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All things were made by him and without him was not 
any thing made that was made. John 1:3 

It is God who arms me with strength and makes my way perfect.
He makes my feet like the feet of the deer; he enables me to stand on the 
heights. Psalm 18:32-33 
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ABSTRACT 

 

High temperature limit successful potato cultivation in the lowlands of tropical regions. One 

effect of high temperature may be an increase in gibberellin activity that is inhibitory to 

tuberization. Paclobutrazol blocks gibberellin biosynthesis and reduces its level in the plant. 

The effect of paclobutrazol on potato was examined under non-inductive conditions in a 

greenhouse and under field conditions in the hot tropical lowlands of eastern Ethiopia. 

Paclobutrazol was applied as a foliar spray or soil drench at rates equivalent to 0, 2, 3, and 4 kg 

a. i. per ha.   

 

Paclobutrazol increased chlorophyll a and b content, and photosynthetic efficiency, enhanced 

early tuber initiation, delayed physiological maturity, and increased tuber fresh mass, dry 

matter content, specific gravity and crude protein content. It reduced the number of tubers per 

plant and extended the tuber dormancy period. Paclobutrazol reduced shoot growth, and plant 

height, and increased the partitioning of assimilates to the tubers while reducing assimilate 

supply to the leaves, stems, roots and stolons.  Stomatal conductance and the rate of 

transpiration were reduced. In addition, paclobutrazol treatment increased tuber N, Ca and Fe 

content while reducing P, K and Mg content. Growth analyses indicated that paclobutrazol 

decreased leaf area index, crop growth rate, and total biomass production. It increased 
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specific leaf weight, tuber growth rate, net assimilation rate, and partitioning coefficient 

(harvest index). Microscopic observations showed that leaves of treated plants developed 

thicker epicuticular wax layers. The epidermal, palisade and spongy mesophyll cells were 

larger. It increased the thickness of the cortex and the size of vascular bundles and pith cells of 

the stem. It also increased the width of the cortex and favoured the formation of more 

secondary xylem vessels, resulting in thicker roots. Deposition of starch grains in the stem 

pith cells, and cortical cells of the stem and root, were stimulated in response to 

paclobutrazol treatment. In most instances the method of application did not affect the 

efficiency of paclobutrazol. 

  

The effect of cultivar and reproductive growth on growth, photosynthetic efficiency, water 

relations, dry matter production, tuber yield and quality of potato was also the subject of 

investigation. Non-flowering, flowering and fruiting plants of cultivars Al-624, Al-436, CIP-

388453-3(A) and CIP-388453-3(B) were evaluated under field conditions of a sub-humid 

tropical highland of eastern Ethiopia. Cultivars exhibited differences with respect to leaf 

stomatal conductance, rate of transpiration, net photosynthesis, biomass production and 

allocation, tuber yield, tuber size distribution, specific gravity, dry matter content and nutrient 

composition. Fruiting plants had higher leaf stomatal conductance, and higher rates of 

transpiration and photosynthesis rates. The leaf area index, tuber growth rate, and partitioning 

coefficient (harvest index) of the fruiting plants were reduced, but crop growth rates and net 

assimilation rates were higher. Without affecting total dry matter production, fruit development 

reduced the amount partitioned to the leaves, stems, roots, and tubers.  Fruit development 

reduced total and marketable tuber mass and tuber numbers.  
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The effect of MCPA and paclobutrazol were studied under greenhouse and field conditions. 

Single foliar sprays were applied during the early and full bud development stages at rates of 0, 

250, 500, and 750 g a.i. ha-1. Both MCPA and paclobutrazol greatly reduced the number of 

flowers and completely inhibited berry set.  MCPA did not affect the number, yield, dry matter 

content and specific gravity of tubers.  Without affecting the number of tubers, paclobutrazol 

increased tuber yield, dry matter content and specific gravity.  

 

Keywords: Anatomical modification, assimilate partitioning, Ethiopia, growth analysis, 

high temperature, non-inductive, paclobutrazol, potato genotypes, photosynthetic rate, 

Solanum tuberosum L, specific gravity, tropical lowland, tuber quality, tuber yield 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  TTsseeggaaww,,  TT    ((22000066))  



 xvi 
 
 

ACKNOWLEDGEMENTS 
 

 

First of all, I would like to thank the almighty God who gave me the opportunity and paved the 

way to South Africa to persue my PhD study at the University of Pretoria where I gained much. 

 

I express heartfelt gratitude to my supervisor, Prof. P. S. Hammes, for his diligent guidance, 

supervision, encouragement and inspiration from problem identification to the final write-up 

of the manuscript.  Thank you not only for the scientific advice, but also for the financial 

assistance. Profuse thanks to Prof. P. J. Robbertse for his guidance in the anatomical study.  

 

Special thanks to Alemaya University for sponsoring the study through a World Bank 

supported Agricultural Research Training Project (ARTP). I am indebted to Prof. Belay 

Kassa, President of Alemaya University and Mr. Shimelise W/Hawariat, ARTP coordinator 

for their valuable assistances during the study period.    

 

Without mentioning all, I would like to thank E. A. Beyers, J. Marneweck, F. De Meillon, N. 

H. Alan, R. W. Gilfillan, B. Cillie, and E Bahlibie for their unreserved cooperation in executing 

the field experiments and laboratory work at the University of Pretoria. Special thanks to 

Nigatu B., Tadesse A., Feleke A., Tegene G., Hassen T., Roman B., Meaza E., Kindie M., 

Berhanu, S., Meimuna I., Abeba H., Almaz T., Jemal M., Berhan H., Tekalign M., Remedan 

I., Abduselam N., Emebet A., Mare A., and others who directly and indirectly helped me in 

executing the field experiments at Alemaya and Dire Dawa, Ethiopia. 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  TTsseeggaaww,,  TT    ((22000066))  



 xvii 
 
 

I am grateful to J. Herman for her enthusiastic welcome and prompt replies for the requests I 

made. Special thanks to M. Mahlogonolo, International Students’ Advisor at the University 

of Pretoria for facilitating smooth communication with my sponsor.  

 

Profuse thanks to Getu B., Yoseph B., Teferi Y., Solomon K., Abubeker H., Yibekal A., 

Bobe B., Abi T., Wondimu B., and Ahmed I., colleagues at the University of Pretoria who 

were always beside me to share my complaints of the daily routine, and for their unreserved 

cooperation, suggestions, and comments in the course of the study. 

 

Profuse thanks to my wife and family members, whom I missed immensely, for their 

invaluable endurance and prayers during my stay abroad.  I remain deeply indebted for their 

dedication continued encouragement without which successful completion of the study would 

have been hard. 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  TTsseeggaaww,,  TT    ((22000066))  


	FRONT
	Title page
	Editing proclamation
	Dedication
	Table of contents
	List of tables
	List of figures
	Abstract
	Acknowledgements

	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8
	Chapter 9
	Chapter 10
	Chapter 11
	References

