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The demonstration was conducted in 2014/15 production season at Tanqua-Abergelle district, 
particularly at Hadash-Tekhli (Zembaw) irrigation scheme at farmers’ land. The scheme has high 
irrigation potential for horticultural crops production. But, improved technologies have not yet been 
demonstrated. Therefore, the objective of this research was to demonstrate improved variety of pepper 
with improved management practice into the irrigation scheme. The improved pepper variety 
(Melkashote) and local cultivar, ’Tsalet’ were used in the demonstration. The mean fresh fruit yield 
obtained from the improved pepper variety was higher (13.87 t/ha) than the local cultivar (10.16 t/ha). 
This shows 36.5% fresh pepper fruits yield increment over local cultivar, implying yield productivity per 
unit area can be increased by using the improved pepper variety. In addition, the improved pepper 
variety (Melkashote) required 115 days to mature whereas the local cultivar matured in 129 days. This 
shows the improved pepper variety was earlier in maturity than the local cultivar. In terms of monetary 
value, an average gross income of 202,859.60 Birr/ha or US$ 96,46.33 per hectare was generated from 
the improved pepper variety while from the local cultivar was 114,277.50 Birr/ha or US$ 5,434.10 per 
hectare. This implies the farmers were able to generate more income from the improved pepper fresh 
yield over the local cultivar. Besides, based on farmers’ perception results, except the attributes of fruit 
size, most of the respondents had favored the improved pepper variety (Melkashote) in its productivity, 
fruit length, fruit color, maturity, insect and disease resistance, marketability, fruit quality and taste than 
the local cultivar (Tsalet). Hence, the farmers decided to grow the variety in the next production season. 
Therefore, further popularization and scaling out activities should be done by the research center and 
office of agriculture and rural development of the district. 
 
Key words: Farmers’ perception, maturity, Melkashote, Tsalet, yield. 

 
 
INTRODUCTION 
 
Pepper fruit (Capsicum species) is one of the most 
important vegetable crops. Capsicum species popularly 
known as pepper is the world’s second most important 
crop   after   tomato  (Yoon   et   al.,  1989).  According  to 

Bosland (1994) the genus Capsicum belongs to the 
family Solanaceae. Cobley and Steele (1976) reported 
that apparently between 5200 and 3400 B.C, the native 
of Americans  were  growing  Capsicum,  which  places  it  

 

 

 



 
 
 
 
among the oldest cultivated crops. Adamu et al. (1994) 
reported that Nigeria is the largest producer of pepper in 
Africa, accounting for about 50% of the African 
production. The plant is an herbaceous annuals usually 
growing from 45 to 65 cm tall.  

It is a relish in most African diets. It serves as a spice 
and is rich in vitamin C (Espig, 1991). Pepper is a short-
lived herb normally grown as annual. Peppers are 
adapted to high temperatures, but excessively hot 
weather may produce infertile pollen and reduce fruit set. 
Temperatures above 32°C may also cause excessive 
transpiration resulting in dropping of buds, flowers and 
fruits. A drop in temperature to 16°C at flowering may 
result in poor fruit or seedless fruit. Plants are tolerant of 
slightly acid soils but a pH of 5.5 to 6.6 is preferable. 

Like other vegetable crops, pepper has many 
advantages. Pepper has always been regarded as the 
king of spices. Highly treasured and a precious 
commodity it was used in the past for trading exchanged 
like money. Consumption of pepper accounts for about 
20% of the average vegetable consumption per person 
per day in Nigeria (Erinle, 1989; Alegbejo, 2002). It is 
used in the preparation of soup and stew, which are 
among the major essential compliments of staple based 
on cereals and root crops and also forms remedies for 
toothache and sore throat (Bosland, 1994; Leung and 
Foster, 1996). The capsaicin extract from sweet pepper is 
used in pharmaceuticals as a counter irritant balm 
(Purseglove, 1997). In Japan and China, it is used 
topically in an ointment form to treat myalagia (But, 1997) 
and in Germany; it is approved as a topical ointment for 
the relief of painful spasm. Capsicum is regarded as a 
neuropathetic pain reliever; therefore it is used in the 
treatment of diabetic neuropathy and also in the 
management of surgical neuropathic pain in cancer 
patient (Messiaen, 1992). 

Abergelle Agricultural Research Center had carried out 
pepper adaptation trials to evaluate the yield potential of 
pepper varieties and cultivars in farmer’s field in Adiha 
irrigation scheme. As a result, potential and promising 
high yielding improved pepper varieties were identified 
and an average fresh fruit yield of 12.87 and 9.93 t/ha 
were obtained from Melkashote and Marakofana, 
respectively. Therefore, demonstration of one of the best 
performed improved pepper variety with its improved 
production technologies is found to be important in 
Tanqua-Abergelle district particularly at Hadash-Tekhli 
(Zembaw) irrigation scheme. This research was 
conducted to: 
 

1. Demonstrate the improved pepper variety (Melkashate) 
and its management practices; and 
2. Collect farmer’s perception about  the  performance  of  
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improved pepper variety versus local cultivar. 
 
 
MATERIALS AND METHODS 
 
Description of the study area 

 
The demonstration trial was conducted in Tanqua-Abergelle district, 
particularly at Hadash-Tekhli (Zembaw) irrigation scheme at 
farmers’ land during 2015 production season. The district is located 
in central zone of Tigray which is 120 km to the West of Mekelle. It 
is located at Latitude 13° 14’ 06”N and longitude 38°58’50” E. It has 
area coverage of 144,564 ha and the average land holding per 
house hold is estimated to be 1.84 ha. It is agro-ecologically 
characterized as hot warm sub-moist low land (SMl-4b) below 1500 
m.a.s.l, however; altitude ranges between 937 and 2370 m.a.s.l. 
The mean annual rainfall and temperature ranges between 400 and 
600 mm and 21 to 41°C, respectively. It has 20 kebelles of which 
19 are rural kebelles. Major soil type of the district is sandy soil 
followed by clay and clay loam. Mixed farming system is dominantly 
practiced in the district. Major crops grown in the district are; 
sorghum, maize and pulses (cowpea, ground nut, sesame). The 
district is also well known for its large number of livestock resources 
(sheep and goats) and poultry (TADOoARD, 2015). 

 
 
Farmers research group (FRG) establishment 

 
This demonstration was carried out through the participation of 
farmers. Farmers Research Group (FRG) was established based 
on their interest and willingness. It was demonstrated in 10 m × 10 
m plot size with 12 farmers and the total land area covered was 
0.12 ha. Before execution of the demonstration, training was given 
to the farmers about FRG concepts, pepper production and 
managements, seed production techniques and maintenance. 
Pepper seeds were provided to the farmers by the research centre. 
They evaluated the performance of the crop according to their time 
of schedule from transplanting up to harvesting. During participatory 
monitoring and evaluation, FRG members were evaluating the 
performance of the improved pepper variety (Melkashote) versus 
local cultivar both for its yield and farmers’ perception on the 
attributes of the improved variety. 

 
 
Plant establishment 

 
Pepper seed at a rate of 600 g/ha was used. In nursery site, the 
seeds were planted in well prepared seed bed and mulched with 
grass. Around 45 to 55 days after sowing or 3 to 4 true leaf stages, 
12 to 15 cm tall, healthy and vigorous seedlings were transplanted 
to farmers’ field. The seedlings were planted in spacing of 70 and 
30 cm between rows and plants. After transplanting, fertilizers were 
applied at a rate of 200 kg/ha DAP and 100 Kg/ha urea in split form 
(50% during planting and 50% after one and half month). 

 
 
Data collection and analysis 

 
Sowing date, transplanting date, days to 50% maturity, marketable 
yield,  nearby  market  price  and  farmers’   perception   data   were 
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Table 1. Descriptive statistical results of households’ demographic characteristics. 
 

Variable N Minimum Maximum Mean Std. deviation 

Age of household head (in years) 12 28.00 56.00 38.17 9.44 

Family size of household head (head count)  12 3.00 7.00 5.00 1.41 

Education status of the household head (Last grade completed)  12 2.00 8.00 5.75 1.82 
 

Source: Computed from survey data (2015).  N = population.  

 
 
 

Table 2. Distribution of household head’s sex, marital status and their main occupation. 
  

Variable Frequency Proportion (%) 

Sex of the household head    

Male  11 91.7 

Female  1 8.3 

Marital status of the household head    

Married  12 100 

Main occupation of the household head    

Farming  9 75 

Farming and student  2 16.6 

Farming and trading  1 8.3 
 

Source: Computed from survey data (2015). 

 
 
 
collected. Five kilograms of ripened pepper fruit samples were 
taken to evaluate the improved pepper variety (Melkashote) versus 
the local cultivar. The data collected were analyzed using IBM 
SPSS statistics version 20.0 and Microsoft excel. 

 
 
RESULTS AND DISCUSSION 
 
Demographic characteristics of the households 
 
The mean age of the household heads was 38.17±9.44 
while the minimum and maximum ages were 28 and 56, 
respectively. This implies all the participated farm 
households in the demonstration of improved pepper 
versus local cultivar were at the working ages and could 
handle the difficult nature of irrigation activities. The 
average family size of the households was 5±1.41 heads 
per household and the minimum and maximum 
households’ family size was 3 and 10, respectively. This 
indicates the participated farm households were able to 
hire and engage their families in the irrigation activities. 
The minimum and maximum educational status or last 
grade completed of the households were 2 and 8, 
respectively while the average educational status or last 
grade completed of the households was 5.75±1.82 (Table 
1). This implies most of the participated farm households 
were about grade 5 which can easily adopt the 
demonstrated technology, management practices and 
seed production techniques. 

From the overall participated households, majority 
(91.7%)  were   male.  All  the  participated  farmers  were 

married (100%). Majority (75%) of participated farm 
households’ main occupation was farming, 16.6% 
farming and schooling and 8.3% was involved in farming 
and trading (Table 2). 
 
 
Pepper fresh fruit yield and days to maturity  

 
The mean fresh fruit yield obtained from the improved 
pepper variety was higher (13.87 t/ha) than the local 
cultivar (10.16 t/ha). This shows 36.5% fresh pepper 
fruits yield increment over local cultivar, implying yield 
productivity per unit area can be increased by using the 
improved pepper variety. A maximum of fresh yield (18.1 
t/ha) was also recorded from Melkashote while the 
maximum fresh yield from the local cultivar was 14.2 t/ha. 
In addition, on average the improved pepper variety 
(Melkashote) required 115 days to mature whereas the 
local cultivar matured in 129 days during the 
demonstration period (Table 3). This implies the improved 
variety matured earlier than the local cultivar. Hence, the 
farmers decided to grow the variety in the next production 
season. 
 
 
Market prices and gross income generated from 
sales of fresh pepper fruits 

 
Price of fresh fruits of the improved pepper variety had 
better  price    than    the    local    cultivar.    This   implies
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Table 3. Mean fresh yield and maturity date of improved pepper variety versus local cultivar. 
  

Farmer’s number 
Melkashote Local cultivar 

Days to 50% maturity Total fresh yield (t/ha) Days to 50% maturity Total fresh yield (t/ha) 

F1 115 11.4 129 7.8 

F2 115 15.8 129 9.5 

F3 115 17.6 129 12.5 

F4 115 14.3 129 10.4 

F5 115 15.4 129 11.8 

F6 115 18.1 129 14.2 

F7 115 14.2 129 10.5 

F8 115 10.7 129 10 

F9 115 10.1 129 7.2 

F10 115 10.9 129 8.8 

F11 115 13.8 129 10.7 

F12 115 14.1 129 8.5 

Mean 115 13.87 129 10.16 
 

Source: Computed from survey data (2015); t/ha = ton per hectare; F = farmer 1…12.  

 
 
 

 
 

Figure 1.  Price of fresh pepper fruits sold by the farmers in the nearby market improved versus 
local cultivar.  
Source: Computed from survey data (2015).  

 
 
 
melkashote pepper fruit has got great market demand 
than the local cultivar (Figure 1).  

Mean price of fresh fruits of the improved pepper 
variety sold by the farmers was 14.63 Birr

1
/Kg or US$ 

0.78/Kg while the local cultivar was 11.25 Birr/Kg or US$ 
0.53/Kg (Figure 2). This implies melkashote pepper fruit 
had better price over the local cultivar.   

Mean gross income generated from the improved 
pepper variety sold by the faremers was 202,859.60 
Birr/ha or US$ 96,46.33 per hectare while the local 
cultivar was 114,277.50 Birr/ha or US$ 5,434.10 per 
hectare (Figure 3). This implies the farmers were able to 
generate more income from melkashote pepper fruit sol 
in the market over the local cultivar. 

Farmers’ perception on the attributes of pepper   
 
Farmers’ perception were collected on the attributes of 
productivity, fruit weight, fruit size, fruit length, fruit color, 
maturity, insect and disease resistance, marketability, 
fruit quality, taste and shelf-life. Based on farmers’ 
perception results, except the attributes of fruit size, most 
of the respondents had favored the improved pepper 
variety (Melkashote) in its productivity, fruit length, fruit 
color, maturity, insect and disease resistance, 
marketability, fruit quality and taste than the local cultivar 
(Tsalet). However, about 41.7 and 66.7% of the 
respondents reported that there is no change in fruit 
weight and shelf-life, respectively between  the  improved  
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Figure 2. Mean price of fresh pepper fruits sold in the nearby market, improved versus local 
cultivar; 1 = Ethiopian Currency.  
Source: Computed from survey data (2015). 

 
 
 

 
 

Figure 3. Mean gross income generated from fresh pepper fruits, improved versus 
local cultivar.  
Source: Computed from survey data (2015). 

 
 
 
hot pepper variety and the local cultivar. Equal number of 
respondents reported that fruit size (41.7%) of the 
improved pepper is good and poor (Table 4). Generally, 
most of the respondents had good perception based on 
the attributes of the improved hot pepper variety as 
compared to the local cultivar. Hence, the farmers 
decided to grow the variety in the next production 
season. 
 
 
CONCLUSION AND RECOMMENDATIONS 
 
As the study result shows, the improved pepper variety 
had better yield advantage over the local  cultivar;  hence 

the farmers were able to maximize more benefit or gross 
income. Besides, the improved pepper variety matured 
earlier than the local cultivar and awareness of the 
farmers on nursery management, transplanting, fertilizer 
application and other cultural practice of pepper 
increased. Hence, the farmers favored the improved 
pepper variety and decided to grow it in the next 
production season. Therefore, it can be recommended 
that: farmers should produce high yielding and early 
maturing improved hot pepper variety (Melkashote) 
instead of producing low yielding local pepper cultivar. 
Therefore, further popularization and scaling out activities 
should be done by the research center and office of 
agriculture and rural development of the district. 
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Table 4. Farmers perception on attributes of improved hot pepper variety versus local cultivar. 
  

S/N Attribute  N 
Perception level

*
 

Poor (%) No change (%) Good (%) 

1 Productivity 12 0 0 100 

2 Fruit weight 12 25 41.7 33.3 

3 Fruit size  12 41.7 16.6 41.7 

4 Fruit length  12 0 0 100 

5 Fruit color  12 0 0 100 

6 Maturity  12 0 41.7 58.3 

7 Insect resistant  12 16.7 33.3 50 

8 Disease resistant  12 16.7 33.3 50 

9 Marketability 12 0 16.7 83.3 

10 Fruit quality 12 0 0 100 

11 Taste  12 0 0 100 

12 Shelf-life  12 0 66.7 33.3 
 

Source: Computed from survey data (2015); * Poor = 1; No change = 2; Good = 3. 
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The government of Cameroon is responsible for distributing hybrid cocoa seeds to farmers in 
Cameroon. These high-yielding and pod rot-resistant hybrids are obtained from self-incompatible 
commercial clones used for seed production by manual pollination of freshly opened flowers. The 
experimental procedure for the propagation technique of these clones has never been reported. The 
objectives of this study are to assess the effect of clone, cutting source and growth regulator 
concentration on the growth and rooting of cocoa (Theobroma cacao L.) stem cuttings. The experiment 
consisted of 4 clones (SNK16, ICS40, UPA143 and T79/501; two cutting sources: B1 = orthotropic and 
B2 = Plagiotropic) and four concentrations of growth regulator (4-indol-3-butyric acid) concentrations 
(D0 = 0 mg, D1 = 12.5 mg, D2 = 25 mg and D3 = 37.5 mg), thus a 4 × 2 × 4 factorial experiment in a 
completely randomized block design with 3 replicates was designed. Cuttings were set and monitored 
weekly for shoot sprouting for 10 weeks and rooting at the 10

th
 week. The following parameters were 

measured: survival rate, number of cuttings with shoots, number of produced shoots, leaves length, 
number and length of produced roots. Clone, cutting source and growth regulator concentration 
significantly affected survival rate, shoot sprouting and rooting of cocoa cuttings at p = 0.05. Overall, 
cuttings started producing shoots 3 weeks after setting (WAS) and at 10 WAS all the cuttings had 
rooted. Assessment of cuttings in Clementine propagators showed a survival rate of approximately 
75%, with orthotropic cuttings showing higher results than plagiotropic cuttings, whereas, D1 (12.5 mg) 
was the overall effective growth regulator (IBA) concentration that induced the highest number of roots 
from all the clones. UPA143 was the clone with highest value for all the factors assessed. The results 
will be valuable in management decision when producing planting materials by stem cuttings.   
 
Key words: Theobroma cacao, vegetative propagation, clone, cutting source, growth regulator concentration, 
clementine propagator, shoot and root growth.  

 
 
INTRODUCTION 
 
Cocoa was introduced in Cameroon in the 19

th
 century 

and has since played a major role in the economic 
development of the country (Champaud, 1966). Cocoa  is 

a cash crop for all producing countries, and is an 
important source of income for farmers. In Cameroon, 
cocoa is one of the main export products, and  represents  



 
 
 
 
approximately 28% of non-oil exports and 40% of exports 
from the primary sector (Ondoua et al., 2016). Cameroon 
produces about 280,000 tons of cocoa beans annually 
and is considered as the 5

th
 high cocoa producer in the 

World (FAOSTAT, 2015). This has been possible through 
consistent government effort carried out by the Cocoa 
Development Cooperation (with French acronym 
SODECAO) which provides farmers with highly 
productive hybrids that are also adapted to the climatic 
conditions in Cameroon. These high-yielding and pod rot-
resistant hybrids are obtained by manual pollination of 
freshly opened flowers from self-incompatible commercial 
clones planted in seed orchards of SODECAO. These 
commercial clones are imported from Trinidad and Brazil 
and propagated vegetatively for the establishment of 
seed orchard. At the start of the program, seed orchards 
were established by grafting because that was the only 
available method valorized during that period for the 
propagation of cocoa. Faced with graft incompatibility and 
variability of seedlings, there is usually insufficient 
production of clones for the seed orchards. Vegetative 
propagation by cuttings can resolve the above problems 
although it was abandoned in Cameroon about 40 years 
ago (personal communication).  

Vegetative propagation is used to obtain an exact copy 
of the genome of a mother plant. This is achieved 
through the use of meristematic, undifferentiated cells 
that can differentiate into organs required to form a whole 
new plant (Wiesman and Jaenicke, 2002).  The typical 
approach is propagation by stem cuttings, in which roots 
are induced to form on a piece of stem detached from a 
donor plant (Libby, 2004). Vegetative propagation is one 
of the used techniques in propagating superior 
commercial cocoa clones (Tee and Lamin, 2014). The 
technique for producing rooted cuttings was first 
elaborated by Pyke (1933) and was further developed in 
the 1950s (Evans, 1951). Several authors (Archibald, 
1955; McKelvie, 1957; Hall, 1963) had also made 
important contributions to the vegetative propagation of 
cocoa by stem cuttings in Ghana. The physiological 
principle involved in propagating cocoa clones by stem 
cuttings promotes the development of adventitious roots 
from the pericycle region at the stem base just above the 
cut, in a high humidity environment (Laliberté and End, 
2015; De Klerk et al., 1999; Rasmussen et al., 2009). 
Modern scientific investigations have improved the 
management techniques of cuttings. A number of studies 
on hormone application, cutting stock origin (Toxopeus, 
1970; Kevers et al., 1997; Lily and Ramadasan, 1979; 
Koko et al., 2011), number of leaves on cuttings (Amoah, 
1986), effect of light, temperature and humidity (Lily and 
Ramadasan, 1979), rooting media (Amoah, 1986; Lily 
and  Ramadasan,  1979;  Kouamanan,  2001)  and  water  
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requirement (Koko et al., 2011) for successful cutting 
establishment had been reported. According to Wiesman 
and Jaenicke (2002), several endogenous and 
exogenous factors such as water and energy status, 
hormonal balance, mineral and health status of cuttings, 
age of the cutting, propagation environment and stock 
plant management influence the success of this process. 
Leakey (2004) reported that adequate stock plant 
management improved the rooting ability of cuttings by 
providing the appropriate morphological and physiological 
conditions for shoot development. There are even more 
sophisticated techniques such as micropropagation by 
tissue culture in cocoa (Troare et al., 2003; 
Chantrapradist and Kanchanapoom, 1995). Vegetative 
propagation of cocoa by cuttings was initiated by the 
Institute of Agricultural Research for Development (IRAD) 
in the past few years but the experimental procedure for 
the propagation technique has never been reported. This 
will assist in the management process in the production 
of clones. The aim of this research is to vegetatively 
propagate selected clones of cocoa by stem cuttings. 
Specifically, to assess the effect of growth regulators 
concentration and source of cuttings on bud sprouting 
and rooting of selected cocoa clones used in Cameroon.   

 
 

MATERIALS AND METHODS 
 

The study was carried out at the nursery of the Institute of 
Agricultural Research for Development (IRAD) Nkoemvone 
(2.81122°N and 11.13972°E), situated 15 km from Ebolowa, the 
capital of the South Region of Cameroon. The site is located in a 
bimodal rainfall zone, dominated by ferralitic soils. The mean 
annual temperature is 25°C, with the least monthly temperature of 
22.8°C recorded in July, whereas the highest monthly temperature 
of 28.6°C is recorded in April. Mean annual rainfall ranges from 
1550 to 2000 mm with highest precipitation occurring between April 
and May as well as between September and October.     

The Clementine propagator was used for this trial (Figure 1a). 
These propagators consist of a series of 10 propagators coupled 
together and adjacent to another series which serves for hardening 
plants. These propagators were constructed in cement bricks and 
are 1 m high, 6 m long and 1.5 m wide. At the interior is a 15 cm 
wide and 25 cm deep pipe used for watering and drainage. They 
have a transparent glass cover to allow penetration of light for 
photosynthesis in the cuttings, and are conceived to maintain a 
permanent relative humidity of approximately 100%. Successful 
rooting of cocoa cuttings requires a humid environment (Hartmann 
et al., 2002). 
 
 

Preparation of materials, setting of cuttings and observation of 
trial 
 

Propagators were cleaned and cleared of all dirt particles, and filled 
with gravel up to 10 cm. Wooden propagation trays were then filled 
with sawn wood chips previously treated with a systemic fungicide, 
cleanomil, which contains  copper  oxide  (600 g/kg)  and  metalaxyl
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Figure 1. Vegetative propagation stages. (a) Clean Clementine propagator; (b) Collection of cuttings; (c) Preparation of cuttings;  
(d) Establishment of plagiotropic cuttings; (e) Establishment of orthotropic cuttings; (f) Transfer of cutting into the propagator.  

 
 
 
(120 g/kg) as active ingredients; as well as a systemic insecticide, 
parastar, containing imidiachloprid (20 g/l) and lambda-cyhalothrine 
(20 g/l) as active ingredients. 50g of each of the fungicide and 
insecticide were dissolved in 15 L of water in a watering can before 
application. Propagation trays were placed in the propagators. 
Decomposed saw dust was treated in the same manner like the 
sawn wood chips and filled into perforated alkathene plastic pots of 
dimension, 24 × 14 cm three days before cuttings were set. 

The plant genetic materials used for this trial consisted of 4 
clones including Upper Amazonian Forastero (UPA143 and 
T79/501) as well as Trinitario (SNK16 and ICS40) found in the 
SODECAO seed orchards which were used for the production of 
high-yielding and pod rot-resistant hybrids.  

Two cutting sources, orthotropic (B1) from the main stem and 
plagiotropic (B2) from branches were used in this trial. Young and 
healthy cocoa shoots were collected from tree bases and trunks (for 
orthotropic cuttings, B1) and from secondary and tertiary branches 
(for plagiotropic cuttings, B2) in the cocoa seed orchard (Figure 1b). 
The latter were collected early (before 7 a.m.) in the morning. Each 
shoot/branch was reduced to a cutting of about 15 cm in length and 
1 cm diameter (Figure 1c). Each cutting had a slanting upper 
surface to ease run-off during watering (Tchoundjeu, 1989). The 
leaves were reduced to four and each halved to about 80 cm2 
surface areas to reduce water loss through  evapotranspiration  and  

maintain photosynthesis for cutting survival (Longman, 1993). 
The growth regulator, 4-indol-3-butyric acid (IBA) (10 mg per 

tablet) was applied to cuttings at four different concentrations of: 
D0: 0 mg of IBA; D1: 12.5 mg of IBA in ½ a liter of water; D2: 25 mg 
of IBA in ½ a liter of water; D3: 37.5 mg of IBA in ½ a liter of water. 

Each cutting was quickly dipped into the growth regulator solution 
of appropriate concentration for about 30 s before setting in treated 
decomposed saw dust in the perforated alkathene plastic pot 
(Figure 1d and e). Cuttings were set about 3 cm deep. Pots were 
then placed in germination trays in propagators filled with sawn 
wood chips to ensure their stability (Figure 1f). The trial was a 4 × 2 
× 4 factorial experiment in a completely randomized block design, 
with 3 replicates. Each treatment consisted of 30 cuttings, with a 
total of 2880 cuttings set for the trial (that is 30 × 32 = 960 × 3 
repetitions = 2880). Cuttings were watered on a daily basis in the 
morning and any fallen leaves and dead cuttings were removed. 
 
 
Data collection and analysis 
 
Survival rate (%) was assessed on 2880 cuttings. Because of the 
destructive nature of the assessment when plants are lifted to 
collect rooting data, a Z-sampling method was used on each 
treatment  for  data  collection  on  the  shoot  and  root  parameters
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Figure 2. Evolution of dead cuttings in weekly periods for clone, cutting source and growth regulator concentration. 

 
 
 
which reduced the sample to 960 cuttings (that is, 10 × 32 = 320 × 
3 repetitions = 960). Foliar growth (number of cuttings with shoots, 
number of produced shoots and leaves length) and root growth 
(number and length of roots per cutting) were assessed at the 10th 
week. 

The survival rate and shoot sprouting were collected in 2 weekly 
intervals for a period of 10 weeks from when cuttings were set, 
while rooting was assessed at the end of the 10th week. The rooting 
media were flooded in water to ease lifting of cuttings and to 
prevent the roots from breaking. A cutting was considered to have 
rooted if it had a root of at least 1 cm (Atangana et al., 2006). A 
rooted cutting was assessed for number of roots by counting, 
whereas root lengths were measured using a ruler. Number of 
cuttings with shoots and number of produced shoots were counted 
while the leaves lengths were measured from the petiole base 
through the mid rib to the tip using a ruler. The number of life 
cuttings at the time of data collection was used to estimate survival. 
Data were input on Microsoft Excel and analyzed using the 
Statistical Package for Social Sciences (SPSS) Version 16. 
Univariate analysis of variance with 3 factors (clone, cutting type 
and growth regulator concentration) was carried out, whereas the 
Duncan multiple range test was used to separate means at 5% 
level of significance.  

 
 
RESULTS AND DISCUSSION 
 
Effects of clone, cutting source and growth regulator 
concentration on survival rate  
 
Mortality rate had no particular trend with time among the 
clones, cutting sources and growth regulator 
concentrations. Higher mortality rate was observed in 
Trinitario clones (ICS40 6 and  SNK16 2)  which recorded 

dead cuttings in the 1
st
 week of the trial while mortality in 

Upper Amazon clones (UPA143 and T79/501) started at 
the 3

rd
 week. The highest mortality was observed at the 

3
rd

 and 5
th
 WAS on all the clones. The mortality rate was 

always higher in Trinitario than in Upper Amazon clones, 
notwithstanding the week (Figure 2). The survival rate 
was significant for clone and cutting type at P = 0.05 
(Table 1) UPA143 had a significantly higher survival rate 
than the other clones while T79/501 showed significantly 
higher survival rate than ICS40 and SNK16 which were 
not significantly different. Orthotropic cuttings showed a 
significantly higher survival rate than plagiotropic cuttings, 
whereas growth regulator concentration had no effect on 
cutting survival with D0 having the highest rate of survival 
(59.37) (Table 2). 

Generally, orthotropic cuttings showed a better survival 
rate than plagiotopic cuttings confirming the result of 
Liabeuf (1946) on the vigor of orthotropic cuttings. 
Regarding the method of propagation, setting cuttings in 
Clementine propagators were less successful (76 % 
survival) than in plastic tunnels (Koko et al., 2011), with 
80% survival rate, although the difference is minimal. 
 
 

Effects of clone, cutting source and growth regulator 
concentration on number of cuttings with shoots 
 

According to the results, all 4 clones produced young 
shoots at 3 WAS of cuttings and at 10 WAS where almost 
all the cuttings had shoots (Figure 3) with 100% in clone 
UPA143.   The   analysis   of   variance   results   showed
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Table 1. Analysis of variance on rate of survival at 10 WAS. 
 

Source of variation Df SS MS P - value 

Clone 3 4059.34 1353.28 0.000 *** 

Cutting type 1 2831.3 2831.28 0.000 *** 

Growth regulator concentration 3 64.59 21.53 0.915 

Error 24 3027.50 126.15  

Total 31 9982-72   
 

***Significant at p = 0.05. 

 
 
 

Table 2. Mean survival rate of clone, cutting source and growth regulator concentration at 10 WAS. 
 

Source of variation Level Number of cuttings Mean survival rate 

Clone 

SNK16 720 52.57
bc

 

ICS40 720 45.00
c
 

T79/501 720 58.75
b
 

UPA143 720 75.5
a
 

    

Cutting type 
B1 1440 67.31

a
 

B2 1440 48.50
b
 

    

Growth regulator 
concentration 

D0 720 59.37
a
 

D1 720 58.75
a
 

D2 720 55.63
a
 

D3 720 57.87
a
 

 

Values with the same letters are not significantly different (p=0.05). 

 
 
 

 

 

 

 
 

Figure 3. Sprouted shoots. 
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Table 3. Analysis of variance of the number of cuttings with shoots at 10 WAS. 
 

Source of variation  Df SS MS P - value 

Clone 3 3.660 1.220 0.000*** 

Cutting type 1 0.367 0.367 0.017*** 

Growth regulator concentration 3 0.700 0.233 0.012*** 

Error 952 60.890 0.064  

Total 959 65.616   
 

*** Significant at p = 0.05. 

 
 
 

  
 

Figure 4. Evolution on number of budded cuttings 2 weekly periods for clone, type of cutting and growth regulator concentration. 

 
 
 
significant differences in all the sources of variation 
(Table 3). All cuttings (100%) of clone UPA143 showed 
the presence of flushing at 3 WAS, followed by clone 
ICS40 with 77.5% of cuttings having shoots, whereas 
T79/501 and SNK16 clones produced shoots on 35 and 
7% of cuttings, respectively (Figure 4 and Table 5). 
 
 
Effect of clone, cutting source and growth regulator 
concentration on number of shoots produced per 
cutting 
 
Significant differences were observed on the clones, 
cutting sources and the growth regulator concentrations 
with respect to the number of produced shoots. Clone 
UPA143 had a significantly higher number of shoots than 
ICS40 and T79/501 clones which showed no significant 
difference, but produced a significantly higher  number  of 

shoots than SNK16 clone (Tables 4 and 5).  There was 
an increase in the number of buds produced per clone, 
growth regulator concentration and cutting type with time 
(from weeks 3 to 10). Growth regulator concentration D1 
(12.5 mg of IBA in half a liter of water) induced more 
buds notwithstanding the clone, cutting type or week of 
assessment. Clone UPA143 produced the highest 
number of shoots, despite the cutting type or growth 
regulator concentration, followed by clone ICS40 (where 
orthotropic cuttings produced more buds than plagiotropic 
cuttings), clone T79/501 (with plagiotropic cuttings 
producing slightly more buds that orthotropic cuttings) 
and lastly, clone SNK16 (where there was only a minimal 
difference in bud production between orthotropic and 
plagiotropic cuttings, with the former having more buds). 
Bud production was observed to be largely influenced by 
genetic factors, although adequate growth regulator 
application and use of appropriate cutting type could  also  
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Table 4. Analysis of variance of the number of shoots produced at 10 WAS. 
 

Source of variation  Df SS MS P - value 

Clone 3 121.165 40.388 0.000*** 

Cutting type 1 3.212 3.212 0.0005*** 

Growth regulator concentration 3 60.318 20.106 0.000*** 

Error 952 380.765 0.400  

Total 959 565.374   
 

***Significant at p = 0.05. 
 
 
 

Table 5. Mean number of shoot growth parameters at 10 WAS. 

 

Source of variation Level 
Number of 

cuttings set 
Mean number of 

cuttings with shoots 
Mean number of 
produced shoots 

Mean of leaves 
length (cm) 

Clone 

SNK16 240 201
c
 1.09

c
 6.065

c
 

ICS40 240 236.01
a
 1.90

a
 9.165

b
 

T79/501 240 225.07
b
 1.46

b
 9.162

b
 

UPA143 240 240
a
 1.97

a
 12.565

a
 

      

Cutting type 
B1 480 460.94

a
 1.6639

a
 9.92

a
 

B2 480 442.08
b
 1.5468

b
 9.55

b
 

      

Growth regulator 
concentration 

D1 240 227.00
a
 2.0125

a
 11.16

a
 

D2 240 226.99
ab

 1.5083
b
 9.54

b
 

D3 240 217.00
b
 1.3333

c
 8.47

b
 

D0 240 223.99
ab

 1.5667
b
 7.77

c
 

 

Values with the same letters are not significantly different at p=0.05. 
 
 
 

 
 

Figure 5. Evolution on number of shoots produced in 2 weekly periods for clone, cutting source and growth regulator concentration.  
 
 
 

play an important role (Figure 5 and Table 4). The trend 
in the number of cuttings with shoots was similar to that 
of the number of produced shoots for clone and type of 
cuttings.   However,    the   trend    in    growth    regulator 

concentration was different where concentration (D2) had 
the highest number of cuttings with shoots but produced 
less shoots as compared to the concentration (D0) 
though not significantly different (Table 5).  
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Table 6. Analysis of variance of the length of leaves (cm) at 10 WAS. 
 

Source of variation Df SS MS P - value 

Clone 3 5074.87 1691.62 0.000*** 

Cutting type 1 438.22 438.22 0.000 *** 

Growth regulator concentration 3 1565.5 521.83 0.000*** 

Error 951 3945.84 4.144  

Total 959    
 

***Significant at p = 0.05. 

 
 
 
Effect of clone, cutting type and growth regulator 
concentration on leaf length 
 
The results showed that clone, cutting type and growth 
regulator concentration had highly significant effects on 
leaf length (Table 6). Clone UPA143 had significantly 
longer leaves than the other clones, with a mean leaf 
length of 4.5 cm at week 10 with growth regulator 
concentration D1 (12.5 mg of IBA in ½ a liter of water) 
and orthotropic cuttings, whereas the least mean leaf 
length was recorded in clone SNK16 at 5 WAS with the 
control treatment for growth regulator concentration (D0) 
and plagiotropic cuttings. 

Orthotropic cuttings (B1) produced longer leaves at 10 
WAS for most clones and all growth regulator 
concentrations. There was only a slight difference in leaf 
lengths between both cutting types with clone UPA143. 
Growth regulator concentration D1 induced the longest 
leaves, notwithstanding the clone, cutting source or 
number of weeks after setting of cuttings. This showed 
that leaf length of rooted cocoa cuttings vary with clone, 
cutting type and used growth regulator concentration. 
Analysis of variance showed a highly significant 
difference among the studied factors at 5% level of 
significance (Table 6). A comparison of clones for leaf 
length at 10 WAS using Duncan multiple range test 
showed a similarity between ICS40 and T79/501, with 
difference in their means very close to 0. On the contrary, 
there was a significant difference among UPA143 and the 
rest of the clones, confirming that leaf length of cocoa 
cuttings are influenced by clones (Table 5). Maximum 
leaf production was attained by all clones at 10 WAS. 
The LSD for growth regulator concentration revealed that 
50% of cuttings in the control treatment (D0) had leaf 
lengths of less than 8 cm, which was inferior to those of 
D3, D2 and D1 by 9, 10 and 11 cm, respectively.  
Difference in the growth regulator concentrations 
indicated a difference at 5% confirming, the effect of 
growth regulator concentration on leaf length of cocoa 
cuttings at 10 WAS. According to Himme (1956), leaf 
lengths of cocoa cuttings vary with respect to cutting 
origin, in line with the results of the present study which 
revealed that orthotropic cuttings produced longer leaves 
than plagiotropic cuttings. Growth regulator concentration 
also   influenced   leaf   lengths   of   cocoa    cuttings    in 

accordance with Charrier (1969) who pointed out that leaf 
growth of cocoa cuttings varies with the applied hormone 
concentration. 

The obtained results were in line with those of Amoah 
(2006a) who observed that the effect of clone was very 
predominant in the course of rooting, with different 
degrees of leaf production between clones. Koko et al. 
(2011) also reported that the Upper Amazon clones 
produced leaves earlier than Trinitario clones. However, 
Koko et al. (2011) however observed leaves on Upper 
Amazon clones 5 WAS, in contrast to the present study in 
which sproutings were observed at 3 WAS for Upper 
Amazon clones and 5 WAS for Trinitario clones. All used 
clones for the trial were grown under the same 
environmental conditions; therefore differences in results 
are possibly genetic. This observation was in line with 
that of Nanda et al. (1968) who reported that success in 
cocoa propagation using cuttings from different clones 
can vary considerably according to their genetic 
constitutions.  
 
 
Effect of clone, cutting type and growth regulator 
concentration on number of produced roots per 
cutting 
 
Analysis of variance revealed a highly significant 
difference among the tested factors at the significance 
level of 5% (Table 7). Clone UPA143 produced a 
significantly higher number of roots, notwithstanding the 
cutting type or growth regulator concentration (Figure 6). 
Orthotropic cuttings produced more roots than 
plagiotropic cuttings, whereas IBA concentration (D3) 
induced the greatest number of roots on orthotropic 
cuttings of clones UPA143 and SNK16 (Table 9). 
Generally, D1 and D2 induced many roots for all clones 
and cutting types. Duncan multiple range test reveals a 
significant difference in the number of roots produced by 
cocoa cuttings treated with different IBA concentrations.  

A comparison of clones using the Duncan multiple 
range test showed that there was no significant difference 
in root number of cocoa cuttings between clones T79/501 
and ICS40 at p=0.05 (Table 9). This confirmed that 
clones affect root production in cocoa cuttings although 
there may be similarities between some clones. A Tuckey  
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Table 7. Analysis of variance of number of roots produced at 10 WAS. 
 

Source of variation Df SS MS P - value 

Clone 3 5537.975 1845.992 0.000*** 

Cutting type 1 375.584 375.584 0.000 *** 

Growth regulator concentration 3 1578.639 526.213 0.000*** 

Error 951 4222.491 4.435  

Total 959 11710.962   
 

*** Significant at p = 0.05. 
 
 
 

 

  
 
Figure 6. Rooted cuttings. 

 
 
 

plot of cutting type showed that orthotropic cuttings 
produced between 3 and 19 roots, whereas plagiotropic 
cuttings produced between 1 and 17 roots. The median 
value for root number of orthotropic cuttings was 10, 
meaning that at least 50% of the latter cuttings produced 
at least 10 roots. On the other hand, the median value for 
plagiotropic cuttings was 8, thus 50% of them produced 
at least 8 roots. A Duncan multiple range test of cutting 
types showed a significant difference in the number of 
produced roots between orthotropic and plagiotropic 
cuttings at p=0.05. 

All 3 factors (clone, cutting type and growth regulator 
concentration) had positive effects on rooting of cocoa 
cuttings, in line with Liabeuf (1946) who observed an 
increase in root production on cocoa cuttings treated with 
IBA as well as Himme (1956) in a study on cocoa root 
system. Archibald (1953) observed considerable variation 
in rooting behavior among cuttings from different clones, 
different trees of the same clone, different parts of the 
same tree and different parts of the same shoot due to 
internal factors, with photosynthetic efficiency of the leaf 
being a key determinant in the cutting survival. Hall 
(1963) and Toxopeus (1964) observed significant 
differences among clones in rooting ability. The latter 
authors found that Upper Amazon and Trinitario clones 
perform higher than Amelonado in rooting response.  

Tee and Lamin (2014) observed that IBA application on 
cocoa cuttings in different substrates positively influenced 

rooting, flushing and cuttings survival of some cocoa 
clones (KKM22 and MCBC1) in a non-mist propagator, 
but not others (LKMS1, PBC123 and BR25) which 
showed low (2.79-6.43%) rooting rates. On the contrary, 
Mbah and Retallick (1992) observed that different IBA 
concentrations did not improve rooting in Balanites 
aegyptiaca cuttings. Shiembo et al. (1996) reported that 
applications of different IBA concentrations made no 
significant difference to rooting of Irvingia gabonensis 
cuttings. However, the latter growth regulator improved 
root number in Ricinodendron heudelotii cuttings but did 
not affect the rooting percentage (Shiembo et al., 1997). 
This showed that IBA application had different effects on 
the rooting of different tropical tree species. 
 
 
Effect of clone, cutting type and growth regulator 
concentration on root length of cocoa cuttings 
 
Clone UPA143 had the longest roots at 10 WAS, 
notwithstanding the cutting type, whereas ICS40, SNK16 
and T79/501 showed average root growth. The longest 
root at 10 WAS (13.6 cm) was produced by orthotropic 
cuttings (B1) with growth regulator treatment D1 (12.5 
mg) (Figure 6). Analysis of variance of the effect of each 
factor on cocoa root length showed that there were highly 
significant differences at p=0.05 for each factor (Table 8). 
A comparison of clones with respect to root  length  using
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Table 8. Analysis of variance of length of roots at 10 WAS. 
 

Source of variation Df SS MS P - value 

Clone 3 2322.097 773.44 0.000*** 

Cutting type 1 358.603 358.603 0.000 *** 

Growth regulator concentration 3 948.471 316.157 0.000*** 

Error 951 2307.165 2.423  

Total 959 5937.341   
 

*** Significant at p = 0.05. 

 
 
 
Table 9. Mean number of root parameters at 10 WAS. 
 

Source of variation Level Mean number of root per cutting Length of root (cm) 

Clone 

SNK16 5.8536
c
 5.02

c
 

ICS40 9.2614
b
 6.06

b
 

T79/501 9.2490
b
 6.07

b
 

UPA143 12.6611
a
 9.18

a
 

    

Cutting type 
B1 9.93

a
 7.29

a
 

B2 8.55
b
 5.97

b
 

    

Growth regulator concentration 

D0 7.7792d 5.4708
d
 

D1 11.1917
a
 8.1029

a
 

D2 9.5417
b
 6.7733

b
 

D3 8.5125
c
 5.9767

c
 

 

Values with the same letters are not significantly different at p=0.05. 

 
 
 
LSD showed there were significant differences at p=0.05 
except between ICS40 and T79/501. The median values 
for root length of cocoa cuttings for the factor IBA 
concentration varied from a minimum of 5 cm for dose D0 
to 8 cm for dose D1. D2 and D3 registered 6 and 5.5 cm, 
respectively (Figure 6).  

Clone UPA143 had the longest mean root length, 
followed by ICS40, T79/501 and SNK16 in a decreasing 
order. Orthotropic cuttings (B1) produced longer roots 
than plagiotropic cuttings, whereas growth regulator 
concentration D1 induced longer mean roots than the 
others (D2, D3, and D0) in a decreasing order (Table 9). 

Results of analysis of variance for the factors 
investigated in this trial showed significant differences at 
p=0.05. Additionally, individual analysis of each factor 
showed significant differences among clones, cutting 
types and growth regulator concentrations. This 
confirmed that root length of cocoa cuttings vary 
depending on clone, cutting origin and growth regulator 
concentration. Liabeuf (1946) obtained similar results 
after treatment of cocoa cuttings with IBA. Apart from 
growth regulator treatment, clone and cutting type had 
significant effects on root production and root length. 
Clones, foliar surface, physiological age, anatomic traits, 
nutritional and biochemical factors exerted a strong 
influence on rooting. According to Amoah (2006b), Upper 

Amazon and Trinitario clones root well than the clone 
Amelonado, the reasons being genetic.   
 
 
Conclusion 
 
The effect of four clones, two cutting sources and four 
IBA concentrations has provided important information on 
cocoa propagation. Orthotropic cuttings (B1) showed a 
better survival rate (67.31%) than plagiotopic cuttings 
(B2), confirming the result of other scientists elsewhere 
on the vigor of orthotropic cuttings. 

A classification of the different clones showed survival 
rates of 75.5% for UPA143, 58.75% for T79/501, 52.57% 
for SNK16 and 45% for ICS40 after 10 weeks in the 
propagator. Clones ICS40 and T79/501 had similar 
results for root number meaning the effect of clone could 
be limited in some cases, whereas orthotropic cuttings 
and growth regulator concentration D1 showed 
significantly higher mean values for all parameters 
assessed. 

Vegetative propagation by stem cuttings is a technique 
that had been abandoned in Cameroon, in favor of 
grafting for the establishment of cocoa seed orchards. 
However, stem cuttings have the advantage of providing 
many plants within a short time for  the  creation  of  such  
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seed orchards. Future research will be the evaluations of 
all the clones available in the research stations of IRAD in 
different media. 
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