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ABSTRACT8
9

Aims: Despite spider plant’s (Cleome gynandra L.) high nutritional value, it has received
minimal research attention compared to exotic vegetables and other indigenous vegetables
such as amaranth (Amaranthus spp.) and cowpeas (Vigna unguiculata). This has led to a
lack of scientific production recommendations. This study contributes to developing best
agronomic practices for spider plant by determining its response to shoot tip and flower
removal that can lead to more profitable small-scale commercial production of the vegetable.
Study Design: A randomized completed block design with three replications was used.
Place and Duration of Study: Two field experiments were conducted at the Upper Kabete
Field Station of the University of Nairobi, Kenya, during the long rains (February-May) and in
the dry season (June-August) 2014.
Methodology: Commercial spider plant seeds were drilled in raised beds with cow manure
as nutrient input (50 kg N ha-1). Plants were thinned to 30x20 cm, 30x15 cm and 20x15 cm
spacings at six weeks after planting. Shoot tips were removed once when plants were 10-15
cm tall, and flowers were removed at bud formation throughout the experiment.
Results: Flower removal produced significantly (P=.05) greater plant height, leaf yield, and
fresh and dry shoot weight than both shoot tip removal and the control. Flower removal
plants reached a height of 66 cm, compared to 48 and 49 cm for shoot tip removal and the
control, respectively. For total leaf yield, flower removal produced 12.3 t ha-1, which was
significantly greater than both shoot tip removal (8.4 t ha-1) and the control (6.5 t ha-1). Fresh
shoot weight was 22.1, 15.2 and 14.4 t ha-1 for flower removal, shoot tip removal and the
control, respectively.
Conclusion: Flower removal during production of spider plant should be practiced in order
to increase growth and leaf yield.
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1. INTRODUCTION13

14
Spider plant (Cleome gynandra L.) is one of the many African leafy vegetables (ALVs) which15
have the potential to address a wide variety of problems including malnutrition, food16
insecurity, low income generation and diminishing crop diversity [1,2,3,4,5]. Spider plant is a17
herbaceous, erect plant with palmately compound leaves, which grows up to 1.5 m tall and18
naturally grows in a wide range of soil types [3,6]. Although considered a weed in many19
locations, spider plant is a valued vegetable in many communities and is consumed in20
Kenya, Uganda, Botswana, Zambia, Zimbabwe, Malawi, Cameroon, Namibia, Swaziland,21
Tanzania, Ghana and South Africa [7]. It ranks as one of the leading ALVs in terms of22
nutritive quality [8,2].23

24
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Despite the benefits of spider plant and other ALVs, they gained the reputation of being a25
“poor man’s food” due to their association with rural areas, causing people to avoid growing26
and eating them [4,9]. This has contributed to decreasing agrobiodiversity around the globe,27
as introduced vegetables are given preference over indigenous species in cultivation and28
consumption [10].29

30
Scientific research on ALVs has also historically received little attention until their promotion31
by governments, NGOs and educational institutions began during the past decade [11,4,12].32
Recent studies on spider plant have covered topics such as pharmaceutical uses [13,14],33
plant physiology [15,16], agricultural uses [17,18], genetic diversity [19] and morphological34
characterization [20]. For production practices, research has focused on germination [21,22]35
and nutrient input [23,24,25]. No studies have been carried out on the effect of shoot tip36
removal on the yield of spider plant. It is generally accepted that removal of the apical bud37
decreases apical dominance, allowing dormant lateral buds to begin growing [26,27,28]. The38
lateral buds will develop into branches, which produce more leaves, leading to an overall39
yield increase for leafy vegetable production. Mnzava and Masam [29] illustrated this40
phenomenon by removing the apical shoot tip of vegetable amaranth which significantly41
increased leaf and seed yield.42

43
Flower removal in plants is a practice that can delay senescence and prolong vegetative44
growth since reproductive parts are significant resource sinks in plants [30,31]. Two studies45
have evaluated the effect of flower removal combined with nitrogen input on the growth and46
yield of spider plant [23,24]. In plants that had bolted, Mavengahama [24] found that47
subsequent continuous flower removal led to a 46% increase in fresh leaf weight. Similarly,48
Maumba [23] found that flower removal combined with increased nitrogen input led to49
increased vegetative growth and significantly higher weekly and cumulative leaf yields.50
Oluoch et al. [32] reviewed the effect of harvesting methods for spider plant and vegetable51
amaranth, and demonstrated that a harvesting technique that also removed flowers52
outperformed other methods. However, research gaps exist in comparison of shoot tip53
removal as well as flower removal at constant nitrogen application rates. This study54
addresses these gaps in order to improve best agronomic practices of spider plant thereby55
increasing the competitiveness of this vegetable in Kenya as a source of food, nutrition and56
income for small-scale farmers.57

58
2. MATERIAL AND METHODS59

60
2.1 Site Description61

62
Field trials were carried out at the University of Nairobi Field Station, Upper Kabete Campus63
during the March-May rain season and June-August dry season of 2014. Kabete is located64
about 15 km to the west of Nairobi city at 1°15’S latitude and 36°44’ E longitude, with an65
altitude of 1930 m above sea level [33]. It lies within the lower highland (LH) 2-3 agro-66
ecological zones, with average rainfall of 993 mm per annum and a mean annual67
temperature of 18º C [34,33]. The site has a bimodal distribution of rainfall, with long rains68
from early March to late May and the short rains from October to December [35]. The soils in69
Kabete are humic nitisols, characterized as well-drained, deep, dusky red to dark reddish-70
brown, friable clay [36,37].71

72
2.2 Field Experiment73

74
A 3x3 factorial experiment laid out in a randomized complete block design with was used.75
The factors were plant density at three levels (30x20 cm, 30x15 cm and 20x15 cm) and76
cultural management practices: shoot tip removal, flower removal and the control. Shoot tip77
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removal was performed once when plants were 10-15 cm tall, and flowers were removed at78
bud stage three times per week throughout the trial. The control had no shoot tip or flowers79
removed.80

81
Raised beds of 1 m x 2.5 m were prepared by first ploughing the land then hand digging82
raised beds and raking the surface to a fine tilth [3]. Cow manure was incorporated into the83
soil by hand implements after bed preparation at the rate of 0.4 kg m-2 (wet weight of84
manure). This was equivalent to 50 kg N ha-1, and was based on current nitrogen85
recommendations [38,2]. In order to simulate common farming practices, no top dressing or86
inorganic fertilizer was applied throughout the trial. Supplemental irrigation was utilized87
whenever necessary to keep the soil moist and avoid water stress on the plants.88

89
Seeds of a commercial spider plant type were planted by drilling in shallow furrows and90
lightly covering the seed. These were then thinned 4 ½ weeks after planting to spacings of91
30x20 cm, 30x15 cm and 20x15 cm. Shallow weeding by hand and with a panga (machete)92
was carried out as needed. The presence of pests and diseases was monitored throughout93
the experiment, and a broad-spectrum pesticide (lambda-cyhalothrin, active ingredient) was94
applied once during trial 2 due to an infestation of white flies, aphids and scales.95

96
2.3 Chemical Analysis of Soil and Manure97

98
A chemical analysis of the soil and manure used for the experiment was performed in order99
to indicate soil nutrient levels before the addition of manure and the quantity of manure100
required to supply sufficient nutrients. Soil samples were collected from the ploughed land of101
the study site at depths of 0-30 cm using a soil auger. The samples were air-dried, crushed102
and passed through a 2 mm sieve [39]. The soil and cow manure were analyzed for pH, total103
nitrogen, phosphorus, potassium and organic carbon according to methods listed in Table 1.104

105
2.4 Data Collection106

107
Ten plants from the middle two rows in each plot were randomly tagged, and data was108
collected on a weekly basis on plant height, number of leaves, number of shoots, number109
and weight of leaves harvested, and fresh and dry shoot weight.110

111
Plant height was measured from the ground surface to the tip of the tallest shoot [40]. The112
number of fully-expanded leaves and shoots greater than 0.5 cm in length on each plant113
were counted. Total leaf yield was calculated by adding the weekly harvest weights for an114
entire growing period. Yield data was calculated per plant then scaled up to tons per hectare.115
Fresh shoot weight was determined by cutting plants at ground level and weighing the entire116
plant immediately after cutting. Plants were then dried to a constant weight at 70º C117
(approximately 72 hours) in a drying oven after which dry shoot weight was measured [41].118

119
2.5 Data Analysis120

121
Data was subjected to analysis of variance (ANOVA) using the GenStat 15th edition122
statistical package [42]. Fisher’s Protected Least Significant Difference test was used to123
identify significant differences among treatment means (P=.05).124

125
3. RESULTS AND DISCUSSION126

127
3.1 Soil and Manure Analysis128

129
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The soil and manure analyses results are shown in Table 1. These results indicate moderate130
acidity and N content, low phosphorus, adequate potassium and low organic carbon [43].131

132
TABLE 1. Chemical properties and analysis methods of experimental soil (0-30 cm)133
and manure134

Particulars Soil Manure Methods
pH (1:2.5 :: Soil:Water) 5.75 8.80 Glass Electrode pH Meter [41]
Total N (%) 0.31 1.87 Micro-Kjedahl Method [44]
Available P (ppm) 16.0 920 Colorimetric Determination with

Double Acid Method [41]
Exch. K (cmol kg-1) 1.05 44.0 Flame-photometer [41]
Organic Carbon (%) 3.12 18.5 Walkley-Black Wet Oxidation

Method [41]
135

3.2 Temperature and Rainfall136
137

Mean daily temperature ranged from 15-21 ºC and declined over the course of the field138
trials, which followed typical temperature trends in the study region [34].  Rainfall also139
generally declined, with the first and second trial receiving 302 mm and 213 mm of rain,140
respectively. Rainfall in April (112 mm) and May (53 mm) fell below normal compared to the141
average of 234 and 164 mm, respectively [34].142

143
3.3 Plant Height144

145
Plants that had flowers removed reached a height of 66 cm which was significantly taller146
than both shoot tip removal (48cm) and the control (49 cm) during trial 1 (Table 2).  The147
same trend was observed in the second trial with heights of 45, 35 and 38 cm for flower148
removal, shoot tip removal and the control, respectively (Table 2).  Shoot tip removal and the149
control were not significantly different in any of the trials.150

151
Maumba’s [23] results on spider plant and Mwafusi’s [45] on black nightshade were in152
contrast from findings of this study, with flower removal resulting in shorter plants. However,153
an increase in plant height due to flower removal should be expected because when plants154
begin to flower, resources are re-allocated to the flowers and fruiting bodies, drawing energy155
away from vegetative growth [30,31]. By removing this resource sink, energy and resources156
continue to supply leaves and shoots. This extends vegetative stage, resulting in taller157
plants.158

159
3.4 Number of Leaves160

161
Flower removal significantly affected leaf number in trial 1, with plants with flower removal162
averaging 35 leaves per plant throughout the data collection period, which was significantly163
more than the control plants with 24 leaves (Table 2). Plants with shoot tip removal had 27164
leaves per plant, which was not significantly different than flower removal or the control165
(Table 2).166

167
While no studies have been undertaken on the number of leaves produced in response to168
flower removal, this variable is connected to leaf yield, which agrees with previous research169
that showed that spider plant and black nightshade produced significantly higher leaf yields170
when flowers were removed [23,24,45]. This demonstrates the significance of flowers as171
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resource sinks in plants. When flowers are removed, resources continue to be utilized for172
vegetative growth of the plant, whereas if flowers are left intact, resources are re-allocated to173
the reproductive structures, decreasing vegetative growth [30,31]. The marked effects of174
flower removal during the first trial (Table 2) may be linked to abundant rainfall and sunshine175
which supported significant increase of vegetative growth, compared to trial 2 when176
environmental factors allowed for only minimal increase in growth.177

178
TABLE 2. Effect of shoot tip and flower removal on plant height and number of leaves179

180

Treatments
Plant height

(cm)
No. of leaves

(plant-1)

Trial 1 Trial 2 Trial 1 Trial 2
Shoot tip removed 47.7b 34.7b 27.3ab 19.3
Flowers removed 66.2a 45.0a 34.5a 21.9
Control 48.7b 37.5b 24.4b 19.5
Significance ** ** * Ns
l.s.d. 11.2 5.6 7.7 Ns
s.e.d. 5.28 2.57 3.64 1.54
** Highly significant at P<.01, * significant at P<.05, ns=not significant at P>.05. Figures181
down the same column followed by the same letter are not significantly different (P≤.05).182
Trial 1, N=243; trial 2, N=216.183

184
3.5 Number of Shoots185

186
Significant differences in shoot production appeared when analyzed on a weekly basis (Fig.187
1). During trial 1, plants with flowers removed had 22 and 33 shoots on weeks 10 and 11188
respectively, which was significantly higher than the control at 15 and 20 shoots for the same189
weeks, respectively (Fig. 1). Shoot tip removal had 24 shoots on week 11, which was also190
significantly lower than flower removal (Fig. 1). The same trend occurred in the second trial,191
with flower removal (29 shoots) having significantly more shoots than both shoot tip removal192
(23 shoots) and the control (22 shoots) on week 13 (Fig. 1).193

194
These findings concur with Maumba’s [23] study on spider plant, where plants with flowers195
removed produced significantly more branches than those with flowers remaining, but stand196
in contrast to Mwafusi’s [45] findings where flower removal in black nightshade did not affect197
the number of branches. According to Kriedemann et al. [31], flower removal could cause198
increased shoot growth due to maintaining resources available for vegetative growth.199
Additionally, flower removal mimics shoot tip removal and would thereby act as an additional200
mechanism to encourage lateral growth [27].201
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202
FIGURE 1. Effect of shoot tip and flower removal on number of shoots per plant203

204
3.6 Yield205

206
3.6.1 Leaf Yield207

208
During both trials, flower removal yielded significantly greater leaf yield per plant than shoot209
removal and the control, neither of which was significantly different from each other (Table210
3).  Flower removal yielded 12.3 t ha-1, compared to 8.4 t ha-1 for shoot removal and 6.5 t ha-211
1 for the control in trial 1 (Table 3). Trial 2 followed the same trend with yields of 9.0, 5.7, and212
6.4 t ha-1 for flower removal, shoot removal and the control, respectively (Table 3).213

214
The influence of flower removal on leaf yield is further understood when viewed across the215
harvesting period (Fig. 2). Significant differences occurred on weeks 10-14 of trial 1, with leaf216
yield for flower removal plots peaking at 1.9 t ha-1 on week 12, compared to only 1.1 and 0.7217
t ha-1 for shoot removal and the control, respectively (Fig. 2). During trial 2, flower removal218
maintained significantly greater yields than both shoot removal and the control by a margin219
of 0.3-0.5 t ha-1 during weeks 12-17 (Fig. 2). In both trials, the significant yield differences220
began approximately 3 weeks after flower buds appeared, linking yield changes to the221
presence or absence of flowers which are significant resource sinks in plants [30,31]. Figure222
2 shows that the benefits of flower removal appear in the later weeks of harvesting, which223
must be considered when selecting a harvesting time frame and crop management224
practices.225

226
The drastic yield increase for flower removal from week 11-13 of trial 1 (Fig 2) coincides with227
weather conditions during that time, particularly good rains (56 and 38 mm) on the 11th and228
13th WAP, respectively. In Figure 2, leaf yield in the second trial decreased markedly during229
weeks 7-9 (the first three harvests).  This was caused by the greater number and larger size230
of leaves that were able to grow in the weeks preceding the first harvest. Weather patterns,231
particularly minimal precipitation on weeks 7-9 and decreasing temperature, did not provide232
conditions which allowed plants to grow quickly enough to match the yields of the first233
harvest.234

235
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236
237

FIGURE 2. Effect of shoot tip and flower removal on leaf yield throughout the238
harvesting period.239

240
A number of studies on yield related to flower removal agree with the current study in which241
flower removal caused significantly greater leaf yield when compared to plants with flowers242
intact [23,32,45]. These findings demonstrate the importance of reproductive structures as243
resource sinks in plants which, when removed, can increase vegetative yield [30,31].244

245
The positive effect of flower removal on leaf yield reveals a simple, accessible method that246
any farmer can utilize to increase yield. Flower removal does require considerable time247
investment, the cost of which should be weighed against the benefit. Additionally, the first248
five harvests of both trials (Fig. 2) yielded similar amounts for shoot tip removal, flower249
removal and the control, which should be considered if the crop is grown for young foliage or250
will be removed before the entire season is finished.251

252
Figure 3 illustrates the effects of flower removal on plant senescence during both trials,253
where plants that underwent flower removal maintained greener and denser foliage for a254
longer period than plants that had flowers intact. Yellowing of foliage for these plants was255
observed as early as week 12 in trial 1 and 13 WAP in trial 2 (Fig. 3).256

257
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258
FIGURE 3. Effect of flower removal on plant senescence during the first and second259
trial260

Plates 1A & AB: trial 1, flowers not removed (1A) and flowers removed (1B). Plates 2A &261
2B: trial 2, flowers not removed (2A) and flowers removed (2B).262

263
3.6.2 Fresh Shoot Weight264

265
During trial 1, flower removal yielded 22.1 t ha-1 fresh shoot weight, which was significantly266
greater than both shoot tip removal (15.2 t ha-1) and the control (14.4 t ha-1) (Table 3). Shoot267
tip removal was not significantly different from the control (Table 3). The same pattern was268
observed in trial 2 with fresh shoot weights of 13.7, 8.7 and 9.2 t ha-1 for flower removal,269
shoot tip removal and the control, respectively. This outcome is expected, given that other270
parameters that contribute to fresh shoot weight produced the same results. A study on271
spider plant by Oluoch et al. [32] corroborates these findings, with harvesting techniques that272
removed flowers resulting in significantly greater biomass yield (239.0 g plant-1) than those273
where flowers remained (70.0 g plant-1).274

275
3.6.3 Dry Shoot Weight276

277
In the first trial, flower removal yielded 4.2 t ha-1 dry shoot weight which was significantly278
greater than the control at 2.2 t ha-1, while in trial 2, flower removal was significantly greater279
than both shoot tip removal and the control with yields of 2.6, 1.9 and 2.0 t ha-1, respectively280
(Table 3). Shoot tip removal and the control were not significantly different from each other in281
either trial (Table 3).282

283
No studies have reported on dry shoot weight in response to flower removal. However,284
Oluoch et al.’s [32] study on fresh biomass where flower removal on spider plant yielded285
239.0 g plant-1 with flower removal and 70.0 g plant-1 with flowers remaining, suggests that286
significant differences would also occur between dry shoot weights.287
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In addition to the increased performance of plants with flowers removed, it is noteworthy that288
the control in both trials produced very similar weights of dry biomass: 2.2 and 2.0 t ha-1 in289
trials 1 and 2, respectively (Table 3). The same phenomenon is seen with total leaf yield290
(6.45 and 6.41 t ha-1, Table 3) and to a lesser extent the number of leaves (24.4 and 19.4291
leaves plant-1, Table 2). Because the control plots performed similarly for these variables292
during both trials, the greater margin between the control and flower removal plants in trial 1293
came primarily from the higher performance of flower removal plants, not a lower294
performance from the control. The significance of this observation lies with the varying295
weather conditions between each trial. Trial 1 was hot and largely watered by natural rainfall,296
while the second trial was cool and dry, being primarily watered by hand irrigation. From this297
observation, it can be extrapolated that the removal of flowers and shoot tips benefit the298
plant most significantly when there is adequate moisture and sunlight to support increased299
vegetative growth.300

301
TABLE 3. Effect of shoot tip and flower removal on leaf yield and shoot weight302

303

Treatments
Leaf Yield

(t ha-1)
Shoot Weight (t ha-1)

Fresh Dry
Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2

Shoot tip removed 8.4b 5.7b 15.2b 8.7b 3.2ab 1.9b
Flowers removed 12.3a 9.0a 22.1a 13.7a 4.2a 2.6a
Control 6.5b 6.4b 14.4b 9.2b 2.2b 2.0b
Significance ** ** ** ** ** **
l.s.d. 2.0 1.4 3.8 2.1 1.1 0.5
s.e.d. 5.04 0.65 1.81 0.94 0.54 0.21

** Highly significant at P<.01, * significant at P<.05, ns=not significant at P>.05. Figures in304
the same column followed by the same letter are not significantly different (P≤.05). Trial 1,305
N=243; trial 2, N=216.306

307
308

4. CONCLUSION309
310

The results of this study have shown that flower removal significantly affected the growth311
and leaf yield of spider plant. Flower removal resulted in taller plants, more shoots and312
leaves per plant, higher leaf yield, and greater fresh and dry shoot weight compared to shoot313
tip removal and the control. From these results it is recommended that flower removal should314
be practiced in the production of spider plant to increase yield and profitability.315

316
317

REFERENCES318
319

1. Keller G. African nightshade, eggplant, spider flower et al.: production and320
consumption of traditional vegetables in Tanzania from the farmer’s point of view.321
Master’s thesis. Gottingen, Germany: University of Gottingen; 2004.322
2. Waithaka K, Chweya JD. Gynandropsis Gynandra (L.) Briq. – a tropical leafy323
vegetable: its cultivation and utilization. Rome: FAO; 1991.324
3. Chweya JA, Mnzava NA. Cat’s whiskers: Cleome gynandra L. Promoting the325
conservation and use of underutilized and neglected crops, 11. Rome: IPGRI; 1997.326
4. Bioversity International. The impact of Bioversity International’s African leafy327
vegetables programme in Kenya. 2010. Accessed 19 Oct, 2014. Available:328
http://www.bioversityinternational.org/uploads/tx_news/The_impact_of_Bioversity_Intern329
ational%E2%80%99s_African_leafy_vegetables_programme_in_Kenya_1418_01.pdf.330

UNDER PEER REVIEW

coffee
Comment on Text
I am not familiar with this system of listing without considering the alphabet order. For the sake of consistency in science the reference need to be revisited



5. Gotor E, Irungu C. The impact of Bioversity International’s African leafy vegetables331
programme in Kenya: impact assessment. Discussion paper 1. Rome: Bioversity332
International; 2010..333
6. Mishra SS, Moharana SK, Dash MR. Review on Cleome gynandra. Int J Res Pharm334
Chem. 2011;1(3):681–689.335
7. Directorate of Plant Production, South Africa. Cleome production guideline. Preatoria:336
Department of Agriculture, Forestry and Fisheries; 2010. Accessed 20 Oct. 2014.337
Available: http://www.nda.agric.za/docs/Brochures/Cleome.pdf.338
8. Onyango AMO. African indigenous vegetables in Kenya: strategic repositioning in the339
horticultural sector. Nairobi: Jomo Kenyatta University of Agriculture and Technology;340
2010.341
9. Vorster IHJ, Jansen RW, Van Zijl JJB, Venter SL. The importance of traditional leafy342
vegetables in South Africa. Afr J Food, Agric, Nutr Dev. 2007;7(4):49–54.343
10. Shiundu K, Oniang’o RK. Marketing African leafy vegetables: challenges and344
opportunities in the Kenyan context. In: Oniang’o R, Grum M, Obel-Lawson E, editors.345
Developing African leafy vegetables for improved nutrition. Regional Workshop, Nairobi;346
2008.347
11. Abukutsa-Onyango MO. The role of universities in promoting underutilized crops:348
the case of Maseno University, Kenya. Int Symp Underutilized Plants for Food Security,349
Nutr, Income and Sust Dev. 2008;806:155–162.350
12. Smith FI, Eyzaguirre P. African leafy vegetables: their role in the world health351
organization’s global fruit and vegetables initiative. Afr J Food, Agric, Nutr Dev.352
2007;7(3).353
13. Bala A, Kar B, Haldar PK, Mazumder UK, Bera S. Evaluation of anticancer activity of354
Cleome gynandra on Ehrlich’s Ascites Carcinoma treated mice. J Ethnopharmacol.355
2010;129(1):131–134.356
14. Ndebia EJ, Sewani-Rusike C. P1 radical scavenging activity and hypoglycaemic357
effects of two wild leafy vegetables: Sonchus oleraceus and Cleome gynandra. Diabetes358
Res Clin Pr. 2104;103(Supplement 1).359
15. Aubry S, Kelly S, Kumpers BM, Smith-Unna RD, Hibberd J. Deep evolutionary360
comparison of gene expression identifies parallel recruitment of trans-factors in two361
independent origins of photosynthesis. PLoS Genet 2014;10(6):e1004365. DOI:362
10.1371/journal.pgen.1004365363
16. Külahoglu C, Denton AK, Sommer M, Maß J, Schliesky S, Wrobel TJ et al.364
Comparative transcriptome atlases reveal altered gene expression modules between365
two Cleomaceae C3 and C4 plant species. Plant Cell. 2014;26:3243-3260.366
17. Nyalala S, Grout B. African spider flower Cleome gynandra L. (Gynandropsis367
gynandra (L.) Briq.) as a red spider mite (Tetranychus urticae Koch) repellent in cut-368
flower rose (Rosa hybrida L.) cultivation. Sci Hort. 2007;114(3):194–198.369
18. Sreekanth M. Field evaluation of certain leaf extracts for the control of mussel scale370
(Lepidosaphes piperis Gr.) in black pepper (Piper nigrum L.). J Biopesticides.371
2013;6(1):1-5.372
19. K’Opondo FBO, van Rheenen HA, Muasya RM. Assessment of genetic variation of373
selected spider plant (Cleome gynandra L.) morphotypes from western Kenya. Afr J374
Biotechnol. 2009;8(18):4325–4332.375
20. Omondi CO, Ayiecho PO. Variation analysis of six Kenyan landrace populations of376
spider flower. East Afr Agric For J. 1995;60(4):185-191.377
21. K’Opondo FBO, Groot SPC, van Rheenen H. Determination of temperature and light378
optima for seed germination and seedling development of spider plant (Cleome379
gynandra L.) morphotypes from western Kenya. Ann Bio Res. 2011;2(1):60-75.380
22. Ochuodho JO, Modi AT. Light-induced transient dormancy in Cleome gynandra L.381
seeds. Afr J Agric Res. 2007;2(11):587–591.382

UNDER PEER REVIEW



23. Maumba MK. The effect of nitrogen application and deflowering on vegetative383
growth, yield and quality; and postharvest storage stability. Master’s thesis. Nairobi:384
University of Nairobi; 1993.385
24. Mavengahama S. Yield response of bolted spider plant (Cleome gynandra) to386
deflowering and application of nitrogen topdressing. J Food Agr Environ. 2013;11:1372-387
1374.388
25. Hutchinson MJ, Kipkosgei LK, Obudho E, Akundabweni LSM. The effect of farmyard389
manure and calcium ammonium nitrate on vegetative growth, leaf yield and nutritive390
quality of Cleome gynandra (Cat Whiskers) in Keiyo District, Rift Valley Province. J391
Agric, Sci Technol. 2006;8(1):55-74.392
26. Dun EA, Ferguson BJ, Beveridge CA. Apical dominance and shoot branching:393
divergent opinions or divergent mechanisms? Plant Physiol. 2006;142:812–819.394
27. Starr C, Evers C, Starr L. Biology today and tomorrow with physiology. 3rd ed.395
Belmont, CA: Cengage Learning; 2009.396
28. Whiting D, Roll M, Vickerman L. Plant growth factors: plant hormones. Colorado397
State University Extension. 2011. Accessed 13 May 2014. Available:398
http://www.ext.colostate.edu/mg/gardennotes/145.html.399
29. Mnzava NA, Masam AM. Regeneration potential, leaf and seed yield of vegetable400
amaranth, (Amaranthus cruentus L.), as a function of initial topping heights. In: Tidbury401
GE, Tindall HE, editors. IX African Symposium on Horticultural Crops 153. Mahe,402
Seychelles; 1983.403
30. Bazzaz FA, Chiariello NR, Coley PD, Pitelka LF. Allocating resources to404
reproduction and defense: new assessments of the costs and benefits of allocation405
patterns in plants are relating ecological roles to resource use. BioScience.406
1987;37(1):58–67.407
31. Kriedemann PE, Virgona JM, Atkin OK. Growth analysis: a quantitative approach. In:408
Munns R, Schmidt S, Beveridge C, editors. Plants in action. Australian Society of Plant409
Scientists, New Zealand Society of Plant Biologists, and New Zealand Institute of410
Agricultural and Horticultural Science. 2010. Accessed 28 Nov. 2014. Available:411
http://plantsinaction.science.uq.edu.au/content/chapter-6-growth-analysis-quantitative-412
approach413
32. Oluoch MO,  Pichop GN, Silue D, Abukutsa-Onyango MO, Diouf M et al. Production414
and harvesting systems for African indigenous vegetables. In: Shackleton CM, Pasquini415
WM, Drescher AW, editors. African indigenous vegetables in urban agriculture. London416
and Sterling, VA: Earthscan; 2009.417
33. Sombroek WG, Graun HM, van de Pouw. Exploratory soil survey. Report No. E1.418
Nairobi: Ministry of Agriculture; 1982.419
34. Jaetzold R, Schmidt H, Hornetz B, Shisanya C. Farm management handbook of420
Kenya: Kiambu County extract. Vol. II/B, 2nd ed. Nairobi: Ministry of Agriculture, Kenya421
and German Agency for Technical Cooperation; 2010.422
35. Taylor CM, Lawes EF. Rainfall intensity-duration-frequency data for stations in East423
Africa. Nairobi: East Africa Meteorological Dept., East Africa Community; 1971.424
36. Gachene CKK, Mbuvi JP, Jarvis NJ, Linner H. Soil erosion effects on soil properties425
in a highland area of central Kenya. Soil Sci Soc Am J 1997;61(2).426
37. Jaetzold R, Schmidt H, Hornetz B, Shisanya C. Farm management handbook of427
Kenya: Central Province. Vol. II/B2, 2nd ed. Nairobi: Ministry of Agriculture, Kenya and428
German Agency for Technical Cooperation; 2006.429
38. Mauyo LW, Anjichi VE, Wambugu GW, Omunyini ME. Effect of nitrogen fertilizer430
levels on fresh leaf yield of spider plant (Cleome gynandra) in western Kenya. Sci Res431
Essays. 2008;3(6):240–244.432
39. Jones JB. Laboratory guide for conducting soil tests and plant analysis. Boca Raton:433
CRC Press; 2001.434

UNDER PEER REVIEW



40. Perez-Harguindeguy N, Diaz S, Garnier E, Lavorel S, Poorter H, Jaureguiberry P.435
New handbook for standardised measurement of plant functional traits worldwide. Aust J436
Bot. 2013; 61(3). DOI: 10.1071/BT12225.437
41. Okalebo JR, Gathua KW, Woomer PL. Laboratory methods of soil and plant438
analysis: a working manual. 2nd ed. Nairobi: TSBF-CIAT and Sacred Africa; 2002.439
42. VSN International. GenStat for Windows. 15th Ed. Hemel Hempstead, UK: VSN440
International; 2011. Accessed 20 Oct. 2014. Available: http://GenStat.co.uk.441
43. Landon JR. Booker tropical soil manual: a handbook for soil survey and agricultural442
land evaluation in the tropics and subtropics. Essex, England and New York, NY:443
Routledge; 1991.444
44. Association of Official Analytical Chemists. Official methods of analysis. Washington:445
ASOAC; 1999.446
45. Mwafusi CN. Effects of propagation method and deflowering on vegetative growth,447
leaf yield, phenolic and glycoalkaloid contents of three black nightshade selections used448
as vegetable in Kenya. Master’s thesis. Nairobi: University of Nairobi; 1992.449

UNDER PEER REVIEW




