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ASSESSMENT OF SPIDER PLANT (Cleome
gynandra L.) GERMPLASM FOR AGRONOMIC
TRAITS _INVEGETABLE AND SEED
PRODUCTION :- A GREEN HOUSE STUDY

ABSTRACT

Aims:. Spider plant (Cleomgynandra L.) is one of the most important traditional
vegetables in Kenya, albeit underutilized and comrily scanty informatiombouten _its
potential for vegetable and seed production. Theabilwe of this study was

therefore to evaluate spider plant germplasm fooragmic traits pertinent to seed

and vegetable production

Study design: A complete randomized design (CRD) with three s was

used.

Place and Duration of Study: Two greenhouse experiments were conducted at
Upper Kabete Field Station of the University of idai, Kenya, for a period of 180
days (March-August, 2014).

Methodology: Twenty-five genotypes obtained from the Gene bdrkemya and
farmers’ fields were grown in 10 kg pots filled via mixture of soil and cow manure
at ratio of 1:2. Three seeds of eadenotype were planted per pot and evaluated for
days to seedling emergence, germination perceaft, fermationacecumulationdays to
flowering, days to pod formationnumber of pods per plant, number of seeds per pod and
weight of 100-seeds.

Results: Seedling emergence, leaf accumulation, days todfimg, days to pod
formation,number ofpods per plant, number of seeds per pod and 1@Dveeight varied
significantly (P=.05) between genotypes. Nineteenhad 25 genotypes emerged

within 5 to 7 days, time to flowering ranged betw&® days in GBK-045494, and

42 days in GBK-040449, GBK-032229 and GBK-032134¢hEgenotypes
accumulated between 11 and 13 leaves per planinvgith weeks. All the

genotypes had a low (<50%) germination percentage.

Conclusion: GBK-040449, GBK-027212, GBK-032210 and GBK-03234thy4-7

days to emergence, >11 leaves per plant&addays to flowering are desirable for
vegetable production, whereas, GBK-040449, GBK-@454nd SN 1 witl240 Days

to pod formation, 6-9 pods per plaat;00 seeds per pod and 0.14-0.16g per 100-
seeds areecommendedesirabé for seed production. GBK 040449 was found to raais
suitabledesirablefor both vegetable and seed production.
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1. INTRODUCTION

Biodiversity holds an enormous potential of tramsfimg agricultural and industrial systems
for economic growth and poverty reduction (1). Timgue species of plants and animals as
well as ecosystems constitute the natural wealfraéan continent (2). Unfortunately, this
diversity is underutilizethis paved way foend-there-igenetic erosion. For sustainable use and congamnvat
of biodiversity, African countries need to harnassl apply science and technology
(http://www.nepadst.org/platforms/biodiv.shtml). t@ii thousands of wild and domesticated
edible plant species that are documented globaJig), about 150 are traded

internationally, while only 15 of them constituteetmain sources of human foedergy(5).
Given the threats from climate change, diseasepesid, the narrowing range of
domesticated species poses a risk to food sed@jitfpomestication and cultivation of wild
edible plants is, therefore, essential in broadgttie food base in developing countries.
This will lead to diversification, which will enseiintake of micronutrients and a dietary
balance (6).

Little is known about the extent and structure efigfic variation, and the potential for crop
improvement through domestication, selection andfeeding of most indigenous
vegetables, such as spider plant (Clegyrandra L.). A number of factors pose as a
hindrance to cultivation and subsequent utilizatbspider plant. For instance, its status as
a wild and weedy or volunteer crop creates the oniseption that the crop is a vegetable

for the poor (7). Its relatively low yield is alsm impediment to commercial production while
its bitter taste adversely affects its palatahiktypecially among children and the youth. This
might have contributed to the general neglect,aetewise, by the National Agricultural
ResearchnstitutesSystans (6, 7). The few accessions held in the nationakdemnk of Kenya were
collected during expeditions to conserve importg@cies found in the country. However,
they have not yet been formally characterized edus research programs (8).
Consequently, its optimum production potential eeglirements, adaptation to specific
ecological zones and systematic comparison witerddafy vegetables, to establish its
comparative advantages remains scanty.

Although spider plant accessions have been cordatviie gene bank in Kenya,

information that could guide growers and scientilstisng selection for superior traits in

vegetable and seed productiomisdequate facking The objective of the current study was therefore
assess spider plant genotypes for desirable agiornmaiissuitabledesirabldn seed and vegetable
production

2. MATERIAL AND METHODS

2.1 Genotypes selection and assessment

Twenty-five (25) genotypes were assessed for agnantraits and seed production under

greenhouse conditions, at the University of Nairoliabete experimental field station, for a

period of 180 days (two plantings). The germplasaiuded 23 genotypes (GBK-043595,

GBK-040458, GBK-040455, GBK-040449, GBK-045431, GBK5446, GBK-045426, GBK-

045436, GBK-045497, GBK-045494, GBK-045456, GBK-P2Z, GBK-032229, GBK-

032253, GBK-043266, GBK-032302, GBK-032210, GBK-836, GBK-031841, GBK-

032134, GBK-028554, GBK-031850, and GBK-032340)icivlwere obtained from the gene

bank of Kenya; and KS1 and SN1 obtained from fasnreKisii and South Nyanza regions

of western Kenya, respectively. Saga, a commeiygia, was included as a che¢keed to give brief varietal characteristics
of these genotypes to form a basis for comparifen subjecting them to the experimental conditjons
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65 2.2 Experimental Procedure

66 The genotypes were grown in 10 kg pots filled veitmixture of soil (dark reddish-brown to
67 dark brown, friable clay) and cow manure mixedhe tatio of 1:2. The soil (deep red humic
68 nitisols according to Kenya Soil Survey (9) claissifion) and cow manure were obtained

69 from the University of Nairobi, Kabete experimerfiald. Three seeds of each genotype

70 were planted per pot. The pots were arranged onaletely randomized design (CRD)

71 with three replicates. The pots were watéredatedthree times per week until plant maturity.

72 2.3 Data collection and Analysis

73 Data on desirable traits was scored based on;tdaeedling emergence, germination

74 percent, leaf accumulation, days to flowering (¥agke production traits), days to pod

75 formation, pods per plant, number of seeds pergmatweight of 100 seeds (seed

76 production traits). Day to flowering0% flowering)was taken when 50% of the plants had flowered while
77 days to pod formation was recorded when 50% opthets had formed podBor theTe determimtione of

78 pods per plant, ten plants were randomly seleated@notype in the three replicates and

79 the number of pods in eaehe-ef-themvascountedahen-fully-formedand an average number

80 of podof three replicateswas alsccalculateeising-the-data-from-the-ten-plants-in-the threbasigs Similarly for the
81 determination of number of seeds per pod, ten plaete randomly selected in each

82 genotypes for each of the replicates and 5pods piekeat random from each of the plants

83 and the seeds contained in each pod was counteeemdled and eventually an average

84 per plant calculated. The 100 seed weight was mié@ted by counting 100 seeds of each of

85 the genotypes replicated three times and weighied a@ssensitive weighing balance and

86 an average for the 100 seeds calculated.

87 The data collected were subjected to analysis énee using Genstat statistical package
88 (10) and means were compared using Fisher’'s pestéc3D at P=0.05
89
20 3 RESULTSAND DISCUSSION
92

3.1 Daysto Seedling Emer gence

93 Genotypes differed significantly (P=.05) in the raenof days taken from planting to

94 seedling emergence (Table 1). The days to emerganged between 4 days for genotype
95 GBK-031850 and 10 days for genotypes GBK-045431GRH-031896. Nineteen out of the
96 25 genotypes evaluated took 5 days to 7 days togeme&his was not significantly (P=.05)
97 different from the commercial variety-Saga thatktéodays to emerge. Genotypes GBK

98 043595, GBK 045431, GBK 032253, GBK 032302 and GBH 896 took longer (8-10 days)
99 to emerge compared to Saga.

100 Temperature and light have been shown to havenéisant influence on germination of

101 °
102 spider plant, where best conditions for seed geation are 20-30 C in darkness. Besides,

103 proper processing of seed determines the qualitiyeofeed for example sun-drying of
104 spider plant seeds improve the mean germinatios, ts@edling vigour and overall
105 germination percent compared wnth shade dried s@gddsDuring the experimental period,

18675 air temperature ranged between 15 9 C and 18.5 &ldition, majority of the genotypes

108 used were obtained from the Genebank of Kenya behéen stored at 20 C for along
period and therefore there is need for regenerafigermplasm stored in the genebank
periodically. Two genotypes (KS1 and SN1) were ivleté from the farmers and one of the
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genotypes was a commercial variety (Saga). It ssibte that the processing of seed for
these genotypes was not done according to the reeodations (Mr. Katimbwas-
Agricultural extension officer, Kisii, personal cam).

Table 1: Differencesin number of daysto emergence, ger mination per centage and

daysto flowering in 26 spider plant genotypes evaluated under greenhouse/ (genetic variability in 26 spider plant

genotypesin relation to number of daysto emergence, ger mination per centage and

daysto flowering evaluated under greenhouse conditions )

Craddipps Daysto emergence Germination (%) Daysto flowering
GBK-043595 8dc 27.8 41f
GBK-040458 6bc 33.3 36bcdef
GBK-040455 6bc 27.8 37bcdef
GBK-040449 6bc 44.4 42f
GBK-045431 10e 38.9 33abc
GBK-045446 7c 33.3 32ab
GBK-045426 6bc 38.9 37bcdef
GBK-045436 6bc 50.0 3la
GBK-045497 7c 38.9 34abcd
GBK-045494 7c 33.3 30a
GBK-045456 7c 33.3 35abcd
GBK-027212 6bc 44.4 38cdef
GBK-032229 7c 38.9 42f
GBK-032253 8dc 50.0 35abcd
GBK-043266 6bc 33.3 41f
GBK-032302 9de 33.3 41f
GBK-032210 6bc 44.4 40def
GBK-031896 10e 27.8 40def
GBK-031841 5ab 38.9 32ab
GBK-032134 6bc 16.7 42f
GBK-028554 5ab 38.9 38cdef
GBK-031850 4a 44.4 33abc
GBK-032340 6bc 44.4 39def
Commercial variety 6bc 38.9 35bcde
KS 1(Kisii) 7c 27.8 41f

SN 1 (South Nyanza) 6bc 27.8 36bcdef

L SD2.1**22.05ns6.138* *

**= Significant (P=.05), ns=Not significant. Figudollowed by the same letters along a
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column are not significantly different (P=.05)

Spider plant seeds are negatively photosensitidefaneffects of photo inhibition increases

o
at temperatures lower than 20 C and germinatiafsis influenced by physiological maturity
of the seeds (12). The consequence of genotypetakeaa long time to germinate may
result in a poor final plant stand and hence loglidg per unit area. The longer seeds are in
the soil before germination or the slower the geation, the greater the chances are for sail
disease and insects to attack the seeds (13).

3.2 Germination Percent (Stand Count)

There were no significant differences among gerestyfpr germination percent (Table 1).
The germination percent ranged from 16.7% in GBRA®! to 50% in GBK-032253.
Genotypes GBK 040449, GBK-027212, GBK-032210, GEX-80 and GBK 032340 had a
germination of 44.4%, and though not statisticalfnificantly, different than that of Saga
(38.9%). In addition, this percent was slightlytrég than that of the genotypes (KS1 and
SN1) obtained from farmers’ fields, which was 27.83%&notypes GBK-032253, GBK
040449, GBK-027212, GBK-032210, GBK-031850 and GBR®40 that had germination of
40% - 50 % that was better than Saga (38%) anfatheers genotypes (27%) would give a
higher plant population and hence higher yieldsaaspared to genotypes currently being
used by the farmers.

The number of plants established from a given weiflseed depends on size of seeds and
percent of those seeds that are viable and canigtovestablished plants (14). A high seed
germination percent is a prerequisite for succéssftnmercial vegetable production (15).

3.3 Daysto Flowering

The number of days to flowering varied significgr{fP=.05) among genotypes (Table 1).
The shortest duration to flowering was 30 daysG8K-045494, whereas the longest period
to flowering was 42 days for GBK-040449, GBK-03224% GBK-032134. Saga took 35
days from planting to flowering, which was shottean the genotypes being grown by the
farmers (KS 1SN 1) that took 41 and 36 days to éiomg, respectively. The other genotypes
that were slow in flowering as compared to SagaevaEBK-045426 (37 days), GBK-027212
(38 days), GBK-028554 (38 days), GBK-032340 (39s0la¢¢BK-031896 (40 days) and
GBK-032210 (40 days) (Table 1).

Late flowering genotypes are the most preferrethbyers of leafy vegetables since the

start of flowering marks the end of the vegetatitage and the reproductive stage sets in
with reduced leaf production (16,17). The main ablg to spider plant production as a
vegetable is that most of the genotypes curremigdoused by the farmers tend to flower
very early and hence low leaf yields. Genotypes GBR449, GBK-032229 and GBK-
032134 took seven days longer to flower when coegbaith the commercial variety. A
difference of 7 days is significant in terms offlgld and income for a vegetable farmer
harvesting the leaves twice a week. Therefore émdtypes that take more than 35 days

from planting to flowering will form good candidatéor improvement for vegetable purposes.

3.4 Leaf accumulation

The leaf accumulation varied significantly (P<0.08jween genotypes (Figure 1). Eight out
of the 22 genotypes (GBK 045446, GBK 045426, GBB4%b5, GBK 032340, GBK 032302,
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160 GBK-032210, GBK-027212 and GBK 040449) evaluatetligwlated leaf number of
161 between 11 and 13 in six weeks.
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162 Figure 1: Cumulative number of leaves per plant for 22 spider plant (Cleome gynandra L.) genotypes (I = Error bars)
163 (means of 10 plants per replicate x 3 replicates were used)




164 This was comparable to that of the commercial tari®@aga whereas 3 of the genotypes
165 (GBK 045497, GBK 045494 and GBK 045436) had cuningaeaf number of between 6 to
166 8 leaves (Figure 1). This implies that the genosyp#h higher cumulative leaf number
167 comparable to Saga could be candidates for proméitiovegetable production.

168 Leaves are the primary sites of photosynthesisap plants (18). Therefore, one might
169 assume that the greater the number of leavesiaida the better interception of sunlight
170 and higher the yield (19, 20). The leaf number ésthof the times correlated to the number
171 of plants in a field. When the stand count is laws likely that the amount of leaves per unit

172 area will also be low and hence low photosynthetie resulting in low productivity per unit
173 area especially when dealing with a leafy vegetéil¢ such as spider plant.

174

175

3.5 Daysto pod formation

176 The number of days to pod formation also variedifizantly (P=.05) among genotypes
177 (Table 2).

178 Table 2: Differencesin number of daysto pod formation, pods per plant, Seeds per
179 pod and 100 seed weight for 26 spider plant genotypes evaluated under greenhouse
180

CBI/ OAREQE AL cdababhedaNaben-1 574

o
KO85 95754 5CGCoantGouanCoTo7TxO

GBK-04045844bcde3al101c0.145cd
GBK-04045542abcd5abc124c0.157d
GBK-04044946de6abcd114c0.15d
GBK-04543138a9d120c0.133bc
GBK-04544640abc4ab170d0.15d
GBK-04542642abcd6abcd20a0.14c
GBK-04543639ab7bcd13a0.133bc
GBK-04549741abcd4ab48abc0.123ab
GBK-04549442abcd7bcd131c0.153d
GBK-04545643abcde4ab28a0.128bc
GBK-02721243abcde5abc103c0.13b
GBK-03222947e5abc28a0.125abc
GBK-03225340abc8cd14a0.117a
GBK-04326644bcde4ab58abc0.145cd
GBK-03230245cde4ab46ab0.133bc
GBK-03221045cde5abc46ab0.137bc
GBK-03189646de6abcd82bc0.155d
GBK-03184139ab7bcd114c0.153d
GBK-03213447e4abh91c0.127bc
GBK-02855448e8cd12a0.147cd
GBK-03185044bcde4ab80bc0.157d
GBK-03234046de4ab79bc0.123ab
Commercial40abc4ab21a0.137bc
variety

KS 1(Kisii)47e4ab84bc0.123ab

SN 1 (S.Nyanza)4labcd7bcd102c0.148cd
L SD5.6** 3.4** 44.6** 0.009* *

** = Significant (P=.05) Figures followed by thersa letters along a column are not significantly
different (P=.05)

181
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Days to Pod formation varied between 38 and 48 tay6BK-045431 and, for GBK-
028554, GBK-032134 and GBK-032229, respectivelynd@dgpe KS-1 took 47 days,
whereas GBK-032340, GBK-031896 and GBK-040449 #®klays from planting to
podding. Saga took 40 days to pod, which was orekwarlier than all the other genotypes
used in the study except for genotype GBK- 04543t ook 38 days. The beginning of pod
formation in spider plant significantly leads te$oof leaves with minimal production of new
leaves. The pods become an extra sink into whichaglgnthates are transported and may
limit the production of new leaves. In some spedias importation of resources into the
developing seeds is closely correlated with theaciy of leaves to export assimilates (22).
However, in Arabidopsis the development of repraisecstructures only minimally
influences leaf senescence, with organ age haviaggreater effect. Selective pod

removal had almost no impact on individual leafeseence in Arabidopsis, but overall plant
longevity was increased by 20-50days (23). Theeefgenotypes in which pod formation
sets in early are not suitable for vegetable prodndf it results in senescence of the
leaves. The shorter period taken to pod formati@htralso not be a good indicator of a
genotype that should be used for seed productiae this may mean a low total leaf yield
and hence limited photosynthetic capacity and heedeced photosynthates necessary for
seed formation.

3.6 Pods per Plant

The number of pods per plant varied significanfty.(05) among genotypes (Table 2). The
lowest number of pods per plant (3) was recorde@BiK-040458 and highest number of
pods per plant (9) was recorded in GBK-045431. Mj§69%) of genotypes had between
4 and 6 pods per plant. The primary componentged yield are number of pods per plant
and seed weight. Seed yield is a complex charagtieipolygenic inheritance having
positive or negative effects on yield componeritsrg24). In other crops, seed yield is
strongly correlated with number of pods per pl&%)( Taking this into account, genotype
GBK-045431 with 9 pods per plant would be expettegield more seed than genotypes
that have a lower number of pods per plant, suchBis 040458. However, this can only be
concluded after assessing the seed weight of diffegenotypes. Salehi et al. (26) reported
that the result of stepwise multiple regressionyaigbased on seed yield as a dependent
variable and other traits as independent variapleds per plant explained 83.2% of the
total variation suggesting that the number of guetsplant may be the main factor
determining seed yield.

3.7 Seeds per Pod

There were significant variations of genotypestfier number of seeds per pod (Table 2).
The highest number of seeds per pod (170 seedsjewasied in GBK-045446 that had an
average of 4 pods per plant while the lowest nurobseeds (12 seeds) per pod was
recorded in GBK-028554with an average of 8 podspeert. The number of seeds in a pod
can vary widely among; plant species (27), indigidolants within a species (27, 28), and
fruits within a plant (29). Factors and procesgéscting seed production might be achieved
with studies that incorporate variation at all #hé=svels. The weight of each seed in a pod
increases with fewer seeds in a pod (27), as waxdféor some of the spider plant
genotypes evaluated; that had many pods per plantith few seeds per pod. Esmail et
al. (30) has shown that characteristics such adaunf pods per plant and seed yield per
plant can be used for selecting genotypes for peeadliction.
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3.8 100-Seed weight

The genotypic effect was significant (P=.05) foDdsked weight (Table 2). The heaviest
(0.157 g), seeds were produced by GBK-043595 (&/ptaht; 50 seeds/pod), GBK-040455
(5 pods/plant; 124 seeds/pod), and GBK-031850 (#fptant; 80 seeds/pod); whereas the
lowest seed weight of 0.117 g was detected on GBR2B3 (8 pods/plant, 4 seeds per
pod). The 100-seed weight is one of the most inambrtriteria in seed quality
determination. It determines embryo size and stwdge for germination and emergence
(31). High 100-seed weight increases germinationgre and seedling emergence (32, 33).
Thus, seed weight has a large effect on seed getimin seed vigor, seedling
establishment and yield production. For commernmisposes, genotypes with a high 100-
seed weight will be preferred by farmers as seszls@d by weight. For vegetable
production, a high 100-seed weight will be impottarensuring high germination
percentages, hence high plant population resduititggh leaf yield per unit area

4. CONCLUSION

Genotypes; GBK-040449, GBK-027212, GBK-032210 aBK&32340 that took between
4-7 days to emergence, had 40-50 percentage encergad took more than 35 days from
planting to flowering (Annex 1) are considered daslie for vegetable production. Whereas
genotypes; GBK-040449, GBK-045494 and SN 1 thdt taore than 40 days from planting
to pod formation, produced 6-9 pods per plant lgwore than 100 seeds per pod and
100-seed weight of between 0.14 g to 0.16 g arsidered attractive for seed production
(Annex 1). Genotypes GBK 040449 was found to haaiéstdesirable for both vegetable
and seed production (Annex 1). These genotypeb,deisirable traits for vegetable and
seed production, are recommended for further etialuander field conditions to
corroborate the greenhouse studies. In additisengihe low germination percent in the
accessions assessed, research is required to getdattors that could enhance
germination of spider plant.

REFERENCES

[1] Ojiewo C, Tenkouano A, Oluoch M and Yang R. Thie of AVRDC (The World
Vegetable Centre) in vegetable value chain. AfHart. Sci. 2010; 3: 1-23

[2] Abukutsu-Onyango M. African indigenous vegetablgtrategic repositioning in the
horticultural sector. 2nd inaugural lecture. 201KQUA printers. ISBN 9966-923-31-4

[3] Tanaka T. Tanaka's Cyclopedia of Edible Plaftthe World. Revised and edited by
Sasuke Nakao. 1976. First Edition, Keigaku, Tokyo.

[4] Debela HF, Jesse TN, Zemede A and Nyangito Misls8eal availability and
consumption of wild edible plants in semiarid Effian Implications to food security and
climate change adaptation. J. Hort.& Forest. 2@{3): 138— 149

[5] Wilkes G. Native crops and wild food plants.diagist. 1977; 7:312-317.

[6] Chweya JA, Mnzava NA. Cat’s whiskers: Cleome@ydra L. Promoting the
conservation and use of underutilized and negleategls, 11. Rome: IPGRI; 1997



273
274
275

276
277

278
279

280
281

282
283
284
285
286

287
288
289

290
201
292

293
294

295
296

297
298

299

300
301

302
303
304

305
306

307
308

309
310

[7] Vorster HJ and Jansen Van Rensburg WS Traditivegetables as a source of food in
South Africa: Some experiences. African Crop Sae@onference Proceedings,2005;
7:669-671

[8] Masinde WP and Agong GS. Plant growth and leaf Npider plant under varying
nitrogen supply. Afric. J. Hort. Sci. 2011; 5: 38-4

[9] Kenya soil survey. Agro-Climatic Zone Map of Ken Ministry of Agriculture Kenya Soil
Survey. Nairobi. Kenya.1990

[10] Payne R, Murray D, Harding S, Baird D, and $0oW®M. Introduction to Genstat for
Windows. Rothamsted, UK: Lawes Agricultural Truz206.

[11] K'opondo FBO, Muasya RM and Kiplagat OK A revien the seed production and
handling of indigenous vegetables (spiderplang joallow and African nightshade complex)
In: MO Abukutsa-Onyango AN Muriithi VE Anjichi K Ngaau SG Agong A Fricke B Hau and
H Stutzel (Eds). Proceedings of the third HortigtdtWorkshop on Sustainable Horticultural
production in the Tropics. Maseno University, Mase25:42-48.

[12] Ochuodho JO, Modi AT and Beukes M. The dormaanay germination of Cleome
gynandra L. In: J.M. Wesonga (Ed). Proceeding®effourth workshop on Sustainable
Horticultural production in the tropics. Moi Univéss Eldoret 2005:227-242.

[13] Nennich T. Vegetable Seed Germination and Beihperatures. Minnesota, Vegetable
IPM newsletter 2000; Vol. 2 No.3. Minnesota Extenssamnvice, University of Minnesota.
USA.

[14] Anderson WK. Some relationships between pimtulation, yield components and
grain yield of wheat in a Mediterranean environméuistr. J. Agric. Res. 1986; 37: 219-233

[15] Liu G, Marshall PD, Li Y, and Klassen W. Incsea oxygen bioavailability, improved
vigor and germination of aged vegetable seeds.Sdore012; 47(12):1714— 1721.

[16] Yamaguchi M. World vegetables: Principles, protibn and nutritive values. Van
Nostrand Reinhold, New York. 1983. 415

[17] Nonnecke IL. Vegetable Production. Van Nostr&einhold, New York. 1989. 656 pp.

[18] Nobel PS Physicochemical and environmentab grioysiology (4th Edition) Elsevier
Inc. New York. 2009.

[19] Silvertooth JC. Row spacing, plant populatiand yield relationships. Extension
th

Agronomist-Cotton, College of Agriculture, the Uersity of Arizona. 1999. Accessed 28
March 2014. Available: http://ag.arizona.edu/croftmy'comments/april1999cc.html

[20] Ross J. Plant stand architecture, photosyigtaesl productivity. The radiation regime
and architecture of plant stand. Tasks for vegategciences 3. 1981; 3: 122-123

[21] Lawlor DW. Photosynthesis, productivity and/ganment. J. Exper.Bot., 1995; 46:
1449-1461

[22] Wittenbach VA. Effect of pod removal on ledfqiosynthesis and soluble protein
composition of field-grown soybeans. Plant Phy$R83; 73: 121-124.



340

311
312

313
314
315

316
317
318

319
320
321

322
323
324

325
326

327
328

329
330

331
332

333
334

335
336
337
338
339

[23] Nooden LD and Penney JP. Correlative contoblsenescence and plant death in
Arabidopsis thaliana (Brassicaceae). J. Exp. Bi#21252: 2151-2159

[24] Azhar FM and Naeem M. Assessment of Cotton (@@ss hirsutum) Germplasm for
Combining Abilities in Fiber Traits. Journal of Agulture and Social Sciences. 2008; 4:129-
131

[25] Oyiga BC and Uguru ML. Interrelationships amgyayl and seed yield traits in Bambara
nuts (Vigna Subterranea L. Verdic) in the derivesé@nah Agro-Ecology of South-Eastern
Nigeria under two planting dates. Inter. J. Plarge®ling. 2011; 5 (2): 1C- 111

[26] Salehi M, Faramarzi A, Mohebalipour N. Evaluatuf different effective traits on seed
yield of common bean (Phaseolus vulgaris L.) wakhpanalysis. American-Eurasian Journal
of Agriculture and Environmental Science 2010; 2:5.

[27] Janzen DH. Interactions of seeds and theednpredators/parasitoids in a tropical
deciduous forest. In: P. W. Price (ed.). Evolutiyrgtrategies of parasitic insects and mites.
Plenum Publishing Corp., New York. 1975.

[28] Stephenson AG. The regulation of maternal sbvent in an indeterminate flowering
plant (Lotus corniculatus). Ecology, 1984; 65:123-1

[29] Mitchell R. Bruchid beetles and seed packadindPalo Verdes. Ecology, 1977; 58:
644-651.

[30] Esmail AM, Mohamed AA, Hamdi A and Rabie EM. Aysik of yield variation in lentil
(Lens culinaris Medik). Ann. Agric. Sci. MoshtohoQ%4; 32: 1073-1087.

[31] Moshatati A and Gharineh MH. Effect of grain glei on germination and seed vigor of
wheat. Inter. J. Agric. Crop Sci. 2012; 4 (8): 488

[32] Noor-mohammadi GH, Siadat A and Kashani A.@grmy (cereal). Ahwaz University
Press. 2000. 446p

[33] Cordazzo CV. Effect of seed mass on germimadiod growth of three dominant
species in Southern Brazilian coastal dunes. Bragio. 2002; 62:427-435



