficacy in the methanolic extract possibly is due to the
presence of tannins, flavonoids and terpenoids. These medically bioactive ingredients
practice antimicrobial activity through various mechanisms. Flavonoids, which have
been found to be effective antimicrobial substances against a wide array of
microorganisms in vitro, are known to be synthesized in response to microbial infection
by plants. They have been found to exhibit antimicrobial activity through various
mechanisms like inhibition of nucleic acid synthesis, inhibition of cytoplasmic
membrane function and energy metabolism [15]. They have also the ability to complex
with extracellular and soluble proteins and to complex with bacterial walls [16]. The
saponins seems to involve membranolytic properties [17], they have the capacity to rise
leakage of metabolites from the cell [18]. Tannins cause cell wall synthesis inhibition
by forming irreversible complexes with prolene rich protein [19]. Terpenoids cause
dissolution of the cell wall of microorganism by undermining the membranous tissue.
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There is also some evidence that minor components have a critical part in
antibacterial activity, possibly by producing a synergistic effect between other
components [1].

The absence of inhibition zone does not necessarily mean that compounds are
inactive. For example, non-polar compounds may not diffuse into the culture medium
[1].

In previous studies, antibacterial effect of extract from Ajuga iva L. were
investigated: Neo-Clerodane diterpenoids (lupulins A, B and D) isolated from A.
lupulima exhibited antibacterial activity against Pseudomonas aeruginose and
Escherichia coli [20]. According to the report of Chaari et al. [21], phytoecdysteroids
from A. pseudovia and also 8-o-actetylharpagide from Ajuga iva can possess
antibacterial activity. While Mamadalieva et al. [22] showed that the isolated
ecdysteroids from Ajuga turkestanica were weak antimicrobial compounds.
Nevertheless, the chloroform extract of Ajuga turkestanica showed antimicrobial
activity against multi resistant strains such as Staphylococcus aureus MRSA ATCC
1000/93 and Streptococcus pyogenes ATCC 12344 [20,22]. Additionally, two isolated
compounds 14, 15-dihydroajugapitin and 8-o-acetylharpagide from the aerial parts of
Ajuga bracteosa showed antibacterial activity against Escherichia coli with zone of
inhibitions of 25.0 £ 1.4 mm and 22.6 = 0.9 mm respectively [22].

CONCLUSION

The preliminary phytochemical screening indicates that the plant consist different
types of phytoconstituents such as flavonoids, tannins, polyphenols, coumarin, etc.,
possess significant bioactive properties. The study of antibacterial efficacy against the
twenty-three bacterial strains revealed that the methanolic extracts of the leaf, stem and
root of the Ajuga iva L. from Guelma, Algeria have ability to kill or inhibit the growth
of bacteria which experimentally support the use of this plant in traditional medicine by
traditional healers.

Extensive research should be carried out on phytochemicals of this plant for the
development of cost effective drugs for future.
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ABSTRACT. Eggplants are produced in both greenhouses and open fields. Plant diseases and pests, and
disease causes significant yield, thus economic losses loss. Fusarium wilt (Fusarium oxysporum
Schlecht.f. sp. melongenae, FOM) is a major soil-borne pathogen, causing vascular wilt disease in
eggplant. A molecular marker tightly linked to single dominant gene (FOM) was developed for use in
marker assisted selection (MAS). The aim of the study is to develop eggplant lines resistant against
Fusarium wilt using a marker assisted backcross breeding approach. Donor parents were carrying the
Fusarium wilt resistance gene that six commercial hybrids claimed to have fusarium wilt resistance. The
eggplant breeding materials (F1 to F8) was first screened with molecular markers linked to the FOM
gene. Then, the 533 young seedlings were root-dip inoculated with FOM isolate. The seedlings identified
to be resistant using the markers all survived in the inoculation. Although, the six hybrids that did not
possess the marker locus for resistance against FOM were all resistant according to classical test. BC1F1,
BC2F1 and BC3F1 population were developed from sensitive female and resistance male(commercial
hybrids) crossing and all populations tested as classical and molecular. From resistance BC3F1 progenies
25 DH plants were obtained from each combination and resistance status of these plants was determined
through initially molecular then classical testings. Results indicate that the marker was reliable to develop
eggplant lines resistant against fusarium wilt, and there may can be another source of resistance that is
independent from the known resistance gene originating from LS2436.

Keywords: Disease, Hybrid Eggplant, Marker Assisted Selection, Resistance

INTRODUCTION

Eggplant (Solanum melongena L.) is the third most economically important
Solanaceous crop after potato and tomato [1]. Eggplant is one of the most cultivated
fruit plants worldwide with an 1.858.253 ha harvested area and worldwide annual
production is, production is more than 50 million tons in the world [2].

Eggplant cultivated lands are mostly located production area are mainly within
subtropical zones and productions are performed either in for both greenhouses or and
open fields. , worldwide production area and total yield is condensed in Asia, Aftica,
Mediterranean Basin and South America are the major eggplant producer continents [3].

In European countries, eggplant is an outlandish vegetable but in Asia and the
Mediterranean, it is an important and valuable source of nutrient ingredient, thus it is
called as the “king of vegetables™ [4].
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Eggplant offers the possibility of improvement through heterosis breeding and
continues to be a choice of breeders for exploitation of heterosis due to the hardy nature
of the plant, comparatively large size of flowers, and large numbers of seeds produced
by a single act of pollination. Increased productivity can be achieved in the shortest time
can be achieved through heterosis breeding [5]. Highly varied consumer preferences
have acceptance directed researchers to demands development of high-yielding F1
hybrids. Exploitation of hybrid vigor has become a potential tool for improvement in
eggplant [6], [7]; [8]. The estimation of heterosis for yield and its component characters
would be useful in determining the best hybrid combination. Knowledge on genetics of
resistance helps in determining the most appropriate breeding method.

Eggplant is susceptible to various diseases especially fusarium, verticillum and
bacterial wilt [9]. Soil-borne diseases (e.g. bacterial and fungal wilts, nematodes) and
insects are the most serious diseases causing of great losses reduces in yield and quality
of eggplants both in greenhouses and in open fields cultivations. Fungal wilts caused by
Verticillium dahliae (Vd) Kleb. and Fusarium oxysporum f. sp. melongenae (FOM) are
two of the main diseases in eggplant.

Fusarium wilt, is one of the most devastating and widespread outspreaded diseases of
eggplant. Matsuo and Ishigami [10] was published the first study for Fusarium Wilt and
then, fundamental researches have been conducted printed with the aim of identify
resistant eggplant allies.

Fungus penetrates into the roots and proliferates in the vascular tissue. Wilting
progresses from lower to upper leaves, followed by collapse of the plant. When the stem
and roots are cut diagonally, reddish-brown streaks are visible in the vascular tissues.
[11]. Pathogen can live in the soil for many years [12].

Fungicides cannot control Fusarium wilt effectively, other solutions, such as soil
fumigation or grafting might work well but they constitute are either additional cost
items and may exert threats on hazardous to the environment and human healthy [13].
For economic and safety reasons, resistant crop breeding is a most efficient way to
avoid from this disease [14].

A source of resistance against Fusarium wilt was resistance source has been
identified in S. aethiopicum Gilo Group and S. aethiopicum Aculeatum Group both are
relatives of which are Solanum melongena’s relatives [15]. LS1934, LS174, and
L.S2436, have resistance and these eggplants were been defined as to be completely
source of resistance source [16]; [17]. RfI is a single dominant identifed as a resistance
locus with Cleaved Amplified Polymorphic Sequences (CAPS) tightly linked to the
gene of interest[18]. SCAR markers linked to a Fusarium Resistance locus in eggplant
line, L.S2436 with bulked segregant analyses were published by Mutlu in [15].

Conventional breeding and molecular marker analysis can be used to increase disease
resistance and, improve yield traits of and use cultivated eggplant. A molecular marker
tightly linked to single dominant gene (FOM) was developed for use in marker assisted
selection (MAS).

The primary objective of the present study aim of the study is to develop eggplant
lines resistant against Fusarium wilt with the use of using a marker- assisted backcross
breeding approach. This makes available economic damage to producers can be
prevented. And breeding with molecular marker assisted will make time consuming for
breeders.
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MATERIALS AND METHODS
Plant Materials

120 eggplant lines, 4 commercial cultivars, pGM1F1, pGM2F1 and pGM3F1
progenies were used as plant materials.

Molecular Marker Screening

Molecular marker assisted selections were performed in accordance with Mutlu et al.
(2010). Parent (F1, BC1F1, BC2F1, BC3F1 and DH plants) DNA was extracted from
young leaves using a modified CTAB extraction protocol (Doyle and Doyle 1990). PCR
reactions were performed in 15ul volumes in Akdeniz University, Agricultural
Biotechnology Laboratory (MJ RESEARCH PTC-225 Peltier Thermal Cycler). All
PCR products were separated on a 1.5% agarose gel (Thermo scientific Gel Tank),
visualized with ethidium bromide staining under ultraviolet light, and photographed
with Minilumi, DNR Bio-Imaging Systems. Classical testing for Fusarium Wilt
Resistance Using Fusarium Oxysporum f.sp. Melongeae Isolate The Fusarium
oxysporum f.sp. Melongeae isolate was supplied from BATEM institute, Antalya,
Turkey. The Fusarium oxysporum melongenae isolate was grown on the potato dextrose
agar (PDA) at 24°C in dark for 10 days. Liquid medium was prepared from this culture.
Liquid cultures were shaken at 50 rpm in a rotary shaker for 8 days at 24 - 25°C. The
suspensions were filtered through cheesecloth. The spores were re-suspended and spore
density was adjusted to 1 % 106 conidia/ml. Seedling roots were washed with clean tap
water and freed from the soil. The 1/3 of roots were first trimmed with a sterile scissor
to create scar tissue to promote infection. Wounded roots were submerged into the
beaker containing 106 concentration of FOM isolate for 5 minutes (Herman and Perl-
Treves, 2007; Karimi et al. 2010). For control groups, 12 seedlings from each of parents
were submerged either into distilled water or into FOM isolate. The seedlings were
planted into small pots and maintained in the nursery. Seedlings were planted into 48-
well trays containing sterile torf. After inoculation, seedlings were kept at 27°C/18°C
under 12-h photoperiod. Five weeks after inoculation, disease symptoms were recorded
as 1 (resistant) no symptoms of disease and 0 (susceptible) dead plant.

The best proper stage for anther culture in eggplant is the off-centered position of
microspors at the end of mono-nucleus stage. It corresponds to growth stage with 2 mm
long and light yellow-yellow petal. Flower buds were disinfected properly, then buds
were opened over sterile filter papers with a pens and bistouries, anthers were separated
from the filaments and sown into growth media as to dorsal sections touched the
media(MS 01. Mg/kinetin and 0.1 mg mg/l 2,4 D +MS + 30 gr sucrose [19]).

The anthers placed into MS were subjected to pre-treatment in an incubator at +35°C
under dark conditions for 8 days, then petri dishes were kept in a climate chamber at
3600 lux light intensity, 25+1°C temperature under 16:8 light/dark photoperiod for 8
days. Proper adaptation producers were followed while taking cultures to outdoor
conditions.

93



Simsek et al.: Marker assisted backcross breeding for fusarium wilt (Fusarium Oxysporum Schlecht. F. Sp. Melongenae) in eggplant

For plodiy analysis, very small leaf samples in a petri dish was supplemented with
1.5 ml cystatin solution. About 0.3 ml of resultant mixture was placed into plastic
Eppendorf tube and placed into flow cytometry device. Based on device peak ranges,
chromosome pattern (haploid or diploid) was determined. The 0.5% colchicine-
absorbed cottons were placed over the buds and kept for 2 hours for stratification of
haploid plants.

RESULTS AND DISCUSSION

Initially, 120 eggplant lines and 4 commercial cultivars which declared as resistant
were tested with molecular markers [15]. While 120 pure eggplant lines in gene pool
were found to be susceptible, 4 commercial hybrid cultivars were found to be resistant.
These 4 hybrid cultivars found to be resistant in marker analysis were then subjected to
classical testing and status of resistance was verified. Later on, following the general
combination tests, 4 pure lines with high heterosis ability, but without FOM resistance
were selected from the gene pool. These 4 lines were hybridized for BC program with
resistant sources of which FOM resistance was proved through molecular markers and
classical testing and F1 hybrids were obtained. In hybridizations performed with 4 pure
lines as mother and 4 commercial cultivars as father, 100 plants from each hybrid
combination were subjected to molecular tests and heterozygote resistant (about 50%
resistant) plants were selected and transplanted into a greenhouse. Observations were
made since the initial flowering and following the first fruit set, selected 10 plants were
backcrossed to main plant to get pGMI1F1(Table 1, Figure 1). Following the
backcrossing, observations were made until the end of harvest season and seeds of the
backcrossed hybrid combination with the best performance throughout the entire season
were harvested. In the next season, seeds of hybrid pGM1F1 hybrid combinations were
sown into viols and subjected to marker tests. Resistant plants were transplanted into
greenhouse. Again, observations were made since the initial flowering and following
the first fruit set, selected 10 plants were backcrossed to main plant to get pGM2F1.
Following the backcrossing, observations were made until the end of harvest season and
seeds of the backcrossed hybrid combination with the best performance throughout the
entire season were harvested. Then in the next season, hybrid pGM2F1 hybrid
combinations were sown into viols and subjected to marker tests. Resistant plants were
transplanted into greenhouse. Again, observations were made since the initial flowering
and following the first fruit set, selected 10 plants were backcrossed to main plant to get
pGM3F1. Following the backcrossing, observations were made until the end of harvest
season and seeds of the backcrossed hybrid combination with the best performance
throughout the entire season were harvested. In subsequent season, seed of hybrid
pGM3F1 hybrid combinations were sown into viols and subjected to marker tests. The
20 pGM3F1 plants from 4 hybrid combinations (total 80 plants) identified as resistant
with molecular tests were transplanted into greenhouse. Buds were taken from these
plants and anther culture was performed. Following the anther culture, 25 DH plants
were obtained from each combination and resistance status of these plants was
determined through initially molecular then classical testings.
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Table 1. Clasical and molecular testing results of parents and pGMI1F1 population for
Fusarium oxysporum Schlecht. f sp. Melongenae resistance

SCAR
Marker
Inoculated Plants Healthy |resistance
No Dead Plants No | Plants No band

Resistant (Parent) 1 12 0 12 12
Resistant (Parent) 2 3 0 3 3
Resistant (Parent) 3 3 0 3 3
Susceptible (control) 1 8 8 0 0
Susceptible (Parent) 2 3 3 0 0
Susceptible (Parent) 3 3 3 0 0
Susceptible (Parent) 4 3 3 0 0
Susceptible (Parent) 5 3 3 0 0
Susceptible (Parent) 6 3 3 0 0
PBC 1A-1 24 11 13 12

PBC 1A-2 24 6 18 18

PBC 1A-4 24 19 5 5

PBC 2A-1 24 16 8 8

PBC 2A-2 24 12 12 12

PBC 2A-4 24 6 18 17

PBC 3A-1 24 20 4 4
PBC 3A-2 24 10 14 14
PBC 3A-4 24 12 12 12

PBC 4A-1 24 9 15 15

PBC 4A-2 24 15 9 8

PBC 4A-4 24 15 9 9
PBC 5A -1 24 11 13 12

PBC 5A -2 24 10 14 13

PBC 5A -4 24 15 9 9
PBC 6A-1 24 12 12 12
PBC 6A-2 24 4 20 18
PBC 6A-4 24 7 17 17

Total 432 210 222 215

More than 500 seedlings belonging to various genetic background were inoculated
and 380 plants derived from 11 different genetic materials were identified as resistant.
One month after root dip inoculation, resistant and susceptible plants were able to be
identified.

Same genetic materials were tested with molecular markers reported by Mutlu at all.
[15] with the use of FOM markers, 3 genotypes were identified as resistant. These
genotypes were able to survive with the root-dip inoculation. Six commercial hybrids
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that did not possess the marker locus for resistance against FOM were all identified as
resistant according to the classical testing.

Present findings indicated that the marker was reliable to develop eggplant lines
resistant against fusarium wilt and there may be another source of resistance
independent from the known resistance gene originating from LS2436.

Figure 1. Gel image for molecular testing using BCIF1 population (L=1kb ladder,
Resistant bands have been marked with red color and R=Resistant, S=Susceptible)

X test results for classical and molecular testing as dominant one gene for Fusarium
oxysporum Schlecht. f sp. Melongenae resistance using BCIF1 population were given in Table
2. 432 BCIFI progenies were used for classical testing and X test results showed to 1:1
mendelian ratio (p 0,99), and 88 BCIFI progenies were used for molecular testing [15] and
also X’ test results showed to 1:1 mendelian ratio (p 0.96).

Table 2. X° test results for classical and molecular testing as dominant one gene for
Fusarium oxysporum Schlecht. f sp. Melongenae resistance using BC1F1 population

Population Resistant Susceptible  Expected 32  Probability
plants (no.) plants (no.) ratio ®)
BCIF1 222 210 11 082 0.99
Population Resistant Susceptible  Expected 72  Probability
plants (no.) plants (no.) ratio (P)
BCIF1 40 R 1:1 0.76 096

In breeding studies, rapid scanning of disease-resistant lines using molecular markers
saves time, space and provide reliability in selection of the material obtained with the
desired genotypes and selection of hundreds of plants in a single day [20]. Goth and
Webb [21] reported that there were no eggplant varieties that were resistant to
Verticillium wilt solitude, while certain eggplant varieties were tolerant to Fusarium
wilt. Genetic resistance studies on FOM demonstrated that resistance was controlled by
a single dominant gene. However, studies that aimed to transfer the resistance in wild
forms to the culture plants were not quite successful. Mochizuki et al. [22] reported that
the LS174 line was resistant to Fusarium, and found that the resistance in LS174 was
managed by a single dominant gene. In a study by Monma et al. [23], it was reported
that the LS 1934 and LS 2436 genotypes of the S. melongena species were resistant to
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FOM. Boyaci and Abak [24] investigated the inheritance of resistance between the
resistant genotypes LS 1934 and LS 2436 of the S. melongena species and the
susceptible genotype NSFB-99 and found that the resistance was monogenic dominant
for both resistant genotypes. Genomic mapping was conducted on the F2 and BCl1
populations obtained by cross-breeding the FOM-resistant genotype LS 2436 and
sensitive NSFB-99 and the H-12 primary marker with a distance of 2.6 cM to the
resistance gene was identified. However, in a RADP marker rehabilitation study, it was
demonstrated that the inheritance of resistance could not be determined as homozygous
or heterozygous, and the reproducibility was difficult, so it was reported that further
studies were needed. Mutlu et al. [15] developed SRAP, SRAP-RGA, RAPD and SCAR
markers to determine the resistance to FOM pathogen. It was determined as a result of
2.316 primer combinations that three markers were the closest to gene with 2.6 cM in
the study. It was determined that the codominant SRAP marker Me8/Em5 and the
dominant SRAP-RGA marker Em12/GLPL2 were linked to the resistance gene with 1.2
cM, while the RAPD marker H12 was linked with 2.6 cM to both alleles. In the study, it
was determined that the SRAP marker F2 and backward hybrid 3 generations were
linked to the resistance gene, and it was transformed to two dominant SCAR markers. It
was reported that two SCAR markers designed in that study might be useful in MAS-
selective breeding studies to determine resistance to Fusarium wilt in eggplants. The
preference of the closest primer used in breeding studies is important for the reliability
of the results. In the present study, eggplant genotypes were tested with the SCAR426
primer, which was found to be linked to the resistance gene at 1.2 cM. The use of
SCAR markers is quite reliable, accurate and easily detectable on agarose gel due to its
close proximity to the gene in homozygous or heterozygous determinations of
inheritance in F2 and F3 populations in breeding studies when compared to the other
SRAP RAPD and RGA [19-27]. The findings of the present study once more
demonstrated that by selecting adequate genotypes with MAS selection in breeding
studies would save money, time and contribute to the rapid commercialization of the
lines in cross-breeding programs. Mutlu et al. [15] stated that disease resistance should
be verified with classical tests that would be conducted in regular intervals on breeding
material that were identified as resistant with markers in breeding programs, although
these types of markers, such as SCAR426 and SCAR347, are very close to the gene and
their recombination rate is quite low. As a result of molecular work conducted in the
present study, verification of the resistance of 4 eggplant genotypes to FOM pathogen
using SCAR426 primer was conducted with classical testing. As a result of the classical
testing conducted with this purpose, evaluations of the plant and the root demonstrated
that there were no FOM symptoms [25]. Eggplant (Solanum melongena L.) has the
potential for improvement through heterosis breeding, which can be further utilized for
development of desirable recombinants. A Line x Tester mating design was used to
determine heterosis over better parent, combining ability, and gene action for 11
characters in eggplant. Crosses showing high specific combining ability (sca) and yield
involved parents showing high general combining ability (gca) for fruit weight, fruit
diameter, or fruit length. Two hybrids, ‘VNR-218" x ‘BCB-11" and ‘Arka Nidhi’ x
‘KS-331" were selected on the basis of their per se (mean) performance: heterosis and
the sca effects. These hybrids could be used commercially due to high yield and low
percentage disease index (PDI) values for bacterial wilt disease. The preponderance of
nonadditive gene action was evident for control of all characters studied. Parental lines
and hybrids were categorized according to disease reaction. Average large vessel area of
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stems and roots of the hybrids was negatively correlated with PDI. Larger vessel area in
the vascular bundle needs to be considered in the selection of hybrids for resistance to
bacterial wilt disease [26]. The introgression of its disease resistance gene into
cultivated eggplants would allow for breeding disease resistant eggplants. In this study,
interspecific hybridization and subsequent backcrossing between PI388846 and
cultivated eggplants were performed. The results showed that Verticillium wilt
resistance was successfully introduced into the cultivated eggplants, and the agronomic
traits of the interspecific hybrid progeny were improved by continuous backcrossing
with the cultivated eggplants. In addition, a gene specific marker for the Ve homolog in
P1388846 was developed to detect Verticillium wilt resistance in the backcross
population. The results represent a positive beginning for the genetic enhancement of
cultivated eggplants for Verticillium wilt resistance (Liu et al., 2015). Sousa et al.,
(1998) carried out a study to obtain estimates of heterosis in crosses between seven
eggplant cultivars (Embu = E; Santa Genebra = SG; Viserba = V; Aubergine de
Barbentane = AB; Florida Market 10 = FM; Black Beauty = BB, and Melitino = M) and
two breeding lines (B-14-07 = B1 and B-31-06 = B2). The F1 hybrids used were: E x
FM; E x BB; ExM; E x Bl; E x B2; SG x FM; SG x BB; SG x M; SG x B1; SG x B2;
V x FM; V x Bl; V x B2; AB x FM; AB x M; AB x Bl; AB x B2 and M x FM.
Cultivars, lines and hybrids were evaluated at the ESAL experimental field in Lavras,
MG, from February to October 1992. A randomized complete block design with three
replications was used. Significant heterosis relative to the parental means was detected
for all traits studied. Their values ranged from +41.23% to +113.31% for total fruit
yield, from -11.45% to +26.17% for average fruit weight, and from +27.98% to
+141.81% for early production. Heterosis relative to the superior parent ranged from
+13.89% to +92.51% for total fruit yield. Hybrid pairs: SG x FM and AB x B1, V x FM
and AB x FM, E x M and AB x B1 were the most heterotic relative to the parental mean
for total fruit production, mean fruit weight and early production, respectively. The
hybrids displaying highest heterosis relative to the superior parent for total yield were
AB x B1 and SG x FM.

Colak Ates et al. [25] conducted a study to determine FOM resistance, 77 eggplant
genotypes were screened with the SCAR426 marker, which was identified to be the
closest to the gene at 1.2 cM, and it was determined that the four eggplant genotypes,
namely P11, P29, P49 and P52 were heterozygous resistant against FOM. FOM-
resistant lines were verified by classical testing. As a result of classical testing
conducted to determine PVY and RN resistance of eggplant genotypes, it was
determined that all lines were PVY-sensitive and P29 and P52 genotypes were resistant
to FOM and RN. Disease-resistant genotypes determined in the present study would
contribute to the development of the new F1 hybrid eggplant cultivar.

CONCLUSION

MAS should be continued up to BC3F2 generation and allelism test should be
initiated to understand whether a new and unique gene exists for resistance against
FOM. DH is being used at BC1-BC3 generations to develop FOM resistant eggplant
lines and to transfer the resistance gene into parental lines of the hybrid.
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ABSTRACT. Ficus carica is a tree that grows in the Eastern Mediterranean and Southwest Asia. It is
among the first cultivated plants by humans. Ficus carica, called figs, has a very large family and more
than 700 known species. Different parts of the plant like its fruit, latex, leaves, and seeds have a very
important medical value. However, studies on fig seed oils are very limited. In this study, the fatty acid
composition of fig seed oils was determined by gas chromatography/mass spectrophotometry (GC/MS).
Total antioxidant activity analysis was made through DPPH (2,2-diphenyl-1-picrylhydrazyl) method and
antioxidant activity value was determined as trolox equivalent (TE). While the total oil yield was
determined as 14.08%, the antioxidant capacity was determined to be 140.19 mg TE/100 g. According to
GC/MS analysis, it was determined that the highest fatty acid was a-Linolenic acid (26.31%), followed by
linoleic acid (24.27%) and oleic acid (19.65%). With these results and limited literature information, it is
clear that figs can be evaluated outside of common consumption.

Keywords: Ficus carica, fatty acid, seed oil, antioxidant capacity, DPPH, fig

INTRODUCTION

The genus Ficus is one of the largest medicinal plants, with more than 750 woody
plants, trees, and shrubs that can grow in subtropical and tropical areas of the World [1].
Ficus is an essential source of genes owing to its nutritional value and high economic
and is a substantial part of biodiversity in the rain forest ecosystem [2, 3].

Ficus carica L., also called as fig, is one of the important members of the genus
Ficus. Fig is one of the first plants that are native to Southwest Asia and the Eastern
Mediterranean and cultivated by humans [4]. Because figs are practical to use and belief
objects, they have special importance for tropical regions. Besides, these plants attract
the attention of many researchers with their biological activities. In traditional medical
systems such as Ayurveda, Unani, Homoeopathy, and Siddha, the therapeutic benefits
of F. carica L. have been emphasized. It is known that these traditional medicine
systems are used in the treatment of many diseases such as cardiovascular, hypertensive,
ulcerative, infectious, and cancer diseases [5, 6].

F. carica L. continues to be cultivated due to its edible fruits. According to TUIK
(Turkish statistical institute) data, it is known that the production in our country was
306.499 tons in 2018. Moreover, according to FAO (Food and Agriculture
Organization) data of 2017 [7], the world fig production in Turkey is in first place with
305 689 tonnes of world production. This is followed by Egypt (177.135 tons),
Morocco (137.934 tons) and Algeria (128.684 tons), respectively. More detailed data
can be found in Fig 1.
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Fig. 1. Distribution of fig production in the world by country (2017) [7]

In the world, fig consumption is in the form of dry and table fresh consumption. Both
dried and fresh figs have high levels of fiber and polyphenols [8, 9]. Besides, it has been
reported by many researchers that dried fruits are an important source of sugar,
vitamins, minerals, protein, organic acid, carbohydrates, and phenolic compounds [10,
11, 12, 13]. Due to these properties, fig has a substantial place among foods and a very
large consumption area. It also has very important antioxidant activities for human
health in terms of many compounds it contains.

Antioxidants are defined as compounds that take place under the effect of
atmospheric oxygen or reactive oxygen species, which can delay or inhibit oxidation
processes. They are employed to stabilize the polymeric products of cosmetics,
pharmaceuticals, petrochemicals, and food items [14].

One of the parts of figs that makes them important both in terms of nutritional values
and health is seeds. These seeds can be large, medium and small, and the number of
seeds per fruit (30 to 1600) varies. There are many edible seeds in one fig and the seeds
are hollow unless pollinated. On the other hand, pollinated seeds give the characteristic
nutty taste of fig. Fig seeds attract researchers' interest due to the rich chemical
compounds they contain [15, 16].

In this study, it is aimed to determine the composition of fig core fatty acids by gas
chromatography/mass spectrophotometry (GC/MS). Moreover, it is predicted that
determining antioxidant capacity will contribute to the literature.

MATERIALS AND METHODS
Material

Fig seeds used in this study were obtained from local companies and kept at room
temperature until analysis.
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Method
Fatty Acid Analysis

The oil extraction of the fig seeds we preserved was made with n-hexane. Analysis of
fatty acids was done according to the method of IUPAC IID19 [17]. Gas
chromatography (GC; Perkin Elmer, Shelton, USA) was used to determine the fatty acid
composition. Flame ionization detector (FID) and column (30 m x 0.25 mm ID, 0.25-
um film thickness) were used for chromatographic separation. The oven temperature
was raised to 120°C (2 min) and 220°C with 5°C / minute and kept for 10 minutes;
Injector and detector temperatures were set at 280°C and 260°C, respectively. The
results are calculated in % with their average deviations.

Total Antioxidant Activity Analysis

Total antioxidant activity analysis in fig seeds was done using DPPH (2,2-diphenyl-
1-picrylhydrazyl) method. Readings were made using a spectrophotometer at a
wavelength of 515nm. The antioxidant capacity of fig seed oil was calculated as trolox
equivalent.

Statistical Analysis

The fatty acid analysis was performed in three replications according to random plot
trial design. The data obtained were analyzed by employing the SAS-JMP statistical
program (SAS Institute Inc., Cary, NC) and variance analysis was performed. The
differences between them are compared with the LSD multiple comparison test.

RESULTS AND DISCUSSION

In this study, analysis of total oil amount, fatty acid composition, and total
antioxidant activity in F. carica L. seeds were performed. According to the obtained
results, the total amount of fat was determined as 14.08%. In the study, the fatty acid
composition was determined by Gas Chromatography (GC) and presented in detail in
Table 1.

Accordingly, it was determined that the highest fatty acid was a-Linolenic acid
(26.31%) followed by linoleic acid (24.27%) and oleic acid (19.65%). All three together
constitute 70% of the total core oil. a-Linolenic acid is an important herbal Omega-3
source. Omega-3 is a very important fatty acid in terms of health and reduces risk
factors for many diseases. Omega-3 fatty acids are defined as anti-inflammatory and
structural essential dietary oils for retinal photoreceptors and nerve tissue [18]. It has
been determined in the analysis that fig seed oil is a vital a-Linolenic acid source and it
has been observed that there are very limited studies in this context. It has been reported
that the amount of a-linolenic acid in other plants is 55% for flaxseed, 10% for canola
oil and 10% for walnut [19, 20].
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Table 1. Fatty acid composition of F. carica L. Seed (Figures in parentheses are
angular transformation values of percentage of response)

Fatty Acid Percentage (%)
1 Palmitic Acid (C16: 0) 15.10¢ (22.86)
2 Palmitoleic Acid (C16: 1) 0.07%(1.51)
3 Stearic Acid (C18: 0) 5.89¢(14.04)
4 Oleic Acid (C18: 1n9c) 19.65¢(26.31)
5 Eleaidic Acid (C18: 1n9t) 0.04' (1.14)
6 Linoleic Acid (C18: 2n6c¢) 24.27°(29.51)
7 a-Linolenic Acid (C18: 3n3) 26.31*(30.85)
8 y-Linolenic Acid (C18: 3n6) 0.119 (1.90)
9 Arachidic Acid (C20: 0) 0.37¢(3.48)
10 Eicosenoic Acid (C20: 1n9c) 0.29" (3.08)
11 Behenic Acid (C22: 0) 0.17'(2,36)
12 Caproic Acid (Cé6: 0) 0.137(2.06)
13 Lignoceric Acid (C24: 0) 0.08%(1.62)
14 Caprylic Acid (C8: 0) 0.56(4.29)
15 Capric Acid (C10: 0) 0.04' (1.14)
16 Myristic Acid (C14: 0) 0.12/(1.98)
17 Undecanoic Acid (C17: 0) 0.08% (1.62)
18 Heptadecanoic Acid (C17: 0) 0.161(2.29)
19 Pentadecanoic Acid (C15: 0) 0.04'(1.14)

LSD: 0,17%**, P<(0.05%* P<0.01** P<0.00]***

In a study on dried figs, Jeong and Lachance found that the most dominant fatty acid
in milled fruits was linolenic acid (53.1%), followed by linolenic acid (21.1%), palmic
acid (13.8%) and oleic acid (9.8%) have determined that [10]. Similarly, Yarosh and
Umarov [21] obtained high linolenic acid (trienic acid) amount from ground fig seeds.

Linoleic acid, one of the other essential fatty acids, is an omega-6 fatty acid. It is one
of the fatty acids very important in determining oil quality. The percentage amounts of
linoleic (omega-6), oleic (omega-9), and linolenic (omega-3) acids among fatty acids in
oil quality are very important. It has been reported that oleic acid is effective in having
the desired frying properties [22] and linoleic acid decreases the level of cholesterol in
the blood [23, 24]. Since oleic acid provides long stability, it has an area of use in the
chemical industry, especially in the food and cosmetics sector [25].

As with many seeds, the total oil yield is very important in fig seeds. Kim et al. [20]
reported the amount of oil in 2 different local fig varieties as 0.31-0.27%. It is a very
low value compared to the fig seed used in this study. It is thought that this difference in
the amount of oil is due to the locality, harvest time, and the variety of figs studied.

In a different study, Hssaini et al. [26] obtained the highest oil content from local
varieties 'C7A14"' (29.65 = 1.21%) and 'C11A21' (28.96 + 0.62%). The lowest oil
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content was observed in 'Borjassoute Noir' (21.54 + 1.71%) and "White Adriatic' (24.71
+ 2.14%) varieties.

Berry [27] determined that the oil content in fresh and boiled durian (Durio
zibethinus Murr) Seeds was 1.8%. He found that about 82% of all seed oil consists of
unsaturated fatty acids.

Taoufik et al. [28] investigated Opuntia ficus indica cactus seed oils of different
origins. They found the oil yields of a total of 17 cactus seeds between 5.4% and 9.9%.
They emphasized that the main fatty acids of cactus oil are palmitic acid (11.6-12.4g /
100g), oleic acid (18.2-22.3g / 100g), and linoleic acid (60.2—64.6g / 100g).

In a review covering the nutritional values of 10 different fruit seed oils, it was
reported that the oil content in the seeds was between 1.8% and 49.0%, and the protein
content was 6% to 40.0%. As in our determination, it has been emphasized in this
review that the varying oil content may be due to differences in plant varieties and
geographical differences [29].

According to the total antioxidant activity analysis, the antioxidant capacity of fig
seed oils was observed to be 140.19 mg TE / 100 g. With the antioxidant capacity value
obtained, it has been proven that it is precious in this respect as well. However, this
value is not stable and may change with many factors. A different study conducted
proves this; while researchers working on light and dark fig fruits found the highest
antioxidant (DPPH) value in the dark-colored Bouankik (45.25%) variety, they
determined the lowest amount in Taghanimt (28.33%) [30]. Accordingly, it is seen that
colors, types, and methods have different effects on antioxidant amounts. In different
studies; It has been emphasized that fruits, for instance, blueberries, blackberries, and
strawberries have high levels of antioxidant capacity due to the high levels of
polyphenol and anthocyanin they contain [31, 32]. Turkey to performing work on
Smyrna figs Halvorsen et al. [33] the total antioxidant amount 0.73 mmol / 100g been
found not. Accordingly, it has been determined that fig seed has less total antioxidant
capacity than pomegranate, grape, and plum, but higher than papaya, mango, apple,
apricot, and banana.

Hssaini et al. [34] compared the morphological and biochemical characteristics of 11
local fig varieties grown in the Moroccan climate. According to DPPH free radical
scavenging capacity, the highest antioxidant value is in '"Nabout' [88.1 & 3.37 mmol TE /
g dw (dry weight)] and 'Breval Blanca' (83.16 = 6.93 mmol TE / g dw) varieties, while
the lowest values are in 'El Quoti Lbied' and They have been observed in "Snowden"
(14.28 £ 1.42 and 14.76 = 1.61 mmol TE / g dw, respectively). The highest antioxidant
activity was obtained with DPPH test.

Having researched the antioxidant activity of different fruits, Reddy et al. [35]
observed that fresh fruits ranged from 32 to 891mg TE / 100g as a result of DPPH
radical scavenging, while the highest antioxidant activity was seen in guava (Psidium
guajava) (891) and the lowest in watermelon (Citrullus lanatus) (32). In dried fruits, the
highest activity was found in walnut (Juglans regia) (1541 mg TE / 100 g) and the
lowest activity in piyal (Pistacia vera) seeds (271 mg TE / 100 g). These results are
quite high compared to our study.

CONCLUSION

In this study, fig seed oil yield was determined as 14.08%. As a result of the analysis
of the fatty acid composition, it was determined that the highest fatty acids were a-
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Linolenic acid, linoleic acid and oleic acid, respectively. It is expected that this study
will be very useful due to the limited number of studies on fig seed fatty acids. It is very
important in terms of completing the deficiency in the literature and providing data on
how fig seed fatty acids can be evaluated in the future. It is suggested that a separate
window should be opened for the seeds of fig fruits, which are mostly evaluated for
human consumption and health. It should not be forgotten that it can be an alternative
source of linolenic acid to other animal and vegetable oils.
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ABSTRACT. In this study it was aimed to investigate the preventive effect of commercial Bacillus subtilis
strain QST 713, endophytic bacteria isolated from healthy lettuce leaves, and the effect of application time
of these treatments against Pseudomonas cichorii and Pseudomonas viridiflava infections on lettuce.
Bacillus subtilis strain QST 713 was applied as recommended by the manufacturer. Thirty-two endophytic
bacteria were isolated and the antagonistic effect of them was investigated by the disc diffusion method in
vitro. The best promising strains were selected according to the antagonistic effect against the plant
pathogenic bacteria in vitro and identified as Pseudomonas gessardii and Bacillus mojavensis by MALDI-
TOF MS. In vivo tests were conducted on healthy lettuce plantlets. Statistical analysis revealed that
commercial Bacillus subtilis strain QST 713 was an effective treatment against both pathogens at almost
all application times. Pseudomonas gessardii and Bacillus mojavensis strains prevented Pseudomonas
viridiflava infection at 0 and 24h prior application and decrease the infection at all application times.
Bacillus mojavensis strain was found the most effective treatment at 24h prior application against
Pseudomonas cichorii infection statistically.

Keywords: Endophytic bacteria, Pseudomonas cichorii, Pseudomonas viridiflava, Bacillus subtilis QST
713

INTRODUCTION

Lettuce (Lactuca sativa) is a one-year plant and leaves of the plant that are generally
used as vegetables. Like all vegetables, lettuce is threatened by many plant pathogens.
Pseudomonas cichorii (Pc) and Pseudomonas viridiflava (Pv) are important multi-host
plant pathogenic bacteria of lettuce. Pc causes shiny dark brown, firm, necrotic spots that
occur on the inner crop leaves as varnish spot and midrib rot of lettuce [1]. Pv is a non-
fluorescence member of P. syringae group. Necrotic areas on the leaf, stem necrosis, and
stem and root rot are the common symptoms of the pathogen on different host plants [2].
Both bacteria were reported on lettuce in Turkey previously [3, 4]. The yield loss can be
economically important especially in wet seasons. There is not a successful or remarkable
application to prevent or to cure the infection of both pathogens on lettuce.

Treatment with endophytic bacteria (EB), which is derived from plants but does not
have any pathogenicity to the plant it is hosted in, is a new approach to combat plant
pathogens in recent years. Endophytic bacteria can provide nutrients, promotes growth
with the synthesis of plant growth regulators [5], protect plants from environmental stress
factors with the synthesis of osmoprotectants and exopolysaccharides [6], supports the
plant defense mechanism inducing systemic resistance (ISR) and inhibits some plant
pathogens with antimicrobial metabolites [7]. As obtained from different parts of the
plants, there are also known commercial formulations. Bacillus subtilis strain QST 713
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(Bs) is one of the registered commercial Bs formulations used widely around the world
as a bio-formulated pesticide.

The purposes of this study were to observe the preventive effect of commercial Bs
strain QST 713 and two different EB which were isolated from healthy lettuce leaves in
this study and the effect of application time of these beneficial bacteria against two
important bacterial pathogens of lettuce, Pc and Pv.

MATERIAL AND METHODS
Isolation and identification of endophytic bacteria

Healthy lettuce leaves were surface disinfected in 1% NaOCI for 3 min and then rinsed
at least three times with sterile distilled water (sdw). The disinfected leaves were dried
on sterile filter papers and 3 cm diameters of the leaves were taken. The leaf pieces were
ground in sterile extraction bags (Bioreba) which consist of 5ml 0.9% NaCl. The
suspension was diluted to 10* and 50ul was streaked onto King’s B medium [8] by a
sterile loop. The Petri dishes were incubated at 28 °C in an incubator and after 48 h
colonies were observed under binocular. Fluorescence single colonies were selected and
re-streaked onto King’s medium B for bacterial purification. The opaque, fuzzy white and
irregular edges colonies were selected and re-streaked onto nutrient agar (NA). The
selected bacteria were performed on in vitro to observe the antagonistic effect against
pathogenic Pc and Pv.

Identification of Inhibitory Effect of Endophytic Bacteria in vitro

Pc. and Pv. strains were cultured on nutrient broth (NB) for 48h in a rotary shaker at
160 rpm at 28 °C. The bacterial suspension was transferred to microcentrifuge tubes as 2
ml and was centrifuged at 5 000 rpm for 5 minutes. The pellet was resuspended with 1ml
1X PBS (0.2 g/L KCl, 1.44 g/ NaHPO4 and 0.24g/L. KH,PO4, H20, pH 7.4). The
bacterial concentration was adjusted on 10° CFU/mL with a spectrophotometer at OD:
600 and 100 pl of bacterial suspension was streaked onto NA surface. After 30 min of
streaking the pathogenic bacteria, sterile blank disks (Oxoid) were soaked into EB
suspensions at 10° CFU/ml concentration individually and evenly spaced on the Petri dish
surface. The Petri dishes were incubated at 28 °C for 48h. The inhibitory effect was
evaluated by transparent zone occurrence and the diameter of the zone around the EB-
soaked disks. The diameter of the transparent inhibition zone around the EB colony and
the diameter of the EB colony were measured and the antagonistic index value was
calculated by proportioning these values to each other [9]. Each endophytic bacterium
was tested three times.

EB that had an inhibitory effect in vitro screening on Pc and Pv were identified with
matrix-assisted laser desorption/ionization-time of flight mass spectrometry (MALDI-
TOF MS, Bruker Daltonics GmbH, Bremen, Germany) and were analyzed as described
by Pavlovic et al [10]. For identification, the bacteria were grown as mentioned below
and 18h culture was used as instructed.

Molecular identification by 168 rRNA sequence analysis

Genomic DNA of the selected EB strains which had an inhibitory effect in vitro
screening on Pc and Pv was isolated by a EURX GeneMATRIX DNA purification kit
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according to the manufacturer’s instructions. The concentration of the extracted DNA
was measured with a nanodrop (Nano2000, Thermo Fisher), and 20 ng of genomic DNA
was used as a template for polymerase chain reaction (PCR). The 16S rRNA gene was
amplified for the identification of the strains. The universal 16S rRNA primer pair
631/1387r [11] was used for PCR. PCR was performed with GoTaq flexi master mix
(Promega, Madison, WI), 0.2 uM each primer, and 10 pl of dH20O, with a final volume of
25uL. The PCRs were conducted with the following steps: initial denaturation at 95°C
for 3 min; 35 cycles of denaturation at 95°C for 45 sec, annealing at 55°C for 30 sec,
extension at 72°C for 45 sec; and a final extension at 72 °C for 10 min. Aliquots of 5 mL
from the PCR products were analyzed by electrophoresis on a 1% agarose gel and
visualized under ultraviolet (UV) light after staining the gel with ethidium bromide. 16S
rRNA PCR products of selected strains were sequenced from both directions with the
primer pair 631/1396r. DNA sequences were trimmed manually based on the pick quality
and aligned, and a consensus sequence was obtained by using MEGA version X. The
obtained sequences were blasted and deposited in The National Center for Biotechnology
Information (NCBI).

Application of Bs strain QST713 and endophytic bacteria to lettuce

Preventive effect of Bs strain QST 713 and selected EB were tested on Romain type
lettuce (Lactuca sativa var. Romaine) variety Sangio. Bs strain QST 713 were mixed in
water at the highest labeled rates recommended by the manufacturers. The experiment
was conducted in a completely randomized block design and three replicates were used
for each treatment. Healthy, 5 weeks old lettuce plantlets were used in the experiment.
Selected EB were grown from pure cultures in NB in a rotary shaker at 160 rpm at 28 °C
for 24h. The bacterial suspension was prepared as mentioned below. All suspensions were
sprayed to the lettuce plantlets by a hand spray and the foliar parts of each plantlet were
covered with suspension. The experiment was repeated twice with the same number of
repetitions.

Pathogenic Pc (G5) and Pv (P 5.1) strains were used as inocula which were previously
isolated from lettuce. The pathogenicity of the selected strains was recorded as moderate
on lettuce from the previous studies (Canik Orel, unpublished). The pathogenic Pc and
Py inocula were also prepared as mentioned below and were sprayed onto plantlets as 10°
CFU/mlat 0, 24, 48, 72, and 96 h after foliar application. After the pathogen inoculation,
inoculated plantlets were covered with a thin, transparent polyethylene layer, to keep
moisture in, which were removed after 24 h. Plantlets were kept in a controlled climate
room at 26°C, 50% humidity, and 14h light/10h dark conditions. The results were
evaluated 14 days after inoculation (dai). Nine plantlets were used for each application.
Sdw only sprayed plantlets were used as healthy control and pathogen only sprayed
plantlets were used as infected control. Disease severity was assessed according to a
qualitative rating scale as described by Thirthamallappa Lohithaswa [12] with some
modifications on a 0-to-4 scale, in which 0: Symptomless, 1: <10% of the leaf area, 2:
10-25 % of the leaf area, 3: 26-49 % of the leaf area, 4: 50-100 % of the leaf area.

Statistical analysis

Obtained results were analyzed statistically by variance analysis (ANOVA) and
Tukey’s t-test at P < 0.05 by using the Minitab Statistic Software Version 18.0 (Minitab
Inc.).
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RESULTS AND DISCUSSION
Isolation and identification of endophytic bacteria

Totally, 32 endophytic bacteria were obtained after isolation from the healthy
lettuce leaves (Table 1). Eleven of the isolated bacteria were fluorescence pseudomonads.
MALDI-TOF analysis result showed that the most common strains were Serratia
liquifaciens and Pseudomonas gessardii (Table 1).

Table 1. MALDI-TOF MS analysis of endophytic bacteria obtained from healthy lettuce
leaves and the antagonistic index value of the strains against pathogenic Pv and Pc

MALDI TOF MS Strain no Antagonistic index value
identification result
P.cichorii P. viridiflava
Lt1 1.2 2.2
Lt4 2.2 4
Serratia liquefaciens Lt5 23 6.2
Lt6 1.1 -
Lt8 - -
Lt9 - -
Lt10 1.1 2
Lt12 1.4 4.6
Lt2 1.3 -
Lt3 1.4 1.6
Serratia proteamaculans Lt7 2.3 8
Lt11 1.2 -
Lt13 4.6 39
Lt 14 2.2 1.4
Pseudomonas gessardii Lt 15 22 1.8
Lt 16 3.1 2.8
Lt17 2.8 2.1
Lt18 3.1 2.0
Lt 19 2.9 1.5
Lt20 2.4 2.6
Pseudomonas putida Lt22 3.1 2.8
Pseudomonas jessenii Lt21 1.1 -
Pseudomonas Lt23 - -
caricapapayae
Citrobacter braakii Lt 28 - -
Rheinheimera soli Lt 30 - -
Bacillus mojavensis Lt24 4.0 34
Lt25 1.1 -
Lt26 1.1 -
Not reliable identification Lt 27 1.4 -
Lt29 - R
Lt 31 - R
Lt32 - -

Identification of inhibitory effect of endophytic bacteria in vitro

In vitro inhibitory effect of the strains on pathogenic Pc and Pv strains were evaluated
according to the antagonistic index value which was calculated by proportioning the
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diameter of the transparent inhibition zone around the EB colony to the diameter of the
EB colony (Table 1). The most inhibitory effects were obtained from fluorescence
Pseudomonas strain Lt 13 and Bacillus strain Lt 24 and were identified by MALDI-TOF
MS analysis as Pseudomonas gessardii (Pg) and Bacillus mojavensis (Bv), respectively
(Figure la, b). Pg strain LT 13 and Bm strain Lt 24 were selected for in vivo tests and
were applied as the antagonistic EB to confirm the inhibitory effect on lettuce plantlets
against pathogenic Pc and Py strains.

Fig. 1. The inhibitory zone of different endophytic bacteria obtained from healthy
lettuce leaves against Pc (a) and Pv (b) on NA after 24h incubation at 28 °C.

Molecular identification by 16S rRNA sequence analysis

The universal 16S rRNA primer pair 63f/1396r was used for PCR analysis and
sequencing of the strains. When the obtained sequences were blasted, strain Lt 13 was
found as P. gessardii with 99,79% and Lt 24 was found as B. mojavensis with 99,39%
similarity to the respective reference strains. The sequences were submitted to GenBank
under the accession number MT 856830 for Lt 13 and MT 856906 for Lt 24.

Application of Bs strain QST713 and endophytic bacteria to lettuce

The first symptoms on inoculated lettuce plantlets were observed at the 5 dai for both
pathogenic bacteria. The effect of treatments and application time were assessed at 14"
dai. The statistical analysis showed that there were differences between application time
and treatments on Pc and Pv infections on lettuce (Table 2, Table 3). When the results
were evaluated for Pv infection (Table 3), Bs strain QST 713 was found effective at 0,
24, 48, and 72 h prior applications. All-time applications of Lt 13 showed a preventive
effect against Pv statistically (p<0.05). Bm strain Lt 24 was also found effective
statistically at all application times (p<0.05). The most effective application times of the
treatments were Oh and 24h prior applications of Lt13 and Lt 24, and 24h prior application
of Bs strain QST 713 (Fig. 2).
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Fig. 2. Effect of different treatments on different times against Pv infection on lettuce,
a: Lt13 Oh, b: Lt 13 24h, c¢: Lt 24 Oh, d: Lt 24 24h, e: Bs QST 713 24h, f: Bs QST 713
96h, g: Disease control, h: Healthy control

i,

Table 2. Inhibitory effect of Bs strain QST 713, Pg and Bm applications against Pv
infection on lettuce plantlets at different times

Oh 24 h 48 h 72 h 96 h
Bs QST 713  0,7+0,0bCD 0,3+0,5bB 0,8+0,0bB 1,2+0,6bB  2,7+0,6aA
Lt13 0,4+0,6abD  0,0+£0,0bB 0,9+0,0aB 0,7+0,6abC 1,0+0,0abB
Lt24 0,3+0,6aD  0,3£0,5aB 1,0+0,0aB 1,3+0,6aB  0,7+0,6aB
Pvs5s.1 3,1£0,0aA  3,1+0,3aA 3,1+0,0aA 3,3+0,6aA  3,0+0,0aA
dH;0 0.0£0.0aD  0.0£0.0aB  0.0£0.0aC  0.0+0.0aD  0.0+0.0aC

! Lowercase letters refer to treatment vs time, 2 Capital letters refer to disease vs time. There is no statistical
difference between the same letters following the same column (Tukey’s t-test, P<0.05)

When the results were evaluated for Pc infection (Table 3), Bs strain QST 713 was
effective at all application times (p<0.05). The most effective treatment was found the
24h prior application of Pg strain Lt 13 against Pc infection. After 24h application, the
effect of the strain Lt13 decreased. When Bm strain Lt 24 assessed, while it was not
effective at the Oh application, it was found effective in the 24 and 48 h prior applications
and ineffective in the 72 and 96h to prevent Pc infection (Figure 3).

Fig. 3. Effect of different treatments on different times against Pc infection on lettuce,
a: Lt13 24h, b: Lt 24 24h, c: Lt 24 48h, d: Bs QST 713 96h, e: Disease control, f:
Healthy control
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Table 3. Inhibitory effect of Bs strain QST 713, Pg, and Bm applications on Pc infection
against lettuce plantlets at different times

Oh 24 h 48 h 72 h 96 h
Bs QST 713 0,7+0,5a'B*> 1,0+£0,0aB  0,6+0,5aCD 1,3+0,6aB  1,3+0,6aC
Lt13 0,8+0,4bcB  0,3+0,5¢cC  2,6+0,5aB 1,8+0,0abB  2,4+0,6aB
Lt24 2,7+0,5aA  1,0£0,0bB 1,1£0,3bC  2,7+0,6aA  2,9+0,0aAB
Pc G5 3,1£0,3aA  3,0£0,0aA 3,2+0,4aA  3,0+0,0aA  3,0+0,0aA
dH20 0.0+£0.0aC  0.0£0.0aD  0.0+£0.0aD  0.0+£0.0aC  0.0+0.0aD

! Lowercase letters refer to treatment vs time, 2 Capital letters refer to disease vs time. There is no statistical
difference between the same letters following the same column (Tukey’ t-test, P<0.05)

When all treatments and application time data were evaluated together statistically, it
can be said that the difference was significant between different treatments and
application time (Tukey’ t-test, P<0.05) to prevent Pc and Pv infections on lettuce.

Bacterial plant diseases are difficult to be managed with certain pesticides such as
fungicides or herbicides in agriculture. Starting with clean propagation material is the
most important issue for plant propagation. Since there are plenty of inoculum sources in
the environment such as soil, infected plant debris, weeds, vectors, etc. preventive
applications are necessary for all crop systems. There are not many studies on bacterial
disease management on lettuce crop systems. In this study, the preventive effect of
commercial Bs strain QST 713 and two different endophytic bacteria against Pc and Pv,
and the effect of application time on the lettuce were investigated.

Glick [13] indicated the widely used of EB in agriculture despite the limited
understanding of endophytic bacteria-plant interactions. In this study, commercial
Bacillus strain Bs QST 713 was found as the most effective treatment against both Pc and
Pv infection on lettuce based on the treatments. Similarly, Bs strain QST 713 and basic
copper sulfate mixture were previously used as an effective treatment on lettuce bacterial
leaf spot disease caused by Xanthomonas campestris pv. vitians [14]. Bacillus subtilis
strain QST 713 is used widely around the world as bio-fungicide [15]. Our results showed
that the preventive effect of Bs strain QST 713 strain was not only on fungal diseases but
also on bacterial plant diseases.

MALDI-TOF is one of the popular instruments used in biological sciences, due to its
rapid and precise identification of genus and species of an extensive range of Gram-
negative and -positive bacteria [16]. 16S ribosomal RNA sequences have been used
extensively in the classification and identification of Bacteria and Archaea [17, 18, 19].
The results of MALDI TOF and 16S rRNA sequence results of the promising EB strains,
Lt 13 and Lt 24, were found to be compatible with each other.

Pseudomonads have many members of EB which show an antagonistic effect on
different plant pathogens. Especially, fluorescent pseudomonads are known as the
antagonistic agents through direct antagonistic effect and/or by inducing plant defense
system against many diseases [20]. They have important traits in bacterial fitness such as
the ability to adhere to soil particles and the rhizosphere, motility, antibiotic synthesis,
and hydrolytic enzyme production. Fluorescent pseudomonads were also reported to
grow faster than many organisms and to be more competitive in different environments
[21]. Except for P. caripapayae strain, all fluorescence strains had different levels of the
antagonistic effect against both Pc and Pv strains in vitro tests in this study. In vivo studies
showed that P. gessardii strain Lt 13 was more effective on Pv infection than Pc infection.
This result can be explained that Pg strain Lt13 may act more competible on Pv from the
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beginning to the fifth day of application on lettuce than Pc. Although both of the plant
pathogens belong to the genus Pseudomonas, the durability of the pathogenic traits at the
same host can show differences. Pseudomonads divided 19 certain groups according to
multilocus sequence analysis that P. gessardii belong to group Il which was named P.
gessardii group while Pv and Pc belong to the group XIX was named P. syringae group
[22]. Pv and Pc showed difference within the P. syringe group genotypically. This
difference might be the reason for the difference in tolerance to the same antagonist at the
same host.

Bacillus spp. have also important endophytic members which invade plants by
entering through stomata on the leaf surface, triggers ISR that protects non-infected plant
parts and accelerate closure of the stomata in response to pathogen attack [23, 24, 25]. In
this study, Bm strain Lt 24 was found effective on 24 and 48h prior applications. As well
as the competitive effect of the bacterial strain, another aspect is, some foliar pathogens
invade plants by entering through stomata on the leaf surface. This endophyte-induced
priming for enhanced stomatal closure represents yet another structural barrier that can
delay disease progression in plants. B. subtilis FB17-ISR was previously reported to
accelerate closure of the stomata in response to pathogen attack [25]. In this case, it can
be said that Bm strain Lt 24 can play a competitive role with Pc at the plant surface at the
first 48h after application or it may cause an effect of stoma closure to prevent the
infection as reported previously.

Endophytic bacteria can be applied to the plants by seed treatments, dipping the roots
to the bacterial suspension or by foliar applications. Vasudevan et al. [26] also reported
that some Bacillus spp. could decrease rice leaf blight by seed coating, root applications,
and foliar spraying. In this study, all the treatments were applied as the foliar application
by spraying to the leaf surface and were found effective to prevent pathogenic Pc and Pv
infections on lettuce. The results of this study showed that foliar applications may provide
advantageous on leaf pathogens, such as Pc and Pv because of the direct action on the
pathogen on the leaf surface during or after the leaf inoculation.

CONCLUSION

It is difficult to manage bacterial diseases when the host plant was infected. As a part
of plant disease management, application time is as important as the selection of the best
treatment for control of the diseases. This study revealed the preventive effect of Bs QST
713 strain, and two bacterial endophytes isolated from healthy lettuce plants and the effect
of the application time against Pc and Pv on lettuce. Further studies should be conducted
to reveal the effect of these effective components in a mixture of different active
ingredients and the effect of the strains on the field conditions.
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ABSTRACT. Primula is the largest genus belongs to Primulaceae family. The majority of the genus is
comprising short-lived perennial herbaceous plants. Members of the genus have attractive flowers and are
cultivated as bedding plants and flowering potted plants. Additionally, some of the species among the genus
are economically important for ornamental plant industry. In commercial production systems, hybrids are
especially propagated by seed, while primroses can also be propagated by dividing clumps. However, some
problems such as irregular or late germination and low germination rate of the seeds in many primula
species prevent mass propagation. Therefore, tissue culture techniques are valuable tools in breeding
program, enlargement of genetic pool, gene transformation, as well as in conservation plant genetic
materials in primula. In this review, common plant tissue culture techniques used in Primula species were
briefly presented.

Keywords: primula, primrose, regeneration, tissue culture

INTRODUCTION

Primula is the largest genus with approximately 500 species in the Primulaceae family.
The first time the genus was described by Carl Linne in 1753 who named the genus as
Primula derived from the word first in Latin, referring to the early blooming in spring
[1]. Primula species are mostly originated from Northern Hemisphere and are naturally
grown in Europe, South America, Asia, temperate zones of the Northern Africa [2]. Most
of the native plants require humid and cool climate and grow in the forest belt, plain
meadows, Alpine lawns, and meadow tundras [3]. The majority of the genus Primula is
that it comprises short-lived perennial herbaceous plants with leaves arranged in basal
rosettes. Leaves are revolute or involute when they are young, often with a white or
yellow farinose coating. Leaf margins vary by species as entire, dentate or serrate [4].
Inflorescence of the species in the genus are single-flowered, or arranged in umbels,
several superimposed whorls, heads, or spikes. The color of the flowers in genus varies
by species as white, yellow, pink, red, purple, violet, or blue, but the mouth of the tube in
a contrasting color [5]. Primula species are the most popular example of dimorphic floral
development known as heterostyly in order to understand evolutionary, developmental
biology, population genetics and recently molecular genetics of the system. There are two
types flower morphology, named ‘pin’ and ‘thrum’, in dimorphic species. The major
differences in heteromorph flowers are that the male and female organs are placed
reciprocal position in flower tube which prevent self-pollination. Pin flower type has a
long style and stigma can be seen easily at the mouth of the flower, whereas thrum flowers
has a short style and anthers are located at the mouth of the flower [6] (Fig. 1).

Members of the genus have attractive flowers and are cultivated as bedding plants and
flowering potted plants [1]. Some of the species among the genus are economically
important for ornamental plant industry and they are classified as English primrose or
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acaulis primula (Primula vulgaris synonym P. acaulis) (2n=22), polyanthus, polyantha
primrose or hybrid primrose (P.xpolyantha), fairy primrose or baby primrose (P.
malacoides) (2n= 18, 36, 72), German primrose or poison primrose (P. obconica) (2n=
24, 48), cowslip (P. veris) (2n= 22) and Chinese primrose (P. sinensis) (2n= 24, 36, 48)

[7].
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Fig. 1. Pin and Thrum flower types in Primula vulgaris

Primula or primrose breeding started in the early 1900s and many primula hybrids
have been improved in different countries mainly through intraspecific crossings and
partly through interspecific hybridization. In commercial production systems, hybrids are
especially propagated by seed, while primroses can also be propagated by dividing
clumps (Fig. 2). However, some problems such as irregular or late germination and low
germination rate of the seeds in many primula species prevent mass propagation [8, 9,
10].

L

Intact plan with crowns

Fig. 2. Propagation of primroses by dividing clumps.
In addition, heteromorphic floral development and sporophytic incompatibility due to

the S allels are observed and these obstacles in reproductive biology of the plant cause
self-incompatibility. Therefore, tissue culture techniques are valuable tools in breeding
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program, enlargement of genetic pool, gene transformation, as well as in conservation
plant genetic materials in primula.

SOME OF THE IN VITRO TECHNIQUES USED IN PRIMULA
Mass propagation of Primula

Primula is the rich genus with approximately 500 species and member of the genus
naturally grown in many countries, however some of them are endangered or rare due to
habitat loses or other anthropologic factors. Additionally, some of the species such as
Primula veris [11], P. denticulata [12] and P. macrophylla [13] have valuable medicinal
metabolites and tissue culture techniques are often used to propagate plant materials to
obtain stable high-quality metabolites [14]. The optimization an in vitro propagation
method is also beneficial for propagation important floral characteristics such as doubled
flowers for plants which do not produce seed and parental lines of commercial cultivars
[15].

In vitro culture studies of Primula species started in late 1970s and it is focused on
mass propagation due to irregular or delayed seed germination of P. obconica which is
economically important pot plant worldwide. At present, several of the Primula species
are successfully propagated by in vitro techniques, but the studies are still limited. The
determination explant types, culture medium and plant growth regulators are essential
prior to the in vitro culture. Coumans et al. [10] reported that inflorescence tip explants
of P. obconica gave best vegetative proliferation when cultured on MS medium
supplemented with 1 mg/L benzyladenine (BA) and 1 mg/L napthaleneacetic acid (NAA).
Further subculture of explants allowed proliferation of vegetative buds and fivefold
propagation ratio per month. Shimada et al. [16] reported that Ohashi and Mii [17],
successfully obtained plantlets regenerated from leaf explants cultured on MS medium
supplemented with 1 mg/L IAA (Indole-3-acetic acid) and 5 mg/L Zeatin in P. obconica
and P. malacoides. Yamamoto et al. [18] cultured explants prepared from distal and
proximal half of the young leaves of P. sieboldii on MS medium supplemented with
different concentrations of BA (6-Benzylaminopurine) and NAA (1-Naphthaleneacetic
acid). They determined best propagation results for shoot formation in MS medium
supplemented with 1 mg/LL BA and 0.1 mg/L NAA. Additionally, shoot regeneration was
not obtained from the medium without NAA and distal part of the leaves of in vitro grown
plants gave better results than explants taken from in vivo donor plants. Morozowska et
al. [9] used shoot tip explants of P. vulgaris for micropropagation and MS supplemented
with 4.44 uM BA and 1.13 uM 2,4-D (2,4-dichlorophenoxyacetic acid) was found to be
optimal regeneration medium.

Mass propagation studies of Primula species conducted by many researchers and they
were successful on inducing adventitious shoots from different explants cultured on
medium supplemented with various concentrations of auxin and cytokinine. In our lab,
wild P. vulgaris plants cultured ex situ and seeds were harvested after flowering period.
Surface sterilized seeds were cultured on MS medium supplemented with 1.0-1.5 mg/L
BA, 3% sucrose and a few seeds were germinated and turn into plantlets. Then each clump
was dived and plantlets were sub-cultured on same medium. Further subculture was
performed approximately every two months. We observed 4-8 fold propagation ratio in
each subculture and some of the plantlets were rooted during in vitro culture (Fig 3a).
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Additionally, some of the plants were died, when the subculture period extended (data
not published) (Fig 3b).

Fig. 3. In vitro culture of wild P. vulgaris genotypes (a: rooted plantlets during culture,
b: dead plants in extended subculture period)

The regeneration capacity of Primula species varies depending on culture conditions,
explant types, subculture interval, concentrations of plant growth regulator. As a result,
lower concentrations of cytokinine or combination with auxine in tissue culture media
gave successful results for mass propagation. On the other hand, concentrations of surface
sterilization agents should be lower, when the young tissues such as young leaves and
shoot tips will be used as explants. Moreover, endangered or rare plants can be propagated
ex situ before tissue culture studies in order to prevent losing plant material or seeds can
be chosen as an explant resource.

Organogenesis and somatic embryogenesis

One of the important key points in tissue culture studies is planning which explants
will be cultured and which developmental stages will be followed. The explants cultured
on medium follows two regeneration pathways, organogenesis and somatic
embryogenesis. In the somatic embriyogenesis pathway, bipolar structures regenerate
from a single cell and they have no vascular connection [19]. Unlike somatic
embryogenesis, unipolar structures occur in the organogenesis pathway and vascular
connection is formed between the formed structures and the donor plant. Structurally, the
main difference of both pathways from each other is the formation of bipolar or unipolar
structures as a result of the development phase [20].

According to previous studies of direct and indirect organogenesis, leaf explants
commonly were used to induce regeneration in Primula. The regeneration was also
obtained from root and pedicle explants in limited number of the studies. This is probably
due to higher regeneration capacity of leaf explants or to overcome taking explants
depended vegetation period of the donor plants. Additionally, leaves can be superior taken
from in vitro grown seedling are preferred to overcome contamination problem and
seasonal limitations.

The explant cultured on tissue culture media follow two organogenic pathways in
organogenesis. In indirect organogenesis, a callus phase develops from explant cultured
on medium, while shoots or roots are regenerated in direct organogenesis. The callus
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phase can be obtained from explants cultured on media containing higher auxin than
cytokinine plant growth regulators. Different concentrations of 2,4-D and TDZ are major
growth regulators to induce callus in Primula studies in order to obtain adventitious
shoots through indirect organogenesis technique (Table 1). Hayta et al. [21] reported that
TDZ and auxin concentrations were crucial for promoting dedifferentiation and
regeneration in P. vulgaris. They observed that the media supplemented with 4.0 mgL!
2,4-D+2.0 mgL™! TDZ, and 2.0 mgL~! TDZ+0.5 mgL~! NAA and 3.0 mgL ' TDZ+ 0.3
mgL~! NAA had the highest callus induction rates (100%). Additionally, they indicated
that TDZ alone was detrimental to the plant material and failed to initiate callus. However,
Shimada et al. [16] reported that using media supplemented with 1.0 mg/L TDZ alone
induced somatic embryogenesis from leaf explants of P. cuneifolia var. hakusanensis.
Takihira et al. [22] successfully obtained adventitious shoots from explants cultured on
LS + 0.2 TDZ mg/L +2.0 mg/L NAA in P. x pubescens cv. ‘Borders mixed’, while
Hamidoghli et al. [23] reported that adventitious shoots regenerated from explants
cultured on MS + 2.0 mg/LL. TDZ + 1.0 mg/L NAA (Table 1). This differences in
regeneration response occurred in explants cultured on TDZ containing media could be
reasoned chemical behavior of TDZ which auxin and cytokinin like affects due to its
ability to modulate endogenous growth regulators [21]. Additionally, Schween and
Schwenkel [24] observed genotypic effects on regeneration of six cultivars of Primula.
The callus regeneration rates ranged from 25% to 96% and shoots regeneration rates were
0.0-11.6% depending on genotypes, the duration of plant growth regulator treatment.

In vitro androgenesis and gynogenesis

Haploid and double haploid plants are one of the key factors in plant breeding program.
It is superior to conventional techniques due to facilitate obtaining complete
homozygosity in short time. The gynogenesis comprises culture of unfertilized ovary,
ovule, or flower bud, while anther and microspore cultures are used in androgenesis. In
both pathways, not only haploid plants can be regenerated from explants but also the plant
with same chromosome level as donor plant can be regenerated on culture media due to
undesired regeneration from somatic tissues.

In a number of studies androgenesis and gynogenesis conducted on Primula species.
Ovule or ovary culture studies mainly conducted for embryo rescue processes in
interspecific hybridization of Primula species, while anther culture preferred to induce
haploidisation. Bajaj [26] reported that plantlets regenerated from anther culture of P.
obconica frozen in liquid nitrogen aiming possibility of long-term preservation of haploid
germplasm. The young anthers at the uninucleate pollen stage frozen in liquid nitrogen
according to cryopreservation protocol of the author, then some of the explants cultured
on MS medium supplemented with 0.5 mg/L IAA + 0.5 mg/L 2,4-D and 2.0 mg/L zeatin.
Plantlets obtained directly from pollen-embryos, and indirectly through the differentiation
of callus. Additionally, Jia et al. [27] demonstrated that lengths of 4.0-5.0 mm flower
buds were at the appropriate microspore developmental stage and the highest callus
induction was obtained from explants cultured on MS + 1.0 mg/L BAP + 0.5 mg/L 2,4-
D. The highest induction and proliferation of indefinite buds (55.2%) was produced on
MS + 0.2 mg/L BAP + 0.01 mg/L NAA. As a result of their results, totally 516 plantlets
were obtained and 2% of the plantlets were haploid according to cytological analysis and
flow cytometry.
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Table 1. Studies on somatic embryogenesis and organogenesis in Primula spp.

Species Path Exp. Media Resp. References

LS + 1.0 mg/L TDZ or 5.0-
10.0 mg/L Zeatin

Callus induction media: Y2
MS +4.0 mg/L 2,4-D +2.0
mg/L TDZ, shoots
regenerated on hormone
free media

P. cuneifolia SE L. Emb. [16]

Primula spp. IDO P. ASh. [25]

Callus induction media: Y5
MS 4.0 mg/L 2,4-D + 2.0
mg/L TDZ, shoots
regenerated on hormone
free media

P. vulgaris IDO P. ASh. [24]

LS + 0.2 TDZ mg/L 2.0
mg/L NAA

MS + 2.0 mg/L TDZ + 1.0
mg/L NAA

Callus induction media:
MS + 0.1 mg/L BA + 5.0
mg/L PIC, Shoot
regeneration: 0.5 mg/L
TDZ + 0.1 mg/L NAA

P. x pubescens DO L. ASh. [22]

P. heterochroma DO L. ASh. [23]

P. veris IDO R. ASh. [14]

Callus induction media: B5
macro salts + %2 MS micro
salts (basal media) + 4.0
mg/L 2,4-D + 2.0 mg/L
TDZ, shoots regenerated
on basal medium +3.0
mg/L TDZ + 0.3 mg/L
NAA

ASh.: Adventitious shoot, DO: Direct organogenesis, Emb.: Embryo, Exp.: Explant, IDO: Indirect
organogenesis, L.: Leaf, P.: Pedicle, Resp. Response, R.: Root, SE: Somatic embryo.

P. vulgaris IDO L. ASh. [21]

CONCLUSIONS

The genus Primula is the largest genus in Primulaceae family and it has valuable
species for ornamental plant industry. The member of the genus has various reproductive
barriers such as heteromorph flower or self-incompatibility. Additionally, some of the
species are under threat due to habitat loses or other anthropological affects. Modern
biotechnological methods including plant tissue culture have been taken part in breeding
strategies of plant. Several biotechnological methods could be applied to plant to have
better ones in the process of plant breeding. Plant tissue culture techniques serve essential
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tools for conservation of genetic diversity or development new cultivar through breeding
[28, 29]. In different Primula species, in vitro culture techniques were successfully
performed. It has been seen that Primula species can be easily propagated using
appropriate explants, plant growth regulators and tissue culture media. However, these
factors should be optimized individually for each species to obtain high efficiency in in
vitro culture studies.
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ABSTRACT. Growing awareness for chemicals with potential hazards has stimulated significant interest
to use fishes as indicators for mutagens, carcinogens and teratogens in aquatic ecosystem as they take
higher place in the food chain forming significant source of food and nutrition for human affecting health
directly. They are generally considered as best animal model for studies with advantages of monitoring
genotoxicity owing to their ability to metabolize xenobiotics and accumulate pollutants. This has led
todevelop several biological tests to detect and identify such effectsthrough various cytogenetic endpoints
which are very sensitive genetic assays to detect environmental mutagens at sub-toxic levels. Micronuclei
tests (MN), comet assay and chromosomal aberrations test (CA) in fishes were reported as useful
biomarker of in vivo techniques from time to time with potential for in situ monitoring of water quality.
Various techniques of cytogenetic end point assay using fish in vitro and in vivo and their applications to
environmental monitoring and eco genotoxicology has gained considerable significance from time to
time. This article aims to present an anthology of such studies in piscine models to realize their
significance in environmental mutagenesis. It justifies the use of piscine models in such studies like any
other experimental animal model.

Keywords: Fishes, Genetic Disorder, Hazards, Mutagens, Pollutants

INTRODUCTION

Since last few decades, human civilization has been exposed to a very huge number
of chemicals with potential hazards to genomeeither knowingly or inadvertently, while
accomplishing all regular day to day activities. The industrial development and rapid
urbanization has led to development of polluted zones discharging potentially toxic
compounds in the environment. Quite a large number of chemical pollutants have
proven record of potential hazards to affected organisms. Thousands of natural or
synthetic materials in their ionic, simpler or complex molecular forms are used for
different purposes in pharmaceuticals, drugs, beverages, cosmetics, perfumes,
confectionaries, tobacco industries, food and food industries, food colorants, dyes,
paints, enamels, cement, asbestos etc. and many more. These are added regularly to the
environment in a pursuit to improve life style and living standard. In addition, various
organic and inorganic effluents from different mills or industries, primary or secondary
metabolites, heavy metals like Pb, Al, Cr, Ni, As, Sb, Zn, Sn, Hg and agrochemicals
like fertilizers, pesticides, insecticides, herbicides increase the bulk content of this list of
hazardous materials. Many of them can induce death of exposed organisms orcause
physiological alterations or genetic disorders.

Mutagenicity induced by heavy metals even in sub-lethal concentrations can cause
development of tumor [1] or undesirable alterations in genetic materials [2, 3]. Some of
these chemicals in low concentrations may not cause acute detectable effects but in the
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long run may reduce the life span [4] of the organisms exposed to them. Higher level of
Pb and Hg can cause wide range of toxicity like muscular and neurological
degeneration, destructive growth inhibition, mortality, reproductive problems and
paralysis [5]. Various metallic ions act as genotoxins at particular concentrations due to
their ability to bind to thiol groups and induce instability in the spindle formation in the
cells [6]. Some heavy metals, such as copper, iron, nickel and chromium are
importantmetals due to their essential functions in living systems, whereas cadmium
and Pb are non-essential and are toxic even in trace amounts [7]. Certain agrochemicals
inhibit cell division, induce chromosomal abnormalities and damage the genome [8].
This article aims to present an anthology of such studies in various fishes with particular
reference to cytogenetic end points realizing their significance in environmental
genotoxicity.

Why Piscine models?

Aquatic environment covers more than two-thirds of the earth inhabited by more
than 28,000 fish species [9]. Growing awareness for the aquatic pollutant generated
potential hazards has stimulated significant interest in their use as indicators for
monitoring of environmental mutagens, carcinogens and teratogens [10]. They have
been used in numerous biochemical and toxicological studies linked to development,
carcinogenicity and teratogenicity both in vitro and in vivo [11, 12, 13] due to their
easiness to handle and maintain ad libitum by relatively low cost methods [14]. Aquatic
environment remains the ultimate recipient of an increasing number of agrochemicals
where many of themare able to interact with DNA leading to gene mutation or genetic
syndromes [15, 16] in aquatic organisms, particularly fishes. For different
assay/analytical activities at genomic/cellular level, various species of fishes have been
proved as suitable piscine model. Rodriguez-Cea et al. [17] noted that some fish species
are more sensitive to genotoxic pollutants than other species such as eel (Anguilla
anguilla) or minnow (Phoxinus phoxinus). As per Braunbeck et al. [18] and Osman et
al. [19], they are considered to be efficient and cost effective as best toxicity indicators
(Ruperelia et al. [20] and Barse et al. [21]) for evaluation of potentially teratogenic and
carcinogenic substances [22]. At the top of the aquatic food chain they may directly
affect human health by making them significant for their bio monitoring [23, 24]. Any
change in the natural conditions of aquatic medium causes several physiological
adjustments in them [25]. Fishes can take up both essential metals and nonessential
metals which accumulate in their tissues [26]. As per Lavanya et al. [27], contaminants
get accumulated in major aquatic organisms and Adeogun and Chukwuka [28] reported
that, they are the final sink for many chemicals with long term effect on reproduction
and gene pool of organisms. Rivero-Wendt et al. [29] proved lack of genotoxicity of
170-Methyltestosterone (MT) in Oreochromis niloticus and Astyanax bimaculatus by
cytogenetic studies. Some of their advantages as suitable model for monitoring aquatic
genotoxicity owe to their ability to metabolize xenobiotics and accumulate pollutants
[30, 31, 32]. Akpoilih [33] examined the use of ecogenotoxicology in environmental
monitoring, the role of fish in genotoxicity testing of pollutants, genetic basis in
genotoxicological assessment, current methods of ecogenotoxicological hazard
assessment using fish in vitro and in vivo and their applications to environmental
monitoring as well as recent advances in the field of fish eco genotoxicology and
highlighted limitations and recommendations for further research on the use of eco
genotoxicology.
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Cytogenetic end points

Krishnaja and Rege [34] showed Boleophthalmus dussumieri as a satisfactory
cytogenetic model in vivo for mutagenic studies. Manna [35] informed that, cytogenetic
analysis constitutes important short term assay system for evaluation of genotoxic
potentials of environmental agents which were applicable earlier to non piscine models
formetaphase analysis [35], micronucleus test [36, 37], sister chromatid exchange
analysis [38] and spermatocyte chromosome analysis of in vivo models. According to
Manna [39], fishes are employed to assess the cytogenetic effects of environmental and
manmade mutagens [40, 41, 42] in the aquatic ecosystems supported by Braunbeck et
al. [18], Mitchell and Kennedy [43] and Akiyama et al. [44]. Gopal Krishna [45]
reported on detection of damage due to genotoxicants, radiation, and apoptosiscausing
depletion of fish resources could be addressed through cytogenetic end points.
Chromosomal aberrations test (CA) and micronuclei tests (MN) in fishes were reported
as useful biomarker of in vivo techniques [46, 47]. Alink et al. [48] reported that,
Eastern mudminnow (Umbra pygmaea L.) exposed for 11 days to Rhine water had a
significantly higher number of SCE and an increased comet tail length compared with
control fish exposed to groundwaterand concluded that genotoxins are still present in
the river Rhine, but the genotoxic potential has markedly decreased as compared.
Genotoxic studies using cytogenetic analysis in fishes have been demonstrated by a
number of workers [2, 46, 49, 50, 51, 52, 53]. Insecticides/pesticides lead to DNA
damage in form of micronucleus formation, chromosome aberrations and mitotic
aberrations [54, 55, 56]. Mahboob et al. [57] reported cytogenetic effect of heavy metal
in Clarias gariepinus using the micronucleus test, chromosomal aberrations and sister
chromatid exchange suggesting that HgCl, caused genotoxic effects in fish. For
agrochemicals, Cypermethrin induced genotoxicity was studied by various cytogenetic
end points in different organisms like Simoniello et al. [58] in Prochilodus lineatus
evaluating DNA damage using alkaline comet assay, Ansari et al. [59] in Channa
punctatus by MN studies, Rana [60] in Channa punctatus by chromosomes analysis;
Rakesh [61] in Labeo rohita inducing chromosomal aberrations. Similarly, genotoxicity
of Malathion was reported by various workers in fishes like Kumar et al. [62] in Channa
punctatus by micronucleus and comet assay; Parveen and Shaadab [63] in the same
species revealing clastogeneicity of chromosomes. Thus many chemicals were tested
from time to time in different piscine models revealing the importance of cytogenetic
end point analysis in genotoxicity studies.

a) Micronucleus test (MN)

The MN test, developed by Schmidt [64] is an in vivo and in vitro short time
screening method widely used to detect genotoxic effects. These are cytoplasmic mass
of chromatin with appearance of small nuclei arising from chromosomes lagging behind
in anaphase. Using them, scientists evaluated potential clastogenicity of inhaled
substances like cigarette smoke, methyl isocyanate, ozone and many other chemicals by
analyzing bone marrow cells and blood lymphocytes of Chinese hamsters, rats and mice
[65, 66, 67] and MN were first described in cytoplasm of erythrocytes as “fragment of
nuclear material” by Howell or “intra-globularies corpuscles” in terminology of Jolly in
late 18th century and early 1900 known to haematologists as Howell-Jolly bodies [68].
According to Heddle et al. [69], clastogenic and aneugenic agents are known to affect
the spindle apparatus and can be differentiated on the basis of the relatively induced
micronucleus sizes. Heddle and Salmone [70] described it as one of the simplest,
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reliable, least expensive, sensitive and rapid screening system for both clastogenic and
aneugenic effects [46, 71, 72] The micronucleus test in circulating erythrocytes of fish
has been widely employed for both in situ exposure to environmental waters [73, 74,
75] and laboratory treatments in vivo [49, 76, 77, 78] in particular reference to Cyprinus
carpio [79, 80, 81]. Their count has served as an index of chromosome break and
mitotic spindle dysfunction [82]. It is widely employed to assess the biological impacts
of aquatic pollutants [83, 84, 85] since it is associated with chromosome aberrations
[86]. MN is the most widely used assay due to its proven correctness for fish [46]. Their
presence in cells reflects structural and/or numerical chromosomal aberrations arising
during mitosis [69, 87, 88] and its frequency is extensively used as a biomarker of
genomic stability [88]. The mean frequencies of MN in piscivorous species have been
shown to be almost five fold higher in the detrivorous and/or omnivorous species [89]
and also reported significantly higher mean frequencies of MN in Prochilodus nigricans
(detritivorous), Mylossoma duriventris (omnivorous) and Hoplias malabaricus
(piscivorous) from the Madeira River compared to the frequencies observed in the same
species in the Solimoes River. The MN has been employed successfully in various fish
species to detect mutagenic changes caused by aquatic pollutants [90]. As per Fenech et
al. [91]) and Udroiu [92] it is one of the most popular tests of environmental
genotoxicity serving as an index of cytogenetic damage. According to Kirsch Volders et
al. [93], the assay is a multi endpoint test of genotoxic responses to clastogens. The
assay is sensitive for evaluating genotoxicity of compounds in fish [94] commonly used
for the estimation of biological impacts of water pollutants in fish [95]. Their
appearance in the cytoplasm is considered as biomarker of DNA damage [96].
Micronuclei are very small fragments of chromatin material developed from broken
section of chromosome or from the chromosomes that could not be incorporated into
daughter nuclei [97]. Erythrocytes of fish present a high frequency of MN and NAs
after exposure to different heavy metals [46, 98, 99]. Their presence in cell reflects
structural and/or numerical chromosomal aberrations [100]. The assay is an easy and
ideal monitoring system to assess genotoxicity of water [101] allowing quick result for
bio monitoring [84] of aquatic pollutants [102]. MN ensures continuous and effective
evaluation of metallic pollution in aquatic environments [103]. MN is applied to
evaluate genotoxicity of chemicals in fishes and their biological monitoring [104, 105].

Fig. 1. Micronuclei induced infishes due to genotoxicity of chemicals
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Plate 1: MN of Cirrhinus mrigala after exposure to Chlorpyrifos [106], Plate 2: MN of Heteropneustes fossilis
induced by synthetic Sindoor [107], Plate 3: MN of C. macropomum treated with Methyl Mercury [108]
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Table 1. Micronuclei induced in different fishes

SI No Source Year Species Conclusion

1 Bahari 1994 Clarias gariepinus Concentration and time dependent
et al. [109] increase in frequency

2 Sandra 1996 Barbus plebejus MN for in situ mutagens in
etal. [110] freshwaters

3 Svobodova 1997 Cyprinus carpio Malachite green induces MN
etal. [111]

4 Campana 1999 Cheridon interruptus | Genotoxicity of pyrethroid lambda
etal. [112] interruptus cyhalothrin

5 De Lemos 2001 Pimephales promelas Significant induction of
etal. [113] micronucleated erythrocytes exposed

to chromium (VI)

6 Gustavino 2001 Cyprinus carpio Dose dependent increase in MN due
et al. [81] to X- rays

7 Ale et al. 2004 Oreochromis niloticus | Evaluated  genotoxic  effect of
[114] (NOs),Pb

8 Ferraro 2004 Hoplias malabaricus Evaluated mutagenic potential of
etal. [115] tributyltin - (TBT) and inorganic

lead(PbII)

9 Farah 2006 Channa punctatus Possible anti mutagenic potential of
etal. [116] ethanolic extract of neem leaves

10 Jiraungkoorsk | 2007 O. niloticus, Poronotus | Induction of MN and other nuclear
uletal. [117] triacanthus and Puntius | abnormalities

altus.

11 Ali et al. 2008 Channa punctatus Increasing effect on MN frequency
[118] with concentration of Chlorpyrifos

12 Galindo 2009 Bathygobius soporator | Verified the efficiency of MN and
and Moreira NAs
[119]

13 Rocha 2009 Colossoma MN and other NAs due to Methyl
etal.[108] macropomum Mercury

14 Candioti 2010 Cnesterodon Genotoxicity of  Aficida® by
etal. [120] decemmaculatus inducing MN

15 Ahmed 2011 Oreochromis Concentration dependent increase
etal. [121] mossambicus due to As

16 Ansari 2011 Channa punctatus Cytogenetic effects of Cypermethrin
et al. [59] using CA and MN

17 Ghisi 2011 Rhamdia quelen MN and NAs due to Fipronil
et al. [122]

18 Guner 2011 G. affinis Significantly increased frequency of
et al. [123] NAdue to Cu and Cd

19 Ansoar 2015 Oreochromis niloticus | Effect of Imidacloprid on genetic
Rodriguez et material using MN test and comet
al. [124] assay

20 Dar et al. 2015 Carassius carassius | Genotoxicity of Endosulfan by MN
[31] (Cyprinidae)

MN: Micronuclei, CA; Chromosomal Aberration; NA: Nuclear Abnormalities, As: arsenic, Pb: Lead; Cu:

Copper; Cd: Cadmium

b) Chromosomal aberration test (CA)

Chromosomal aberrations in fishes exposed to polluted aquatic environment were
reported by several authors [125, 126, 127, 128, 129]. Carrasco et al. [130] reported
formation of morphological nuclear abnormalities (NAs) in fish erythrocytes which
includes lobbed (LB), blebbed (BL) and notched (NT) nuclei and bi nucleated (BN)
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cells. According to Matter et al. [131], chromosomal aberration results from
abnormalities in DNAduplication during S-phase. As per Das and John [132], genotoxic
potential of methyl parathion and phosphamidon could be studied through induction of
sister chromatid exchanges (SCE) and chromosome aberrations in gill tissues of
Etroplus suratensis. Anitha et al. [133] showed the importance of aberration instudying
the genotoxic effect of heat shock at different temperatures on gold fish Carassius
auratus. Ouseph et al. [134] reported impact of physicochemical characteristics of river
Cooum in Madras on the karyology of a native fish species Mystus vittatus where the
species from the polluted river Cooum shows polyploidy, endo reduplication and
condensed nature of chromosomal morphology causing irreparable damage to the
genetic material of the fish as they are indicators of aquatic pollution. As per Mahrous
and Abdou [135], water pollutants caused significant changesin chromosomal structures
and centromeric attenuation in Oreochromis niloticus and Clarias lazera. Lopez-Poleza
[136]) evaluated genotoxic effects of methyl mercury (CHsHg") in Hoplias malabaricus,
using CA, MN and Comet assay. Cestari et al. [137] reported effects of clastogenic or
mutagenic agents in neotropical fish Hoplias malabaricus using the comet (SCGE) assay
and by testing for chromosomal aberrations showing that exposure leading significantly
to increase frequency of chromosomal aberrations and the frequency of tailed cell nuclei
indicating DNA damage. Chandra and Khuda-Bukhsh [138] studied the genotoxic
effects of cadmium chloride (CdCl,) and azadirachtin (Aza) singly and conjointly in a
fish, Oreochromis mossambicus, with endpoints such as chromosome aberrations,
abnormal red cell nuclei, abnormal sperm morphology and protein content. The bi-
nucleation is an indicator of abnormal cell division due to blocking of cytokinesis
resulting in genetic imbalance in the cells, may be involved in carcinogenesis [3].
Gadhia et al. [139] reported mitotic chromosomes from the gills of Boleophthalmus
dussumieri for induction of CA after in vivo treatments with Bleomycin, Mitomycin-C
and Doxorubicin revealing dose and time dependent increase in CA observing
chromatid breaks, acentric fragments, dicentric and ring configurations. An increase in
chromatid breaks andchromosomal exchange due to fluoride was reported by Chaurasia
and Kumari [140]. Palikova et al. [141] reported genotoxicity of semi purified
compound of microcystins and crude extract of cyanobacteria using detection of
chromosomal aberrations in early life stages of weather fish revealing chromatid (gaps)
and chromosomal aberrations (rings, dicentrics), percentage of which increased with the
increased concentration of microcystins and the higher doses of crude cyanobacterial
extract. Mohamed et al. [142] explored the capability of copper sulfate (CuSOs) and
lead acetate (CHCOO)3 Pb in inducing chromosomal aberrations in aquatic organisms
choosing Oreochromis niloticus and found that, effect of both chemicals on fish
chromosomes and mitotic indices in gill cells displayed lower mitotic activity and
positively induced macro-DNA damage represented by different types of aberrations
e.g., chromatid deletions, chromatid breaks, gaps, fragments, stickness, translocations,
ring chromosomes and centromeric attenuation. An increase in chromatid break and
chromosomal exchange has been reportedby Rita and Milton [143] in Orechromis
mosambicus on exposure to chromium. Kaur et al. [144] employed chromosomal
aberration to study genotoxicity caused by dyeing industry effluent on a freshwater fish
Cirrhinus mrigala and found chromosomal aberrations like chromosomal
fragmentations (Cf), ring chromosomes (Rc), terminal chromatid deletions (Tcd),
minutes (M), centromeric gaps (Cg), stickiness (Stk), clumping (C), pycnosis (Py),
stretching (Stch) and pulverization (P). Yadav et al. [145] reported significant
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frequencies of chromosomal aberration in a time dependent response in Cirrhinus
mrigala exposed to Butachlor, showing stickiness and clumping of chromosomes
demonstrating its genotoxic potential suggesting that, it interferes with cellular activities
in fishes at genetic level inducing chromosomal aberrations. Promsid et al. [146],
investigated chromosomal aberrations of snake head fish in a leachate-affected reservoir
containing lead and mercury in water sediment observing four types of chromosomal
breakages: single chromatid gap, isochromatid gap, single chromatid breaks and
isochromatid breaks. Rana [60] revealed genotoxic potential of cypermethrin in Channa
punctatus indicating the possibility of using fish chromosomes as indicators of
genotoxic factors. Tengjaroenkul et al. [147] investigated chromosomal aberration in
Rasbora tornieridue to arsenic (As), cadmium (Cd), chromium (Cr), and lead (Pb)
contamination in water near gold mine area with higher chromosomal aberrations
showing six types of chromosomal aberrations including centric fragmentation (CF),
centric gap, single chromatid gap, fragmentation, deletion and polyploidy. Abd Ali et al.
[148] described chromosomal aberration effects of electro fishing on Poecilia latipinna,
located in Shat Al-Arab river in Al-garmma city (south of Iraq) showing decrease of
mitotic index and significant increase in the most frequent aberration per 150 metaphase
was chromosome break, fragment, range chromosome and the sticky chromosome mean
were higher in comparison to non exposed organisms. Rakesh [61] carried cytogenetic
study of Labeo rohita to check effects of lethal concentration (0.06 ppm) and acute
lethal concentration (0.1 ppm) of Cypermethrin inducing chromosomal aberrations like
acentric fragments, rings, double minutes and chromosome break, endo-reduplication,
premature separation of chromosome and pulverizarion.

Fig. 2. Chromosomal aberration in fishes induced by genotoxic chemicals
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Plate-1: Chromosomal aberrations in C. striata like single chromatid gap (SG), isochromatid gap (ISCG),
single chromatid breaks (SB) and isochromatid breaks (ISCB) affected by leachate of Pb and Hg [146]
Plate-2: A photomicrogragh shows a mitotic metaphase stage of O. niloticus with chromosomal fusion
after treatment with Pb [142]

Plate-3: Metaphase spread with chromatid deletions (CD), acentric fragments (AF) and ring
chromosomes (R) after treatment with Mitomycin-C in C. batrachus [149]

¢) Single-cell gel electrophoresis (COMET) assay

The Comet assay was introduced by Ostling and Johanson [150] under neutral lysis
and electrophoresis (pH 9.5) conditions as a result of studies undertaken to develop
methodology of DNA electrophoresis in micro gel improved by Singh et al. [151] who
launched the alkaline single cell gel electrophoresis (SCGE) based on principle of
presence of single strand breaks of DNA fragments moving from the nucleoid core
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towards the anode resulting in ‘Comet’ formation [152]. In this assay, cells are mixed
with agarose and layered on microscope slides for lysis and electrophoresis; stained
with fluorescent dyes i.e. DAPI or ethidium bromide for microscopic visualization of
“Comets”. DNA containing breaks unwinds and migrates away from the “head” (the
nucleus), forming a “tail”. Quantification of the amount of DNA in tails and in heads of
provides an estimate of frequency of strand breaks. The molecular events that occur
during processing of the cells and DNA to generate comets involve the DNA in
chromatin arranged in “matrix attachment sites” and “loops” which are tightly
supercoiled in undamaged dividing cells. One single-strand break is sufficient to release
the superhelix tension in a loop, which is then free and can extend out from the nucleus.
When the amount of damage is such that several loops have been affected, they form a
“halo” that can be seen around the more intensely stained nucleus as stated by
Mullenders et al [153]. Padrangi et al. [154] and Mitchelmore and Chipman [155]
reported comet assay in red breast sunfish (Lepomis auritus), hard head cat fish (Anus
felis), bullhead (Ameirurus nebulosus) and carp (C. carpio). DNA strand breakage could
be detected by alkaline single cell gel electrophoresis (Comet assay) been applied in
aquatic vertebrate and invertebrate [155, 156, 157, 158] also in several fishes showing
sensitivity to genotoxic effects [155, 159, 160]. Lee and Steinert [161] informed that,
exposure to genotoxins can damage the DNA of living cells and if these DNA lesions
are not repaired, they can commence a cascade of biological consequences at the
cellular, individual, community and finally at the population level. This has been
employed since mid 1980s to study effects of environmental pollutants and occupational
hazards, safety of therapeutic compounds, toxicology and to assess DNA repair capacity
in human, animal and plant populations [162, 163] and to detect genetic damage in the
form of DNA strand break in aquatic environments [158]. According to Ali et al. [118],
Vanzella et al. [164] and Frenzilli et al. [165], comet assay has been successfully
applied in many fish species exposed to different genotoxic agents, allowing the
evaluation of DNA alterations with advantages like size and ploidy independency and
mitotic activity is not a prerequisite as in metabolic rate and index in fish fluctuate
considerably with temperature. de Campos Ventura et al. [166] showed that the assay in
fishes is efficient to detect genotoxicity. In different modifications, the assay reflects
variety of DNA damage in fish [167, 168, 169] and other aquatic animals [170, 171].

Comet assay has proved to be a useful tool for measuring the relationship between
DNA damage and exposure of aquatic organisms to genotoxic pollutants [172] and
considered more sensitive than cytogenetic techniques. According to Russo et al. [173]
and Bucker et al. [174], MN is less sensitive than comet assay demonstrating genomic
lesions that can be repaired reducing the number of stable lesions in DNA. Several
international research groups have recommended protocols and criteria for comet assay,
to establish high standards for valid, reproducible and accurate data [175, 176]
increasingly used in testing of industrial chemicals, biocides, agrochemical, food
additives and pharmaceuticals [176]. It is advantageous as per [118] due to its
sensitivity for detecting low levels of DNA damage (0.1 DNA break/10° Daltons).
According to Muid et al. [177], it is a suitable and rapid test for DNA damaging
potential in environmental and biomonitoring studies. Nagarani et al. [178] reported
utility of the assay for in vivo laboratory studies using fish.7
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Table 2. Comet Assay reported in different fishes to assess genotoxicity of chemicals

SI | Source Year Species Conclusion
No
1 Buschini 2004 Cyprinus carpio Genotoxic damage due to water
etal. [179] disinfected with sodium hypochlorite
and chloride dioxide
2 Bucker 2006 Eingenmannia Benzene induced no significant results
etal. [174] virescens by MN but comet assay suggested
genotoxicity in dose-dependent response
3 Vanzella 2007 Prochilodus Genotoxicity of the soluble fraction of
et al. [164] lineatus diesel (SFD) using the comet and MN
4 Wirzinger 2007 Gasterosteus Genotoxic potential of surface waters in
et al. [180] aculeatus L. Germany my MN and comet assay
5 Christofoletti 2008 Oreochromis Methodological comparison of
etal.[181] niloticus application of comet assay
6 Simoniello 2009 Prochilodus Evaluated DNA damage using alkaline
etal. [58] lineatus comet assay after in vivo exposure to
Cypermethrin
7 Mitkovska 2017 Cyprinus carpio Comet assay for in vitro exposure to
etal. [182] heavy metals like Ni and Pb

MN: Micronuclei; SFD: Solid fraction of diesel; Ni: Nickel; Pb: Lead

Plate 1 Plate 2 Plate 3

Fig. 3. Comet test in different fish cells to reveal genotoxicity of pollutants
Plate 1: In erythrocytes of O. niloticus using pH 12.1 stained with ethidium bromide and silver [181]
Plate 2: DNA damage in Catla catla exposed to chromium for different days [183]
Plate 3: Comets after single cell gel electrophoresis of gill cell DNA from Eastern mud minnows exposed
to Rhine water [48]

Cytogenetic end point evaluations in fishes of India

Running parallel with technical advancements to assess the genotoxic potentials of
various pollutants, Indian scientists were also well aware about the facts and employed
fishes involving such techniques from time to time as evidenced from such vast array of
references. Moorthy and Moorthy [184] analysed SCE, MN and CA in rodents exposed
to mosquito coil smoke. Tripathy [185] reported that, CAs are quite significant in
cytogenetic end point evaluations, including gap, chromatid break, fragments where
gaps are achromatic lesion including unstained part of a chromatid appearing like an
interruption; breaks are distinct dislocations of chromatid continuity and acentric
fragments placed anywhere in the field of traceable origin or untraceable origin or some
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available fine dots probably originated from terminal deletions. As per Bajpayee et al.
[186], the comet assay is sensitive, rapid, and reliable method of quantitatively
measuring DNA damage. According to Talapatra and Banerjee [187], detection of MN
and NAs in fish helps us to assess the status of water quality. Sarangi [188]
recommended use of MN in fish as sensitive indicator of aquatic pollution. Selection of
peripheral blood erythrocytes of fish as target cell to investigate genotoxic damage is
based on important role of blood in movement of toxic substances [189]. However, the
anthology of references is still larger.

Table 3. Cytogenetic assays in different fishes of India

SI | Source Year Species Conclusion
No
1 Manna 1985 Oreochromis MN induced by Aldrin, CdCl, and D-
et al. [190] mossambicus glucose amine hydrochloride as well as
X-rays in fishes
2 Al Sabti [191] | 1986 b | Cyprinus carpio, | MN induced by aflatoxin B1, arochlor
tench, Tinca | 1254, benzidene, benzo(a) pyrene and
tinca and grass | 20- methylchlo anthrene
carp
3 Manna 1986 Labeo  rohita, | MN in the blood smear of kidney and
and  Biswas Catla catla, | gill cells to assess the clastogenic
[192] C.mrigala and | potential of the bacterium Pseudomonas
0. mossambicus | aeruginosa
4 Manna and | 1986 Oreochromis MN in gill and kidney cells
Sadhukhan mossambicus
[193]
5 Manna 1989 Oreochromis Genotoxic potentiality through
[194] mossambicus cytogenetic assays like somatic and
germinal CA, mito-depression, MN,
sperm head abnormality, dominant lethal
test
6 Tripathy 1993 Chela  atapar, | Significant increase in incidence of MN
[195] Mystus vittatus | in fishes exposed to paper mill effluent
7 Rishi and | 1995 Channa Dichlorvos caused chromatid gaps,
Sunita [51] punctatus centromeric gaps, attenuation, chromatid
breaks, extra fragments and stubbed arm
8 Ansy and 1999 C. punctata Exposer to Pb induced CA
Jahageerdar
(2]
9 Sahoo and 2002 Heteropneustes | Carbaryl (Sevin ®) possess genotoxic
Bhunya [196] fossilis potential
10 | Farah 2003 Channa Time dependent increase in the MN due
etal. [197] punctatus to PCP and 2, 4-D Chlorpyrifos toxicity
11 | Velmurugan et | 2006 Mystus gulio Genotoxicity of pyrethroid pesticide
al. [198] lambda cyhalothrin by chromosomal
aberration
12 | Yadav and | 2006 Channa punctata | Genotoxic potential of chromium [Cr
Trivedi [199] (VD] on aquatic biosystem causing
chromatid breaks, chromosome breaks,
chromatid deletions etc
13 | Sharma 2007 Mystus vittatus | Single-cell DNA strand breaks induced
et al. [200] by Endosulfan
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14 | Malla 2009 H. fossilis Increased incidence of CA including
and  Ganesh fragments and acrocentric associations
[201]
15 | Tripathi 2009 Clarias Fluoride is able to induce genotoxic
et al. [149] batrachus effects in catfish
16 | Yadav 2009 Channa punctata | Chromosomal aberrations induced by
and Trivedi heavy metals revealing chromatid and
[202] chromosome breaks, ring and di-centric
chromosomes
17 | Kumar 2010 Channa Assessed  genotoxic  potential  of
et al. [62] punctatus Malathion using MN and comet assay
18 | Nwani 2010 Channa MN  induction on exposure to
etal. [203] punctatus Carbosulphan reporting concentration
and duration dependency
19 | Saxena  and | 2010 Channa Exposure to  Fenvalerate caused
Chaudhuri punctatus chromatid separation, chromatid break,
[204] deletion, fragments, gaps and ring type
chromosomes
20 | Yadav et al. | 2010 Cirrhinus Significant frequencies of MN as a time
[205] mrigala dependent response to Butachlor
observing broken egg (BE) and multiple
micronuclei
21 | Mohanty 2011 Labeo rohita The phorate an organophosphate
et al. [206] pesticide induces genotoxicity in
fingerlings
22 | Nwani et al. | 2011 C. punctatus Exposer to Atrazine caused increase in
[207] DNA damage
23 | Parveen and | 2011 C. punctatus Clastogenicity of Malathion
Shadab [63]
24 | Tahir et al. 2011 H. fossilis Genotoxicity of synthetic Sindoor
[107]
25 | Kushwaha 2012 C.  punctatus, | Genotoxic potential of polluted water of
et al [208] Mystus vittatus | river Gomti using MN and comet assay
26 | Patowary 2012 C. punctatus Significantly higher MN frequency due
et al. [209] to arsenic exposure
27 | Parveen 2012 C. punctatus Genotoxic effect of heavy metal through
and Shadab MN, CA and SCE
[210]
28 | Pavan et al. | 2012 C. punctatus Significantly higher DNA damage in
[211] both lymphocyte and gill cells and
micronuclei
29 | Arunachalam | 2013 Catla catla Acute toxicity of chromium in
et al. [183] fingerlings by MN and comet assay
30 | Gadhave 2014 Labeo rohita A-cyhalothrin was genotoxic by MN
etal. [212] assay
31 |Ismail et al. |2014 Labeo rohita Chlorpyrifos is a genotoxic and
[213] neurotoxic insecticide causing DNA
damage
32 | Marques 2014 Anguilla Roundup® herbicide evaluated for
etal [214] anguilla genotoxicity
33 | Chaudhari and | 2015 C. punctatus Bifenthrin caused genotoxicity by using

Saxena [215]

chromosomal aberration test
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34 | Nagpure 2015 Labeo rohita Mutagenic and genotoxic effects of

et al. [216] potassium dichromate by MN test and
comet assay

35 | Srivastava 2015 Clarias Genotoxic effects of Propiconazole by
and Singh batrachus evaluating MN
[217]

36 | Tripathi 2015 Labeo rohita Genotoxic and mutagenic effects by
et al. [218] formation of micronuclei, binucleated

and multinucleated cells, pyknotic
nucleus etc due to various chlorinated
and phosphorylated insecticides/
pesticides and fertilizers

37 | Bhatnagar 2016 Cirrhinus Analyzed the incidence of NAs using

etal. [106] mrigala MN assay due to acute toxicity of
Chlorpyrifos

38 | Rajan 2017 Clarias Use of food colour containing Allura red
and Anandan batrachus and orange red inducing genotoxicity
[219]

39 | Hussain 2018 Labeo rohita Significant DNA fragmentation in river
et al. [220] Chenab population

40 | Tasneem 2018 Cyprinus carpio | Genotoxicity of sub lethal concentration
and Yasmeen of Karanjin
[221]

CONCLUSION

This present compilation of literary citations named as an anthology of cytogenetic
end points like micronucleus test, comet assay and chromosomal aberration assay in
pisces represents only a part of the huge references existing till to date in the same line
and reflects the amicability and utility of different cytogenetic end point techniques as
described above with particular reference to piscine models to test the genotoxic
potential of various chemicals. Micronucleus test, comet assay and chromosomal
abnormalities are truly significant assays in fishes to detect possible hazardous
mutagens, carcinogens or teratogens in aquatic environment and the results are
reproducible, replicable and reliable in fishes as well as in non piscine model organisms
as per the need of the experiments. Their development, application and adaptation in
different parts of the world as well as in Indian context are praiseworthy due to
collective efforts of various individuals, research agencies or organizations with
particular reference to fishes from time to time. These are significant to realize the
genotoxic potential of various chemical pollutants in different fish models.
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