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ABSTRACT 
 
A field experiment was carried out at the Department of Crop Science, University of Zimbabwe 
in the 2003/2004 season to investigate the effectiveness of solarization on the control of soilborne 
plant pathogens and weeds. The well prepared and pre-irrigated plots were (i) covered with clear 
(ii) black plastic mulch for 8 weeks during the months of October to December (iii) fumigated 
with methyl bromide at 30g m-2 or  (iv) left untreated. The experiment was conducted in a 
randomized complete block design with four replications per treatment. The soil from the 
different treatments was sampled at pre-treatment and fortnightly for the 8-week period and 
analyzed for bacterial and fungal types and populations. The soil was also incubated in the 
greenhouse and the weeds, which germinated, were identified, counted and recorded according to 
species. Weed identification and counts were also carried out in the field during the 8 week 
period. After the solarization period, plastic mulches and all weeds were removed. A bean crop 
(Phaseolus vulgaris) was planted in the solarized soil. Diseases on the bean crop were assessed 
weekly for 4 weeks; weed density at 5 weeks after crop emergence (WACE), number of flowers 
plant-1 at 5 WACE, number of pods plant-1 at 10 WACE, number of seeds pod-1 at 13 WACE and 
yield at harvesting maturity were determined. The clear plastic mulching consistently recorded 
significantly (P<0.05) high soil temperatures compared to the other treatments. The average 
maximum temperature was 550C and the average minimum temperature was 320C under the clear 
plastic. These temperatures were more than those achieved in the other treatments. Plastic 
mulches and fumigation significantly (P<0.05) reduced all weed species both in the greenhouse 
and in the field. The untreated soil recorded the highest total weed counts averaging 160 weeds 
m-2 while no weed species survived under the clear and black plastic mulches. Fumigation and the 
plastic mulches significantly reduced (P<0.05) most fungi species. The untreated soil had the 
highest fungal counts which averaged 30 colony forming units gram-1 (cfug-1) of soil, while 
fumigated soil recorded 0 cfug-1, black plastic 1.2 cfug-1 and clear soil recorded 0.8 cfug-1 .   Clear 
plastic mulches significantly (P<0.05) increased the populations of Aspergillus and Penicillium, 
by about 25%. Mulching had no effect on the populations of Bacillus and Actinomycetes but 
significantly (P<0.05) reduced the other species of bacteria that were present in the soil. No 
colonies were recorded in fumigated soil and 5 cfus were recorded in untreated soil. Fusarium 
wilt incidence and severity on the bean crop were significantly (P<0.05) reduced on the plots 
previously mulched with plastics. Soil treated with clear and black plastic mulches recorded the 
least disease incidence of 7% and 5% respectively, while fumigated soil recorded an incidence of 
30% and 45% was recorded in untreated soil.  Yield of field beans (Phaseolus vulgaris) from 
plots mulched with plastic was significantly (P<0.05) increased, compared to the methyl bromide 
and untreated plots, 3 tha-1 and 2.7 tha-1 were harvested from soils mulched with clear and black 
plastic mulches respectively, 1.8 tha-1 was harvested from fumigated soil and 1.6 tha-1 was 
harvested from untreated soil. Solarization was effective in reducing weeds and soilborne 
pathogens. Leaf area and bean yield increased in the soils covered with plastic mulches compared 
to fumigation and untreated soil. 
 
 
 
 
 
 
 
 
 
 



 iv

ACKNOWLEDGEMENTS 
 
I would like to thank all those who assisted me in many ways in coming up with this 
thesis. I am greatly indebted to my supervisors Dr A.B. Mashingaidze and Mrs. J. Sibiya 
whose guidance; sustained interest and suggestions during the course of the project were 
excellent. 
 
I extend my great appreciations to my colleagues and Crop Science Department staff who 
in one way or another assisted in making this project a success.  
 
A special thank you to my husband Denford and the children for their tolerance and 
encouragement. May the Lord bless you abundantly.  
 
The research was made possible by the generous funding from the Rockefeller 
Foundation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 v

TABLE OF CONTENTS 
 
           PAGE 
 
ABSTRACT……………………………………………………………………………...iii 
ACKNOWLEDGEMENTS………………………………………………………………iv 
TABLE OF CONTENTS………………………………………………………………….v 
LIST OF TABLES……………………………………………………………………….vii 
LIST OF FIGURES……………………………………………………………………...vii 
LIST OF APPENDICES………………………………………………………………….x 
 
CHAPTER 1  INTRODUCTION...………………………………………………1 

1.1 Justification………………………………………………………………..4 
1.2 Objectives………………………………………………………………....6 
1.3 Hypotheses………………………………………………………………...6 

 
CHAPTER 2  LITERATURE REVIEW…………………………………………7 

2.1 Historical review…………………………………………………………..7 
2.2 Principle of solarization…………………………………………………...8 
2.3 Elements influencing effectiveness of soil solarization..……………….…9 
2.4 Plastic type……………………………………………………………….10 
2.5 Soil moisture……………………………………………………………..12 
2.6 Soil Temperature…………………………………………………………12 
2.7 Effect of temperature on soil moisture…………………………………...14 
2.8 Weed control……………………………………………………………..15 
2.9 Control of soil borne pathogens………...………………………………..16 

 
CHAPTER 3  MATERIALS AND METHODS………………………………...19
 3.0 Field experiment…………………………………………………………19 

3.1 Measurements……………………………………………………………21 
      3.1.1 Temperature……………....……………………………………...21 

3.1.2 Weed emergence from incubated soils…………………………..21 
3.1.3 Weed emergence under the plastics……………………………..22 
3.1.4 Weed emergence in the field 5 weeks after crop emergence ……22 
3.1.5 Fortnightly bacterial counts from solarized soils………………...22 
3.1.6 Fortnightly fungal counts from solarized soils…………………..24 
3.1.7 Pathogenicity test………………………………………………...24 
3.1.8 Effect of solarization on plant growth...…………………………25 
3.1.9 Disease assessment………………………………………………25 
3.1.10 Yield assessment…………………………………………………26 
3.1.11 Yield components………………………………………………..26 

3.2 Data analysis……………………………………………………………..27 
 
CHAPTER 4  RESULTS………………………………………………………..28 

4.1 Soil temperature………………………………………………………….28 
4.1.1 Maximum soil temperature………………………………………28 



 vi

4.1.2 Minimum soil temperature……………………………………….29 
4.2 Weed emergence from soil under the mulching treatments collected 

fortnightly………………………………………………………….…….31 
4.2.1 Bidens pilosa……………………………………………………..31 
4.2.2 Galinsoga parviflora……………………………………………..32 
4.2.3 Eleusine indica…………………………………………………...32 
4.2.4 Oxalis latifolia…………………………………………………...33 
4.2.5 Cyperus…………………………………………………………..34 
4.2.6 The other weed species…………………………………………..35 
4.2.7 All weed species counts………………………………………….36 

4.3 Weed emergence under the plastic mulches……………………………..37 
4.3.1 Bidens pilosa……………………………………………………..37 
4.3.2 Galinsoga parviflora……………………………………………..38 
4.3.3 Eleusine indica…………………………………………………...39 
4.3.4 Oxalis latifolia…………………………………………………...39 
4.3.5 Cyperus…………………………………………………………..40 
4.3.6 The other weed species…………………………………………..41 
4.3.7 All weed species counts………………………………………….42 

4.4 Assessment of bacterial types in the soil………………………………...43 
4.5 Determinations of bacterial population in the soil………………………44 
4.6 Assessment of fungal types in the soil…………………………………...48 
4.7 Determination of fungal populations in the soil…………………………49 
4.8 Effect of mulching with plastic on weed density in the bean (Phaseolus 

vulgaris) field at 5 WACE..……………………………………………..54 
4.9 Effect of mulching with plastic on Fusarium incidence and severity in the 

bean crop…………………………………………………………………55 
4.10 Effect of mulching with plastics on leaf area, yield components and 

yield………………………………………………………………………57 
 
Chapter 5 DISCUSSION……………………….…………………………………..60 
 
Chapter 6 CONCLUSIONS AND RECOMMENDATIONS………………………67 

6.1 Conclusions………………………………………………………………67 
6.2 Recommendations………………………………………………………..68 

 
REFERENCES...………………………………………………………………………...69 
 
APPENDICES…...………………………………………………………………………74 
 
 
 
 
 
 
 
 



 vii

 
LIST OF TABLES 

  
 
Table 1: Mean density per m2 of Bidens pilosa survival (square root transformed) in the 

field at the various treatment times………………………………………...38      
 
Table 2: Mean density per m2 o Galinsoga parviflora survival (square root transformed) 

in the field at the various treatment times……………………………………38 
 
Table 3: Mean density per m2of Eleusine indica survival (square root transformed) in the 

field at the various treatment times…………………………………………...39 
 
Table 4: Effect of plastic mulches on total weed fresh and dry weights at 5 WACE…..58 
 
Table 5: Effect of plastic mulches on bean (Phaseolus vulgaris) fresh weight and dry 

weight at 5 WACE……………………………………………………………..59 
 
Table 6: Effect of plastic mulching on yield and yield components of bean    ………….59                              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 viii

 
LIST OF FIGURES 

 
Figure 1: Effect of plastic mulching on maximum soil temperatures……………………30 
 
Figure 2: Effect of plastic mulching on minimum soil temperatures……………………30 
 
Figure 3: Effect of plastic mulches on emergence (square root transformed) of Bidens 

pilosa from incubated soil in the greenhouse………………………………….31 
 
Figure 4: Effect of plastic mulches on emergence (square root transformed) of Galinsoga 

parviflora from incubated soil in the greenhouse…………………………...…32 
 
Figure 5: Effect of plastic mulches on emergence (square root transformed) of Eleusine 

indica from incubated soil in the greenhouse………………………………….33 
 
Figure 6: Effect of plastic mulches on emergence (square root transformed) of Oxalis 

latifolia from incubated soil in the greenhouse………………………………...34 
 
Figure 7: Effect of plastic mulches on emergence (square root transformed) of Cyperus 

from incubated soil in the greenhouse…………………………………………35 
 
Figure 8: Effect of plastic mulches on emergence (square root transformed) of others 

weed species from incubated soil in the greenhouse…………………………..36 
 
Figure 9: Effect of plastic mulches on emergence (square root transformed) of all weed 

species counts from incubated soil in the greenhouse...……………………….37 
 
Figure 10: Mean density per m2 of Oxalis latifolia survival (square root transformed) in 

the field………………………………………………………………………...40 
 
Figure 11: Mean density per m2 of Cyperus survival (square root transformed) in the 

field………………………………..…………………………………………...41 
 
Figure 12: Mean density per m2 of other weed species survival (square root transformed) 

in the field………………………………………..…………………………….43 
 
Figure 13: Mean density per m2 of all weed species counts survival (square root 

transformed) in the field………………………………………………………43 
 
Figure 14: Mean number of  Bacillus (cfu g-1)population (Log10 transformed) in soil 

samples collected over time.………………………………………….……….45 
 
Figure 15: Mean number of Actinomycetes (cfu g-1) population (Log10 transformed) in 

soil samples collected over time……………………………………………….46 
 



 ix

Figure 16: Mean number of other types of bacteria (cfu g-1) population (Log10 
transformed) in soil samples collected over time….………………………….47 

 
Figure 17: Mean number of all bacteria species (cfu g-1) population (Log10 transformed) 

in soil samples collected over time…………………..………………………..48 
 
Figure 18: Mean number of Fusarium (cfu g-1) population (Log10 transformed) in soil 

samples collected over time…………………………………………………..51 
 
Figure 19: Mean number of Aspergillus (cfu g-1) population (Log10 transformed) in soil 

samples collected over time…………………………………………………..52 
 
Figure 20: Mean number of Penicillium (cfu g-1) population (Log10 transformed) in soil 

samples collected over time………………………………………………….53 
 
Figure 21: Mean number of other species of fungi (cfu g-1) population (Log10 

transformed) in soil samples collected over time…………………………….53 
 
Figure 22: Mean number of total fungi (cfu g-1) population (Log10 transformed) in soil 

samples collected over time……………………..…………………………….54 
 
Figure 23: Mean weed density m-2 5 WACE (square root transformed) in bean 

(Phaseolus vulgaris) crop……………………………………………………...55 
 
Figure 24: Percent disease incidence of Fusarium on beans (Phaseolus vulgaris………56 
 
Figure 25: Area under disease progress curves of Fusarium severity in bean (Phaseolus 

vulgaris)………………………………………………………………………….57 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 x

LIST OF APPENDICES 
 

Appendix 1 :  Effect of solarization on weed density in the tray experiment………74 
Appendix 1.1  Analysis of variance for Bidens pilosa 2 weeks after solarization ……..74 
Appendix 1.2  Analysis of variance for Galinsoga parviflora 2 weeks after solarization74 
Appendix 1.3  Analysis of variance for Eleusine indica 2 weeks after solarization…….74 
Appendix 1.4  Analysis of variance for Oxalis latifolia 2 weeks after solarization……..74 
Appendix 1.5  Analysis of variance for Cyperus 2 weeks after solarization…………….74 
Appendix 1.6  Analysis of variance for other weed species 2 weeks after solarization…75 
Appendix 1.7  Analysis of variance for total weed counts 2 weeks after solarization…..75 
Appendix 1.8  Analysis of variance for Bidens pilosa 4 weeks after solarization ……...75 
Appendix 1.9  Analysis of variance for Galinsoga parviflora 4 weeks after solarization75 
Appendix 1.10  Analysis of variance for Elusine indica 4 weeks after solarization……..75 
Appendix 1.11 Analysis of variance for Oxalis latifolia 4 weeks after solarization……..76 
Appendix 1.12 Analysis of variance for Cyperus 4 weeks after solarization…………….76 
Appendix 1.13 Analysis of variance for other weed species 4 weeks after solarization…76 
Appendix 1.14 Analysis of variance for total weed counts 4 weeks after solarization…..76 
Appendix 1.15 Analysis of variance for Bidens pilosa 6 weeks after solarization ……...76 
Appendix 1.16 Analysis of variance for Galinsoga parviflora 6 weeks after solarization77 
Appendix 1.17 Analysis of variance for Elusine indica 6 weeks after solarization….…..77 
Appendix 1.18 Analysis of variance for Oxalis latifolia 6 weeks after solarization……..77 
Appendix 1.19 Analysis of variance for Cyperus 6 weeks after solarization………….…77 
Appendix 1.20 Analysis of variance for other weed species 6 weeks after solarization…77 
Appendix 1.21 Analysis of variance for total weed counts 6 weeks after solarization…..78 
Appendix 1.22 Analysis of variance for Bidens pilosa 8 weeks after solarization ……...78 
Appendix 1.23 Analysis of variance for Galinsoga parviflora 8 weeks after solarization78 
Appendix 1.24 Analysis of variance for Elusine indica 8 weeks after solarization……...78 
Appendix 1.25 Analysis of variance for Oxalis latifolia 8 weeks after solarization……..78 
Appendix 1.26 Analysis of variance for Cyperus 8 weeks after solarization…………….79 
Appendix 1.27 Analysis of variance for other weed species 8 weeks after solarization…79 
Appendix 1.28 Analysis of variance for total weed counts 8 weeks after solarization…..79 
 
Appendix 2 :  Effect of solarization on weed density in the field…………………….79 
Appendix 2.1  Analysis of variance for Bidens pilosa 2 weeks after solarization……...79 
Appendix 2.2  Analysis of variance for Galinsoga parviflora 2 weeks after solarization79 
Appendix 2.3  Analysis of variance for Elusine indica 2 weeks after solarization……...80 
Appendix 2.4  Analysis of variance for Oxalis latifolia 2 weeks after solarization……..80 
Appendix 2.5  Analysis of variance for Cyperus 2 weeks after solarization…………….80 
Appendix 2.6  Analysis of variance for other weed species 2 weeks after solarization…80 
Appendix 2.7  Analysis of variance for total weed counts 2 weeks after solarization…..80 
Appendix 2.8  Analysis of variance for Bidens pilosa 4 weeks after solarization ……...81 
Appendix 2.9  Analysis of variance for Galinsoga parviflora 4 weeks after solarization81 
Appendix 2.10  Analysis of variance for Elusine indica 4 weeks after solarization……..81 
Appendix 2.11 Analysis of variance for Oxalis latifolia 4 weeks after solarization……..81 
Appendix 2.12 Analysis of variance for Cyperus 4 weeks after solarization…………….81 
Appendix 2.13 Analysis of variance for other weed species 4 weeks after solarization…82 



 xi

Appendix 2.14 Analysis of variance for total weed counts 4 weeks after solarization…..82 
Appendix 2.15 Analysis of variance for Bidens pilosa 6 weeks after solarization ……...82 
Appendix 2.16 Analysis of variance for Galinsoga parviflora 6 weeks after solarization82 
Appendix 2.17 Analysis of variance for Elusine indica 6 weeks after solarization……...82 
Appendix 2.18 Analysis of variance for Oxalis latifolia 6 weeks after solarization…….83 
Appendix 2.19 Analysis of variance for Cyperus 6 weeks after solarization……………83 
Appendix 2.20 Analysis of variance for other weed species 6 weeks after solarization…83 
Appendix 2.21 Analysis of variance for total weed counts 6 weeks after solarization…..83 
Appendix 2.22 Analysis of variance for Bidens pilosa 8 weeks after solarization ……..83 
Appendix 2.23 Analysis of variance for Galinsoga parviflora 8 weeks after solarization84 
Appendix 2.24 Analysis of variance for Elusine indica 8 weeks after solarization……...84 
Appendix 2.25 Analysis of variance for Oxalis latifolia 8 weeks after solarization……..84 
Appendix 2.26 Analysis of variance for Cyperus 8 weeks after solarization…………….84 
Appendix 2.27 Analysis of variance for other weed species 8 weeks after solarization…84 
Appendix 2.28 Analysis of variance for total weed counts 8 weeks after solarization…..85 
 
Appendix 3 : Analysis of variance for maximum temperature……………………...85 
Appendix 3.1 Analysis of variance for 1 week after solarization……………………….85 
Appendix 3.2 Analysis of variance for 2 week after solarization……………………….85 
Appendix 3.3 Analysis of variance for 3 week after solarization……………………….85 
Appendix 3.4 Analysis of variance for 4 week after solarization……………………….85 
Appendix 3.5 Analysis of variance for 5 week after solarization……………………….86 
Appendix 3.6 Analysis of variance for 6 week after solarization……………………….86 
Appendix 3.7 Analysis of variance for 7 week after solarization……………………….86 
Appendix 3.8 Analysis of variance for 8 week after solarization……………………….86 
 
Appendix 4 : Analysis of variance for minimum temperature………………………86 
Appendix 4.1 Analysis of variance for 1 week after solarization……………………….86 
Appendix 4.2 Analysis of variance for 2 week after solarization……………………….87 
Appendix 4.3 Analysis of variance for 3 week after solarization……………………….87 
Appendix 4.4 Analysis of variance for 4 week after solarization……………………….87 
Appendix 4.5 Analysis of variance for 5 week after solarization……………………….87 
Appendix 4.6 Analysis of variance for 6 week after solarization……………………….87 
Appendix 4.7 Analysis of variance for 7 week after solarization……………………….88 
Appendix 4.8 Analysis of variance for 8 week after solarization……………………….88 
Appendix 5 : Analysis of variance for fungi…………………………………………..88 
Appendix 5.1 Analysis of variance for Fusarium at 2 weeks…..……………………….88 
Appendix 5.2 Analysis of variance for Aspergillus at 2 weeks..…………………….….88 
Appendix 5.3 Analysis of variance for Penicillium at 2 weeks………..………………..88 
Appendix 5.4 Analysis of variance for other species of fungi at 2 weeks………………89 
Appendix 5.5 Analysis of variance for total fungi at 2 weeks….……………………….89  
Appendix 5.6 Analysis of variance for Fusarium at 4 weeks…..……………………….89 
Appendix 5.7 Analysis of variance for Aspergillus at 4 weeks..…………………….….89 
Appendix 5.8 Analysis of variance for Penicillium at 4 weeks………..………………..89 
Appendix 5.9 Analysis of variance for other species of fungi at 4 weeks………………90 
Appendix 5.10 Analysis of variance for total fungi at 4 weeks….……………………….90  



 xii

Appendix 5.11 Analysis of variance for Fusarium at 6 weeks…..……………………….90 
Appendix 5.12 Analysis of variance for Aspergillus at 6 weeks..…………………….….90 
Appendix 5.13 Analysis of variance for Penicillium at 6 weeks………..………………..90 
Appendix 5.14 Analysis of variance for other species of fungi at 6 weeks………………91 
Appendix 5.15 Analysis of variance for total fungi at 6 weeks….……………………….91  
Appendix 5.16 Analysis of variance for Fusarium at 8 weeks…..……………………….91 
Appendix 5.17 Analysis of variance for Aspergillus at 8 weeks..…………………….….91 
Appendix 5.18 Analysis of variance for Penicillium at 8 weeks………..………………..91 
Appendix 5.19 Analysis of variance for other species of fungi at 8 weeks………………92 
Appendix 5.20 Analysis of variance for total fungi at 8 weeks………………………….92 
 
Appendix 6 : Analysis of variance for bacteria……………………………………….92 
Appendix 6.1 Analysis of variance for Bacillus at 2 weeks…..………………………...92 
Appendix 6.2 Analysis of variance for Actinomycetes at 2 weeks..………………. …...92 
Appendix 6.3 Analysis of variance for other species of bacteria at 2 weeks……….…..92 
 Appendix 6.4 Analysis of variance for total bacteria at 2 weeks….……………… …...92 
Appendix 6.5 Analysis of variance for Bacillus at 4 weeks…..………………………...93 
Appendix 6.6 Analysis of variance for Actinomycetes at 4 weeks..……………… .…...93 
Appendix 6.7 Analysis of variance for other species of bacteria at 4 weeks…… ……..93 
 Appendix 6.8 Analysis of variance for total bacteria at 4 weeks….…………… ……...93  
Appendix 6.9 Analysis of variance for Bacillus at 6 weeks…..……………….………..93 
Appendix 6.10 Analysis of variance for Actinomycetes at 6 weeks..………… …….…...94 
Appendix 6.11 Analysis of variance for other species of bacteria at 6 weeks.…………..94 
Appendix 6.12Analysis of variance for total bacteria at 6 weeks……..…………………94  
Appendix 6.13 Analysis of variance for Bacillus at 8 weeks…..………………………...94 
Appendix 6.14 Analysis of variance for Actinomycetes at 8 weeks..………….…….…...94 
Appendix 6.15 Analysis of variance for other species of bacteria at 8 weeks….………..95 
 Appendix 6.16Analysis of variance for total bacteria at 8 weeks….……………………95  
 
Appendix 7 :  Effect of solarization on weed density at 5 WACE………….……….95 
Appendix 7.1  Analysis of variance for Bidens pilosa ………………………….……...95 
Appendix 7.2  Analysis of variance for Galinsoga parviflora…………………………..95 
Appendix 7.3  Analysis of variance for Eleusine indica ………………………………..95 
Appendix 7.4  Analysis of variance for Oxalis latifolia………………………….……..96 
Appendix 7.5  Analysis of variance for Cyperus ……………………………………….96 
Appendix 7.6  Analysis of variance for other weed species ……………………………96 
Appendix 7.7  Analysis of variance for total weed counts ……………………………..96 
Appendix 7.8  Analysis of variance for Bidens pilosa 4 weeks after solarization ……..96 
 
Appendix 8: Effect of solarization on yield and yield components……………...…..96 
Appenxix 8.1 Analysis of variance for number of flowers per plant……………….…..96 
Appenxix 8.2 Analysis of variance for number of pods per plant…………………..…..96 
Appenxix 8.3 Analysis of variance for number of seeds per pod…………………..…...97 
Appenxix 8.4 Analysis of variance for yield………………………..…………………..97 
Appenxix 8.5 Analysis of variance for bean plant fresh weight………………………..97 



 xiii

Appenxix 8.6 Analysis of variance for bean plant dry weight……...…………………..97 
Appenxix 8.7 Analysis of variance for leaf area………………………………………..97 
 
Appenxix 9:Analysis of variance for disease incidence………………………………97  
Appenxix 9.1 Analysis of variance for Fusarium wilt incidence in the field…………...97 
Appenxix 9.2 Analysis of variance for virus incidence in field beans………………….98 
Appenxix 9.3 Analysis of variance for Fusarium wilt AUDPC………………………...98 
 
 
 
 
 
 
 
 
 
 
 


	UNIVERITY OF ZIMBABWE
	Approved
	ABSTRACT
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	PAGE

	LIST OF TABLES
	LIST OF APPENDICES
	Appendix 3 : Analysis of variance for maximum tem
	Appendix 4 : Analysis of variance for minimum tem
	Appendix 5 : Analysis of variance for fungi………………………………………�
	Appendix 6 : Analysis of variance for bacteria……………………
	Appendix 8: Effect of solarization on yield and y


