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ABSTRACT 
 
Spider plant (Cleome gynandra L.) is among some of the African Leafy Vegetables whose 
consumption is on the increase in Kenya. Production of the vegetable is constrained by low leaf 
yields resulting from, among others causes, the short vegetative phase of the plant. In trying to 
address these problems, a study was conducted at Egerton University, Kenya, in 2014-2015 to 
investigate the effects of various levels (0, 100, 200, 300 and 400 kg of Nitrogen-Phosphorus-
Potassium ha-1 fertilizer and deflowering and no deflowering. The experiment was a 5x2 factorial 
arrangement in Randomized Complete Block Design (RCBD) with 10 treatment combinations. Data 
collected included number of primary branches, plant height, fresh and dry leaf weight and the 
harvest period in weeks. Data were analyzed using analysis of variance with the SAS statistical 
package. Means were separated using Tukey’s Honestly Significant Difference. Results indicated 
that deflowering and NPK fertilization significantly (P ≤ 0.05) influenced the fresh leaf yield, dry leaf 
weight, number of primary branches, plant height and significantly extended the harvest period. 
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Application of 300 kg NPK ha-1 combined with deflowering gave the highest leaf yield of 1090.32 kg 
ha-1 and 873.24 kg ha-1 in season 1 and 2 respectively compared to the other treatment 
combinations. This combination also gave the highest number of primary branches per plant and 
extended the harvesting period by eight weeks in both seasons compared to the control. In 
conclusion the application of 300 kg ha-1of NPK fertilizer and deflowering is a horticultural 
management solution to the low productivity of spider plant vegetable. 
 

 
Keywords: Cleome gynandra; deflowering; NPK fertilizer; leaf yield. 
 
1. INTRODUCTION 
 
Cleome gynandra is one of the African Leafy 
Vegetables (ALVs) that have not been given 
much attention in horticulture [1]. As a result it 
has remained a mostly wild, semi- cultivated or 
under small-scale production [1]. Production and 
utilization of spider plant is now being 
encouraged as awareness of its medicinal 
properties, nutritional value, and economic value 
increases [2]. The share of ALVs in terms of the 
domestic value was 5% even though the quantity 
produced was 11% of all the vegetables 
produced in Kenya in the year 2012 [3]. Spider 
plant is used as a vegetable and the tender 
leaves, flowers, shoots are consumed after 
boiling them in water or milk alone or in 
combination with other vegetables and spices [4].  
The leaves may be crushed to make a drink 
which is used to cure diseases such as scurvy 
[5]. Eating the vegetable is also known to reduce 
dizzy spells in pregnant women, reduce the 
length of time taken in labor and helps to regain 
normal health after child birth [6]. It contains anti-
oxidants that scavenge and bind harmful radicals 
in the body which if left could cause diseases like 
cancer and diabetes [7]. The leaves of C. 
gynandra have repellant and an acaricidal 
property for the larvae, nymphs and adults ticks 
[4]. Intercropping C. gynandra with roses in 
greenhouses at 8.3 plants/m2 reduced the 
population of red spider mites (Tetranychus 
urticae), therefore the crop can also be used as a 
crop protectant [8]. The leaves are used as 
forage by camels, bovines, equines and game 
animals and the seeds are feed for birds [4]. 
 
C. gynandra is endemic in many parts of the 
world and is an erect herbaceous annual plant 
which is strongly branched and can grow to a 
height of about 1.5 m depending on the 
environmental conditions but it is usually              
0.5 – 1.0 m [4]. 
 
Nutritionally, C. gynandra contains high levels of 
beta-carotene, vitamin C, and contains moderate 
levels of calcium, magnesium and iron. It also 

has high levels of crude protein, lipids and 
phenolic compounds [9,10]. The leaf yield of 
spider plant in Kenya is in the range of 1-3 
tons/ha compared to the optimal range of 20-40 
tons/ha [11,12]. This can be attributed to 
problems such as lack of quality seeds, short 
vegetative phase of the plant, lack of 
recommendations on the amount and type 
fertilizers to be used for optimal yields and 
premature flowering behavior (Bolting) [13,14].  
Bolting has been attributed to responses to 
temperature extremes and photoperiodic effects 
in many vegetables [14]. Generally, bolting leads 
to production losses as the plants flower before 
they have produced an economic vegetable leaf 
yield, sometimes just a few weeks after 
emergence, if directly seeded or soon after 
transplanting [15]. To mitigate these problems, 
an experiment was designed to study the effects 
of different NPK fertilizer rates in combination 
with deflowering with a view to improving leaf 
yields and extending the harvest period for the 
vegetable by increasing the vegetative phase of 
growth.  
 
2. MATERIALS AND METHODS 
 
The study was conducted at Egerton University, 
Kenya (0º23’ S, longitudes 35º35’ E) and lies at 
an altitude of approximately 2,238 meters above 
sea level. The average maximum and minimum 
temperature range from 19ºC to 22ºC and 5ºC to 
8ºC, respectively, with a total annual rainfall 
ranging from 1200 to 1400 mm. The soils are 
well-drained sandyloam-vintricmollic Andosols 
[16]. 
 
The experiment was designed as a 5×2 factorial 
arrangement in a Randomized Complete Block 
Design (RCBD) with 10 treatments replicated 
three times. The experimental plots measured 2 
× 2 m. The fertilizer was applied in the rows and 
mixed thoroughly with the soil before placing the 
seeds. Seeds obtained from Simlaws Ltd were 
drilled in rows spaced at 30 cm apart to give a 
total of six rows. Thinning was done three weeks 
later to create a spacing of 10 cms between the 
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plants to provide a total of 20 plants per row for a 
total of 120 plants per plot. Five rates of NPK 
(17:17:17) fertilization (0, 100, 200, 300 and 400 
kg ha-1) with or without deflowering were tested. 
Deflowering treatments commenced four weeks 
after sowing and continued on daily basis until no 
more harvests were obtainable from the plants 
during the two seasons. 
 
Data on the number of primary branches, fresh 
leaf yield, dry leaf weight, plant height and the 
number of weeks for harvesting were collected 
from the four middle rows in the plots consisting 
of 80 plants. Of these 10 plants from each 
second row were tagged and used to collect 
morphology data (plant height and number of 
primary branches). The remaining 70 plants were 
used for the application of deflowering treatments 
where applicable and the collection of yield data. 
The number of primary branches was determined 
by counts from the plants and the mean number 
of primary branches per plot computed for each 
treatment. Leaf harvesting commenced 50 days 
after sowing and continued at two week intervals. 
At each harvest the fresh leaf weight was 
determined and recorded and at the end a 
summation of leaf yield was computed for each 
treatment. After each leaf harvest data was 
collected, the leaf samples were dried in a hot air 
oven at 700C to constant weight. Plant height 
was measured from the ground level to the top 
most part of the leaf of the main stem and this 
was done when the non- deflowered plants 
produced pods. The length of time taken for each 
treatment combination to be harvested to the end 
was also determined in weeks. Data was 
analyzed using ANOVA with the SAS statistical 
package and significant means separated using 
Tukey’s Honestly Significant Difference (Tukey’s 
HSD) test at P ≤ 0.05.  
 
3. RESULTS AND DISCUSSION 
 
3.1 Number of Primary Branches 
 
NPK fertilization and deflowering significantly 
influenced the number of primary branches. 
Plants which were applied with 300 kg NPK ha-1 
and deflowered had the highest number of 
primary branches compared to the control in 
which no deflowering was done (Table 1). In 
season one the application of 300 and 200 kg 
NPK ha-1 were not significantly different while the 
application of 100, 200 and 400 kg NPK ha-1gave 
similar number of primary branches. The control 
was not significantly different from the application 
of 100 and 400 kg NPK ha-1 (Table 1). In season 

two, the application of 300 kg NPK ha-1 was 
significantly different from the other NPK rates 
while application of 100 and 200 kg NPK ha-

1gave similar results. The application of 100, 400 
and the control were also statistically identical in 
season 2 (Table 1). Generally, it was observed 
that the number of primary branches increased 
as the fertilizer rate increased from 0 kg to 300 
kg NPK ha-1. A further increase of NPK to 400 kg 
NPK ha-1reduced the number of primary 
branches from the maximum attained at 300 kg 
ha-1 [17]. The reduced number of primary 
branches could be attributed to excess nitrogen 
supply which leads to reduced plant growth [18]. 
Plants which were deflowered had the highest 
number of primary branches compared to those 
which were not deflowered. Deflowered plants 
had 17.92 and 21.70 primary branches in season 
one and two respectively (Table 1). In the current 
study, the initial removal of the first inflorescence 
led to the production of numerous primary 
branches and with continued deflowering a 
profusion of secondary and tertiary branches 
ensued on which more foliage grew. Similar 
observations were reported on C. gynandra 
according to [15,19]. 
 

Table 1.  Main effects of NPK rates and 
deflowering on number of primary branches 
of Cleome gynandra  in season one and two 

 
Number of primary branches 

Treatment  Season 1 Season 2  
NPK (kg ha-1)   
0 14c 17c 
100 16bc 18bc 
200 17b 19b 
300 20a 21a 
400 15bc 18bc 
Flowering type   
Deflowering  18a 22a 
No deflowering 15b 17b 

*Means followed by the same letter (s) within a column 
are not significantly different according to Tukey’s 

HSD at P≤0.05 
 
3.2 Plant Height 
 
NPK fertilization and deflowering had a 
significant effect on plant height. Plants which 
were not deflowered were the tallest compared to 
those which were deflowered. Plants which were 
applied with 300 kg NPK ha-1 and were not 
deflowered were the tallest with a mean height of 
66.07 cm and 104.3 cm in season one and two 
respectively (Fig. 1). In season one, the plant 
height of plants applied with 0, 100, 200, 300 and 
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400 kg NPK ha-1 and no deflowering were not 
significantly different. The application of 0, 100, 
200 and 400 kg NPK ha-1 and no deflowering 
were not significantly different from the 
application of 200 kg NPK ha-1 and deflowering. 
In season two, the plant heights of plants 
supplied with 0, 100, 200, 300 and 400 kg NPK 
ha-1 and not deflowered had similar heights         
(Fig. 1). The application of 200 kg NPK ha-1     
and deflowering was significantly different from 
the other deflowering treatments (Fig. 1). 
Deflowering involves the removal of the terminal 
bud and it imparts stress to the plant and the 
plant requires time to overcome this condition as 
growth is hampered. Natural auxin concentration 
in the tip of the plant causes the plant to grow tall 
and deflowering temporarily reduces auxin and 
this takes away the apical dominance as it 
stimulates the production of side buds which 
grow into branches [20]. On the other hand, 
plants which were not deflowered showed normal 
vegetative growth. The deflowered plants cannot 
therefore exhibit normal vegetative growth and 
the ultimate result showed short plants compared 
to those which were not deflowered. 
 
3.3 Fresh Leaf Yield 
 
NPK fertilization and deflowering had a 
significant effect on the fresh leaf yield of           
C. gynandra. Plants subjected to 300 kg        
NPK ha-1 and deflowering had significantly higher 
leaf yields compared to the other treatments in 
both seasons. Plants subjected to 100, 200 and 
400 kg NPK ha-1 in combination with deflowering 
and 300 kg NPK and not deflowered were 
statistically identical in influencing fresh yield in 
season one (Fig. 2). The application of 100 and 
400 kg NPK ha-1 and deflowering gave similar 
results to the application of 300 kg NPK ha-1 and 
no deflowering (Fig. 1). The fresh leaf yield 
differences between the treatments were 
significantly (P ≤ 0.05) large with about 129% 
increase in fresh yield when NPK was applied at 
300 kg ha-1. A further increase of NPK at 400 kg 
ha-1 had no effect on yield (Fig. 2). 
 
This is indicative of an optimum level of NPK at 
300 kg ha-1 beyond which further increase in 
fertilizer application becomes inhibitory to 
vegetative production. This could also be due to 
the luxury consumption of nutrients by plants. 
Application of nitrogen fertilizers has been 
reported to increase the vegetative growth and 
consequently the fresh leaf yields in many 
different vegetable crops including spider plant 
[17,21,22]. These studies reported further that 

incremental application of nitrogen as calcium 
ammonium nitrate increased plant height, 
number of shoots produced and the overall 
utilizable leaf and shoot yield of spider plant. On 
the contrary, lowest yield recorded from control 
plots was due to possible depletion of nitrogen 
and other nutrients in the soil. In the present 
study, the responses recorded on spider plant 
with NPK fertilizer could also be attributable to 
the effect of the nitrogen in the fertilizer. The 
increasing leaf yields with deflowering are 
supported by the increased number of primary 
branches (Table 1). Removal of flowers 
encourages vegetative growth of C. gynandra 
[17]. In Bidens pilosa flowering was responsible 
for reduction of leaf and stem growth and 
deflowering reduced senescence, hence 
maintaining vegetative growth [23]. Similarly, 
deflowering increased the leaf yield of Solanum 
nigrum by 40% with deflowered plants giving a 
leaf yield of 2154 kg ha-1 [24]. Continuous 
removal of the flowers leads to increased 
utilizable leaf yield of C. gynandra [15]. The 
results according to [15,17,23,24] are in 
agreement with our findings, that deflowering and 
application of NPK fertilizer increases the 
vegetative phase of the vegetable. 
 
3.4 Dry Leaf Weight 
 
NPK fertilizer rates and deflowering also had a 
significant effect on dry leaf weight. Plants 
subjected to 300 kg NPK ha-1and deflowering 
had significantly higher dry leaf weight in both 
seasons. In season one, plants applied with 100, 
200 and 400 kg NPK ha-1 and deflowering had 
similar dry weights but were not different from the 
results of plants applied with 200 and 300 kg 
NPK ha-1 in combination with no deflowering 
(Fig. 3). In season two, plants subjected to 100, 
200 and 400 kg ha-1 and deflowering had 
statistically similar results, (Fig. 3). Control had 
the lowest dry leaf weight. In the study, 
incremental application of NPK also enhanced 
dry matter production in spider plant similar to 
results reported by [25] that average dry yield 
increases with an increase in the amount of 
nitrogen fertilizer applied up to a point of 
stagnation and a decrease in dry matter 
production for nitrogen deficient soils. 
Observations showed a general increase in the 
dried leaf weight as the rate of NPK increased 
with a maximum at 300 kg ha-1 (Fig. 3). 
 
This was three times the dried leaf weight 
recorded in the control treatment, indicating that 
NPK indeed has an effect in dry matter 
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accumulation in spider plant. The application of 
3.12 g N per plant in C. gynandra resulted in 
three times higher dry leaf weight compared with 
treatments where nitrogen was not applied [17]. 
In this study, it was observed that the dry leaf 
weights increased with increasing NPK levels, 
reaching a peak at 300 kg ha-1 and a sudden 

drop when 400 kg ha-1 NPK was applied. The 
increased vegetative growth indicated by high 
leaf yields with increasing NPK applications also 
resulted in larger photosynthetic surfaces where 
more carbohydrate metabolites were produced 
and therefore contributing to high dry matter 
content in the leaves. 

 

 
 
Fig. 1. Interaction between NPK rates and deflowering on plant height of Cleome gynandra  in 

season one and two 
 

 
 
Fig. 2. Interaction between NPK rates and deflowering on fresh leaf yield of Cleome gynandra  

in season one and season two 
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Fig. 3. Effect of NPK rates and deflowering on dry leaf weight of Cleome gynandra  in season 
one and season two 

 
3.5 Length of Harvesting Period 
 
NPK fertilization and deflowering had a 
significant effect on the length of harvesting 
period. Combinations of deflowering and NPK 
fertilizer rate at 300 kg ha-1 extended the harvest 
period by eight weeks in both seasons when 
compared to the control where no NPK or 
deflowering was done (Table 2). From the 
foregoing, and considering the observations 
made with C. gynandra in this study, it is 
apparent that frequent deflowering encouraged 
continuous growth of lateral shoots resulting in 
many branches on the plants, thus increasing 
biomass and also extending the vegetative 
period. In effect, this response also helped to 
significantly extend the harvest periods by 
reducing the chances of bolting where 
deflowering was done. 
 
The positive response of leaf yield due to NPK 
and deflowering offers a possible way to deal 
with the problem of low productivity in spider 
plant. However, it should be noted that 
deflowering is quite labour intensive and would 
only be applicable where production is on a small 
scale. In Kenya, this practice is well adaptable by 
farmers as spider plant production is carried  out 
in small patches of land that are used to supply 
both domestic vegetables and some little extra to 
sell in the local markets. The practice can also be 
applied to enhance production on commercial 
scales but with adoption of phased planting done 

at intervals of 2-3 weeks to allow deflowering 
practice to be carried out on different small 
planting blocks at a time. However another study 
on the frequency of deflowering is 
recommended. 
 

Table 2. Interaction between NPK rates and 
deflowering on length of the harvest period of 

Cleome gynandra in season one and two 
 

Treatment 
combination 

Number of harvesting 
weeks 

Season 1 Season 2 
NPK 0 kg + dflw 9.00c 10.00c 
NPK 0 kg + no dflw 5.00e 6.00e 
NPK 100 kg + dflw 10.00b 11.00b 
NPK 100 kg + no dflw 6.00d 7.00d 
NPK 200 kg + dflw 10.00b 11.00b 
NPK 200 kg + no dflw 6.00d 7.00d 
NPK 300 kg + dflw 13.00a 14.00a 
NPK 300 kg + no dflw 6.00d 7.00d 
NPK 400 kg + dflw 10.00b 11.00b 
NPK 400 kg + no dflw 6.00d 7.00d 
*Means followed by the same letter (s) within a column 

are not significantly different according to tukey’s 
honestly significant difference Test at P≤0.05 

 
4. CONCLUSION 
 
The problem of premature flowering and too 
short vegetative phase that eventually leads to a 
drastic reduction in utilizable vegetable leaf yield 
of spider plant can be resolved by adoption of an 
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NPK fertilizer regime of 300 kg ha-1 in 
combination with deflowering as observed in this 
study. This regime maximizes quality leaf yields 
at more than one ton per hectare and also 
extends the harvesting period by eight weeks. 
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