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Canopy management for sustainable passion fruit
production

ABSTRACT

Yellow passion fruit (passiflora edulis var. Flavicarpa) is gaining a wide adoption in Kenya, emerging
as an important high market value horticultural crop. However, its current yields levels are low due to
poor agronomic practices. This study aimed at evaluating the orchard management practices for
sweet yellow passion fruits by farmers, with a special focus on canopy management. A survey was
conducted on sweet yellow passion fruit in Embu East sub- county, Kenya from June 2016 to august
2016. The sweet yellow passion fruit farmers were randomly sampled using a stratified sampling
procedure. Personal interviews with the farmers was conducted in each household using structured
and semi- structured questionnaires. The data was analysed using SPSS version 20. Correlation
between pruning intensity and dieback disease incidence was analysed using Pearson’s correlation
model. Findings from the study showed that pruning intensity among farmers varied from very low,
moderate to very high. The results showed that 9.8 % of farmers pruned moderately, 58.8% of
farmers pruned with a low pruning intensity and 29.4% of farmers pruned with a very low pruning
intensity. Pruning intensity was negatively correlated (-0.265) to dieback incidence at 0.05% level of
significance at a p value of 0.040 the results imply that most farmers pruned the vines at low intensity
with the aim of retaining more vines. However, this resulted to more incidence of the dieback disease.
The farmers require effective training skills on vine pruning to provide an appropriate canopy size
which would improve productivity of sweet yellow passion fruits.
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1. INTRODUCTION

Passion fruit is grown mostly in tropical and sub-tropical parts of the world (1). Today, passion fruit is
grown nearly everywhere in the tropical belt of South America to Australia, Asia and Africa (2). South
America is currently the largest producer of passion fruit (3). The passion fruit is one of an estimated
500 Passiflora species from the family Passifloraceae (4). Within this species, there are two distinct
forms, the standard purple (Passiflora edulis) and the yellow (Passiflora edulis var. flavicarpa).
Passion fruit stands out not only for its exotic and unique flavour and aroma but also for its amazing
nutritional and medicinal properties (4).

In Kenya, passion fruit is produced mostly by smallholder farmers on orchards measuring from 0.10 to
0.81 hectares (5, 6). Although passion fruit’s life span is 5 to 7 years, in Kenya it has reduced to an
average of 2 to 3 years due to numerous biotic and abiotic constraints (7). Currently, production of
passion fruits has declined due to various factors, namely; prolonged drought, decline in soil fertility,
pests and diseases incidence, scarcity of high quality planting materials, inadequate production skill
by farmers and poor markets (8).

Kenya Agricultural and Livestock Research Organisation (KALRO), previously known as KARI,
developed three new passion fruit varieties, Kenya passion fruit number 4 (KPF 4), KPF 11 and KPF
12. The KPF4 is popularly referred to as sweet yellow passion fruit (9). Sweet yellow passion fruit
grows best at an altitude of 1200-2000meters above sea level, and at a soil pH of 5.5 to 7 (1). One
carefully tended sweet yellow passion fruit vine will grow to a length of over 20 meters, after the first
4-5 months of transplanting (1) and yield of 30 kg of fruit per vine can be achieved. Good plant
nutrition and orchard management practices for vigorous growth of passion vine is the key to
achieving high yields (10).




Farmers in Embu County prefer sweet yellow passion fruit because of its ability to tolerate drought,
and high volume and quality of juice content (7). However, most farmers own relatively small pieces
of land, lack adequate production skills and face numerous challenges that constrain passion
production. Farmers incur high cost of production through fertilizer application, irrigation and control of
pests and diseases (11).

Plant canopy is managed through vine pruning and training (12). Beside, it is an important factor in
production of passion fruits. Passion fruit vine has a vigorous growth habit and it is a fast consumer of
water and nutrients (1). Since the Second World War, technological advances, particularly in vine
nutrition and pest control and the planting of vines on fertile soils have increased problems of vine
vigour leading to poor canopy management (11). Canopy size determines how effectively the plant
can access light, water and nutrients (13). Thus proper canopy management is important as it helps to
maximize the quality of the plant’s micro-climate, hence proper growth (14).

2. MATERIAL AND METHODS

2.1 STUDY DESCRIPTION

The study was conducted in Embu East Sub- County, covering the two Divisions of Runyenjes and
Kyeni. Embu East covers an area of 253.8Km? and lies at an altitude of 1280-1770m above sea level.
This area receives an annual rainfall of 750-2400mm and average temperature that ranges between
18°C and 20.6°C. Embu East Sub- County has a bimodal pattern of rainfall with the long rains falling
between April and June while the short rains fall between October and December (15). The area
consists of a wide range of ecological zones, namely, Upper Midland zone 2 (UM2), Upper Midland
Zone 3 (UM3), Upper Midland zone 4 (UM4) and Upper Midland zone 5 (UM5) (15).

2.2 SAMPLING AND DATA COLLECTION

A household level survey covering Runyenjes and Kyeni Divisions was conducted. The area was
stratified in terms of geographical distance to cover the approximate ecological range of yellow
passion fruit farmers. The sampling units were determined using a stratified sampling procedure in
which three locations from each Division were randomly selected for the survey. Consultation with
agricultural officers and key informants knowledgeable with the area enabled accurate identification of
the farmers growing sweet yellow passion fruits. Personal interviews in each household were
conducted using structured and semi- structured questionnaires. Assessment of yellow passion fruit
orchards in each household was carried out and results were recorded on the questionnaire.

The sample size was determined by sampling method according to Nassiuma (16) as in equation.

NC?
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Where n = sample size; N = population; C = covariance; e = standard error

In most surveys and experiments, a coefficient of variation in the range of 21% < C < 30% and a
standard error in the range of 2% < e < 5% is usually acceptable (16). Therefore taking a coefficient of
variation of 23% and a standard error of 0.02 (2%) out of a target population of 103, a sample of 57
respondents was obtained.

The data collected on assessment of vine training and pruning include; vine training extent, pruning
intensity, vine spacing extent, height of support poles, source of support poles, treatment of support
poles, pruning tools used and disinfection state of pruning tools.

2.3 DATA ANALYSIS

Descriptive statistics was performed using SPSS version 20 and results were presented as tables and
figures. The data analysed include, vine training extent, pruning intensity, pruning used. Correlation
between pruning intensity and dieback disease incidence was analysed using Pearson’s Correlation
model.



3. RESULTS AND DISCUSSION

3.1 PRUNING INTENSITY

The pruning intensity was determined by the number of secondary vines retained after pruning. It
varied from very high (below 35), high (35-44), moderate (45-50), low (51-65) to very low (above 65).
The results showed that only 9.8% of farmers pruned moderately, 58.8% of farmers pruned with a low

pruning intensity, 29.4% of farmers pruned with a very low pruning intensity, no farmer (0%) pruned
with a high intensity and 2% of farmers practised very high pruning intensity (Figure 1).
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Figure 1: Pruning intensity for sweet yellow passion fruit practised by farmers (N=57)

These results show that most farmers (58.8%) in Embu East pruned with a low pruning intensity
(Figure 1). The farmers minimized on pruning vines in order to retain as many vines as possible
accordingly to get high number of fruits, whereas the size of the fruits, an important quality
determinant in the market, was not considered as a priority. A conventionally trained vine (3m primary
vine length) should have 50 secondary vines (9), which requires moderate pruning. Low pruning
intensity retains many vines which results to overcropping and excessive canopy density (17).
According to Skinkis (18), overcropping leads to reduction of vine vigour (rate of shoot growth) and
vine size (pruning weight). Although the vine might appear to be mature, stored starch reserves in
vines stressed by overcropping can be so low that the next year’s vegetative growth and fruit yield will
be severely reduced (19).

On the other hand, with high pruning intensity, the crop will be needlessly reduced if too few vines
remain (18). Furthermore, severely pruned vines are apt to produce excessively vigorous shoots
because all of the stored energy in the parent vine and roots is available to relatively few growing
points (20). Excessive shoot vigour can reduce fruit set and delay shoot maturation in the next season
(19).

3.2 PRUNING INTENSITY AND DIEBACK INCIDENCE

The pruning intensity was negatively correlated (-0.265) to dieback incidence at 0.05% level of
significance at a P value of 0.040 (Table 1).



Table 1: Pearson correlation for pruning intensity and dieback incidence

Pruning Dieback incidence
intensity
Pruning intensity Pearson 1 -.265
Correlation
Sig. (2-tailed) .060
N 57 57
Dieback incidence Pearson -.265 1
Correlation
Sig. (2-tailed) .060
N 57 57

The results of the study revealed that pruning intensity was negatively correlated to dieback incidence
at 0.05% level of significance (Table 1). This shows that where higher pruning intensity was practised,
less incidence of dieback was observed, whereas in lower pruning intensity, higher incidence of
dieback disease occurred. Dieback is a disease complex involving fungal pathogens such as
Fusarium (F. oxysporum, F. semitectum, F. pseudoanthophilum, F. subglutinans and F. solani),
Phytophthora (P. nicotianae) and possibly others (21). Dieback disease is the most important
constraint to Kenya'’s passion fruit industry and causes over 70% of total fruit loss in the country (22).
Low pruning intensity allows a high canopy density which promotes a favourable environment for
diseases (18). This explains why lower pruning intensity was related to higher incidence of dieback
disease in this study. According Cushnie (23), moderate pruning provides an appropriate canopy
density which allows adequate aeration creating an unfavourable environment for occurrence of
dieback (18). High pruning intensity creates an open canopy which discourages occurrence of
dieback (24). However, high pruning intensity increases vine vigour reducing yield quantity which
would render its practice unfavourable (25). Hence, moderate pruning might be the most appropriate
as it lowers dieback incidence and promotes optimum yield.

3.3 HYGIENE STATE DURING PRUNING

Maijority (70.6%) of farmers in Embu East Sub- County reported that they did not disinfect the pruning
tools before and after pruning (fig 2).
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Figure 2: Phytosanitary practices for sweet yellow passion fruit farmers (N=57)

Passion fruit vines are subject to infection by a variety of diseases throughout the year and minimising
inoculum sources by proper orchard hygiene is essential for effective control (26). Use of non-
disinfected pruning tools results to spreading of pathogens from vine to vine resulting to reduced
longevity of passion fruit orchards (27). Disinfection of tools before and after pruning minimizes
spread of pathogens from vine to vine (28). The tools should be disinfected by dipping in methylated
spirits or household bleach and wiping dry with a clean cloth before use (27).

4. CONCLUSION

Most farmers did not carry out proper pruning as they minimized on pruning vines in order to retain as
many vines as possible accordingly to get high number of fruits. On the other hand, the size of the
fruits, an important quality determinant in the market, was not considered as a priority. Majority of
farmers do not practise field hygiene during pruning which results to spreading of pathogens from vine
to vine reducing the longevity of passion fruit orchards. Therefore, effective training on orchard
management with emphasis on pruning is required. This has the potential to minimize incidence of
dieback disease and improve productivity.

REFERENCES
1. Joy, P. (2010). Passion fruit production technology. Kerala Agricultural University.
Vazhakulam.

2. Bernacci, L. C., Soares-Scott, M. D., Junqueira, N. T. V., Passos, |. R. D. S., & Meletti, L. M.
M. (2008). Passiflora edulis Sims: the correct taxonomic way to cite the yellow passion fruit
(and of others colors). Revista Brasileira de Fruticultura, 30(2), 566-576.

3. Mani, M. (2016). Fruit Crops: Passion Fruit. Mealybugs and their Management in Agricultural
and Horticultural crops, 317-318. doi:10.1007/978-81-322-2677-2_34

4. Cerqueira-Silva, C. B., Conceigao, L. D., Souza, A. P., & Corréa, R. X. (2014). A history of
passion fruit woodiness disease with emphasis on the current situation in Brazil and
prospects for Brazilian passion fruit cultivation. Eur J Plant Pathol, 139(2), 261-270.
doi:10.1007/s10658-014-0391-z

5. Mbaka, J., Waiganjo, M., Chege, B., Ndungu, B., Njuguna, J., Wanderi, S., Njoroge, J.
and Arim, M. (2006). A Survey of the Major Passion Fruit Diseases in Kenya. 10th KARI
biennial scientific conference. Retrieved from
www.kari.org/fileadmin/publications/.../AsurveyMajorPassion.pdf



10.

1.

12.
13.

14.

15.

16.
17.
18.
19.
20.

21.

22.

23.

24.

25.

26.

Otipa, M., Amata, R., Waiganjo, M, Mureithi, J., Wasilwa, A., Mamati, E., Miano, D., Kinoti, J.,
Kyamanywa, S., Erbaugh, M. and Miller, S. (2009). Challenges Facing Passion Fruit
Smallholder Pro-Poor Farmers in North Rift Region of Kenya. 1st All Africa  Horticulture
Congress, Safari Park Hotel Nairobi, 315 to 3rd September 2009, Nairobi, Kenya, p. 154.
Gichimu, K., Mwangi, M., & Macharia, . (2013). Assessment of passion fruit orchard
management and farmers’ technical efficiency in Central -Eastern and North- Rift
Highlands, Kenya. Journal of Economics and Sustainable Development, 4, 183-190.

KAPAP. (2011). Seminar proceedings for the project on "Improving incomes for
smallholder farmers and other value chain actors through enhanced productivity, post-
harvest methodologies, value addition and marketing of mango and passion fruit
products”. Held at KARI-Thika, on 12th October 2011, Kenya.

Kenya Agricultural Research Institute (2014). KARI Sweet Yellow Passion that withstand
critical diseases that ravaged Purple passion. Hortfresh journal. Tech Era
Communications. Nairobi. Kenya.

Hawkesford, M. J.  (2012). Improving Nutrient Use Efficiency in Crops. eLS.
doi:10.1002/9780470015902.a0023734

Smart, R., Dick, J. K., Gravett, |I. M., & Fisher, B. (2017). Canopy Management to Improve
Grape Yield and Wine Quality - Principles and Practices. South African Journal of Enology &
Viticulture, 11(1). doi:10.21548/11-1-2232.

Brickell, C., Joyce, D., & Hawthorne, L. (2011). Pruning & training. London: DK.

Panten, K., & Bramley, R. (2012). Whole-of-block experimentation for evaluating a change to
canopy management intended to enhance wine quality. Australian Journal of Grape and Wine
Research, 18(2), 147-157. doi:10.1111/j.1755-0238.2012.00183.x

Bavougian, C. M., Read, P. E., & Walter-Shea, E. (2012). Training System Effects on Sunlight
Penetration, Canopy Structure, Yield, and Fruit Characteristics of ‘Frontenac’ Grapevine
(Vitisspp.). International Journal of Fruit Science, 12(4), 402-409.
doi:10.1080/15538362.2012.679178

Development Quest. (2009). Baseline Survey. Retrieved from
http://www.developmentquest.org/index.php?option=com_content&view=article&id=
11&Itemid=20&showall=1

Nassiuma D. K. (2000). Survey sampling: Theory and methods. Njoro, Kenya:
Egerton University Press.

Thakur, K. K. (2012). Effect of rejuvenation pruning and nitrogen levels on growth, yield and
quality of apricot (Prunus armeniaca L.) cv. New Castle (Doctoral dissertation).

Skinkis, P.A. (2013). Understanding Vine Balance: An Important Concept in Vineyard
Management. EM 9068. Corvallis, OR: Oregon State University Extension Service.

Holzapfel, B. P., Smith, J. P., Field, S. K., & Hardie, W. J. (2010). 3 Dynamics of
Carbohydrate Reserves in Cultivated Grapevines. Horticultural reviews, 37, 143.

Vance, A. J. (2012). Impacts of crop level and vine vigor on vine balance and fruit
composition in Oregon Pinot noir (Doctoral dissertation).

Amata, R., Otipa, M., Waiganjo, M., Wasilwa, L., Erbaugh, M., & Miller,S. (2013).
Management of Dieback Disease of Passion Fruits. Acta Horticulturae, (1007),
363-368. doi:10.17660/actahortic.2013.1007.40

Wangungu, C., Maina, M., Mbaka, J., Kori, N and Gathu, R. (2010). Biotic constraints to
passion fruit production in central and eastern provinces of Kenya. Proceedings of the 2nd
RUFORUM Biennial Meeting. Entebbe, Uganda.

Cushnie, J. (2011). How to prune: An illustrated guide to easy pruning for every plant and
every season. Pleasantville, NY: The Reader's Digest Association.

Louarn, G., Dauzat, J., Lecoeur, J., & Lebon, E. (2008). Influence of trellis system and shoot
positioning on light interception and distribution in two grapevine cultivars with different
architectures: an original approach based on 3D canopy modelling. Australian Journal of
Grape and Wine Research, 14(3), 143-152.

Mendoca, T. R., Mota, R. V., Souza, C. R., Novelli, D., Pimentel, A., & Murillo, A. R. (2015).
Pruning management of Chardonnay grapevines at high altitude in Brazilian southeast.
Retrieved from http://www.scielo.br/scielo.php?pid=S0006
87052016000100057 &script=sci_abstract&ting=pt

Wangungu, c., maina, m., gathu, r. & muasya, r. (2014). Good orchard maintenance and
agronomic practices as working components in management of dieback disease on




passion fruit (passiflora sp.) In kenya. Annual research & review in biology, 4(9), 1397-1405.
Doi:10.9734/arrb/2014/5092

27. Rheinlander, P. A. (2010). Field Guide to common diseases and disorders of passionfruit in
New Zealand. Retrieved from http://maxa.mpi.govt.nz/sff/about-projects/search/06-094/field-
quide.pdf olive orchards. Acta Horticulturae, (1057), 315-320.
doi:10.17660/actahortic.2014.1057.36

28. Denny, G.C. & G.E. Vallad. 2009. “Disinfection of Horticultural Tools.” UF-IFAS Extension
Publication ENH 1121.




