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ABSTRACT

The morphological characterization of four spidemi types from western Kenya was carried
out in a plastic greenhouse at Chepkoilel CampudafUniversity, Eldoret, Kenya. Seeds were
collected from small-scale farmers in Kakamega fizisend from wildly growing plants within
Chepkoilel Campus in Uasin Gishu District, bothaiastern Kenya. Morphotypes were different
for 3 variables out of the 7 scored for, the vatebincluding plant structure, stem pubescence
leaflet shape and leaflet apices. In the case aalie counts, morphotypes differed for 3 out of
the 5 counted and the variables included days # H0wering, stem pubescence and number of
leaflets per compound leaf. For variable measurdsjemorphotypes showed differences for 3
out of the 5 measured, and the variables were pgiarght, petiole length and fruit breadth. The
morphotypes were also clustered into 3 groups eyddndrogram. In characterizing the four
morphotypes, it was noted that overlaps in morphickl statistics occur as expected. Despite
these overlaps, significant differences were oleserw analysis of variance, indicating that
apart from stem and petiole colours, also otherrelaters of importance differ.

Key words: Cleome gynandra morphological characterization, morphotypes, egpthnt,
western Kenya.

INTRODUCTION

Studies in Kenya indicate that there are variationsharacters among spiderplant populations,
for instance in plant structure (erect-semi-erestgm pigmentation (green, pink, violet, purple),
petiole pigmentation (green, pink, violet, purplglant height (25-72 cm), number of leaflets per
leaf (3-7), leaf length (3-23 cm), length of petidB-23 cm), leaflet length (1.7-10 cm), leaflet
width (0.8-4.0 cm), leaflet shape (elliptical-ovakaf colour (green-brownish), stem and leaf
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pubescence (glabrous-abundant), days to 50% flogefi7-35), branching habit (upright-
spreading), degree of flowering (low-high), fruggstion on the plant (top of canopy-throughout
plant), number of days to seedling emergence (4€9dling vigour (very strong- very weak),
disease susceptibility (medium-resistant), pesteqtibility (medium-resistant), numbeof
primary branches (2-7), fruit length (6.4-12.0 any plant lodging (hone-nearly 100%) [1, 2, 3,
4]. The leaf bitterness is however appreciated byy{3]. Further reports indicate the presence
of a wide diversity of characters that can be deethe field, including, more or less hairy or
glandular stems; more or less branched; small igeldeaves; a vertical or horizontal plant
structure; early or late flowering; white or pusghliflowers; short and thin or long and flabby
fruits, and a range of leaf bitterness [3]. Simiiiferences in morphological traits have been
noted for other vegetable crop species includingirBman’ grain amaranthAfnaranthus
caudatu$ for plant height [5]. Ethiopian mustar@rassica carinat® tomato Lycopersicon
lycopersicun), mung bean \(igha radiatg and soybean@lycine mak for 50% days to
flowering [6, 7] and tomatoL( lycopersicun, mung bean\{. radiatg, soybean@. may and
African egg plant$olanum aethiopicupior fruit breadth and length [7].

In a study carried out elsewhere in Kenya to shdwetiver within diversity ofC. gynandra
species had a bearing on nutritional quality, tkistence of morphological types (morphotypes)
of this species was reported [8]. The design whigs based on the premise of an easily
identifiable morphological characteristic, the stemd petiole colour, thus represented four
morphological types. An earlier report, four di#fat plant types could also be recognized, based
on stem and petiole pigmentation [9]. However, iaswreckoned that the intensity of
pigmentation varied from light to deep [9]. Morpinoes are referred as strains of a species
having established morphological differences [M@rphology as explained by [11] deals with
the study of forms and features of different plargans such as roots, stems, leaves, flowers,
seeds and fruits, while [12] describes charactetrait as a morphological, anatomical or
physiological feature of an organism, which is disua product of the action of both genotype
and environment.

Although there is yet no comprehensive hypothestsgood understanding for the function and
adaptative value of colour patterns of the vegetagpiarts of plants, polymorphism in stem and
leaf colouration has been observed to occur intpldecent developments of molecular genetics
have however, provided knowledge about the biocbanpathways of plant colouration and
genes involved and their regulation [13].

Among plant pigments that are responsible for aetarof red, blue and purple colours are
anthocyanins, which do accumulate in certain plissties at specific developmental stages. The
accumulation is controlled by various environmeféators such as light, temperature, nutrients
and stress [14]. These patrticular pigments belonipe general class of flavonoids, which have
many functions attributed to them, one among themda survival compound for flowering
plants. The ability by spiderplant to grow underadse environmental conditions could possibly
be further enhanced in those morphotypes that datfecyanin accumulation on both stems and
petioles rather on either stem or petiole onlygwen no accumulation on both the plant parts.

While geneticists and plant breeders are most coadewith diversity at the molecular level,
such as to whether particular alleles are abseptesent in a population [15, 16], farmers on the
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other hand are most interested in morphologicalagrdnomic variations, and how these can be
used within the farming system to achieve sustdéndibelinoods. Farmers can only easily
recognize variation that can be seen by humanTye application of morphological descriptor
lists is therefore the simplest of the formsiandardized, repeatable methods of measuring crop
genetic diversity [17]. Morphological characteripatis a first step that should be made before
more in-depth biochemical or molecular studiesattempted. However, the best way to come to
good conclusion is to repeat the trials in a raafjéocalities or alternatively by growing the
plants in a controlled environment since morphalabjcharacteristics is known to be susceptible
to environmental influences [18].

The objectives of this study were to establisthé spiderplant types found in western Kenya
could also fit the morphological characterizatiattern as found among the same plant species
elsewhere in Kenya, and also to later confirm tkistence of any genetic variation amongst

them by carrying out further investigations usingl@cular technique
MATERIALS AND METHODS

Plant Materials

The experiments were carried out in a plastic dieage at the Department of Seed, Crop and
Horticultural Sciences, Chepkoilel Campus of Moi ildmsity, Eldoret, Kenya. Chepkoilel
Campus is situated at longitude 0’ 30” N and lat# 35’ 15” E, at an altitude of about 2140 m
asl. Seeds of spiderplant types for this study weskected from small-scale farmers in
Kakamega District and from wildly growing plantstin Chepkoilel Campus, Moi University
in Uasin Gishu District.

The collected seeds were sown in the field at CboiggdkCampus of Moi University, Eldoret in
order to raise the material for use in this study ather subsequent studies.

Identification and Selection of Morphotypes, and Sed Bulking

Seeds were sown in sets of four wooden boxes miagséir cm x 29 cm x 6.5 cm each. The
boxes were filled with soil collected within Chepleb Campus, belonging to the soil order
Oxisol. Soil types of this nature have oxic horigam contain a continuous layer of planthite.(
has hydrous oxides of iron and aluminium along witicate clay minerals) within 30 cm of the
surface, and they tend to occur on the more staldey surfaces and are therefore deeper and
more highly weathered than other soils types [T8f boxes were kept weed-free. Thinning was
done 21 days after seedling emergence, to leavamlbetween plants in a row. The crop was
irrigated at leadthree times a week.

Thirty days after seedling emergence, plants ofdasired morphotypes were identified and
selected as follows: GG- green stem/green petyge of plants, GP- green stem/purple petiole
type of plants, PG- purple stem/green petiole tygfgdants, and PP- purple stem/purple petiole
type of plants [9, 10]. The selected plants wefeitethe boxes while those plants that did not
meet the criteria as described for the selected eovere removed. The boxes that contained
similar morphotypes were grouped and placed at feasaway from other morphotypes to form
a block and reducthe chances of cross-pollination. Plants that velserved to have shades of
purple colour on the green stems and petioles adeshof green colour on the purple stems and
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petioles were considered as off-types. Such ofégymvere continuously removed from the
blocks as the plants grew to further purify thei@gesmorphotypes. Harvesting was done in each
block as fruits turned yellow, thus indicating pioysgical maturity. The fruits were threshed
and seeds air dried under shade until the moistoméent was low enough for the drying to be
considered complete. Air drying under shade wasrtas a better option since it allowed slow
release of moisture from seed therefore avoidiregpissibility of lowering viability. Air drying

of seed in the sun may lead to overheating or gdiging, especially when seeds are harvested
while still having high moisture content as was giloly the case with spiderplant seeds, thus
affecting seed viability.

Seeds of the four selected morphotypes were sodiplants raised in ten wooden boxes of size
47 cm x 29 cm x 6.5 cm each, in order to carrysaed bulking. The boxes were filled with soil
collected within Chepkoilel Campus and diammoniumgphate (DAP) fertilizer was applied to
the boxes at the rate of 200 kg/ha before sowingeesmmended by [20]. This was done to
boost seed production. The morphotypes were isbfaten each other to reduce the chances of
cross pollination. All operations that included g, thinning and irrigation were like those
described above.

MORPHOTYPE GG : .

C) ; : @
Photography by courtesy of H.A. van Rheenen

Figure 1. Spiderplant (Cleome gynandra L.) morphotypes from western Kenya, which were idetified and selected
for this study: a) GG — green stem/green petiole pe of plants (b) GP — green stem/purple petiole typof plants (c)
PG — purple stem/green petiole type of plants (d)AP— purple stem/purple petiole type of plants.
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Thirty days after seedling emergenose plant in each of the four bulking blocks andtbe
conforming to the desired morphotype was selectetitagged. A single fruit was harvested
from each of the tagged plants in each block, whenned yellow. The fruits were threshed and
seeds dried as described above. Each seed sangldagad into an aluminium foil packet; the
packets flattened with the edge of the hand to wemair and immediately heat-sealed
approximately 2 cm from the opening of the packstat- or hermetic-sealing provides a simple
and convenient method of controlling seed moistargent after the seeds have been dried to a
level low enough for the drying to be consideredhptete. The seed packets were stored in a
shelf at room temperature (abouf2) until the time to plant for the characterizat®xperiment
one month later.

Characterization Experiment

The four selected morphotypes were characterizedobyparing a number of variable scores,

counts and measurements in order to establish eh#thre were differences among them. The
operating hypothesis was that certain charactesistill consistently separate morphotypes. If

they do, they would further support their distioais as morphotypes. The dried seeds from the
single fruits were used for the characterizatiopeginent.

The four morphotypes were raised in an RCBD expamimwvith four replicates in each case by
sowing seeds in wooden boxes of similar sizes fisdaeDAP fertilizer was applied at the rate of
200 kg/ha. Seeds were drilled in two rows per biosoa-spacing of 30 cm. Number of days to
seedling emergence was recorded. Scoring was dorseédling vigour using the index of scale
1 (very strong) to 4 (very weak). Thinning was d@iedays after seedling emergence, to leave
10 cm between plants. The boxes were kept weedtfreeghout. The crops were irrigated at
least three times a week. Thirty days after segdiimergence, any off-type plants as described
before were removed to leave only those plants bastorming to the desirechorphotypes
selected for the study. Number of days to 50% flowgewas recorded.

Two plants were tagged in each replicate immediattter the plants attained 50% flowering.

The following morphological traits were scored fdegree of flowering with index of scale 1
(low) to 3 (high); plant structure with index ofase 1 (erect) or 2 (semi-erect); leaflet colour
with index of score 1 (greenish) or 2 (brownishi eshape of leaflet with index of score 1
(elliptical) or 2 (ovate), all done 53 days afteming (DAS), and branching habit with index of
score 1 (horizontal) or 2 (upward) and fruit pasitwith index of score 1 (throughout the plant)
or 2 (top of canopy), both done 76 DAS.

The following counts or measurements of traits waken: stem pubescence with index of level
1 (abundant) to 3 (glabrous); number of primarynbhes; number of leaflets/compound leaf;
length of leaflet (cm), measured from the pulviruisthe leaflet to the tip of the leaflet, and

petiole length (cm), measured from the pulvinuthebase of the leaflets, 53 DAS; plant height
(cm), measured from the base of the plant to fheftthe main stem, 61 DAS; fruit length (cm),

measured from the end of the fruit stalk to theofiphe fruit, and fruit breadth (cm), measured at
the middle part of the fruit, which was consideasdhe broadest point, 76 DAS.
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Data Analysis

The compiled data sheet was transferred to a sghmeat file SPSS (Superior Package for
Statistical Science) (SPSS Inc., Chicago). Analgsigariance (ANOVA) was performed on the
data, differences between treatment means weredtést significance by Duncan’s Multiple
Range Test (DMRT).

In order to show the morphological relationshipsuaen the four morphotypes in a dendrogram,
a cluster analysis was performed on the mean mtogical variable data. The data for each
morphological trait was assumed to represent alesifggus. Data that showed significant

differences were scored as presence (1) of polyhisrp while data that showed no significant
differences were scored as absence (0) of polynwrphThe resulting data matrices were
analysed using the POPGENE 3.2 [21] programmeuAtet analysis procedure, the Neighbour-
Joining using UPGMA based on the standard genésiartte of Nei for the various loci was

performed and a dendrogram was created.

RESULTS

Spiderplant morphotypes GG and PG were signifigaiitE0.05 different from GP and PP for
the degree of flowering (Table 1). While only moopjpe PG was significantly different from
the rest in terms of plant structure, morphotyp€s &d PP were different from GP and PG for
leaflet shape (Table 1).

Table 1. Morphological trait scores and their standrd errors of four spiderplant (Cleome gynandra)
morphotypes from Western Kenya:
GG — green stem/green petiole type of plants; GPgreen stem/purple petiole type of plants; PG — pure
stem/green petiole type of plants; PP — purple stefpurple petiole type of plants.

Trait GG GP PG PP
index (Meant S.E.) (Meant SEE.) (Meant S.EE) (Meant S.E.)
Seedling 1.8+ 0.3a 2.0t 0.0a 2.0t 0.4a 1.5 0.3a
vigour
Degree 2.0+ 0.0a 2.8 0.3b 2.0t 0.0a 2.5 0.3b
of flowering
Plant structure 1.0+ 0.0a 1.3t 0.3ab 1.8:0.3b 1.0+ 0.0a
Branching habit 2.0+ 0.0a 2.0+ 0.0a 2.0+ 0.0a 2.0t 0.0a
Leaf colour 1.0+ 0.0a 1.0+ 0.0a 1.0+ 0.0a 1.0t 0.0a
Leaflet shape 1.8+0.3a 1.0+ 0.0b 1.0+ 0.0b 2.0 0.0a
Fruit position 1.0+ 0.0a 1.0t 0.0a 1.0t 0.0a 1.0t 0.0a

Figures followed by different letters within thexearow are significantly (P=0.05) different
according toDuncan’s multiple range test. * = Sifjcant at the 5% level, NS= Not significant.
Data are meang S.E. of four replications of two plants each toe four spiderplant morphotypes

For the number of days to 50% flowering and stenbeguence, it is only spiderplant
morphotype GG that was significantli?£0.05) different from the rest (Table 2). However,
morphotypes GP was different from GG and PP consiglethe number of leaflets per
compound leaf (Table 2).
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Table 2. Morphological trait counts and their standard errors of four spiderplant (Cleome gynandra)

morphotypes from Western Kenya:
GG - green stem/green petiole type of plants; GPgreen stem/purple petiole type of plants;
PG — purple stem/green petiole type of plants; PP purple stem/purple petiole type of plants.

Trait GG GP PG PP
index (Meant S.E.)) (Meant S.E.) (Meant S.E.) (Meanz S.E))

Number of days to

seedling emergence 5.0£0.0a 5.¢t 0.0a 5.0t 0.0a 5.0t 0.0a
Number of days to 50%

flowering 36.5+ 2.1a 42.3 0.3b 40.8t 1.3b 40.3: 0.8b
Stem pubescence 2.0+ 0.0a 1.3 0.3b 1.0+ 0.0b 1.0+ 0.0b
Primary branches (no) 10.8+ 0.5a 13.5t 1.2ab 12.5 1.3ab 14.&0.7b
Leaflets/ compound 6.0+ 0.0a 5.0£ 0.0b 5.5+ 0.3ab 5.8 0.3a

leaf (no)

Figures followed by different letters within thexearow are significantly (P=0.05) different
according to Duncan’s multiple range test. * = Sifigant at the 5% level, NS= Not significant.
Data are meang S.E. of four replications of two plants each foe four spiderplant morphotypes.

While spiderplant morphotypes GG and GP were sgantly (P=0.05 different from PG and
PP for plant height, it is only morphotype PP tlas different from the rest, taking into account
petiole length (Table 3). And for fruit breadth, mpbotype GG was different from the rest

(Table 3).

Table 3. Mean morphological trait measurements antheir standard errors of four spiderplant (Cleome

gynandra) morphotypes from Western Kenya:

GG - green stem/green petiole type of plants; GPgreen stem/purple petiole type of plants; PG — pure

stem/green petiole type of plants; PP — purple stefpurple petiole type of plants.

Trait GG GP PG PP
index (Meant S.E.)) (Meant S.E.) (Meant S.E.) (Meant S.E)
Plant 78.6% 2.8a 70.8& 5.0a 92.3% 3.4b 102.% 3.5b
height (cm)

Leaflet 5.3+ 0.3a 5.1%0.2a 5.% 0.3a 5.8& 0.4a
length (cm)

Petiole 14.4+ 0.6a 14.4+ 0.5a 15.8: 0.5a 17.# 0.6b
length (cm)

Fruit 14.0+ 0.5a 13.4: 0.4a 13.5: 0.4a 13.8: 0.5a
length (cm)

Fruit 0.8+ 0.0a 1.6t 0.1b 1.0t 0.1b 1.4 0.3b

breadth (cm)
Figures followed by different letters within thersarow are significantly (P=0.05) different accandito
Duncan’s multiple range test. * = Significant aeth% level, NS= Not significant.
Data are meang S.E. of four replications of two plants each toe four spiderplant morphotypes

The dendrogram showing the relationships betweenntbrphotypes, obtained from a matrix
calculated by means of distance coefficients ofntleephological trait data is presented in Figure
2. The separation of the morphotypes by the demdnogs indicated, with conformation of three
clusters. This shows the existence of variationorggnthe morphotypes with regard to

morphological traits studied.
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Figure 2. Neighbour-joining dendrogram based on Né& genetic distances [22] generated by mean
morphological trait data for four spiderplant morph otypes from Western Kenya.

DISCUSSION

The analysis of variance for the 17 morphologichéracters exhibited significant (at 5%)

difference for 9 of the characters because ofitent, indicating the existence of variability
for these traits, amongst the morphotypes studibd. existence of variation in the 9 characters
was in close agreement with the findings of by oiheestigators [1, 2, 3, 4]. Results reported
for other vegetable crop species also lend furshipport to this observation [5, 6, 7]. The mean
performances of individual morphotypes are presemd ables 1, 2 and 3.

Morphotype PP (102.1 cm) was the tallest overallc @6.6 days) flowered earliest.

Morphotypes GP, PG and PP, which took over 40 daykwer, also produced broader fruits
compared to GG. Longest petioles were producedm{l?.7 cm). The plant height reported for
GG and GP were within the range reported elsewfigrg], although morphotypes PG and PP
were way above this range. For the number of day®ivering, it is only morphotype GG that

had almost similar findings made by others [1,GP,, PG and PP all had days above 40.

Morphotypes GP and PP showed high degree of flageand this was moderate for GG and
PG. Moderate to high flowering degree as exhibidgdthe four morphotypes should be an
important character when considering seed produdtioce more flowering is likely to lead to

high fruit and seed production. GG, GP and PP a#rerect while it was only morphotype PG

that was semi-erect. Morphotypes GP and PG hagtielllly-shaped leaflets while for GG and

PP, the shape of the leaflets was ovate.

In general, the more than half traits consideredwsld variation, and especially the

agronomically important traits such as plant heidhts to flowering, plant structure, number of
leaflets per compound leaf, petiole length and boeeadth. Some of the variations shown among
the spiderplant morphotypes studied, particuldnl agronomic traits, could partly be attributed
to selection pressure being effected by farmerstliose characters they consider to be of
importance to them, as they continue to puttingleslant under more domestication through
cultivation. Spiderplant belongs to the gelsomewith over 200 species [23] that are reported
to consist of highly polymorphic herbaceous plaiisis could point to why while using only

61
Scholars Research Library



Francis B.O. K’'Opondo Annals of Biological Research, 2011, 2 (2):54-64

four morphotypes in this study, more than half leé torphological traits considered showed
significant differences among the morphotypes.

Morphotypes however did not vary for traits likenmoer of days to seedling emergence,
seedling vigour, leaf colour, branching habit, fosition, number of primary branches, length
of leaflet and fruit length. The values for theléaling characters were within the range of those
reported by other authors [1,2]: number of daysdedling emergence (4-8), seedling vigour
(strong), leaf colour (green), branching habit (apdy, fruit position (throughout plant), leaflet
length (5.1-5.9 cm). This may point to the factttbame of the germplasm collected and
characterized in the study by the other investigalb,2] from elsewhere in Kenya shared some
some genes with the morphotypes collected from emedtenya and used in this study. Only
two characters were however in contrast: numbegriohary branches (11-14) and fruit length
(13.4-14 cm). Further, it is probable that farméosnot apply any selection pressure for these
characters that were found not to be significadiffjerent among the morphotypes, as they
consider them of less agronomic importance to them.

The morphotypes were clustered into three groupsth®y dendrogram. In this study,
morphotypes GP and PG that formed the first growgrewclosely clustered, followed by
morphotypes GP and PG, and PP that were in thenxdegroup. While morphotype GG formed
the third group with the rest of the morphotypaswas distantly placed. Comparing the
morphological dendrogram with the molecular onaitater study, the clusters are shown to
differ. There should be no surprise for this obedrdifference since the grouping is based on
different criteria. Different evolutionary path oevelopment could be responsible for these
observed differences among the clusters. It hakduibeen intimated that while genes interact
with other genes, the way they are expressed ligseiméed by the environment [24], and for a
number of morphological traits this generally appda be so.

The distinguishing features for the four respectiverphotypes collected from western Kenya
and selected to be used in this study can thusitbenarized as follows: morphotype GG can be
described as a green-stemmed and green-petioled with moderate degree of flowering,
reaching to a height of less than 80 cm and grdethg erect type, moderately pubescent stem,
is early flowering and with rather narrower fruitSP is a plant with green stem and purple
petiole and having a high degree of flowering, l#smn 80 cm tall with erect type of growth,
whose stem is abundantly pubescent, is late flagesind whose fruits are broader; PG is a type
of plant whose stem and petiole are respectivalyplp- and green-coloured, has a moderate
degree of flowering and with a height of above 80 type of growth being semi-erect, stem that
is abundantly pubescent, flowers late while prodgdoroadly appearing fruits, and PP is a
purple-stemmed and purple- petioled plant, witthidggree of flowering that reaches more than
80 cm tall, and whose growth type is erect withradantly pubescent stem, is late flowering and
has broader fruits.

CONCLUSION

In characterizing the four morphotypes, it was datieat overlaps in morphological statistics
occur as expected. Despite these overlaps, signffidifferences were observed in analysis of
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variance, indicating that apart from stem and petolours, also other characters of importance
differ.

Given that morphological characteristics are aéddby environmental influences, the use of
molecular markers such as random amplified polymier@pNA, restriction fragment length
polymorphism and amplified fragment length polyntogm would complement this study by
identifying polymorphism that is not affected by thnvironment

It is concluded, the four morphotypes may be uskiufurther testing in view of variety release;
and for use in breeding programmes.
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