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ABSTRACT 

Passion fruits are among the fruits on high demand in Uganda and international markets. The 

challenge with passion fruit production is that their seeds are characterized by hard seed coat 

which inhibits the embryo to access water and oxygen. This leads to delay in germination or 

failure of seeds to germinate in nursery so nurserymen fail to raise the target seedlings. This 

study aimed at assessing the low cost methods of breaking dormancy of passion fruit seeds.  The 

study tested use of hot water, citric acid, sucrose solution as measures to break seed dormancy of 

passion seeds in comparison with control seeds (untreated). After the seed treatment, seeds were 

sown in the nursery bed in 4 replications at the Horticulture demonstration unit of Mountains of 

the Moon University. The data was collected as germination percentage, duration and vigor. 

Analysis done with aid of Genstat software to perform one-way ANOVA to identify significant 

differences in germination percentage and vigor among the seed treatment methods. 

Seeds soaked in soaked in citric acid had the highest germination percentage with 82.6% and 

lowest germination percentage in control seeds with 8.0%. There were significant differences in 

germination percentage among treated seed samples with p value less than 0.05 (one-way 

ANOVA). 

Based on the finding, the three methods tested in the study i.e. Using citric acid, use of sucrose 

solution and hot water proved very effective methods of breaking seed dormancy of passion 

fruits. Citric acid was the most effective method as characterized by high germination and early 

germination. There is need to try citric acid on seeds of other species of passion fruit. 

Key words:  seed dormancy, dormancy measures, passion fruit, affordable methods. 

 



INTRODUCTION  

Passion fruit is scientifically known as Passiflora edulis  belonging to the  plant family of 

passifloraceae (https://plants.usda.gov/java/ClassificationServlet) and (Morton, 1987).There are 

two major varieties of the crop i.e. purple and yellow/gold varieties (Morton, 1987). Purple 

variety is the most cultivated in Uganda probably due to its high demand in the market and  

fetches good price (Kato, 2014 and Bbosa, 2018). Passion fruit seeds have a hard seed coat 

hinders the embryo to access to water and oxygen necessary for its germination (Rego et al, 

2014, Marostega, et al, 2017 and Marina, 2018).   Several methods are used to break this kind of 

seed dormancy such as use of sulphuric acid, physical scarification, gibberellic acid and 

KNO3(Manoel et al,2010, Marostega, et al, 2017, Marina, 2018, Pallavi et al,2014). Some are 

difficult for nursery men to implement due to skills and resources associated with the methods. 

This study experimented methods whose materials locally available to the small scale nursery 

operators. These methods were use of citric acid,  using  sucrose solution and  hot water 

treatment.  

MATERIALS AND METHODS 

Description of experiment  

This experiment assessed 3 treatments on passion fruit seeds: soaking passion fruit seeds in 

undiluted citric acid, some seeds soaked in 10% sucrose solution,  Other seeds were subjected to 

hot water at temperature of 70oC for 10 seconds and control seeds which were not treated. After 

carrying out the treatments, seeds were sowed in sandy loam seed bed so that seedlings can 

easily emerge. This was done at  Horticulture demonstration unit in Mountains of the Moon 

University. Seeds of each treatment were sown in 4 replications in a randomized complete block 

design (figure1). 

 

Figure 1. Sowing of passion seeds in the seed bed after treatment. 

https://plants.usda.gov/java/ClassificationServlet


Seed extraction 

 The seeds used in the experiment were extracted from  purple passion fruits variety bought from 

the farmers’ market in Kabudaire Fort Portal municipality.  Ripe fruits were split open and seeds 

were removed. This was followed by washing the seeds with rain water to remove pulp to 

enhance effectiveness of seed treatments.  Finally wiping of seeds with a cloth to further remove 

the residues of pulp from the seeds. 

Application of the treatments  

For citric acid treated seeds, the juice was extracted from lemon fruits by pressing the fruits after 

half cut.  Seeds were soaked in concentrated lemon juice with no water added to dilute it. 

Soaking of seeds was done for 15 hours  and finally sowing of seeds next day. 

Sucrose treated seeds: seeds were in soaked in 10% sucrose solution  over night . The solution 

was prepared by adding 10 gram of sucrose sugar into 100 grams of water. Therefore a digital 

scale was used to determine such amount of sugar in water. Soaking seeds was done for 15 hours 

and sowing followed next day. 

Hot water:  the rain water was boiled and cooled to 70oC  with cold water after seeds subjected to 

that water for 10 seconds. Immediately sowing was done in the seed bed.  

Some seeds were not soaked in citric acid, sucrose solution and subjected to hot water so they 

were termed as control seeds. They were sown in the seed bed at the same time with treated 

seeds to establish comparison standards.  

Data collection and analysis 

Data was collected in form of  germination percentage (figure 2) the germination duration, and 

germination vigor . Germination percentage (GP) was obtained by  formula stated below: 

Germination percentage = Number of germinated seedlings X 100 

                                         Total number of seeds sowed (25 seeds) per block.  

 For germination vigor obtained by measuring the weight of the 2 months old seedlings at the 

end of the experiment using digital scale. While germination duration was determined by 

considering how long seeds took to germinate.  



 

 

 Figure 2. Counting germinated seedlings to determine germination percentage  

 

Soft ware Gen Stat the 18th edition was used to perform one way ANOVA to establish significant 

differences in germination percentage and vigor among treated seed samples of passion fruits. 

RESULTS  

 Germination percentage 

Seeds treated with citric acid had the highest germination percentage with 82.67%  and the 

lowest in  control seeds  with 8% (figure 3) There were significant differences in germination 

percentages among the treatments with p<0.05 (one way ANOVA) as indicated by different 

letters in figure 3.  



 

Figure 3. Mean germination percentage of  passion fruit seeds with error bars stand for standard deviation  

 

Germination vigor 

The highest germination vigor was observed in the sucrose seeds with seedlings weight of 0.28 

gram,  and lowest was in control seeds with 0.07 grams (figure 4). There were no significant 

differences in germination vigor among the treatments with P greater than 0.05 as indicated by 

same letter in figure 4. 

 

Figure 5.Mean germination vigor of passion fruit seedlings from treated seeds. 
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Duration of germination 

Seeds soaked in citric acid took the shortest time to germinate 20 days,   hot water treated seeds 

soaked  in germinated in 22 days, sucrose treated seeds germinated in 24 days  the control seeds  

took the longest time 28 days to germinate after sowing as those seeds soaked in sucrose solution 

took  24 days to germinate 

 

 

Figure 6. Germination rate of treated and control seed samples  

Height of seedlings  

Seedlings treated with sucrose, were tallest 10.80 centimeters followed by seedling emerged 

from hot water seeds 9.50 centimeters, then control seedlings 9.00 centimeters and the shortest 

were seedlings from citric acid 8.40 centimeters (figure 7) There were no significant differences 

among in seedlings’ height from different seed treatments with p greater than 0.05 as same letters 

in figure 7. 
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Figure 7. Height of seedlings from different seed treatments 

 

DISCUSSION  

Effective methods in the study  

Seeds treated with citric acid had the highest germination percentage of 82.67% and took the 

shortest time to germinate 18 days. This can attributed to corrosive effect of acid on seed coat to 

embryo to access water and oxygen (Eşen et al, 2009, Purohit et al, 2015 and Niu et al, 2018).  

Therefore use of citric acid to break down  dormancy of passion fruit seeds as the most effective 

method. However, seedlings germinated from citric acid treated seeds had lower the vigor and 

shortest seedlings as compared to the sucrose treated seed. This is because sucrose provides 

carbon for seedling metabolism (Pinfield-wells et al, 2005) thus sucrose solution can break 

immature embryo dormancy.  Use of sucrose solution  was more effective than  hot water with 

73.33% germination and seedling height of 10.4 centimeters. 

 Hot water treated seeds performed better than untreated seeds (control) 70.67% germination and 

germinated in 22 days time. It can be explained by the fact that hot water softens the seed coat 

for embryo to emerge out with less energy (McDonnell et al,2012).So it is necessary to carry out 

that seed treatment . Control seeds had the poor germination of  8.00% germination and took the 

longest time of 24 days to germinate.   
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CONCLUSION AND RECOMMENDATIONS  

Based on the finding, the three methods tried in the study i.e. Using citric acid,  use of sucrose 

solution, hot water are very effective methods of breaking seed dormancy of passion fruits. Citric 

acid was the most effective method as characterized by high germination and early germination. 

Treating passion fruit seeds with sucrose solution produce quality seedlings compared to the use 

of citric acid. There is need to try citric acid on seeds of other species of passion fruit. 

REFERENCES  

Manoel Xavier de Oliveira Júnior, Abel Rebouças São José, Tiyoko Nair Hojo Rebouças, 

Otoniel Magalhães Morais and  Franco William Novaes Dourado (2010). Overcoming dormancy 

seeds of passion fruit (Passiflora cincinnata mast.). Revista Brasileira de Fruticultura 32(2):584-

590. 

Amir Rezazadeh and Eric Stafne (2018). Comparison of Seed Treatments on the Germination of 

Seven Passion Fruit Species. International Journal of Current Microbiology and Applied 

Sciences 11(11):3074-3083. 

Thalita Neves Marostega, Petterson  Bapista da Luz, Armando Reis Tavares, Leonarda  Grillo, 

Severino De Paiva Sobrinho (2017) . Methods of breaking seed dormancy for ornamental 

passion fruit species. www.researchgate.net  

Alba Marina (2018). Latencia Y Germinaciόn De Semillas De Dos Especies Cultivadas de 

passifloracae. Bol. Cient Mus .Hist. Nat.UniV Caldas Vol .22 No 1  Manizales  

MM Rego, ER Rego, LPU Nattrodt, PA Barroso, FL Finger , WC Otoni (2014). Evaluation  of 

different methods to overcome in viro seed dormancy from yellow passion fruit. African Journal 

of biotechnology. 

 

USDA  and NRCS Passiflora L. - Classification  PLANTS .   

(https://plants.usda.gov/java/ClassificationServlet?). 

Morton, J. 1987. Passion fruit. p. 320–328. In: Fruits of warm climates. Julia F. Morton, Miami, 

FL. https://hort.purdue.edu/newcrop/morton/passionfruit.html . 

https://www.researchgate.net/scientific-contributions/2013530580_Manoel_Xavier_de_Oliveira_Junior
https://www.researchgate.net/profile/Abel_Jose
https://www.researchgate.net/profile/Tiyoko_Reboucas
https://www.researchgate.net/scientific-contributions/15225810_Otoniel_Magalhaes_Morais
https://www.researchgate.net/profile/Franco_Dourado
https://www.researchgate.net/profile/Amir_Rezazadeh3?_sg%5B0%5D=0uhCKkdOY8qQiTy0McXgKq45t6CKmO7tIOdST9dFhpu7OCK3EEcWAY1mBirx-jn03tkLlBM.ZGEsKp9gkuZg5XoQfbhkP4rOoay_Ly8hdG7DAiTSZ5zUxf_TFpbo4hoiyrXppcdaupWWfFW6y4XCxQhYYpXFgg&_sg%5B1%5D=KR1ggtxV2sgTDj5ZL3xRxpnQUjxEEUnklV0qQRphMc-2_CkAa1sHq7n1FJm6GzIfYVmNtpNPmtyIh2Zv.Oz3i958ZYLCdMe3mEuYL7tVa7w_24YC6n7CRuko0MOD64LlQUqu1O0J4TVrVIAOJp2tbYqb-6A0ZUYx3TVqxZA
https://www.researchgate.net/profile/Eric_Stafne?_sg%5B0%5D=0uhCKkdOY8qQiTy0McXgKq45t6CKmO7tIOdST9dFhpu7OCK3EEcWAY1mBirx-jn03tkLlBM.ZGEsKp9gkuZg5XoQfbhkP4rOoay_Ly8hdG7DAiTSZ5zUxf_TFpbo4hoiyrXppcdaupWWfFW6y4XCxQhYYpXFgg&_sg%5B1%5D=KR1ggtxV2sgTDj5ZL3xRxpnQUjxEEUnklV0qQRphMc-2_CkAa1sHq7n1FJm6GzIfYVmNtpNPmtyIh2Zv.Oz3i958ZYLCdMe3mEuYL7tVa7w_24YC6n7CRuko0MOD64LlQUqu1O0J4TVrVIAOJp2tbYqb-6A0ZUYx3TVqxZA
http://www.researchgate.net/
https://plants.usda.gov/java/ClassificationServlet
https://hort.purdue.edu/newcrop/morton/passionfruit.html


 

Denis Bbosa (2018). Squeezing money from passion fruit. https://www.monitor.co.ug  

 

Joshua Kato (2014). Kaduru earns millions from passion fruits. https://www.newvision.co.ug    

 

Sumit Purohit, S. K. Nandi, L. M. S. Palni, Lalit Giri, Arun Bhatt (2015). Effect of Sulfuric 

Acid Treatment on Breaking of Seed Dormancy and Subsequent Seedling Establishment in 

Zanthoxylum armatum DC: An Endangered Medicinal Plant of the Himalayan Region. National 

Academy Science Letters. August 2015, Volume 38, Issue 4, pp 301–304 

Junpeng Niu, Lei Zhao, Yongmei Fan, Sangsang Shi, Lufang He, Wei Hui (2018). The Effects 

of Ascorbic Acid on Breaking the Seed Dormancy of Malus sieversii. Journal of Plant Growth 

Regulation. pp 1–10  

Derya Eşen, Neval Güneş Özkan, Oktay Yildiz (2009). Effects of citric acid presoaking and 

stratification on germination behavior of  Prunus Avium l. seed. Pakistan Journal of Botany 

41(5):2529-2535. 

Pallavi H M, Vishwanath  Koti, Harish Bs, Prashanth Yellappa, Manjunath Thattimani (2014). 

Seed treatments to break seed dormancy and Standardization of viability test procedure in Abrus 

precatorious. Journal of medicinal plant research 8(4):229-236. 

Pinfield-Wells H1, Rylott EL, Gilday AD, Graham S, Job K, Larson TR, Graham IA.(2005). 

Sucrose rescues seedling establishment but not germination of Arabidopsis mutants disrupted in 

peroxisomal fatty acid catabolism. Plant J. 2005 Sep;43(6):861-72. 

April McDonnell, Marissa Grant  and Janice Coons (2012). Effects of hot water on breaking seed 

dormancy endangered kankakee mallow, iliamna remota greene (malvaceae). E 

Rigenia, number 25, spring 2012, pp 8–13. 

 

 

https://www.monitor.co.ug/
https://www.newvision.co.ug/
https://link.springer.com/journal/40009
https://link.springer.com/journal/40009
https://link.springer.com/journal/40009/38/4/page/1
https://link.springer.com/journal/344
https://link.springer.com/journal/344
mailto:huihui@snnu.edu.cn
https://www.researchgate.net/profile/Derya_Esen?_sg%5B0%5D=_4dKQsvLa1fVEV-vvKHyGFEjxyPXum3rcyafyE472JzajpDEm5RU3KmBm9HkO1zHwusTkgk.2FNnOa-85pxttu-V4G-wUHxQJzYVlrLWrkWOqh_2_FZHQIAfatPE8FaTVBL_a7uRayU2KdEl_gQDNE7wqoWAaw&_sg%5B1%5D=QSjyaldVHU5zlUEuZXYil9Fno5IH0U6FipyGrk84yhASzdQWwYDtyT57d56d4pn8yY0PsZlzCIdCx_Fb.dfaf84cwhETKz-5QPHB2-vgfkbFKFLwxGujZQHXHOSoGuTk_o-zlkAyNH7U7uwBW0XPJxC1DR4s6sglXaF4FVQ
https://www.researchgate.net/profile/Neval_Guenes_Oezkan?_sg%5B0%5D=_4dKQsvLa1fVEV-vvKHyGFEjxyPXum3rcyafyE472JzajpDEm5RU3KmBm9HkO1zHwusTkgk.2FNnOa-85pxttu-V4G-wUHxQJzYVlrLWrkWOqh_2_FZHQIAfatPE8FaTVBL_a7uRayU2KdEl_gQDNE7wqoWAaw&_sg%5B1%5D=QSjyaldVHU5zlUEuZXYil9Fno5IH0U6FipyGrk84yhASzdQWwYDtyT57d56d4pn8yY0PsZlzCIdCx_Fb.dfaf84cwhETKz-5QPHB2-vgfkbFKFLwxGujZQHXHOSoGuTk_o-zlkAyNH7U7uwBW0XPJxC1DR4s6sglXaF4FVQ
https://www.researchgate.net/profile/Oktay_Yildiz2?_sg%5B0%5D=_4dKQsvLa1fVEV-vvKHyGFEjxyPXum3rcyafyE472JzajpDEm5RU3KmBm9HkO1zHwusTkgk.2FNnOa-85pxttu-V4G-wUHxQJzYVlrLWrkWOqh_2_FZHQIAfatPE8FaTVBL_a7uRayU2KdEl_gQDNE7wqoWAaw&_sg%5B1%5D=QSjyaldVHU5zlUEuZXYil9Fno5IH0U6FipyGrk84yhASzdQWwYDtyT57d56d4pn8yY0PsZlzCIdCx_Fb.dfaf84cwhETKz-5QPHB2-vgfkbFKFLwxGujZQHXHOSoGuTk_o-zlkAyNH7U7uwBW0XPJxC1DR4s6sglXaF4FVQ
https://www.researchgate.net/profile/Pallavi_H_M?_sg%5B0%5D=DyVPnxUVnYtI_TUmVUMirEcGrnCACbarghK94ntz9_m3xYap8IgB4BMowzaWKuFOH7WWZiQ.EUA1O-ey3arkmi1s-4JglMhltYWkC-Zm2yGkDGWl7BJGYdbVKBBUr5RlyNDjQLLSQFcfDc1p-_nKo_StrP_CXg&_sg%5B1%5D=8w1TxNJPsOMSsfXLCgB0XBp-VGKWpOCdJv7JBsyqwJTUdVq959EwAHNasOq3vzlSNz3JnUL4vunn9wqW.bBauYi4gLJ0Pm3YeYAKoWy7IKemT7MnjluOwo2aI4VqC32qPkEHl8qzoieU9zHjJGb3EiXTOI2mVLeIPMAokeg
https://www.researchgate.net/profile/Vishwanath_Koti2?_sg%5B0%5D=DyVPnxUVnYtI_TUmVUMirEcGrnCACbarghK94ntz9_m3xYap8IgB4BMowzaWKuFOH7WWZiQ.EUA1O-ey3arkmi1s-4JglMhltYWkC-Zm2yGkDGWl7BJGYdbVKBBUr5RlyNDjQLLSQFcfDc1p-_nKo_StrP_CXg&_sg%5B1%5D=8w1TxNJPsOMSsfXLCgB0XBp-VGKWpOCdJv7JBsyqwJTUdVq959EwAHNasOq3vzlSNz3JnUL4vunn9wqW.bBauYi4gLJ0Pm3YeYAKoWy7IKemT7MnjluOwo2aI4VqC32qPkEHl8qzoieU9zHjJGb3EiXTOI2mVLeIPMAokeg
https://www.researchgate.net/profile/Harish_Bs?_sg%5B0%5D=DyVPnxUVnYtI_TUmVUMirEcGrnCACbarghK94ntz9_m3xYap8IgB4BMowzaWKuFOH7WWZiQ.EUA1O-ey3arkmi1s-4JglMhltYWkC-Zm2yGkDGWl7BJGYdbVKBBUr5RlyNDjQLLSQFcfDc1p-_nKo_StrP_CXg&_sg%5B1%5D=8w1TxNJPsOMSsfXLCgB0XBp-VGKWpOCdJv7JBsyqwJTUdVq959EwAHNasOq3vzlSNz3JnUL4vunn9wqW.bBauYi4gLJ0Pm3YeYAKoWy7IKemT7MnjluOwo2aI4VqC32qPkEHl8qzoieU9zHjJGb3EiXTOI2mVLeIPMAokeg
https://www.researchgate.net/profile/Prashanth_Yellappa
https://www.researchgate.net/scientific-contributions/2040067691_Manjunath_Thattimani?_sg%5B0%5D=DyVPnxUVnYtI_TUmVUMirEcGrnCACbarghK94ntz9_m3xYap8IgB4BMowzaWKuFOH7WWZiQ.EUA1O-ey3arkmi1s-4JglMhltYWkC-Zm2yGkDGWl7BJGYdbVKBBUr5RlyNDjQLLSQFcfDc1p-_nKo_StrP_CXg&_sg%5B1%5D=8w1TxNJPsOMSsfXLCgB0XBp-VGKWpOCdJv7JBsyqwJTUdVq959EwAHNasOq3vzlSNz3JnUL4vunn9wqW.bBauYi4gLJ0Pm3YeYAKoWy7IKemT7MnjluOwo2aI4VqC32qPkEHl8qzoieU9zHjJGb3EiXTOI2mVLeIPMAokeg
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pinfield-Wells%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16146525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rylott%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=16146525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gilday%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=16146525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Graham%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16146525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Job%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16146525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Larson%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=16146525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Graham%20IA%5BAuthor%5D&cauthor=true&cauthor_uid=16146525
https://www.ncbi.nlm.nih.gov/pubmed/16146525


 

 

View publication statsView publication stats

https://www.researchgate.net/publication/335137577

