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ABSTRACT

Calotropis proceras a wild species that is drought-resistant andoirigmt in production of wool, fibre, biomass
among other uses. There exist high demand of tfeé ivoAsian countries and collection from the wilds been
going on in Kenya and other countries. Howevers thollection does not meet the quantity required.
Domestication of the species may be the key ingimithe quality and quantity demands for the wéostudy is
being undertaken to evaluate growth, phenologywool productivity of selected provenancesfprocerain

dry lands of S. Eastern Kenya. The research sisittiated between 01.31353 037.75548E and 01.31423,
037.75578E and elevation of 1173m a.s.| in South Easternydsniversity (SEKU), Kitui County, Kenya. The
research started in January 2015 with the mainsf@ecumonitoring the growth, phenological charast&r$ and
wool productivity of the species in a typical fasetting. This paper focuses on growth charactéoizaif three
provenances of. proceraunder different spacings (1.5mx1.5m, 2mx2m and 3mnjx Results indicate that the
species can be domesticated, it is hardy and ocapdbdchieving an average field survival of ovef®7The
species is multi-stemmed with Tharaka provenanaevsty highest mean branching of 13.25 followed by
Baringo (12.22) then Kibwezi (11.98). Kibwezi reded a slightly higher DBH growth of 3.90cm followég
Baringo (3.83) then Tharaka (3.82). Tharaka hachdsyy mean height of 187.89cm, Baringo (184.25) and
Kibwezi (182.63). Test of homogeneity of variancd®wed significant statistical differences (P<Ovijh
Kibwezi being the least significant (0.043), Baon@.01) and Tharaka (0.000). All provenances stibavstrong
positive correlation (Pearson, P<0.01, n = 12)rahbhing, DBH and Height with Kibwezi recording=0.975,
Baringo (£ = 0.988) and Tharakas(x 0.996). Differences in spacing levels startddciing growth parameters
from the age of ten months with 3x3 showing higHeBH followed by 2x2 then 1.5x1.5. In terms of Haig
1.5x1.5 has the highest (182.85cm), 2x2 (172.48)3x8 (168.65). 3x3 was not statistically significg0.806,
P<0.05) while 2x2 and 1.5x1.5 had significance.0DQ and 0.000 respectively. All spacing levelswgmb strong
positive correlations (Spearman, P<0.01, n = 12hefstudy parameters where 1.5x1.5 hael 0.614, 2x2 ¢=
0.972) and 3x3 {= 0.986) all at P<0.01. The study can authorigyivonclude that the species can establish and
grow well in a typical farm setting in dry landpa&®ing affects growth parameters from the age omb@ths.
Baringo provenance and 2x2 spacing have performst Bhe study recommends analysis of wool prodtyti

to justify the best provenance and spacing.

Keywords Calotropis procera, Domestication, Kibwezi Proveoe, Tharaka Provenance, Baringo provenance

1. Introduction

With the ever increasing population pressure astidapletion of natural resources, it has now becpnetessary
that attention is paid to exploring the possitahtiof exploiting new plant resources in order t@ntke growing
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needs of the human society (Dansi et al., 2009;08dét al., 2009 and Vodouhe et al., 2011). Therast in
under-utilized plants is derived from a varietymfman concerns, themes and perspectives. Somess Hre
ethical or humanitarian; others relate to self isighcy, economic gains, resource management, wgnial
diversification, germplasm conservation or augmtona nutrition and energy independen€alotropis procera

is one among the many under-utilized plant spewi¢gs a wide range of economical and ecological uses
Calotropis procerais a wild species that is drought-resistant, saéirant to a relatively high degree, and it
disperses seeds through wind and animals. Accotdiigalal et al (2015), the species is hardy xeytplplant,
which is distributed globally in many countries drab important economic and ecological functior®e $pecies
is found in most parts of the world with a warmnwite in dry, sandy and alkaline soils. It is nativelndia,
Pakistan, Nepal, Afghanistan, Algeria, Iran, Irégrael, Kenya, Kuwait, Niger, Nigeria, Oman, Saddabia,
United Arab Emirates, Vietnam, Yemen and Zimbabttenfar, et al., 2013)Calotropisis primarily harvested
because of its distinctive medicinal properties élig, et al2011). According to Orwa et al (2009) and Galalet
(2015), it has a wide range of uses such as medidiark and latex are used in brewing and to eurdilk.
Young pods used for fodder, stems produce gooctohirfibre from stem and white silky tufts, latexrubber
for tannin or dyestuff, poison for arrows and speaoil fertility, pollution control by monitoringulphur dioxide
emissions in the air and suitable indicator of etad soil.

C. procerais assumed to be an environmental invasive (Digt@@d5). It escaped from cultivation in Hawaii
(Wagner, Herbst and Sohmer 1999). It quickly becoemablished as a weed along degraded roadsidgesn
edges and in overgrazed native pastures. It hagfarence for and is often dominant in areas ohdbaed
cultivation especially sandy soils in areas of loanfall; assumed to be an indicator of over-caition.
However, Kumar et g2013) suggests that the species does not requiifreation. Information on its cultivation
is scanty while that on its domestication procsskéking. According to Dansi et al (2009) and Viold® et al
(2011), the collection of plants from the wild foultivation on farm (fields or home gardens) is@anenon
practice continually being carried out under dieeagiro ecosystems. Many varieties, landraces altidaca of
plants have been developed through this procesmiget human (and /or animal) demand for food, fibre,
medicine, and building materials (Sweeney and Mafip@007). Different steps exist in the plant daticasion
process (Dansi, et al., 2009; Adéati, et al., 2008jouhe et al., 2011). Step 0: Species entirelg mnd collected
only when needed, Step 1: Wild species maintainetie fields when found during land preparatiomrdchnce,
burning and weeding) due to its proved utility aadular need, its scarcity around habitations &eddifficulties
for getting it on time, in quality and in quantifijhese preserved plants are subject to regulanaidgms for the
understanding of their reproductive biology. Steg-@rmers start paying more attention to the pveseplants
(weeding, protection against herbivorous) for tteeirvival and their normal growth. A sort of owrt@son the
plants start. Step 3: The reproductive biologytaf species is known and multiplication and cultovatof the
species in the home gardens or in selected padsliWated fields are undertaken by farmers ordrsa At this
stage, farmers tend to conduct diverse experin{eate of planting, sowing or planting density, pestl diseases
management) in order to master mass productioheo$pecies in the future. The ownership on thet idamore
rigorous. Step 4: The species is cultivated andidsted using traditional practices. Step 5: To owprthe
quality of the product, farmers adopt specificasié to select plants that better satisfies peapkxs. The best
cultivars/plants (good grain/fruit quality, resistéolerance to diseases and pests) are known ecfthital
package are adopted for their development and pha#tion. At this stage access to market is carsid and
some species benefit from traditional post hartexdinologies (method for processing, cooking orseovation.)
to meet consumers’ needs. Step 6: Selection iwitigtcontinue with cooking qualities, protectiorasgt pests
and diseases in cultivation and storage. Incomeergéion is more clearly taken care of: market dedsan
(quantity and quality) are also taken into accoaimdl species; varieties that meet consumers’ prefeseare
selected and produced.

In Kenya, C. procerawildly grows in Kitui, Machakos, Makueni, Tharakaringo, Kibwezi, Turkana among
other arid and semi arid areas (ASALS). The spduiasbeen used for a number of traditional usesveider, in
the recent past (International Centre for Researdkgroforestry (ICRAF) in partnership with locariners has
been collecting the silky wool from the wild mairftyr export to China. However, the quantity frone thild has
failed to meet the demand for the wool. Accordimddtainsi, et al (2009) and Vodouhé et al (2011),afrtbe key
drivers in domesticating wild landraces/cultivass the scarcity of the cultivar around habitatiomsl ghe
difficulties for getting it on time, in quality and quantity. To bridge the gap between demandsamgply of the
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C. Procerawool, a study has been proposed with the aim bjesting the species to specific but critical steps
the domestication process. The study focuses dactiolg the species’ seeds from the wild, growihgn in a

laboratory and nursery conditions to understandgiésmination and early growth and finally growiniget
seedlings in a typical farm setting with a view wfderstanding its growth, phenology and wool prdéidac

These diverse experiments are critical stagesarddmestication process since they aid in the masfemass
production of the species in the future.

2. MATERIALSAND METHODS
2.1 Study Site

2.1.1 Geography

The study was carried out at South Eastern Kenyaddsity (SEKU) situated in Kitui County. The resela site
is located 15 Kilometers off Kwa Vonza Market, ajahe Kitui-Machakos main road, Kwa Vonza/Yatta avar
Lower Yatta, Kitui County. Geographically, the raseh plot lies at 01.31388, 037.75545E and 01.31425,
037.75578E at a general elevation of 1173m a.s.| (Figure 1).
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Figure 1: Location of research site in SEKU, Ki@iounty, Kenya

2.1.2 Climate of the study site

The climate of the study areas is semi-arid (Agotmgical zone V) with very erratic and unreliablkEnfall.
The rainfall pattern is bimodal with the short sageason occurring between November and Decemioethan
long one between April and May. The short rainsraoge reliable than the long rains (Pauw et2008). The
mean annual rainfall ranges between 500-1050 mrh 4@ per cent reliability. The site experienceshhig
average temperatures throughout the year, whiogerfiom 16C to 34C (Pauw et al., 2008). The hot months
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are between January and February and June andn@epteharacterized by mean minimum and maximum
temperatures of 28 and 33C respectively.

2.1.3 Hydrology and Water Resources

Few water sources exist in the research site. Thprnsources of water are Mikuyuni and Mwita Syano
seasonal streams. Virtually all of the seasonarsivin the research area drain into the Tana Rivainage
basin, Kenya'’s largest river that drains the Easfemk of the Aberdares and the Southern slopesladnt
Kenya. The river flows in the research area areasherized by very low flows (base flows) in dryasen and
high flows during rainy seasons, April-May and Noaer-December respectively. Most of the ephemeral
streams generally become dry within one month dffterainy season (Borst and De Haas, 2006). Thesfare
usually fast and turbid due to high sediment cotreéipn associated with soil erosion in the catchihagea.

2.1.4 Soils and Geology

Soils are predominantly sandy to loamy sand textemce they are susceptible to erosion and argetinm
their capacity to retain water and nutrients. Ttegamsoil type of the area is lixisols (red soil&)uvial deposits
(fluvisols) occur in isolated patches along rivarsl on hill slopes. The soils are generally podrigined and
easily eroded by runoff (Borst and De Haas, 2086)me patches of the research area are overlaiachwell
drained sandy loam soils which have quartz andspeld grains and felsic gravel rock fragments. 8ejths
(thickness) vary from between 1.2m (upslope) talgeaOm at the downslope side of Mwitasyano stre@tre
soils reduce in thickness upslope where rock opgaye found jutting above the surface of the soie study
site has a similar geology composed of high grasfgional metamorphic granitoid granulites which are
composed of quartz and feldspars (over 90%) anitrhafnblende and pyroxenes (about 10% or less).

2.2 Selection of the Study Site

The experiment on domestication of the proceratargets dry lands. The SEKU study site was seadecte
subjectively based on the following criteria. Firghe site represents typical semi-arid conditidhat
characterize the larger Kitui County and other ldnds in the country. Secondly, the study requihed nursery
and field experiments be undertaken. The SEKU g existing tree nursery with enough space aner oth
requirements for setting up nursery and field expents.

2.3 Selection of C. Procera Provenances

To capture the dry land conditions in the counsgeds were collected from three areas in Kenyan@ar
Kibwezi and Tharaka Nithi.

2.4 Field Experimental Design

The experiment focused on monitoring the growthenglogical characteristics and wool productivity @f
procerain a typical farm setting. A 60m by 80m plot wdsaced and leveled. 27 subplots were demarcated
within the main plot. The subplots were laid outinandomized complete block design within the npdit. In
each of the subplot, 12 planting pits (1ft by 1#@re dug but at different spacing. For each proneaathree
spacing types were used: 1.5m by 1.5m, 2m by 2m3amdy 3m. These were replicated three times te giv
total of 9 treatmentsThe spacing between subplots was 4m. The seedliags transplanted into the pits. The
main plot was weeded 2 weeks after transplantings&quent weeding was done depending on the ityenfsi
the weeds until the plants were fully establishedithstand competition from weeds. In the fielts following
data was collected.

24.1 Survival count

Survival count was done after 21 days after tragpilg. This was done to capture incidences of lseed
establishment failure in the field. However, nolaggment was done for dead seedlings to avoiddistartion
in the research plot.
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24.2  Growth parameters

One month after transplanting, four plants for ereatment were selected randomly at the centre ebeach
subplot and tagged. Boundary plants were avoidedwth data of interest were the number of brancbh&t
and height. A veneer caliper and a ruler were dueetteasure diameter and height respectively. Agpthets
grew big, the veneer caliper and the ruler werdacsual with a diameter tape and height rod respalgtiv
Subsequent growth measurements were done on thedi@ants every month for one year

3 Dataanalysis

Ms excel was used to organize the field data amkemgge means and growth curves. The data wasefurth
subjected to two and one-way Analyses of Variarftar arcsin transformation (Zar, 1984) to deteal &svlate
existence of significant statistical differencesttie study parameters (branches, DBH and height}lifeerent
provenances under different spacing levels. Sinspleelation analysis (Pearson and Spearman) weré s
examine covariance in occurrences among the stacthnpeters for different provenances under diffespating
levels.

4 RESULTS

4.1 Field survival of C. Procera

Survival count showed excellent field establishmeitih Kibwezi provenance attaining 98% while Bating
and Tharaka had 97.5%. Initial field establishmeas affected by attack by cutworms before the segsll
became hardy to withstand attack. Later growth fnexguently characterized by occasional attack btean
canker and aphid#\phis nerii) Lady bird beetle played a key role in controllihg aphids. Attacks by
aphids led to rapid yellowing of leaves, defoliatend heavy flower abortion. Rupturing of the carikd

to total destruction of the affected part of thenstand subsequent loss of apical dominance arldaber
stem (Plate 1a). However, attack by the cutwormlids and canker did not lead to death of the &dtec

Plate 1a: A stem canker leading to loss of apicatidance 1b: Re-sprout of new shoots

Growth performance of thethree C. procera provenances

C. procerais multi-stemmed with Tharaka provenance showigfédst mean branching of 12.7 followed by
Baringo (12.2) then Kibwezi (9.9) as shown in fig@. DBH growth followed a different trend (Figu8ke

with Kibwezi recording the highest (3.9cm), Barin@e83) and Tharaka (3.82). However, the three
provenances showed minor variations in diametewtirin the first six months of field growth. Thaeak
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had highest mean height of 187.89cm, Baringo (4aRd Kibwezi (182.63) as shown by figure 4. Tadst
homogeneity of variances showed significant statistifferences (P<0.5) with Baringo being theskea
significant (0.043), Kibwezi (0.01) and TharakaD@). All provenances showed a strong positive
correlation (Pearson, P<0.01, n = 12) of brancHiigid and Height with Kibwezi recording ¥ 0.975,
Baringo (¢ = 0.988) and Tharakas(* 0.996).
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Figure 2: Average branching levels of the threpi@cera provenances
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Figure 3: Mean DBH of the thr&&. proceraprovenances
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Figure 4: Average Height of the thr€e proceraprovenances

Effects of spacing on growth performance of the three C. procera provenances

Differences in spacing levels started affectingngloparameters from the age of ten months (Fighrés & 7)
with 3x3 showing highest DBH followed by 2x2 therbAl1.5. In terms of height, 1.5x1.5 had the highest
(214.36¢cm), 2x2 (199.62) and 3x3 (189.44). 3x3 naisstatistically significant (0.806, P<0.05) whit&2 and
1.5x1.5 had significance of 0.001 and 0.000 re$pegt Generally, wider spacing promoted heavy bhamg
and a bigger diameter as the stems approached eme ojd. All spacing levels showed strong positive
correlations (Spearman, P<0.01, n = 12) of theyshatameters where 1.5x1.5 had-r0.614, 2x2 = 0.972)
and 3x3 (¢=0.986) all at P<0.01.

No. of branches
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Figure 5: Branching rates @f. proceraunder different spacing levels
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s |, 5 e ) 3
250
200
£ 150
=
®
‘o 100
=
50
0
L& S & A
\}‘}t\ %}f;" & &£ &£ & Q,bc\ Q,a(*\ é(‘}\ & .@%’\\ < \S‘\\ q;}‘}
W& O © & & X ¥ S N
P P ki
© = 9

Figure 7: Height growth of. proceraunder different spacing levels

5 DISCUSSION

5.1 Field survival

The observed high field survival of the three praeces can be attributed to the fact that the shitdy
represents a typical arid and semi-arid land hdaeering the species. Good species site matchamskates to
better field survival and establishment. AccordtogGalal et al (2015)C. procerais hardy xerophytic plant,
which is distributed globally in many countries.p8gately, in a study of drought tolerance@f procerain

deserts of Saudi Arabia, Ramadan et al (2014) dentimpressive drought tolerance by the speciesv@ms

mainly attack juvenile seedlings before the stermpot collar has hardened up to withstand attablis €xplains
why the initial field establishment was mildly affed but the attacked ceased as the plants becamg &nd
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established. Similar attacks have been reporteddogna and Parma (2006) who document considerainaga

of Calotropisby cutworms. Some of the cutworm species knowecatgsse such damage incluéigrotis ypsilon
andAgrotis flammatraAttack by aphidsAphis neri) and stem canker seems to be some of the normaapést
pathogenic infestations under field conditions. tSgjeecks onC. proceraplants growing in the wild showed
similar infestations. The attacks are in consistewih Marugan et al (2000) who document attack?pkiis
nerii causing defoliation, death of branches, and adroxf fruits. The observed lady bird beetle seertsetthe
main natural enemy of the aphidsphis neri). Marugan et al (2000) reports similar observatbthe lady bird
beetle Menochilus sexmaculatuas the main predator éiphis nerii Similarly, Dhafer et al (2012), in a study
in Saudi Arabia, found out that the carpenter mBtimitocossus Johanng&taudinger), scale inse€bntigaspis
zilla (Hall) and milkweed aphidphis nerii(Boyer de Fonscolombe) were pests attacking thetpAccording

to Salau and Nasiru (2015), key insect associatéd @. procera areTrichius fasciatus, Apis mellifera,
Anthophora species, Componotum perrisi, Physopelataelica, Dysdercus chrypsippus, Musca domestica,
Antherenus scrophulariaand Cerceris spincaudatalhe observed quick recovery from pest and pathageni
agents can be attributed to the strong regenerafioew shoots from the stem or root stock follogvattack.
This mechanism of resistance to attack is refetoeds tolerance whereby a plant is in a positiowithstand
attack by rapidly replacing the lost/damaged tissiagh (2010), also demonstrated the excelleniroesing
ability of C. proceraafter cutting or burning. Our findings are alsaconsistence with Hassan et al (2015) who
asserts tha€. procerahas a deep tap root and an ability to resproun flateral roots. Similar sediments are
shared by Orwa et al(2009) who documents thatprocerahas a taproot 3—-4m deep, and a
secondary root system with woody lateral roots, abhimay rapidly regenerate adventitious shoots
when the plant is injured. Similarly, Francis (2D0éports that even after senescence and the aerial
parts die, the plant will re-sprout immediatelyrfréhe rootstock.

5.2 Growth performance of thethree C. procera provenances

The multiple branches observed in the three pravemare a typical growth characteristicCofprocera.
Sharma et al (2011) state tl@atproceraoccurs as a single or many stemmed soft-wooded shnd
occasionally a tree reaching to 6m. The heavy liviagds important in production of wool since mo$these
branches become floral in the reproductive phassrelly the inflorescence branch is borne in an extiiéary
position, lateral to the vegetative branch. Simiiationship of branching and reproduction phase i
documented by Sobrinho et al (2013) who recordelti4manching characterized by phenophases of sjpmgu
(leaf flush), flowering (including buds) and fruig (green or ripe). The good growth performancar{bhing,
DBH and height) displayed by Baringo provenancetmaattributed to site condition. Probably, the sit
conditions at the study site are very close todgtaisBaringo. However, authoritative conclusiorttia can only
be arrived at after comparison of key site charaties such as soils, rainfall, temperature amothgrs is done.
Itis also early to isolate the best provenanceesail growth curves for all the provenances atdg/éevel off.
For instance, the mean height of Baringo provena&eBm with the highest individual reaching 2.6averal
researchers have recorded different heightS. gfroceraat maturity. Orwa et al (2009) document 2 to 6nilevh
Dietmar (2005) recorded 4m. Separately, Hassah(20&5) recorded a height of 2-6m and a diamet@5om.

5.3 Effects of spacing on growth performance of the three C. procera provenances

The reason why the different spacing levels didrefiect major differences in their growth perfomma in the
first ten months was due to the fact that the glavere still young and the different spacings pbbpaffered
equal opportunities for growth. After ten monthanapy closure in some of the spacings probablyéeried
competition for some key resources such as lighttjant, water amongst others. Normally, wide spgdavors
increment in branching and diameter growth whilesel spacing promotes height growth. This expldies t
observed heavy branching and highest diameter &1spracing and highest height in 1.5x1.5m spacinglle
Similar relationship between spacing was demoretrdty Mehari and Habte (2006) who found out that
increased spacing increased crown diameter anecodler-diameter. On the other hand, an increasgpacing
reduced wood quality because it increased brararetier (knot size). Similarly, Glencross et allZ20showed
that spacing manipulate branch size, crown rise sien size. Pretzsch et al (2015) document similar
relationship between spacing and growth parametiraiever, since domestication ©f procerais mainly for
wool production, best spacing should strike a bmdadyetween good growth and productivity.
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Typically, best silvicultural practices advocatexinaum space utilization and maximum returns tol#mel
owner. Different spacings have been used in ctitimeof C. proceradepending on the end product.
According to Kalita and Saikia (2001), in produatiof biofuel, spacing of 1 m x 1 m which translaties
10,000 plants/ha can be used where water is ndifgrbut usually 5,000 plants/haat2 m x 1 mis
recommended. Elsewhere, Andraadel (2005) used three spacings (1.0 m x 1.5 m; 1.52n0xn and 2.0
m x 2.0 m) and found that the spacings did notiarice the phenology of the silk flower. According t
Sharmeet al (2000) and Kumaet al (2013),C. procerahas been cultivated in South America and on the
Caribbean Islands at a spacing of 1-1.5 m.

6 CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

Based on the field establishment and growth perémica of the three provenances, the study can éatlincely
conclude tha€. proceracan be grown in a typical farm setting. InitialBaringo provenance showed good
performance in most the study parameters undertorong. However, after a year of monitoring, Tharak
provenance seems to take the lead as far as gimoevément is concerned. Further monitoring willléte the
best performing provenance. From space utilizgtiemspective and growth performance, 2x2 spacing has
proved to be the best. It is important to note #ilthe growth curves of the study parametersyatéo level off.
Further monitoring will show when growth parameteitt level off and isolate the best provenance apdcing.
Wool productivity analysis will be key in determiigi the best provenance and spacing. The field groW.
procerais characterized by periodic attack by aphiighis neri) which, coupled with stem canker formation,
resulted to loss of apical dominance and massosesft abortion.

6.2 Recommendations

Further monitoring is recommended to establish whkesn growth curves levels off and isolate the best
provenance and spacing. Analysis of wool produstishould be done and results used to furthertisale best
provenance and spacing. There is need for furtberarch on the impact of attack by aphiishis neri) on the
growth and productivity ofc. procera.Though lady bird beetldVenochilus sexmaculatuseemed to be the
main natural enemy of the aphids, there is neabtablish whether the natural enemy is sufficierttantrolling

the aphid in a farm setting or other control methaded to be developed. Similarly, Salau and N4&015)
recommend development 6f Procerapests management practices to enhance growtheureopment of the
species.

7. REFERENCES

Adéoti, K., Dansi, A., Ahoton L., Kpéki, B., Ahohudm, B., Ahanchédé, A., Vodouhe, R., Hounhouigan, Shnni,
A. (2009), “Selection of sites for the situ conservation of four traditional leafy vegetableasumed in Benin”, Int. J.
Biol. Chem. Sci. 3(6): 1357-1374

Borst, L., Haas de. S.A. (2006), “Hydrology of satdrage dams. A case study in the Kiindu Catchnhkéntj District,
Kenya”, M.Sc. Thesis, Vrije Universiteit Amsterdag¥p.

Dansi A., Adjatin A., Adoukonou-Sagbadja H., Falade Adomou C., Yedomonhan H., Akpagana K., deidault
B. (2009), “Traditional leafy vegetables in Benintkiaomenclature, species under threat and donagistic, Acta
Botanica Gallica 156:183-199

Dhafer, H., Aldryhim, Y., Elgharbawy, Fadl., H. (28). Insects Associated with Milkweé&zhlotropis Procera(Ait.) in the
Ibex Reserve in the Central Region of the Kingdomaafds Arabia. Entomological News 122(3):233-246

Dietmar, B. (2005), Calotropis proceraon Fuerteventura”, www. bibilo.tu-  bs.de/geobatfte.

Donohue, K., Casas, R., Burghardt, L., Kovach, KWalis, G. (2010), “Germination, postgermination dagtation, and
species ecological ranges”, Annu Rev Ecol Evol Syst 41: 293-319.

Francis, J. (2004), “Wildland Shrubs of the Uniftdtes and Its Territories: Thamnic  Description®iume 1

Galal, T., Farahat, E., EI-Midany, M & Hassan, 2015), “Effect of temperature, salinity, light artdne of dehiscence
on seed germination and seedling morpholog@albtropis procera from urban habitats”, African journal of
biotechnology. Vol. 14(15), pp1275-1282.

111



Journal of Natural Sciences Research www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) ‘-'—.i.l
Vol.7 No.24 2017 ||$ E

Glencross, K., Nichols, J., Grant, J., Sethy, NhjtB, R. (2012), “Spacing affects stem form, eaptgwth and branching in

young whitewood Endospermum medullosyiplantations in Vanuatulnternational Forestry Review
Vol.14(4), 2012
Hassan, L., Galal, T., Farahat, E., EI-Miday, M)2), “The biology ofCalotropis proceraaiton)”, W.T.Trees

(2015) 29:311-320.

Kalita, D., Saikia, C. N. (2001);Calotropis proceraandNerium indicum¥wo potential plant sources of energy and
hydrocarbon”, Indian Journal of Chemical Technol@dZT),Vol.08, 20-24.

Kumar, p., Suresh, E & Kalavathy, S. (2013), “Revimwa potential herBalotropis gigantea  (L.)", R. Br. Sch. Acad. J.
Pharm., 2013; 2(2): 135-143. Scholars AcademicSuidntific Publisher.

Marugan, K., Jeyabalan, D., Kumar, N., NathanS&aramakrishnan (2000), “Influence of host plaon growth and

reproduction ofAphis neriiand feeding and prey utilization of its predad#enochilus sexmaculatydndian journal of
experimental biology. Vol 38, 598-603.
Meena, A., Yadav, A., & Rao, M. (2011), “Ayurvedisas and pharmacological activities of  Calotropis procera

Linn”,  Asian Journal of Traditional Medicines, 205 (2).

Mehari, A., Habte, B. (2006), “Influence of Initidpacing on Growth and Branching Characteristicofdia africana
Trees Established on Eritrean Highland”, New faeg¥blume 31, Issue 2, pp 185-193

Orwa, C., Mutua, A., Kindt, R., Jamnadass, R., Anth&2009), “Agroforestree Database: a tree eefor and
selection guide”, version 4.0. World Agroforestryn@e, Kenya

Pauw, P., Mutiso, S., Mutiso, G., Manzi, H.K., LgsaR., & Aerts, J. (2008), “An Assessment of theci8@ and
Economic Effects of the Kitui Sand Dams: Community based Adaptation to Climate Change”

Pretzsch, H., Biber, P., Uhl, E., DahlhauserRdtzer, T., Caldentey, J., Koike, T., Van Con, T.,Chavanne, A.,
Seifert, T.,_Toit, B., Farnden, C., Pauleit, S.1&)) “Crown size and growing space requirement afimon tree
species in urban centres, parks, and forests"atUforestry & Urban Greening”, Volume 14, Issu€@15, Pages 466—
479

Salau, | and Nasiru, A. (2015). Insects Associatid Calotropis procergMilk weed) in Sokoto Metropolidnternational
Journal of Innovative Agriculture & Biology Resehr8(4):6-10.

Sharma, J.D., Sharma, P. (2000), “In-vitro schimiaél screening o€alotropis procerg, Fitoterapia 71: 77-79.

Sharma, A., Kharb, J., Kaur, R. (2011), “Pharmacmsgical Aspects ofalotropis ProcergAit.) ", R Br.  International
Journal of Pharma and Bio Sciences. Vol. 2 Issu8SN 0975-6299

Singh, S. (2010), “On species©@élotropis: evolution in action and live standards for clenb  crops”, Wetland
biodiversity and climate change pg 8.

Sobrinho, M., Tabatinga, G., Machado, I., Lopes(2013), “Reproductive phenological pattern of Calotropis
procera(Apocynaceae), an invasive species in Brazil: ahinuzative areas; continuous in invaded areasCahtinga”,
Acta Bot. Bras. Vol.27, No.2

Sweeney, M., Couch, S. (2007), “The Complex Histdrihe Domestication of Rice”, Ann. Bot., 100: 951795
Verma, J., & Parmar, Y. (2006), “Insect pest prabia Medicinal plants — A review”, Agri. Rev., 2Z)( 130-136.
Vodouhe, R., Dansi, A., Avohou, H., Kpeki, B., & Aril, F. (2011), “Plant domestication and its cdnttions toin situ
conservation of genetic resources in Benin”, Intéonal Journal of Biodiversity and Conservation \21R2), pp.
40-56.

Wagner, L., Herbst, R., Sohmer, H. (1999), “Manuahe Flowering Plants of Hawaii”, Revised ed. Hwmho, USA:
University of Hawaii Press.

Ramadan, A., Sabir, J., Alakili, S., Shokry, A., Gla N., Edris, S. (2014), “Metabolomic response of Calotropis
proceragrowing in the desert to changes in water avditghiPLoS ONE 9(2): doi:10. 1371/journal  .pofAB87895.
Zar J. (1984), “Biostatistical Analysis”, ISBN-10:301779253. Prentice Hall PTR. 736 pp.

112



