
Growth and Yield Response of Tomato (Lycopersicon 

esculentum Mill.) Cultivars to Exogenously 

Applied Calcium Carbide 

 
 

 
By 

 
Sumreen Siddiq 

M.Sc. (Hons) Agri. 
 
 
 
 
 

A thesis submitted in partial fulfillment of the requirements for the 
 degree of 

 
 

DOCTOR OF PHYLOSOPHY 
IN 

SOIL SCIENCE 
 
 

 
 
 
 

INSTITUE OF SOIL & ENVIRONMENTAL SCIENCES 
UNIVERSITY OF AGRICULTURE, FAISALABAD 

PAKISTAN 
2012 

 



 ii

To 
 
The Controller of Examination, 
University of Agriculture, 
Faisalabad. 
 
We, Supervisory Committee, certify that the contents and form of thesis 

submitted by SUMREEN SIDDIQ (Regd. No. 99-ag-1130) have been 

found satisfactory and recommend that it be processed for evaluation by the 

External Examiner(s) for the award of degree. 

 
 
 
SUPERVISORY COMMITTEE 
 
 
 
 

1) Chairman:      ____________________________ 
     Dr. MUHAMMAD YASEEN 

  
 
 

2) Member:       ________________________________       
    Dr. MUHAMMAD ARSHAD (T.I.) 

 
 
 

3) Member:   ____________________         
    Dr. NISAR AHMED 

 
 



 iii

 
 
 
 
 

     In the Name of Allah, the Most  

  Merciful and the Most 

Beneficent 

 



 iv

 

 
DECLERATION 

 
I hereby undertake that this research is an original one and no part of this thesis (except 

standard methods and references) entitled “Growth and Yield Response of Tomato 

(Lycopersicon esculentum Mill.) Cultivars to Exogenously Applied Calcium 

Carbide” falls under plagiarism. If find otherwise at any stage i will be responsible for 

the consequences. 

 

 

Name: Sumreen Siddiq     Signature: ______________ 

 

Reg. No. : 99-ag-1130      Date:_________________ 

 
 

 

 

 

 

 

 

 

 

 

 



 v

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

DEDICATED  
TO 

MY PARENTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 vi

ACKNOLEDGEMENT 

I avail this opportunity to bow my head before Almighty ALLAH in humility, The 

source of knowledge and wisdom, for blessing me the good health, strength and 

perseverance needed to complete this study. I offer my meekly thanks to Holy Prophet 

(Peace Be Upon Him) the nimbus, the beacon, whose moral and spiritual teachings 

illuminate my heart, mind, and thrived my thoughts towards achieving high ideas of life. 

I feel great pleasure in expressing my sincerest thanks to my supervisor Dr. Muhammad 

Yaseen, Associate professor, Institute of Soil and Environmental Sciences, for his sincere 

support, inspiring guidance, keen interest, valuable suggestions, timely advice and 

sympathetic attitude throughout the study. This thesis would not have been possible to 

finish without his input and encouragement throughout this study. I sincerely respect him 

for his devotion to work, co-operation and encouragement during the study period. I am 

indebted to members of my supervisory committee, Prof. Dr. Muhammad Arshad 

(T.I.), Director Institute of Soil and Environmental Sciences and Dr. Nisar Ahmed, 

Assistant Professor Centre of Agricultural Biochemistry and Biotechnology (CABB) for 

their enthusiastic assistance with the analytical methods, valued suggestions, constructive 

criticisms and positive encouragement during research work.  

I also appreciate the assistance from all faculty members for their kind help, 

accommodative behavior and suggestions throughout the duration of this study. I wish to 

say thanks my colleagues in the lab as well as all my friends for their moral support and 

judicious advice during the course of this study. Last, but not least, I am very indebted to 

all my family members for their patience, support and encouragement throughout my. My 

deepest gratitude, I reserve for my mother whose hands always rose in prayers for me 

and with out her support, the present distinction would merely be a dream. Special 

acknowledgements to Higher Education Commission for financial assistance because 

some part of this study was conducted in collaboration with HEC funded project entitled 

“Effect of calcium carbide dependent release of acetylene and ethylene on nitrification in 

soil to improve nitrogen use efficiency and yield of vegetable” during 01-07-2007 to 30-

06-2010.            

         

         Sumreen Siddiq 



 vii

TABLE OF CONTENTS 
 

 
Chapter 

 
Title 

 
Page 

  
ABSTRACT 1

 
Chapter 1 

 
INTRODUCTION 2

 
Chapter 2 

 
REVIEW OF LITERATURE 5

2.1 Calcium carbide_a potent source of plant hormone ethylene 6

2.1 (A) Effect of ethylene on seed germination, growth and yield 
parameters of crops  

8

i  Seed germination and mechanism of ethylene action 8

ii  Plant growth 13

iii Photosynthetic activity 16

iv  Flower and fruit setting 19

v  Nutrient uptake 22

vi  Yield    23

2.1 (B) Effect of ethylene on produce quality parameters 27
i  Ripening 28

ii  Colour 30

iii             Firmness 31

iv Vitamins 33

v            Chemical composition 34

2.2 Conclusions and prospectus 35

 Chapter 3 MATERIALS AND METHODS    37

3.1 Germination response of tomato cultivars to calcium 
carbide 

37

3.1.1 Site of experiment 37

3.1.2 Tomato cultivars used for screening 37

3.1.3 Experimental material 38

3.1.4 Experimental design 38

3.1.5 Experimental conditions 38

3.1.6 Treatment plan 38



 viii

3.1.7 Methodology 40

3.1.8 Parameters studied 40

3.2 Effect of addition of different rates and types of coated 
calcium carbide on germination, root and shoot growth of 
tomato cultivars under controlled conditions 

42

3.2.1 Site of experiment                                                                         42

3.2.2 Selected tomato cultivars 42

3.2.3 Experimental materials 42

3.2.4 Coating of calcium carbide  42

3.2.5 Experimental design 43

3.2.6 Treatment plan 45

3.2.7 Methodology 46

3.2.8 Parameters studied 46

3.3 Effect of different rates of coated calcium carbide on 
tomato growth, photosynthetic activity, yield and quality 

48

3.3.1 Site of experiment 48

3.3.2 Tomato cultivars 48

3.3.3 Experimental materials 48

3.3.4 Soil physical and chemical analysis 48

i  Mechanical analysis                                                          48

ii  Saturation percentage                                                      50

iii   Soil pH (pHw) 50

iv  Organic matter 50

v  Electrical conductivity of saturated soil extract (ECe) 50

vi  Cation exchange capacity (CEC) 50

vii  Calcium plus magnesium 51

viii  Sodium and potassium 51

ix  Carbonates and bicarbonates 51

x  Chlorides 51

xi  Sulphate 51

xii  Total nitrogen 51

xiii  Available phosphorus 51



 ix

xiv  Available potassium 52

3.3.5 Experimental design 52

3.3.6 Treatment plan 52

3.3.7 Fertilizers 52

3.3.8 Tomato nursery preparation 53

3.3.9 Methodology 53

3.3.10 Parameters studied 53

(A) Pre-harvest observations recorded 53

i  Number of days required for flowering  53

ii  Number of clusters per plant 53

iii  Fruit drop percentage 53

iv  Plant height (cm)  53

v  Photosynthetic activity 54

vi  Number of fruits per plant 54

(B) Post-harvest observations recorded 54

i  Fruits yield per pot 54

ii  Shoot dry weight 54

iii  Root dry weight 54

iv  Nitrogen uptake by shoot and root 54

(C) Fruit analysis 55

I(C) Physical (visual) analysis  55

i  Fruit firmness 55

ii  Colour  55

2(C) Compositional analysis  56

i  Total soluble solids (TSS) 56

ii   pH 56

iii  Titratable acidity (TA) 56

iv  Ascorbic acid  56

v  Lycopene 57

 
3.4 

 
Effect of time of application of calcium carbide on tomato 
growth 

58



 x

3.4.1 Site of experiment 58

3.4.2 Tomato varieties 58

3.4.3 Experimental materials  58

3.4.4 Soil physical and chemical analysis 58

3.4.5 Experimental design 58

3.4.6 Treatment plan 58

3.4.7 Fertilizers 59

3.4.8 Tomato nursery preparation 59

3.4.9 Methodology 59

3.4.10 Parameters studied 59

3.5 Response of tomato cultivars to soil applied calcium 
carbide in field experiment 

61

3.5.1 Site of experiment                                                                        61

3.5.2 Tomato cultivars 61

3.5.3 Soil physical and chemical analysis 61

3.5.4 Experimental design 61

3.5.5 Treatment plan 61

3.5.6 Date of nursery sowing and transplanting tomato plants  62

3.5.7 Fertilizers 62

3.5.8 Methodology 62

3.5.9 Parameters studied 62

3.6 Statistical analysis 63

Chapter 4 RESULTS AND DISCUSSION (Laboratory studies) 64

4.1 Germination response of tomato cultivars to calcium 
carbide 

64

4.1.1 Results 64

i  Ethylene release from seeds  64

ii  Germination percentage 66

iii  Root and shoot lengths 69

iii(a)  Root length 69

iii(b)  Shoot length 71

iv  Root: shoot ratio 71



 xi

v  Root and shoot growth rates 73

v(a)  Root growth rate 73

v(b)  Shoot growth rate 74

4.1.2 Discussion  76

4.2 Effect of addition of different rates and types of coated 
calcium carbide on germination, root and shoot growth of 
tomato genotypes under controlled conditions 

80

4.2.1 Results 80

i  Germination percentage 80

ii  Root length 84

iii  Shoot length 84

iv  Root: shoot ratio 86

v  Root dry weight 89

vi  Shoot dry weight 91

vii  Root growth rate 93

viii  Shoot growth rate 95

4.2.2 Discussion   97

Chapter 5 RESULTS AND DISCUSSION (Pot and field Studies) 101

5.1 Effect of different rates of coated calcium carbide on 
tomato growth, photosynthetic characteristics, yield and 
quality 

101

5.1.1 Results  101

(A) Pre-harvest observations recorded 101

i  Number of days required for flowering 101

ii  Number of clusters per plant 101

iii  Fruit drop percentage 104

iv  Plant height (cm) 106

v  Photosynthetic activity 108

vi  Number of fruits per plant 111

(B) Post-harvest observations recorded 114

i  Fruit yield per pot  114

ii  Shoot dry weight 114

iii  Root dry weight 117



 xii

iv  Nitrogen uptake by shoot 119

v  Nitrogen uptake by root 119

vi Fruit analysis 122

       1 (C) Physical (visual) analysis 122

i  Fruit firmness  122

ii  Colour 122

      2 (C) Compositional analysis 126

i  Total soluble solids (TSS) 126

ii  pH  126

iii  Titratable acidity (TA) 129

iv  Ascorbic acid 129

v             Lycopene 132

5.1.2 Discussion   134

5.2 Effect of time of application of calcium carbide on tomato 
growth 

 138

5.2.1 Results 138

(A) Pre-harvest observations recorded 138

i  Number of days required for flowering 138

ii  Number of clusters per plant 140

iii  Fruit drop percentage 140

iv  Plant height (cm) 142

v  Number of fruits per plant 142

(B) Post-harvest observations recorded 144

i  Fruit yield per plant  144

ii  Shoot dry weight 146

iii  Root dry weight 146

iv  Nitrogen uptake by shoot 148

v  Nitrogen uptake by root 148

5.2.2 Discussion 150

 
 
5.3 

 

Response of tomato cultivars to soil applied calcium 
carbide in field experiment 152



 xiii

5.3.1 Results 152

(A) Pre-harvest observations recorded 152

i  Number of days required for flowering 152

ii  Number of clusters per plant 152

iii  Fruit drop percentage 154

iv  Plant height  154

v  Number of fruits per plant  156

 (B) Post-harvest observations recorded 156

i  Fruit yield per plant 156

ii  Root dry weight  158

iii  Shoot dry weight 158

iv  Nitrogen uptake by shoot 160

v  Nitrogen uptake by root 160

vi  Nitrogen use efficiency 162

5.3.2 Discussion 164

Chapter 6 SUMMARY 166

 LITERATURE CITED 171

 
 

 

 
  

 

 

 

 

 

 

 

 

 

 



 xiv

LIST OF TABLES 

Table Title Page

Table 3.1 Parameters studied during growth period

 

41

Table 3.2 Parameters studied during growth period 47

Table 3.3 Physico-chemical characteristics of soil used for pot and field 
trials 

49

Table 3.4 Pre and post-harvest parameters recorded during the pot study 

 

60

Table 4.1 Effect of different rates of calcium carbide on ethylene released 
from germinating seeds of tomato cultivars at different time 
intervals  

65

Table 4.2 Effect of different rates of calcium carbide on seed germination 
of tomato cultivars at different intervals of growth period in 
incubator 

67

Table 4.3 Effect of different rates of calcium carbide on root length of 
tomato cultivars grown in incubator  

70

Table 4.4 Effect of different rates of calcium carbide on shoot length of 
tomato cultivars grown in incubator 

72

Table 4.5 Effect of different rates of calcium carbide on root: shoot on 
length basis of tomato cultivars grown in incubator 

72

Table 4.6 Effect of different rates of calcium carbide on root growth rate of 
tomato cultivars grown in incubator  

75

Table 4.7 Effect of different rates of calcium carbide on shoot growth rate 
of tomato cultivars grown in incubator  

75

Table 4.8 Effect of different rates and coating materials on calcium carbide 
on germination of different tomato cultivars at different time 
intervals of growth period under growth room conditions 

81

Table 4.9 Mean table on effect of different rates and coating materials on 
calcium carbide on germination percentage of tomato seeds after 
168 hours under growth room conditions 

83

Table 4.10 Effect of different rates and coating materials on calcium carbide 
on root length of tomato cultivars under growth room conditions 

85

Table 4.11 Effect of different rates and coating materials on calcium carbide 
on shoot length of tomato cultivars under growth room 
conditions 

87

Table 4.12 Effect of different rates and coating materials on calcium carbide 
on root: shoot ratio of tomato cultivars under growth room 
conditions 

88

Table 4.13 Effect of different rates and coating materials on calcium carbide 
on root dry weight of tomato cultivars under growth room 
conditions 

90



 xv

Table 4.14 Effect of different rates and coating materials on calcium carbide 
on shoot dry weight of tomato cultivars under growth room 
conditions 

92

Table 4.15 Effect of different rates and coating materials on calcium carbide 
on rate of root growth of tomato cultivars under growth room 
condition 

94

Table 4.16 Effect of different rates and coating materials on calcium carbide 
on rate of shoot growth of tomato cultivars under growth room 
conditions 

96

Table 5.1 Effect of different rates and coatings on calcium carbide on 
number of days to flower of tomato cultivars 

102

Table 5.2 Effect of different rates and coatings on calcium carbide on 
number of flower clusters plant-1 of tomato cultivars 

103

Table 5.3 Effect of different rates and coatings on calcium carbide on fruit 
drop in tomato cultivars 

105

Table 5.4 Effect of different rates and coatings on calcium carbide on plant 
height of tomato cultivars 

107

Table 5.5 Effect of different rates and coatings on calcium carbide on 
photosynthetic activity of tomato cultivars 

109

Table 5.6 Effect of different rates and coatings on calcium carbide on 
number of fruits plant-1 of tomato cultivars 

112

Table 5.7 Effect of different rates and coatings on calcium carbide on yield 
of fruits of tomato cultivars 

115

Table 5.8 Effect of different rates and coatings on calcium carbide on shoot 
dry weight of tomato cultivars 

116

Table 5.9 Effect of different rates and coatings on calcium carbide on root dry 
weight of tomato cultivars 

118

Table 5.10 Effect of different rates and coatings on calcium carbide on N 
uptake in shoots of tomato cultivars 

120

Table 5.11 Effect of different rates and coatings on calcium carbide on N 
uptake in roots of tomato cultivars 

121

Table 5.12 Effect of different rates and coatings on coating of calcium 
carbide on firmness of fruits of tomato cultivars 

123

Table 5.13 Effect of different rates and coatings on calcium carbide on 
colour components of fruit in tomato cultivars 

125

Table 5.14 Effect of different rates and coatings on calcium carbide on TSS of 
fruit of tomato cultivars 

127

Table 5.15 Effect of different rates and coatings on calcium carbide on pH 
of juice of tomato cultivars 

128

Table 5.16 Effect of different rates and coatings on calcium carbide on 
titratable acidity in fruit of tomato cultivars 

130

Table 5.17 Effect of different rates and coatings on calcium carbide on 
ascorbic acid content in fruit of tomato cultivars 

131

Table 5.18 Effect of different rates and coatings on calcium carbide on 
lycopene content in fruit of tomato cultivars 

133

Table 5.19 Effect of different rates and time of application of polyethylene 139



 xvi

coated calcium carbide on number of days to flower in tomato 
cultivars 

Table 5.20 Effect of different rates and time of application of polyethylene 
coated calcium carbide on number of clusters per plant of tomato 
cultivars  

141

Table 5.21 Effect of different rates and time of application of polyethylene 
coated calcium carbide on fruit drop percentage of tomato 
cultivars 

141

Table 5.22 Effect of different rates and time of application of polyethylene 
coated calcium carbide on plant height of tomato cultivars 

143

Table 5.23 Effect of different rates and time of application of polyethylene 
coated calcium carbide on number of fruits per plant of tomato 
cultivars 

143

Table 5.24 Effect of different rates and time of application of polyethylene 
coated calcium carbide on fruit yield per plant of tomato 
cultivars 

145

Table 5.25 Effect of different rates and time of application of polyethylene 
coated calcium carbide on shoot dry weight of tomato cultivars 

147

Table 5.26 Effect of different rates and time of application of polyethylene 
coated calcium carbide on root dry weight of tomato cultivars 

147

Table 5.27 Effect of different rates and time of application of polyethylene 
coated calcium carbide on N uptake by shoot of tomato cultivars 

149

Table 5.28 Effect of different rates and time of application of polyethylene 
coated calcium carbide on N uptake by root of tomato cultivars 

149

Table 5.29 Effect of different rates of polyethylene coated calcium carbide 
on number of days to flower in two tomato cultivars under field 
conditions 

153

Table 5.30 Effect of different rates of polyethylene coated calcium carbide 
on number of clusters in two tomato cultivars under field 
conditions 

153

Table 5.31 Effect of different rates of polyethylene coated calcium carbide 
on fruit drop percentage in two tomato cultivars under field 
conditions 

155

Table 5.32 Effect of different rates of polyethylene coated calcium carbide 
on plant height in two tomato cultivars under field conditions 

155

Table 5.33 Effect of different rates of polyethylene coated calcium carbide 
on number of fruits per plant in two tomato cultivars under field 
conditions 

157

Table 5.34 Effect of different rates of coated calcium carbide on fruit yield 
per plant in two tomato cultivars under field conditions 

157

Table 5.35 Effect of different rates of polyethylene coated calcium carbide 
on root dry weight in two tomato cultivars under field conditions 

159

Table 5.36 Effect of different rates of polyethylene coated calcium carbide 
on shoot dry weight in two tomato cultivars under field 
conditions 

159

Table 5.37 Effect of different rates of polyethylene coated calcium carbide 161



 xvii

on N uptake in shoot of two tomato cultivars under field 
conditions 

Table 5.38 Effect of different rates of polyethylene coated calcium carbide 
on N uptake in root of two tomato cultivars under field 
conditions 

161

Table 5.39       

 

Effect of different rates of polyethylene coated calcium carbide 
on nitrogen use efficiency indices by two tomato cultivars under 
field conditions 

163

 

 

LIST OF FIGURES 

Figure Title Page

Figure 2.1  The ethylene synthesis pathway 7

Figure 2.2 Behaviour of flowering genes such as ACS10 mediated by 
ethylene in Arabidopsis thaliana  

21

Figure 3.1 A step by step procedure for placing filter paper, calcium 
carbide, seeds, sealing of Petri plates and addition of de-
ionized water into a Petri plate 

39

Figure 3.2 Step by process of grinding and coating calcium carbide 

with different coating materials  

 

44

Figure 4.1 Response of tomato cultivars for seed germination at 
different interval of growth period in incubator 

68

Figure 4.2 Response of tomato cultivars for seed germination at 
different rates of calcium carbide in incubator 

68

Figure 4.3 Germinating seeds of tomato cultivars Rio Grande (A) and 
Top Gord (B) in response to applied calcium carbide under 
controlled conditions 

78

Figure 4.4 Response of tomato cultivars to different rates of coated 
calcium carbide for seed germination after 168 hours under 
growth room conditions 

83

Figure 4.5 Response of tomato cultivars to different rates of coated 
calcium carbide for root length under growth room 
conditions 

85

Figure 4.6 Response of tomato cultivars to different rates of coated 
calcium carbide for shoot length under growth room 
conditions 

87

Figure 4.7 Response of tomato cultivars to different rates of coated 
calcium carbide for root: shoot ratio on length basis under 
growth room conditions 

88

Figure 4.8 Response of tomato cultivars to different rates of coated 
calcium carbide for root dry weight under growth room 
conditions 

90



 xviii

Figure 4.9 Response of tomato cultivars to different rates of coated 
calcium carbide for shoot weight under growth room 
conditions 

92

Figure 4.10 Response of tomato cultivars to different rates of coated 
calcium carbide for root growth rate under growth room 
conditions 

94

Figure 4.11 Response of tomato cultivars to different rates of coated 
calcium carbide for shoot growth rate under growth room 
conditions 

96

Figure 4.12 Root growth of tomato cultivars Rio Grande (A) and 
Tenzila (B) in control (left) and calcium carbide treated 
(right) plants 

99

Figure 5.1 Response of tomato cultivars to different rates of coated 
calcium carbide for number of days to flower 

102

Figure 5.2 Response of tomato cultivars to different rates of coated 
calcium carbide for number of flower clusters per plant 

103

Figure 5.3 Response of tomato cultivars to different rates of coated 
calcium carbide for fruit drop in tomato cultivars 

105

Figure 5.4 Response of tomato cultivars to different rates of coated 
calcium carbide for plant height 

107

Figure 5.5a Response of tomato cultivars to different rates of coated 
calcium carbide for net photosynthetic rate 

110

Figure 5.5b Response of tomato cultivars to different rates of coated 
calcium carbide for carboxylation efficiency 

110

Figure 5.5c Response of tomato cultivars to different rates of coated 
calcium carbide for plant water use efficiency 

110

Figure 5.6a Response of tomato cultivars to different rates of coated 
calcium carbide for number of fruits per plant 

112

Figure 5.6b Difference in fruiting per plant in response to applied CaC2 
in tomato cultivar (A) Rio Grande and (B) F-1 3560-S  

113

Figure 5.7 Response of tomato cultivars to different rates of coated 
calcium carbide for fruit yield per plant 

115

Figure 5.8 Response of tomato cultivars to different rates of coated 
calcium carbide for shoot dry weight 

116

Figure 5.9 Response of tomato cultivars to different rates of coated 
calcium carbide for root dry weight 

118

Figure 5.10 Response of tomato cultivars to different rates of coated 
calcium carbide for N uptake by tomato shoot 

120

Figure 5.11 Response of tomato cultivars to different rates of coated 
calcium carbide for N uptake by tomato root 

121

Figure 5.12 Response of tomato cultivars to different rates of coated 
calcium carbide for fruit firmness 

123

Figure 5.13 Response of tomato cultivars to different rates of coated 
calcium carbide for total soluble solids (TSS) in fruit 

127

Figure 5.14 Response of tomato cultivars to different rates of coated 
calcium carbide for pH of fruit juice 

128



 xix

Figure 5.15 Response of tomato cultivars to different rates of coated 
calcium carbide for titratable acidity (TA) of fruit

130

Figure 5.16 Response of tomato cultivars to different rates of coated 
calcium carbide for ascorbic acid content in fruit  

131

Figure 5.17 Response of tomato cultivars to different rates of coated 
calcium carbide for lycopene content in fruit 

133

 

 

 
 
 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

 
 



ABSTRACT 

Presently many chemicals have been identified that produce ethylene in the air of soil. 
Calcium carbide (CaC2) is one of them and is being considered well known source of 
ethylene (C2H4). The C2H4 released from CaC2 is not thoroughly investigated particularly for 
production of vegetables with improved quality. Laboratory, pot and field studies were 
conducted to evaluate the effectiveness of calcium carbide on tomato seed germination, 
growth, yield, photosynthesis and quality parameters. The first experiment was conducted 
under laboratory conditions to assess the best rate of calcium carbide for seed germination, 
root and shoot growth rate of five different tomato cultivars. It was found that application of 
CaC2 @ 15 mg per Petri plate was the best among all rates that improved seed germination, 
root and shoot growth. Tomato cultivars performed better were selected for the next 
experiment. The three selected cultivars were grown in compost medium containing three 
different rates of calcium carbide with different five coatings in growth room under 
controlled conditions. Results showed that CaC2 at the rate of 200 mg cup-1 with 
polyethylene, paint and paraffin coatings performed relatively better. In the 3rd experiment 
best selected calcium carbide based formulations in three different rates were further 
compared in the presence of recommended fertilizers in a pot study. Thus comparison 
included their effect on tomato growth, yield, photosynthetic activity and quality parameters. 
Data on plant height, number of flower per plant and proportion to fruit drop, yield of tomato 
fruit, root and shoot dry weight, and nitrogen uptake clearly showed positive effect of CaC2 

in the presence of fertilizer on all stages of growth of tomato compared to control (fertilizer 
only). One further pot experiment was conducted to know the best rate and time of 
application of formulated calcium carbide in the presence of recommended fertilizer. Results 
obtained were compared with those obtained from control treatment (containing fertilizer 
only). It is evident from the results that CaC2 applied 2 weeks after transplanting performed 
better among all rates and times of application in improving almost all growth and yield 
parameters of tomato. Based upon the results from laboratory and pot trials, field experiment 
was conducted to verify the results obtained from previous experiments. In this field 
experiment, effect of different rates of coated CaC2 was investigated on two best performing 
cultivars selected from previous experiment. The results showed that application of CaC2 at 
the rate of 200 mg plant-1 not only improved growth and yield parameters of both tomato 
cultivars but also enhanced N uptake by different plant parts and improved nitrogen use 
efficiency. Overall results suggest that addition of calcium carbide along with recommended 
doses of fertilizers improved fruit yield more than 40 % by improving yield contributing 
parameters and N use efficiency. Furthermore, quality parameters related to physical 
appearance and chemical composition of tomato fruits were also improved by the application 
of CaC2. These parameters are very much required for improvement in shelf life and 
processing of tomato products. In the nutshell, results confirm the growth regulator role of 
CaC2 in improving the growth, yield and quality of tomato.  
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           Chapter 1 

INTRODUCTION  
 Tomato is one of the very popular vegetables in Pakistan. It is widely used in salad as 

well as for culinary purposes. It is short duration crop and has variety of uses that makes it 

important cash crop from economic point of view. Farmers are earning better returns from 

the cultivation of tomato and probably this is the reason that area under its cultivation is 

increasing day by day. At present significant amounts of tomato are consumed either as fresh 

fruit or as processed products. Epidemiological literature reveals that high intake of tomato 

and tomato products in daily diet are beneficial in maintaining health (Rao and Agarwal, 

1999). Ripened tomato fruits are beneficial in healing wounds because of their antibiotic 

properties (Conn and Stumpy, 1970). Tomatoes are excellent appetizer and suitable food for 

diabetic patients (Myers and Croll, 1921). In addition to supply nutrition, tomatoes add 

colour and flavor to the diet. Its extract is more effective in reducing urinary acidity than 

orange juice (Saywell and Lane, 1933). Tomatoes being rich source of antioxidants (chemo-

protective compounds) are also termed as "functional food" (Ranieri et al., 2004). Lycopene, 

phenolics and flavonoids are biomolecules that have antioxidant potential (Kaur et al., 2004) 

and protect against chronic diseases and cancers of various types like prostate, cervix and 

colon (Giovannucci et al., 1995; Shi and Maguer, 2000; Campbell et al., 2004). Regarding 

vitamins, tomatoes have a remarkable concentration of ascorbic acid/vitamin C (Mabrouk et 

al., 1955) which is part of the body defense system and prevent tissue damage against 

reactive oxygen species and free radicals (Okiei, 2009).  

 Therefore, being rich source of health improving components, the production and 

consumption of tomatoes should be encouraged. In Pakistan tomato is cultivated over 53.1 

thousands hectares (25% of total cropped area under vegetable production) with the total 

annual production of about 536.217 thousands tones (MINFAL, 2010). Province wise share 

of Punjab, Sindh, Khayber PakhtoonKhawa and Balochistan in tomato production is 16 %, 

21 %, 25 % and 38 %, respectively in tomato production (GOP, 2012). In spite of all efforts 

yields of vegetable particularly of tomato can not be increased beyond certain level. With the 

introduction of hybrid cultivars, though yield has been increased but currently yields per unit 

area are relatively low as compared to their actual potential. There are many reasons for low 

productivity which may be related to crop, soil, water and fertilizer management practices. 
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When seed quality and germination is up to the mark even then availability of applied 

nutrients to the crop plants has significant effects on crop yield. Hence, the situation is 

demanding urgent steps and workable solutions to improve crop production substantially 

with improved quality by using non-conventional approaches like biotechnology, genetic 

modification of cultivars, use of growth regulators and phytohormones etc. to narrow down 

the gap between potential and farmer’s obtained yields. Growth regulators act as “Wonder 

Chemicals” because they can alter the physiological growth patterns of crops and thus may 

increase yield of different horticultural and agronomic crops (Anna et al., 1979). 

 There are many instances which suggest that hormones and growth regulators 

added in small quantities can modify the natural growth from seed germination to 

senescence. These regulators have the capacity to direct the translocation and 

accumulation of nutrients in plants (Kuiper et al., 1989). Therefore, there is urgent need 

to generate precise information with regard to requirement of optimum doses of chemical 

fertilizers and appropriate stage of application with growth regulating substance which help 

in better growth habit, fruiting and seed yield combined with better quality. One of these 

growth regulators is ethylene (C2H4), the simplest unsaturated hydrocarbon, which can 

have profound effect on the physiology of plants.  

 Ethylene is known to be involved in almost all phases of growth and developmental 

processes of plants ranging from seed germination to fruit ripening and senescence of tissues 

(Abeles et al., 1992; Muromtsev et al., 1995; Reid, 1995). Ethylene is involved in promoting 

the transcription and translation of ripening-related genes. Genes involved in cell wall 

breakdown and carotenoid biosynthesis are known to be ethylene dependent (Gray et al., 

1994). It also plays important role in shoot and root growth differentiation (Clark et al., 1999; 

Nicolas et al., 2001) adventitious root formation (Pan et al., 2002; Zaid et al., 2003) and fruit 

ripening (Slater et al., 1985; Flores et al., 2001; Alexander and Grierson, 2002). However, 

because of gaseous nature of ethylene and difficulty in its direct application to soil has made 

its use limited for the improvement of agricultural production. So efforts have been made to 

develop the compounds, which could release ethylene in plants or in their rhizosphere. The 

most important breakthrough was the development of ethylene releasing compounds like 

Ethephon (commonly called liquid ethylene) and Retprol (calcium carbide based 

formulation) which releases C2H4 chemically when absorbed by plant tissues. It was reported 
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that ethylene production from soil applied calcium carbide based formulation improved 

economical yield of crops up to 70%. The use of C2H4 based soil amendment is a novel 

approach that can improve/boost vegetable yields especially of tomato.  

 Calcium carbide (CaC2) is an ethylene releasing chemical compound that is 

produced industrially. This compound, when introduced to the soil decomposes into 

calcium ion and releases acetylene (C2H2) gas (Clardi and Klee, 2001) under the 

influence of soil moisture. Acetylene gas is then reduced to ethylene by the action of 

Nitrogenase enzyme by soil microorganisms present in rhizosphere. This ethylene gas 

enters through roots in the plant body (Bibik et al., 1995; Arshad and Frankenberger, 

2002; Khalid et al., 2006; Yaseen et al., 2006). It is likely that application of calcium 

carbide with suitable formulation can improve plant growth as it is a promising source of 

acetylene (nitrification inhibitor) as well as potent source of ethylene (plant growth regulator) 

gas in plant rhizosphere (Linn et al., 2005). To achieve better and positive effects on the 

productivity of crops different ways of application of calcium carbide in the soil have been 

used like broad cast, band placement, and in application in holes in rhizosphere (Ramzan et 

al., 2006).  

 Results of various studies conducted on major crops like wheat, cotton, rice and sugar 

cane has demonstrated the effectiveness of application of calcium carbide. The effects of 

ethylene releasing source CaC2 on the ripening process have been extensively studied for 

fruits and vegetable under store room conditions. However, there is not much clear and 

consistent evidence showing whether direct treatment of ethylene or soil/foliar application of 

ethylene releasing compounds affect nutritive value of treated fruit or vegetables. Literature 

related to aspect of quality attributes is rare so it was tried to find out physical and 

biochemical characteristics in response to soil applied CaC2. 

 Keeping these facts in view, present project comprising a series of laboratory, 

wirehouse and field experiments, was planned to investigate the effect of exogenously 

applied calcium carbide on growth, yield and quality parameters of different tomato cultivars. 

Moreover, it was also tried to find out proper rate, time of application and coating material to 

coat calcium carbide grains for slow release of acetylene and ethylene gases so the effect of 

these gases can be prolonged for longer period of time.  
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         Chapter 2 

REVIEW OF LITERATURE  

  Extensive research programmes relating to soil, plant and fertilizers to enhance 

yield potential of crops have been practically exercised. But these conventional practices are 

not so successful under particular circumstances to narrow down the gap between potential 

and farmer's obtained yield. This research project mainly relates to growth regulators and 

focus on a major group ethylene produced from a solid compound i.e. calcium carbide 

(CaC2).  

 In chemistry, a carbide is a compound composed of carbon and a less electronegative 

element. Carbides can be generally classified by chemical bonding type as follows: (i) salt-

like, (ii) covalent compounds, (iii) interstitial compounds, and (iv) "intermediate" transition 

metal carbides. Calcium carbide is the one of salt-like carbides. Several carbides are assumed 

to be salts of the acetylide anion C2
2– (also called percarbide), which has a triple bond 

between the two carbon atoms. Alkali metals, alkaline earth metals, and lanthanoid metals 

form acetylides, e.g., sodium carbide Na2C2, calcium carbide CaC2 and LaC2. The C-C triple 

bond length in CaC2 ranges from 109.2 pm which is similar to ethyne. Calcium carbide, 

when applied to soil it reacts with water to release acetylene [CaC2 + H2O → C2H2 + Ca 

(OH)2]. Acetylene is an effective inhibitor of nitrification and denitrification because it 

inhibits the activity of the ammonia-oxidizing enzyme involved in the nitrification process. 

Reduced rates of nitrification in soil may result in increased N fertilizer use efficiency. 

Researchers have used CaC2 as one of the best tools to enhance nitrogen use efficiency 

(NUE) as it acts as nitrification inhibitor in soil, and reported substantial improvement in N 

economy (Porter, 1992; Aulakh et al., 2001; Randall et al., 2001; Arshad et al., 2002; Yaseen 

et al., 2006). Acetylene released from CaC2 is then reduced to ethylene (C2H4) by indigenous 

soil microbes present in plant rhizosphere. Ethylene is a plant hormone and significantly 

affects plant growth, development and at yield of wheat, cotton, rice and maize crops in 

response to its application at extremely low concentration (Arshad and Frankenberger, 2002; 

Khalid et al., 2006, Yaseen et al., 2006).  

 In previous studies, the effects of acetylene released from CaC2 (as an effective 

nitrification inhibitor and one of the tools to enhance nitrogen use efficiency) have been 

studied in detail in irrigated wheat (Freney et al., 1992), maize (Bronson et al., 1992; Randall 
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et al., 2001), cotton (Freney et al., 1993) and rice (Banerjee et al., 1990; Keerthisinghe et al., 

1993; Fridman et al., 2004). Hazzrika and Sarkar (1996) also reported reduction in N losses 

and improvement in recovery of urea by rice when applied in coated form with CaC2 and 

hence increased rice grain yield (Fridman et al., 2004). Yaseen et al. (2006) studied dual role 

of CaC2 as a source of acetylene (nitrification inhibitor) and ethylene (plant hormone). By 

applying encapsulated calcium carbide NH4
+ oxidation is suppressed and nitrogen use 

efficiency is improved in wheat and cotton as CaC2 affected plant growth through hormonal 

action of C2H4. The literature reviewed in this section is pertinent to the role of CaC2 as 

ethylene releasing compound, on seed germination, plant growth and development, 

photosynthetic activity, fruiting and quality of produce.  

2.1 Calcium carbide- a potent source of plant hormone ethylene 

 Many researchers have reported that CaC2 is effective source of acetylene and 

ethylene gases. Soil microorganisms reduced acetylene released from CaC2 into ethylene gas 

(Muromtsev et al., 1988). The ability of microorganisms to derive ethylene from a variety of 

compounds has made the biochemistry of microbial production of ethylene very complex and 

precise biosynthesis pathway (s) remained elusive until recently. Ethylene as a phytohormone 

has marked influence on physiology of plants whether  synthesized endogenously in response 

to any kind of stress (Lurssen, 1991) or supplied exogenously at extremely low 

concentrations (Arshad and Frankenberger, 2002; Woodrow and Grodzinski, 1989). All plant 

organs produce and emit ethylene in surrounding atmosphere. Chaves and Mello-Farias 

(2006) provide a thorough review of the ethylene synthesis pathway involving a series of bio-

chemical reactions (Figure 2.1). Briefly, ethylene is synthesized from methionine in three 

steps: (1) conversion of methionine to S-adenosyl-L-methionine (SAM) catalyzed by the 

enzyme SAM synthetase, (2) formation of 1-aminocyclopropane-1-carboxylic acid (ACC) 

from SAM via ACC synthase (ACS) activity, and (3) the conversion of ACC to ethylene, 

which is catalyzed by ACC oxidase (ACO). The final conversion of ACC to ethylene is 

oxygen dependent (Kende, 1993). Oxygen is required for synthesis of C2H4 and both O2 and 

CO2 are required for its biological activity. Like other plant hormones, the physiological 

effects of ethylene depend on numerous variables such as the type of tissue, stage of 

development, physiological age of species and prevailing environmental conditions (Dittey, 

1969; Pratt and Goeschi, 1969).  
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Figure 2.1 The ethylene synthesis pathway (modified from Chaves and Mello-Farias, 2006) 
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2.1 (A) Effect of ethylene on seed germination, growth and yield parameters of crops 

Some important physiological functions of this phytohormone are attributed to break seed 

dormancy, improve germination, adventitious root formation, alteration in root growth 

pattern, promotion of root hair, epinasty, hook curvature, reduction in plant height, inhibited 

leaf expansion, regulate flower induction, fruit ripening and senescence.  

 i- Seed germination and mechanism of ethylene action 

 A seed is programmed to survive after being dispersed from the mother plant until the 

establishment of a photosynthetically competent seedling. In the life cycle of plant, the first 

important phase that determines further growth and development is seed germination. Thus it 

is a crucial and strongly regulated process which is under control of hormones and growth 

regulators. Plant growth regulators play important and multiple roles in complicated 

processes like seed germination and seedling growth (Bewley, 1997). Most plant tissues 

including germinating seeds produced this phytohormones ethylene. Pre-sowing seed 

treatment with growth regulators has been reported to enhance seed emergence. Exogenously 

applied ethylene or its immediate precursor 1-aminocyclopropane-1-carboxylic acid (ACC) 

stimulates the seed germination and breaks dormancy of many species (Kepezynski and 

Kepezynska, 1997). Bleecker et al. (1988) observed a delayed germination in ethylene 

insensitive mutants, etr1-1 of Arabidopsis. The addition of ethylene in the germinating 

medium resulted in accelerated germination of Arabidopsis seeds, and addition of inhibitor of 

ethylene (norbornadiene) delayed seed germination.  

 Involvement of gaseous hormone ethylene in seed germination is broadly 

acknowledged but the detailed mechanism is not very clear. The process of seed germination 

starts with imbibition of the dry seed and ends when the radicle has emerged through all the 

coats enveloping the embryo (Finch-Savage and Leubner-Metzger, 2006). In a mature seed, 

the embryo is covered by two coats: a single layer of living endosperm cells (aleurone layer) 

and a dead testa (seed coat). Testa rupture and endosperm rupture are two sequential events 

during the germination. One possible reason of enhanced germination by ethylene may be the 

stimulation of degradative enzymes (Cervantes et al., 1994; Nascimento et al., 1999a; 

Petruzzelli et al., 1999). Separation of cells because of activation of cell wall degrading 

enzymes, such as endo-b-1, 4-glucanases, endopolygalacturonase, some isoforms of α- and β-

galactosidase, α-arabinosidase, and galactanase, show ethylene-dependency (Pech et al., 
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1999). Jones (1968) reported that ethylene increased the rate of α-amylase secretion (not 

synthesis) from barley half-seeds. Although ethylene itself has no effect on α-amylase 

formation from rice half-seeds, it does increase the total levels of the enzyme in seeds treated 

simultaneously with gibberellin. Use of biomechanical, physiological, enzyme, and transcript 

expression analyses provide direct evidence for a novel mechanism of ethylene action during 

Lepidium seed germination found that ethylene promotes endosperm rupture by promoting 

endosperm weakening and by counteracting the ABA inhibition. Parallel experiments with 

Arabidopsis mutants that are defective in ethylene biosynthesis and signaling provided 

further evidence to support our conclusion that endosperm cap weakening is a major target of 

ethylene. 

 A rise in Adenosine triphosphate (ATP) content occurs in cocklebur and Indian rice 

grass seeds treated with ethephon regardless of the dormancy status, the ATP level in dry 

seed is very low and undetectable on occasion. In imbibed seeds, ATP is produced via three 

processes; Cytosolic glycolysis, the Tricarboxylic acid (TCA) cycle and oxidative electron 

transfer in mitochondria. One of the steps of ATP production during glycolysis is the 

conversion of phosphoenol pyruvate (PEP) to pyruvate that is catalyzed by pyruvate kinase 

in the presence of adenosine diphosphate (ADP). The addition of ethephon during imbibition 

increased the ability of embryonic axes from dormant peanut seeds to accumulate ATP in the 

presence of PEP, but it had no effect on ATP accumulation in cotyledons (Pearl, 1982a). It 

was demonstrated that ATP can be synthesized from PEP and Adenosine monophosphate 

(AMP) in cell free extracts. The growth promoting action of ethylene occurs predominately 

in cotyledons tissues (Pearl, 1982b). In cocklebur seeds, the germination promoting effect of 

ethylene was not found when it was applied only during the initial period of imbibition 

(Esashi et al., 1990). These facts imply that the ethephon stimulation of ATP production via 

glycolysis in the axial tissue is not directly related to ethylene action in controlling seed 

germination. On the other hand, ethylene is known to stimulate aerobic respiration, especially 

via the alternative Cyanide-resistant pathway (Esashi et al., 1987) in various plant organs. 

Aerobic respiration in the imbibed cocklebur seed was enhanced by ethylene (Jones and Hall, 

1981), but the degree of enhancement was very slight during early imbibition. Also, O2 

consumption from S. arvensis seeds increased 60 h after addition of ethylene, suggesting that 

the increase of aerobic respiration by ethylene in imbibing seed is not a direct effect and 
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increased ATP production by ethylene is due to mitochondrial respiration that develops with 

time after soaking of the seed. 

 Ketring (1977) suggested some possible mechanisms for ethylene action during seed 

germination: a) by interacting with endogenous hormones (e.g. abscisic acid- ABA); b) by 

interaction with growth promoters required to maximize a given physiology response; c) by 

interaction in physiological response not specific for a single growth promoter; and d) by 

affecting enzyme synthesis and secretion. Stimulation of synthesis of some enzymes by 

ethylene has also been reported by Cervantes et al. (1994) and Hasegawa et al. (1995). 

Abscisic acid reduces ethylene production in dormant, imbibed and after-ripened non-

dormant peanut seeds (Ketring and Morgan, 1970). Abscisic acid also inhibits both ethylene 

production and germination of chickpea seeds (Gallardo et al., 1991). Exogenous ethylene 

overcomes the inhibitory effects of ABA on germination of dormant peanut seeds (Ketring 

and Morgan, 1970). In lettuce seeds the release of dormancy by ethylene, however, was not a 

result of decrease in ABA-like compounds (Rao et al., 1975), since that ethrel-induced 

germination during seed imbibition was suppressed in the presence of ABA. In current 

studies endogenous ethylene promoted seed germination and decreased sensitivity to 

endogenous ABA in Arabidopsis (Beaudoin et al., 2002). Thus ethylene appeared as a 

negative regulator of ABA (Ghassemian et al., 2002). 

 Sharples (1973) observed accelerated rate of seed germination in lettuce by ethephon 

treatment, and practically increase in germination was observed during the first 24 hours after 

imbibition. Soaking of seeds in ethephon at 480 mg L-1 for 24 h improved germination in 

muskmelon, bottle gourd, squash melon and watermelon at low temperature. In many plant 

species ethylene binding is needed to break dormancy of seeds. During many cases 

germination is impaired because of embryo or coat dormancy, adverse environmental 

conditions or presence of inhibitors, so under such conditions ethylene can stimulate the 

germination process (Ketring and Morgan, 1970; Burdett and Vidaver, 1971; Rao et al., 

1975; Ketring, 1977; Esashi et al., 1978; Egley, 1980; Abeles, 1986; Gallardo, 1991; Huang 

and Khan, 1992; Dutta and Bradford, 1994; Pech et al., 1999; Beaudoin et al., 2002; 

Ghassemian et al., 2002). Main problem has been observed in potato where freshly harvested 

tubers failed to sprout before the termination of rest period. Chemicals which have been 

reported to break the rest period are gibbrelic acid (GA), ethylene chlorhydrin and thiourea. 
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The treatment which has been used for breaking of dormancy in potato comprised of the 

vapour treatment with ethylene chlorhydrin (1 L per 20 q) followed by dipping in solution of 

thiourea (1%) for 1h finally in GA (1 mg L-1) for 2 seconds. 

 Sometimes, ethylene delays or does not affect seed germination (Esashi et al., 1991). 

Dormancy of seeds is of two types: (1) primary or embryo dormancy and (2) coat 

imposed dormancy. Primary dormancy occurs due to complete failure of seed growth 

and secondary is the result of mechanical restriction imposed by seed coat. Ethylene 

stimulates the germination and releases the dormancy of many kind of such seeds including 

peanut (Arachis hypogaea), lettuce (Lactuca sativa), clover (Trifolium repens), douglas fir 

(Brono and Taylor, 1975), Galeola septentrionalis (Nakamura et al., 1975), ragweed 

(Brennan et al., 1978), redroot pigweed (Egley, 1980), sunflower (Srivastava and Dey, 

1982), Striga bermonthica (Bebawi and Eple, 1986), apple (Kepezynski et al., 1977) and 

curly dock (Simimy and Khan, 1983). The inhibitory effect of high temperature on lettuce 

seed germination can be overcome by exogenous ethylene (Abeles and Lonski, 1969; Abeles, 

1986; Huang and Khan, 1992; Nascimento et al., 1999a; 1999b). Ethylene evolution or 

addition of 1-aminocyclopropane-1-carboxilic acid (ACC) has been associated with 

increased activity of cell-wall enzyme (endo-β-mannanase). This enzyme weakens the 

endosperm and allows lettuce seed germination at high temperature. It is conceivable that one 

explanation for ethylene action during germination is to enhance the mobilization of food 

reserves, as opposed to any direct effect on dormancy itself. In fact, experiments with lettuce 

seeds demonstrated that the action of ethylene was not directed toward a release of dormancy 

itself, but rather toward some other processes associated with germination. 

 However, sometimes ethylene delays or does not affect seed germination (Esashi 

et al., 1991). The germination of Potentilla norvegica (rough cinquefoil) responsive to red 

light is almost completely prevented by ethylene at concentrations as low as 1 uL L-1 

(Taylorson, 1979). The two opposing actions of ethylene in controlling seed germination may 

imply a threshold effect of ethylene such that it acts as a germination stimulator at higher 

concentrations, and an inhibitor at lower concentrations. 

 In case where dormancy of seed is induced due to the presence of salinity, ethephon 

(commonly called liquid ethylene) has been reported to improve germination. On 800 mM 

NaCl salinity level seed germination of Chenopodiaceae (Allenrofea occidentalis) was 
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completely inhibited. To offset the inhibitory effects of salinity, three compounds Fusicoccin 

(5 μM), Ethephon (10 μM) and nitrogenous compounds (20 μM nitrate and 10 μM thiourea) 

were found effective (Gul and Weber, 1998). Low concentration of ethylene, its precursor 1-

aminocyclopropane-1-carboxylic acid (ACC) and ACC oxidase activity have been reported 

to produce by dormant or non-dormant inhibited seeds than non-dormant seeds (Kepczynski 

and Kepczynska, 1997). In leaf cultures of Coffea canephora somatic embryogenesis is a 

process in which explants always produced a small concentration of ethylene (Tomoko et al., 

1975). In the presence of an absorbent ethylene is removed, thus number of somatic embryos 

is reduced by induction of cytokinins. Application of ethylene inhibitors like CO2
+ and Ag+ 

ions repressed the formation of embryos. Exogenous ethylene (12 μL L-1) partially 

overcomes the effect of CO2
+ ions.  

 Effects of ethylene and ethylene inhibitors were investigated by Jacquiline et al. 

(2000) on barley seed germination and seedling growth. 100 µM concentration of 

exogenously applied 1-aminocyclopropane-1- carboxylic acid (ACC) enhanced ethylene 

production and stimulated growth of barley seedlings. While the presence of ethylene 

inhibitors (75 µM Ag+ ions and 100 µM 2,5 nonbornadine (NBD) also inhibited the 

germination and seedling growth. Ribeiro and Barros (2004) studied the germination of 

scarified dormant seeds of Townsville stylo (Stylosanthes humilis). Normally seed 

germination is very low in Petri dishes, but appreciable germination was recorded in sealed 

Erlenmeyer flasks when ethylene was accumulated in their atmospheres. Germination of 

dormant seeds was drastically decreased when ethylene in the flask atmosphere was fixed by 

a mercuric perchlorate solution. When ethylene biosynthesis was completely blocked no 

germination was observed in dormant and non-dormant seeds. 

 Improved seed germination and growth of okra with application of ethylene releasing 

compound calcium carbide, a solid material, has been proved by Kashif et al. (2011). 

Calcium carbide absorbs moisture from soil and releases acetylene gas which is converted by 

the microbial activities to plant hormone ethylene. Under closed conditions this material was 

applied to okra seeds and its physico-chemical changes in seed during germination were 

observed. It was concluded from the experiment that calcium carbide has a definite role in 

okra seed germination as there was early germination and root formation observed in treated 

seeds with a callus formation on the roots of germinating seeds which developed into 
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secondary roots in very short time as compare to control in the same period. It was also 

observed that in treated okra plants, early flowering and fruit formation was initiated which 

contributed about 27 % more green pod yield in okra. They also reported an early secondary 

root formation as well as a well developed root system at initial stages thereby increasing 

plant ability to absorb nutrients from a wider root zone. 

 

ii- Plant growth  

 Depending on the species and the environmental conditions plant organs generate 

ethylene to the surrounding environment. Plants vary considerably in their response to 

variation in ethylene production (direction and intensity). For a long period of time ethylene 

has been documented as a growth inhibitor because it can reduce cell elongation (Abeles et 

al., 1992; Smalle and Straeten, 1997). However, later evidences came to know that 

accumulating ethylene can also promote growth in numerous tissue types and species. Hence, 

the general perception of growth inhibition by ethylene needs to be re-examined. Literature 

given here helps in understanding the biphasic roles played by ethylene.  

 Ethylene-mediated stimulation of growth has been reported by many researchers. In 

rice strongly enhanced shoot elongation by cell wall loosening and formation of lysigenous 

aerenchyma in maiz plants by stimulating the release of cellulase and pectinase enzymes are 

the most pronounced examples of ethylene mediated changes (Voesenek et al., 2006). 

Sensitivity and biosynthesis of ethylene in vegetative tissues, seedlings, ripening fruits and 

senescing flowers is highly regulated phenomenon (Fluhr and Mattoo, 1996; Johnson and 

Ecker, 1998). Neljubov (1901) described the triple response (shortened, thickened hypocotyls 

and a pronounced apical hook curvature) that indicates the plant’s sensitivity to ethylene and 

may be generally regulated in seedlings by changing the concentration of ethylene (Guzman 

and Ecker, 1990; Abeles et al., 1992).  

 In stem tissue restricted auxin movement is caused by ethylene. Perhaps it may 

reduce the stem elongation mediated by auxin (Morgan and Gausman, 1966). Reduced stem 

and leaf elongation but promotion in lateral branching was observed in response to ethephon 

application (Hayashi et al., 2001; Ouzounidou et al., 2008). Effect of applied ethylene and 

shoot growth responses were also studied by Fiorani et al. (2002) in four Poa (meadow-

grass) species; two of them were rapid growing (Poa annua and Poa triviali) and two slow 
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growing (Poa alpine and Poa compressa). These species were genetically different with 

respect to leaf elongation rate and whole plant relative growth rate. The shoots of the slow 

growing species daily released 30 to 50 % less ethylene compared with the fast-growing 

species. The leaf elongation rate in fast growing species was more strongly restricted at 

concentration of 1μL L-1 ethylene. However, in slow growing species ethylene concentrations 

of 0.02 to 0.03 μL L-1 stimulated leaf growth. Exogenous ethylene application induced cell 

division (CD) in potato tubers (Ilker et al., 1977) and pine (Barker, 1979). It also induced cell 

enlargement (CE) in rice (Ku et al., 1970; Smith and Robertson, 1971), aquatic plants 

(Metzer, 1984) and fig fruits (Maxie and Crane, 1968). Ethylene also regulates leaf 

expansion and generally inhibits it at high concentration, but its low concentration can 

stimulate leaf expansion. Ehtylene has been shown to influence leaf expansion due to its 

more impact on cell enlargement instead of division of cells (Kieber et al., 1993; Rodriguez 

et al., 1993). At higher concentration of ethephon a reduction was noted in the area of the 

primary leaves of Helianthus annus (Lee and Reid, 1997), and in mustard (Lone 2001; Mir 

2002; Mir et al., 2009a). 

 Exogenously applied ethylene at large concentration may induce senescence of leaf. 

Grewal et al. (1993) noted that foliar spray of 500 μL L-1 ethrel with basal 50 kg N ha-1, 

resulted in more leaf area index (LAI) in field grown Brassica napus L., whereas 1000 μL L-1 

ethrel proved to be more beneficial with rate of 100 kg N ha-1. Exogenous ethylene 

application to pea apex and root (Apelbaum and Burg, 1972) and to fig fruit (Maxie and 

Crane, 1968), suppressed only cell division (CD). However, increase in cell enlargement 

(CE) was observed due to ethylene. High or low levels of ethylene at a particular 

developmental phase may, therefore, be used as a tool to change growth pattern of plant.  

 In plants the development of root system is an elaborated and highly regulated 

process that is responsive to environment and is fundamental to the overall well being of 

plants and to ensure heavy crop yields (Gales, 1983). Two basal developmental processes are 

responsible for root growth: 1) meristematic cell division in the root apex, 2) cell elongation 

(Scheres et al., 2002). Ethylene strongly inhibits the elongation of these cells as manifested 

by their short length (Le et al., 2001). In root meristem reduced activity or premature cell 

differentiation leads to inhibition of root growth and/or complete collapse occurs in extreme 

cases (Blilou et al., 2005). The development of roots is at least as sensitive to ethylene as 
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other plant parts, and root tissues produce this gas in amounts that often reflects conditions at 

the root soil interface. Ethylene may, therefore, be especially influential in fashioning the 

root system. Direct application of ethylene gas to roots has been observed to have either a 

stimulatory or inhibitory influence depending on the concentration applied.  

 Ethylene significantly inhibits elongation and promotes radial expansion of root of 

Arabidopsis. Ethylene precursor ACC also exerts similar effects on root growth. Both 

ethylene and ACC are effective and fast in induction of root hairs (Masucci and Schiefelbein, 

1996; Pitts et al., 1998; Tanimoto et al., 1995) and decrease cell elongation within minutes 

after incubation (Le et al., 2001). With longer incubation times, ethylene affects the overall 

root shape, decrease root length and increase thickness. 

 In contrast to the above findings regarding growth inhibition in response to ethylene 

there are reports showing low concentration (i.e. below 0.1 µL L-1) can stimulate leaf 

expansion (Lee and Reid 1997; Fiorani et al., 2002), stem (Emery et al., 1994; Suge et al., 

1997; Pierik et al., 2003) and root elongation (Konings and Jackson, 1979). A biphasic model 

was proposed for the explanation of these variable responses (Konings and Jackson, 1979; 

Lee and Reid 1997), that low level promotes and high level inhibits cell expansion. Smith 

and Robertson (1971) reported that exogenously applied ethylene gas at concentration less 

than 1 ppm inhibited extension of roots in barley while in rice and rye crops root extension 

was enhanced. However, concentration of 10 ppm reduced root extension in both rice and 

rye. The reduction was recorded up to 25 % in rice and 40 % in rye. For two consecutive 

years, ethylene was applied as a soil treatment at the rate of 1.59 and 3.14 kg ha-1 and it was 

observed that ethylene significantly increased the yield of cotton and sorghum by 25 and 13 

% (Freytag et al., 1972). Effect of ethylene application on barley was studied by Crossett and 

Campbell (1975). They found that both root and shoot weights were reduced slightly by 

ethylene treatment but seminal root extension was inhibited greatly whereas lateral and 

splitting root growth was stimulated. Low concentrations of  ethylene, usually well below 1 

uL L-1 have been establish to promote root elongation in many species such as broad bean, 

rice, tomato, maize and peanut when roots of intact seedlings of these species are grown 

under well aerated conditions. Ethephon also found to involve in increasing seedling root 

length in watermelon (Citrillus lanatus). Research suggests that a small amount of ethylene 
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enhances root extension in a range of species in relation to the amount of endogenous 

ethylene present (Mattoo and Suttle, 1991).  

 So fart the effects of ethylene on root growth have not been explained by major 

modifications in rates of cell division or in cell death. Effect of ethylene on cell elongation in 

roots after immediate treatment was investigated by Le et al. (2001) using confocal 

microscopy and direct observation. The results showed that in the root elongation zone, a 

concentration dependent down regulation was observed by ethylene. Later, this effect was 

coupled with re-orientation of microtubules in cells of root epidermis (Li et al., 2004). Kashif 

et al. (2007) reported significantly improved root and shoot weights in tomato (Lycopersicon 

esculentum Mill.) with application of ethylene releasing compound calcium carbide along 

with recommended dose of fertilizer as compare to L-methionine or fertilizer alone. 

 

iii- Photosynthetic activity 

 Photosynthesis is the main driving force for biomass accumulation. Different intrinsic 

and extrinsic factors at both the cellular and organ levels control photosynthesis (Lawlor, 

2001). Among these various factors which influence photosynthesis, plant hormones are 

important in regulation of photosynthesis, and growth processes (Brenner and Cheikh, 1995; 

Arteca, 1997) delivering photosynthetic responses by altering photosynthesis and respiration 

balance (Makeev et al., 1992) and changes in efficiency of carboxylation (Foroutan-Pour et 

al., 1997). Phytohormone ethylene influences many aspects of plant growth and 

photosynthesis (Abeles et al., 1992; Fiorani et al., 2002; Pierik et al., 2006; Acharya and 

Assmann, 2009). There is not clear understanding of the role of ethylene in regulating 

stomatal conductance and photosynthesis. Contradictory claims have been reported in the 

literature relating ethylene dependent stomatal opening and photosynthesis (Taylor and 

Gunderson, 1986, 1989; Kamaluddin and Zwiazek, 2002; Desikan et al. 2006). Studies have 

shown that ethylene stimulates auxin-mediated stomatal opening in Vicia faba (Merritt et al., 

2001) and abscisic acid (ABA) mediated stomatal closure in Arabidopsis thaliana (Tanaka et 

al., 2005). On contrast, some researchers have reported stomatal closure by ethylene (Pallas 

and Kays, 1982; Madhavan et al., 1983). Ethylene mediated stomatal conductance and thus 

photosynthesis appears to depend upon concentration (Khan, 2004a) as well as species.  
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Many researchers have reported either photosynthesis improved (Buhler et al., 1978; Grewal 

and Kolar, 1990; Subrahmanyam and Rathore, 1992; Grewal et al., 1993; Khan et al., 2000) 

or reduced (Kays and Pallas, 1980; Rajala and Peltonen-Sainio, 2001; Khan, 2005) by 

ethephon (2-chloroethyl phosphonic acid) application. Modified stomatal conductance and 

photosynthesis depend on ethylene production and sensitivity (Pierik et al., 2006).   

 Khan (2004) studied the ethylene regulated physiological processes that bring about 

changes in photosynthesis. Ethylene biosynthesis, stomatal and mesophyll effects in response 

to ethephon (an ethylene releasing compound) treatment were studied in mustard cultivars 

having differential photosynthetic ability. On 30 days after sowing of mustard cultivars 

ethephon was sprayed @ 0, 0.75, 1.5 and 3 mM. The results revealed that photosynthetic rate 

increased and stomatal conductance reached maximum by increasing ethephon concentration 

upto 1.5 mM. While inhibitory effect of ethephon was observed at concentration of 3 mM. 

Several studies conducted by Grewal et al. (1993), Subrahmanyam and Rathore (1992 a,b), 

Khan et al. (2000), Khan (2004 b) and Mir et al. (2009 a,b,c) have reported increased 

photosynthesis by spraying ethrel. Ethrel is remarkable ethylene releasing agent involved in a 

diverse array of cellular, developmental and stress-released processes and recommended to 

use for several crops of horticulture and agronomic importance.  

 Mir et al. (2010) applied ethrel to cereal crops to prevent lodging, thereby reducing 

yield losses and deterioration of grain quality and to mustard for increasing yield. There 

studies highlighted the pivotal role played by the ethrel along with basal dose of nitrogen on 

physiological characteristics like chlorophyll content, photosynthesis, photosynthetically 

active radiation, ethylene evolution in addition to yield characteristics like; grain yield, 

biological yield, harvest index, oil content and quality characteristics like oil content, acid 

value, iodine value and saponification value.  

 Abbasi et al. (2009) also observed in a field trial conducted on potatoes that area of 

leaf, net photosynthatic rate and number of stems per plant appreciably increased by the 

application of ethylene source encapsulated calcium carbide at the rate of 60 and 90 kg ha-1. 

This significant increase in photosynthetic rate was evidently due to better vegetative growth 

which in turn is the result of high ethylene generation in the rhizosphere (Brown and Early 

1973; Keerthisinghe et al., 1993, 1996; Seenewera et al., 2003) resulted in high N 

availability to plants treated with encapsulated calcium carbide. This increase in 
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photosynthesis might be due to the increased chlorophyll content per unit area of leaf 

(Grewal et al., 1993) or by greater light interception (Woodrow and Grodzinski, 1989). 

 Mir et al. (2010a) conducted field study on two mustard (Brassia juncea L.) cultivars 

namely “Alankar” and “PBM-16” under irrigated and non-irrigated conditions to assess the 

effect of application of ethrel (200 μL L-1) on growth and characteristics of photosynthesis. 

At flowering stage (60 days after sowing) of mustard crop ethrel was sprayed. On 80 and 100 

days after sowing it was observed that leaf area index, plant dry mass, net photosynthetic 

rate, internal CO2 concentration, stomatal conductance, transpiration rate, carboxylation 

efficiency, photosynthetic water use efficiency and plant use efficiency were increased by 

40.1, 25.0, 30.1, 15.8, 12.9, 9.9, 12.9, 20.8 and 15.1%, respectively by application of 200 μL 

L-1 ethrel.  

 The ethylene response also depends on the availability of mineral nutrients (Lynch 

and Brown, 1997; Borch et al., 1999; Kim et al., 2008; Khan et al., 2008; Garnica et al., 

2009; Jung et al., 2009). Recently, Benlloch et al. (2010) have reported that deficiency of 

potassium increases ethylene production and reduces stomatal responsiveness. Nitrogen (N) 

availability influences photosynthesis by affecting the photosynthetic machinery (Marschner, 

1995; Nobel, 2009), stomatal conductance (Chapin et al., 1988; Dodd et al., 2003; Hossain et 

al., 2010) and ethylene production (Lynch and Brown, 1997; Khan et al., 2008). Earlier, it 

was reported that ethephon application increased photosynthesis and growth of mustard 

under high N levels (Khan et al., 2000, 2008) but the interactive effect of ethylene and N on 

the photosynthetic response has not been worked out in detail. The reason for increase in 

photosynthesis and growth with ethephon and N may be due to changes in activity of 

ribulose 1,5-bisphosphate carboxylase (Rubisco) and carboxylation efficiency (CE) which 

are directly mediated by ethylene and indirectly by regulating stomatal opening and closing. 

 Iqbal et al. (2011) studied stomatal conductance and photosynthetic characteristics of 

mustard in response to applied ethephon (2-chloroethyl phosphonic acid) at 40 days after 

sowing (DAS) under optimal and low N application (80 and 40 mg N kg-1 soil, respectively). 

Photosynthetic rate, stomatal conductance, and internal CO2 concentration were enhanced by 

44.4, 34.1, and 35%, respectively with 200 µL L-1 ethephon application and 80 mg N kg-1soil. 

Increased ethylene and decreased glucose sensitivity was observed by ethephon application 

at each level of N, which in turn affected photosynthetic machinery and stomatal 
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conductance. Nitrogen use efficiency (NUE) of plants spraying with 200 µL L-1 ethephon 

and application of 80 mg N kg-1 soil was about doubled than plants receiving 200 µL L-1 

ethephon and 40 mg kg-1 soil nitrogen. 

 

iv- Flower and fruit setting 

 The manipulation of growth to increase productivity and quality of produce is the 

basis for most of the research conducted on plants. Many compounds are being used to speed 

up flowering and fruiting in plants. Plant hormones are organic compounds that are produced 

in plants and regulate certain responses such as bud development and fruit setting. Recently 

materials similar to the natural plant hormones have been produced artificially. These have 

been termed growth regulating substances, growth promoting substances, or growth 

substances. Growth of plant was found to be influenced by the interaction of these growth 

regulating substances and nutrients. Plant hormones establish or maintain the balance among 

different factors responsible for flower initiation. Flowering has been hastened or delayed by 

PGR depending on species (Latimer, 1991). Flower number of different crops was found to 

be positively responsive towards exogenous application of growth substances (Morgan et al., 

1983; Friends, 1985). Induction of flowering in plants which otherwise fail to flower has also 

been reported with the use of various plant growth regulators. Formation of female flowers is 

promoted by ethylene and auxin whereas gibberellins accelerate male flowers induction 

(Ram et al., 2001). Cucumber, squash, and muskmelon plants bearing male flowers have 

been turned to produce female flowers after treatments with ethylene releasing compound 

Ethephon liberate ethylene and improved its level in plant tissue (Rudich et al., 1990). The 

increase in number of flowers most probably appeared in more fruit sets per plant and thus 

improved yield. Poor fruit set is a major problem in tomato, brinjal and chilies which is 

frequently caused by adverse weather conditions during flowering. Plant growth regulators 

have been reported to enhance fruit set under both normal and unfavorable conditions. 

 In agricultural plants flowering is enhanced by applying ethylene-releasing 

compounds (Abeles et al., 1992; Marie-Louise et al., 1998). In angiosperms improved 

flowering by ethylene is well documented. Banno et al. (1986) found that after shoot growth 

termination in the summer, the application of ethephon to pear trees increased the number of 

flowers in the up coming year by three folds.  
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Devlin and Kay (2000) reported ethylene mediated behaviour of flowering genes such as 

ACS10 in Arabidopsis (Figure 2.2). A synergistic effect of ethrel application on GA3 

induction was demonstrated in Cryptomeria japonica and loblolly pine. In Norway spruce 

number of female cones was doubled by ethyl application. However, in Douglas fir no effect 

of ethyl was found. Normally ethylene is applied to the plants in the form of ethephon at 12 

to 24 months at the rate of 25 to 100 ppm. It is applied either by mixing with some carrier 

(urea or activated charcoal) or in pure form. Depending on month of year, size of plant and 

temperature accelerated flower induction was observed in 25 to 45 days. However, regarding 

to the cost ethylene is much more expansive than calcium carbide. Calcium carbide is a 

synthetic material when sprayed on the plants releases acetylene gas that acts as an ethylene 

precursor on entering the plant thus stimulating the flowering process (Coody, 1996).  

 Siddiq et al. (2009) compared the effects of two ethylene precursors (L-methionine 

and CaC2) on growth and yield parameters of tomato. Both precursors L-methionine @ 1 mg 

kg -1soil in solution form and CaC2 @ 15 mg kg-1 soil in gelatin capsules were applied alone 

and with recommended rates of NPK fertilizers. Both precursors were applied after 10 days 

of transplantation. Both precursors significantly affected the parameters regarding number of 

flowers and number of fruits in with recommended fertilizers compared with control and 

fertilizer alone. However, number of flowers was reduced in treatments of alone CaC2 or L-

methionine application. 
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Figure 2.2 Behaviour of flowering genes such as ACS10 mediated by ethylene in 

Arabidopsis thaliana (Devlin and Kay, 2000)  
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v- Nutrient uptake  

 The need for efficient use of fertilizer nutrients by crops has also necessitated 

studying the relationship between plant’s hormonal regulation and absorption of nutrients for 

growth and yield. Plant growth regulators are identified to manipulate ion transport by 

influencing membrane characteristics and functions. Plant growth regulators have affiliated 

with strengthening of assimilate translocation in recognized sink-source system (Thomas, 

1986; Patrick and Steains, 1987). There are many instances which suggest that nutrients and 

growth regulators can interact in a variety of ways. Deficient and toxic levels of nutrients can 

affect the concentrations of specific hormones, and in turn, hormones have the capacity to 

direct the translocation and accumulation of nutrients in plants (Kuiper et al., 1989). 

Hormones can speed up metabolism of plants and make efficient use of chemical fertilizers, 

implying that less fertilizer would be utilized effectively when hormones are adequately 

supplied. Hormone treatment of seed and plant therefore, is perhaps even more important 

than hybrid seed development.  

 Controversial findings have been reported about the effects of growth regulators on 

absorption and transportation of ions either directly due to some kind of interaction with 

membranes (Lea and Collins, 1979) or indirectly through effects on metabolism. Owing to 

the modifications in the trends of assimilate distribution considerable increase in the crop 

produce was observed (Addo-Quaye et al., 1986) by action of plant hormones. This newly 

fixed carbon is allocated into different metabolic products and thus growth activity of the 

whole plant is influenced (Champigny, 1985). Foliar application of ethylene releasing 

compound “ethrel” at the rate of 200 ppm at the flower initiation stage increased the uptake 

of N, P and K in soybean plants (Singh et al., 1987).  

 Ethephon had a strong effect on cultivar N use efficiency and in particular on the role 

of N uptake efficiency in winter wheat (Van Sanford et al., 1989). Use of ethephon resulted 

in an increased N uptake in barley (Bulman and Smith, 1993) and Indian mustard 

(Suberhmanyam and Rathore, 1992; Khan, 1998; Khan et al., 2000). Contrarily Dhakal and 

Erdi (1986) found that either lower or higher concentration of ethylene do not affect K+ and 

Na+ levels in winter wheat. Results of a field trial conducted on mustard (Brassica juncea) 

under irrigated (Khan, 1998) and non-irrigated conditions (Khan et al., 2000; Lone, 2001 and 

Mir, 2002) reported that ethrel treated plants accumulated higher N contents in plant and seed 



 23

thus improved nitrogen harvest index (Khan, 1998). Under non irrigated conditions plants 

sprayed with ethrel, more efficiently utilized N from the soil thus showed improved nitrogen 

harvest index and yield (Khan et al., 2000; Lone, 2001). Mir (2002) and Mir et al. (2009c) 

had reported impressive increase in nitrogen uptake efficiency, nitrate reductase activity in 

leaves and nitrogen utilization efficiency of mustard in response to ethrel application at basal 

N dose of 80 kg ha-1. In addition, ethylene can speed up photosynthesis by allocating more N 

to the photosynthetic machinery. In crops, there has been observed a linear increase in 

Rubisco content with N uptake and leaf N content (Makino et al., 1997; Nakano et al., 1997). 

Mahmood et al. (2002) conducted a pot experiment on wheat where ethylene releasing 

compound calcium carbide (CaC2) was applied with and without NPK fertilizers at different 

times. Application of CaC2 after one week of germination was found most efficient not only 

in increasing yield attributes but chemical analysis of grains and straw also revealed that P 

and K contents increased with application of CaC2 plus recommended NPK fertilizers 

compare with control. 

 

vi- Yield  

 Studies have shown that slow release of ethylene from different ethylene releasing 

compounds in the soil environment, increases the yield potential of various crops like 

hempseed, cucumber, tomato and potato. It is stated that CaC2 applied in appropriate 

formulation could promote plant growth by dual mechanism, i.e., reduction of nitrogen losses 

and release of physiologically dynamic concentration of pant hormone ethylene in 

rhizosphere (Lin et al., 2005). The effects of ethylene released from different compound on 

yield of crops are reviewed below.  

 Sharma and Yadav (1996) reported increased growth and yield of rice and wheat 

followed by the application of CaC2. Brown and Early (1973) studied the effect of ethrel (an 

acetylene + ethylene producer) application on wheat and oat. They reported efficient 

reduction in lodging of crops by ethrel application at the rate of 2.24 kg ha-1 while 

application @ 0.56 kg ha-1 significantly increased the yield of crops. The yield was increased 

upto 15.8 and 7.8 % in wheat and oat, respectively.  

 Muromtsev et al. (1991) conducted field trial with a CaC2 based soil amendment 

(Retprol). They reported 35-50 % increased yield as well as accelerated ripening and 
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improved quality by adding Retprol to soil @ 120 kg ha-1 in dry form during growth stage of 

3-4 true leaves of tomato (Lebyazhinski variety). Increase in the average weight of fruit, 

flesh, ascorbic acid and sugar contents was also reported. In another trial, Muromtsev et al. 

(1993) reported that Retprol increased the cluster number, the mean fruit weight and 

proportion of ripe fruit weight of tomato by 20 to 50% compared with control. The 

commercial trials indicated that Retprol applied @ 30 kg ha-1 increased the tomato yield by 

33% compared to control. The harvest of tomato and cucumber increased by 20 to 25% with 

gross yield increase of 10 to 15% (Muromtsev et al., 1995). The highest per hectare fruit 

yield was recorded under the influence of 500 ppm ethrel in comparison to other treatments 

in muskmelon (Sidhu et al., 1982). 

 Dahnous et al. (1982) studied the effects of foliar application of ethephon on field 

grown plants of wheat, barley and triticales and found that treatments reduced elongation on 

tall cereals and increased the harvestable yield by reducing lodging. Wiersma et al. (1996) 

studied the effect of plant growth regulator (PGR) ethephon on yield, lodging and plant 

height of wheat. The study showed that ethephon reduced lodging and plant height, and 

increased grain yield on an average 6.4 %. Khan (1996) reported that ethrel in association 

with nitrogen significantly increased number of pods per plant, seed per pod, 1000 seed 

weight, seed yield, oil content and oil yield in mustard. The number of pods per plant and 

number of seeds per pod increased sufficiently with 500 and 1000 μL L-1 ethrel only at 50 

and 100 kg N ha-1 in Brassica juncea.  

 Bibik et al. (1995) conducted two year trials with potato varieties to evaluate effect of 

Retprol (calcium carbide based formulation) and CaC2 (in liquid). They reported that the 

application of different levels/rates of the C2H4 releasing products (Retprol and CaC2) to both 

tested varieties improved 25-80 % number of tubers and 29-121 % tuber yield. Chaiwanakupt 

et al. (1996) also reported that by adding wax coated calcium carbide grain yield of rice 

increased upto 31 %.  

 Shekoofa and Emam (2006) performed field trials to study the growth, yield and yield 

components of maize under different levels of irrigation, plant density and foliar application 

of ethephon at different levels (0, 0.56, 0.85 kg ha-1). On increasing the application rates of 

ethephon a considerable reduction in early season plant height, leaf area index and leaf area 
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index duration was recorded. Ethephon treatment proved more beneficial for grain yield with 

higher plant density and under water stressed conditions.    

 According to Rao and Fritz (1987), foliar application of ethephon increased yield of 

rice by 10 to 45 %. Effect of ethephon on yield and yield contributing components of rain fed 

barley in arid (150 mm rainfall) and semi-arid (346 mm rainfall) regions were studied by Al-

Jamali et al. (2002). Ethephon was applied at different plant growth stages on tillering, stem 

elongation and flowering stage. Decrease in grain yield was observed when ethephon applied 

at tillering and stem elongation stage compared with the later stage (i.e. flowering) for both 

arid and semi arid locations. For both locations with ethephon sprays at these growth stages a 

reduction in spike m-2 was noted compared to the control. In both locations no difference in 

earliness (50 % heading) was observed in spraying times but ethephon always delayed 

heading. However, ethephon increased grain yield, spike m-2 and earliness when it was used 

with supplementary irrigation.   

 The hormonal effect of ethylene liberated by encapsulated calcium carbide (ECC) 

under soil moisture conditions enhances the activity of nutrient use by the plant. The results 

of field trial conducted by Saleem et al. (2002) to evaluate influence of ECC on growth, yield 

and chemical composition of okra showed that application of CaC2 @ 90 kg  ha-1 was most 

effective in yield and yield contributing factors like number of green pods per plant, fresh 

and dry weights of shoot and root and internodal length. While plant height decreased with 

increase in CaC2 application rate. The chemical analysis of green pods and plant root 

revealed that P and K contents increased with increase in rate of CaC2 from 0-90 kg ha-1. 

 Rahim et al. (2004) studied the effect of calcium carbide with and without 

recommended fertilizers on growth and yield of rice (Oryza sativa L.). Application of CaC2 

plus recommended doses of NPK fertilizers increased paddy yield 19 % over control 

(fertilizers alone). Furthermore, calcium carbide was found efficient to improve the crop 

yield and recovery of N from fertilizer. 

 In field experiment Yaseen et al. (2005) the effect of soil applied encapsulated CaC2 

on growth and chemical composition of rice (Oryza sativa L.) was studied. The results 

showed that application of encapsulated CaC2 resulted in 20 % increase in paddy yield over 

NPK fertilizer alone. Chemical analysis of plant parts also indicated that encapsulated CaC2 

promoted N concentration and uptake which might be the result of reduced oxidation of 
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applied fertilizer NH4
+ to NO3

- in the presence of CaC2. Calcium carbide might have affected 

growth and chemical composition of rice by acting as nitrification inhibitor and/or as a 

source of plant hormone ethylene. Similarly Yaseen et al. (2006) applied encapsulated 

calcium carbide at the rate of 30 and 60 mg kg-1 soil to wheat and cotton, respectively. 

Significant increase in the number of tillers, root weight, straw and grain yield was obtained 

in wheat by 45.5, 14.9, 32.8 and 37.3 %, respectively over the fertilizer application alone. In 

case of cotton, the number of bolls, root and seed cotton weight were also increased by 38.5, 

24.5 and 31.0 %, respectively in response to the application of encapsulated calcium carbide 

@ 60 mg kg-1.  

 Ahmad et al. (2004) conducted a pot experiment to evaluate the effect of calcium 

carbide on some agronomic parameters of wheat (Triticum aestivum L.) var. Inqalab-91 that 

was grown alone and with two levels of NPK fertilizers (120-90-60 kg ha-1 and 60-45-30 kg 

ha-1). Calcium carbide @ 60 kg ha-1 was applied 2 and 8 weeks after wheat germination. 

Plant height, number of tillers and spike length were significantly increased when CaC2 was 

applied after two week of germination while number of spikelets and grain yield was 

maximum when CaC2 was applied after 8 weeks of germination. In case of cotton, the 

number of bolls, root and seed cotton weight were also increased by 38.5 %, 24.5 % and 31.0 

%, respectively, in response to the application of encapsulated calcium carbide at 60 mg kg-1. 

Moreover, application of encapsulated CaC2 resulted in greater nitrogen use efficiency NUE 

(> 60 %) by both wheat and cotton crops than that observed at the same rates of N fertilizer 

alone (Ramzan et al., 2006). Further to evaluate the effectiveness of encapsulated CaC2 in 

improving yield of okra (Hibiscus sculentus L.) Kashif et al. (2008) conducted laboratory 

and field experiments. They reported positive response of okra to CaC2 application because 

of significant increase in pod yield (37%) in the treatment where CaC2 @ 60 kg ha
-1

plus half 

of the recommended N fertilizer (60 kg N ha
-1

) was applied compared to control as well as 

fertilizer alone.  

 Different rates (30, 60, 90 and 120 kg ha-1) of encapsulated calcium carbide (ECC) 

were applied to potato (Solanum tuberosum) hybrid variety ‘Sante’ to study pre-harvest 

production and post-harvest performance of this vegetable by Abbasi et al. (2009). The ECC 

was applied twice in the root zone firstly at the time of sowing and secondly two weeks after 

sowing. The results indicated significant reduction in number of days required for sprouting 



 27

of tubers and plant height by the application of ECC compared with the control. Sprouting 

percentage, number of leaves per plant, leaf area, photosynthesis rate, and number of stems 

per plant also significantly increased by the application of ECC @ 60 and 90 kg ha-1. The 

application of ECC @ 60 kg ha-1 increased the tuber yield 40-50%.  

 A positive correlation between CaC2 application and yield attributes of tomato hybrid 

Sahal grown under tunnel structure was observed by Ahmad et al. (2010). They applied 

calcium carbide at different rates (100, 200 and 300 mg plant-1) with different coating 

materials (wax, paraffin, polyethylene, paint and gelatin capsule). Application of different 

formulations of CaC2, caused 1-60 % more flowers, 17-27 % fruits, 18-60 % more flower to 

fruit conversion percentage, 9-63 % increase in fruit yield. They also found polyethylene and 

paint coatings more effective among different coating materials.  

 Shakar et al. (2010) studied the effect of different rates of paint coated CaC2 (0, 100, 

200, 300 and 600 mg pot-1) on growth and yield parameters of cucumber cv. Bolan F-1. 

Calcium carbide was applied along with and with out recommended rates of NPK fertilizer. 

Results revealed a significant increase in total number of flowers, female flower percentage, 

number of fruit, fruit weight, fruit length, fruit diameter and ultimately yield as compared to 

control.  

 

2.1(B) - Effect of ethylene on produce quality parameters  

 Quality of product is a complex characteristic that is controlled by several factors. 

Quality can be characterized by functional values that can be measured or analyzed 

(Auerswald et al., 1999; Schnitzler and Gruda, 2002). The chemical composition and content 

of nutrients significant for the human diet determine the nutritional quality of a product 

(Diana, 2007). Tomatoes being rich source of vitamin C, carotenes, lycopene and phenolic 

compounds are especially important for the human diet (Davey et al., 2000). Fruits and 

vegetables free of wrinkles, blemishes and other skin disorders give pleasing 

appearance to the commodity.  

 In the last decade, quality concerns have become progressively more important 

worldwide and, therefore, many investigations have addressed the impact of plant nutrition 

on the quality of tomato fruit. Tomato quality components include some physical/ visual 

parameters such as colour, firmness, pH, TSS and nutritional components like ascorbic acid, 
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lycopene content etc. These quality attributes are related to their composition at harvest and 

compositional changes during post harvest handling. There are larger genotypic variations in 

tomato quality attributes and it is also possible to improve nutritional quality of cultivars by 

adopting genetic as well as some agronomic approaches. The response of a crop, such as 

tomato, to a particular nutrient status may vary with cultivar and exogenous factors, such as 

cultural practices, substrate and environmental conditions. Optimum vegetative growth, 

better yields and competent fruit quality depends upon proper nutrition to plants. Use of 

phytohormones can improve yield of crops along with quality.  

 In this section, some of the quality attributes, such as colour, ripening, firmness, 

shape, size and composition, which determine quality of produce for consumer’s point of 

view, are reviewed in response to applied plant hormone ethylene. Supplemental ethylene 

may affect some of these processes, or may affect only some of their processes that are 

associated with food quality.  

 

i- Ripening 

 Fruit ripening is the term used for unique coordination of developmental and 

biochemical pathways which lead to changes in colour, texture, aroma, and nutritional 

quality of mature seed-bearing plant organs. Ethylene hormone plays a key role in regulation 

of ripening of many fruits, including banana, apple, pear, most stone fruits, melons, squash, 

and tomato. These represent important contributors of nutrition and fiber to the diets of 

humans (Barry and Giovannoni, 2007). To attain faster and more uniform ripening the use of 

ethylene is an established tool (Kader, 2002). Ethylene treatment reduces green life span of 

tomatoes and enhanced faster and more uniform ripening. Ethylene is used for the 

enhancement of peel degreening and chlorophyll (Chl) content of ethylene-treated mandarin 

fruit which decreased greatly with an associated increase in activities of enzymes like 

chlorophyllase and Chl degrading peroxidase (Yamauchi et al., 1997). Currently, 

supplemental ethylene is generally being used to induce ripening of some fruits like avocado, 

banana, mango, tomato and honeydew melons; degreening of citrus fruits (except lime) for 

fresh consumption; and to promote softening of freestone peaches and pears during their 

processing.  
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Ethephon has been reported to induce ripening in tomato and pepper. Field application 

of ethephon at 1000 mg L-1 at turning stage of earliest tomato fruits induced early ripening of 

fruits thus increasing the early fruit yield by 30-35%. Ripening of blueberry fruit was 

hastened by the application of ethephon in a very small percentage in the last harvest of the 

cropping season (Ismail, 1974). Post- harvest deep treatment with ethephon at 500-2000 mg 

L-1 has also been reported to induce ripening in mature green tomatoes. Ethylene is difficult 

to use for agricultural production in the form of gas. Hence presently, a number of 

compounds are available in market that can release ethylene hence used as a soil amendment 

or foliar sprays to improve yields and quality of crops. Calcium carbide as an ethylene 

producing source is now well recognized and releases ethylene when introduces into the soil 

environment (Clardi and Klee, 2001). 

 Soil applied CaC2 resulted in significant increase in fruit quality parameters, fruit 

weights, accelerated fruit ripening and 35-50 % increase in tomato yield. Later, to determine 

the response of ‘Satsuma’ (Citrus unsbiu L.) to CaC2 application, Muromtsev et al. (1991) 

conducted another experiment. They investigated increase in the average fruit weight, flesh, 

ascorbic acid and sugar contents for Satsuma (Citrus unsbiu L.) as a result of application of 

CaC2 @ 150 kg ha-1. Muromtsev et al. (1993) also reported increased cluster number and 

6-9 days early fruit ripening and uniformity in ripening improved by 20% over control 

by application of ethylene releasing compound retprol.  

 The effect of different concentrations of aqueous solutions of ethrel (250, 500 and 

1000 ppm) was evaluated by Mohamed and Abu-Goukh (2010) on ripening of two types of 

guava fruits. Improved respiration, intense peel color, increased total soluble solids and 

decreased firmness of flesh were noted as ripening indications. Process of ripening was 

improved in both guava types (white and pink flashed) treated by all concentrations of ethrel. 

There was progressive increase in ripening with increased concentration of ethylene. Two to 

six days early ripening was noted in those fruits dipped in aqueous solutions of ethrel 

depending on concentration compared to control. Six to nine days early ripening was 

observed in ethrel treated fruits compared with untreated fruits. Mohamed and Abu-Goukh 

(2003) also reported that ethrel application is efficient in stimulating fruit ripening in three 

mango cultivars than dipping of fruits in aqueous solution of ethrel. Ethylene produced in 

trace amount elicits many physiological responses, acting at a concentration as low as 0.01 
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μL L-1. Interactions of nitrogen and ethrel (ethylene releaser) in the growth and development 

of plants were studied by Mir (2002). Results of this study indicated that the process of 

growth and development in addition to the yield of plants is significantly affected by the 

application of ethrel along with basal application of nitrogen in irrigated and non -irrigated 

conditions. Oil content, acid value, iodine value and saponification value of oil seed crops 

were enhanced by the application of ethrel at 200 μL L-1 along with 80 kg N ha-1 in mustard 

under irrigated and non- irrigated conditions.  

 However, some researchers observed delay in ripening of fruit with application of 

ethylene releasing source. Atta-Allay et al. (1998) studied the impact of different ethylene 

levels during its very early developmental stages on fruit cell division and consequently fruit 

final size, ripening and yield. Tomato plants were sprayed at flowering with 100 ppm C2H4 

and water (control) two days after anthesis. The positive impact of C2H4 application was 

found on fruit diameter and weight but fruits ripened 10 days later than control. This delay in 

ripening of ethylene treated fruits may be the result of longer time required to increase cell 

number to become mature. Low level of C2H4 application at tomato early fruiting stage 

increased fruit yield through increase in size and thus quality of fruit. 

 

ii- Colour 

 Colour is considered a main characteristic of determining tomato and tomato product 

quality. It mainly indicates lycopene content of tomato fruit. For fresh or processed products, 

colour is one of the determinants of quality of prim importance along with texture, size, and 

flavor (Picha, 2006). In case of tomato, colour and colour uniformity contribute to quality 

and is one of important features to attract the consumer’s acceptability. In addition 

colour controls its use in foods for the (1) standardization of the processed product, (2) 

index of economic worth, (3) improvement of the quality of the product. Colour 

disorders are considered as economic problem. Improved pulp colour was noted in fruit 

treated with ethylene. On exposure to ethylene loss of green colour is accelerated in plant 

tissue. Ethylene at a 5 ppm level can cause the green color of cabbage to fade significantly 

after 1 month of storage, and 1 ppm can have an undesirable effect on cabbage stored for 5 

month (Hicks et al., 1982). The rate at which colour is lost differs among fruits as noted with 
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different types of citrus fruits. The chlorophyll degradation may be the result of increased 

chlorophyllase activity, as noted with calmondin fruit (Barmore, 1975).  

 Azab and Ismail (1994) tested the possibility to improve fruit colour by spraying 

ethrel on vegetative shoots of sweet orange and grapefruit trees. They observed that spraying 

with ethrel at 120 or 240 ppm had a profound effect on fruit colouring and juice quality. 

Larrigaudiere and Pinto (1996) observed differential effects of two colour improving 

products, ethephon and seniphos a-nonethylene releasing product on ‘Starking Delicious’ 

apples (Malus domestica Borkh L.). The aim of the their study was to compare the effects of 

ethephon and seniphos on autocatalytic ethylene production, 1-aminocyclopropane-1-

carboxylic acid (ACC) metabolism, phenylalanine-ammonia-lyase (PAL) enzyme activity, 

colour improvement and changes in quality attributes before and after harvest. Ethephon and 

seniphos-treated fruit showed a significant improvement of peel colour associated with a 

sharp increase in anthocyanin content and chromaticity values. Colour improvement in 

ethephon-treated apples occurred during the pre-harvest period and cold storage. Both 

treatments sharply increased the activity of phenylalanine-ammonia-lyase enzyme, which 

seemed to be the determining factor of colour enhancement. El-Rayes (2000) observed 

improved skin colour with ethrel treatment in ‘Washington Navel’ and ‘Amoon’ oranges.  

 The impact of ethylene releasing compound “calcium carbide” on skin colour 

was noted as excellent as compared to untreated fruits. Shah et al. (2002) found better 

colour and sugar content in mango plants treated with calcium carbide as compared to 

control. Srivastava (1967) reported improved yellow colour of skin in mango while 

treating with CaC2.  

 

iii- Firmness 

 The firmness of a fresh produce is associated with maturity and ripeness. Variety, 

region of production and the growing conditions are some of the factors that may influence 

firmness. Generally, firmness refers to the force required to pierce the fruit/vegetable like 

tomato with a standard probe. Ethylene proves beneficial in promoting tissue softening 

during fruit ripening (e.g. guava, mangoes, apricots, avocados, melons, pears and tomatoes) 

however, if applied for longer period it creates unwanted softening in cucumbers and peppers 

(Saltveit, 1999). High concentration of ethylene also destructively affects the firmness of 
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many fruits and vegetables. Since literature on firmness in response to soil applied or foliar 

applied ethylene is rare, and most of the literature available is pertinent to treatment of fruits 

during storage conditions, therefore literature related to direct treatment of ethylene or 

exposure of fruits to ethylene is reviewed here. 

 Apricots treated with 100 ppm ethylene at 20 oC after cold storage during the ripening 

period had lower firmness readings than untreated ripened apricots (Brecht et al., 1982). 

Results compiled by sensory panel also indicated that ethylene-treated fruits were softer than 

the untreated fruits. The difference in value of penetration force between the treated and the 

control ripened fruit was 19 Newton (N) for Patterson cultivar and 5 N for Tilton cultivar. 

There was not great difference for Tilton, probably due to minimum firmness level showed 

by control fruit during the ripening period. There was no effect observed on the softening rate 

of nectarines by ethylene (Brecht and Kader, 1982). Rapid softening of Honeydew melons 

and muskmelons was observed with ethylene treatment. Penetration force of Honeydew 

melons was dropped from 31 N to 27 and 14 N in 24 and 48 hr, respectively, with application 

of 60 ppm ethylene (Bianco and Pratt, 1977). Firmness of cantaloupes was more rapid and 

value dropped from 44 N to 14 and 5 N after 24 and 48 hr, respectively. Kiwi fruits are also 

very sensitive and even exposure to quite low levels (30 ppb) of C2H4 during storage can 

cause undesirable softening (Saltveit, 1999). 

 Softening process is affected by ethylene without having effect on other physiological 

characters. Softening is started rapidly with the respiratory climacteric in mature Anjou 

pears. Wang et al., (1972) reported that treatment of 2 ppm ethylene on younger but mature 

fruit resulted in the softening processes as initiated before the climacteric period. Ethylene 

accumulates in containers or storage areas and causes undesired softening. Significant 

decrease in firmness of watermelon flesh was observed when exposed to 5 ppm ethylene for 

3 days, and this decrease was ample to reduce the acceptability ratings (Risse and Hatton, 

1982). Ethylene induced activation of cell-wall-hydrolyzing enzymes which causes the loss 

of firmness. In watermelons activities of cellulase and pectinase enhanced along with tissue 

maceration by ethylene treatment (Shimokawa, 1973). In ethylene treated avocado plants, 

simultaneous increase in activity of polygalacturonase was found with softening of the fruit 

(Chaplin et al., 1983). Haas avocado were stored at 6 oC at concentration of 100 ppm 

ethylene for 12 days. Data obtained revealed that more than 75% of fruit firmness was lost 
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within 2 days after being placed; however, the control fruit still maintained about 50 % 

firmness even on the fourth day. Unwanted softening is induced at lower temperature of 

storage. Ethylene can induce physiological response on optimum temperature range of 20-25 

oC. McIntosh apples (Liu, 1977) and Cox's Orange Pippin apples (Knee, 1976) stored at 3.3 

oC were found soft by sensory panel at low level (1 ppm) of ethylene. However, Liu (1977) 

observed no effect of low levels of ethylene on softening on different apple cultivars such as 

Delicious, Golden Delicious, and Idared stored at 0 oC. Arpaia et al. (1995) found Kiwifruit 

softened stored at 0 oC and at very low level (30 ppb) of ethylene. 

 

iv- Vitamins 

 The nutritive value of tomato juice depends largely on its ascorbic acid (vitamin C) 

content. Acting as an antioxidant, ascorbic acid can improve the color and palatability of 

many kinds of processed products. Lycopene is the pigment principally responsible for the 

characteristic deep-red color of ripe tomato fruits and tomato products. Lycopene is the most 

abundant carotenoid present in red tomatoes, comprising up to 90% of the total carotenoids 

present. Carotenoids are essential components of human diets, providing precursors for 

vitamin A synthesis and having anti-cancer activities (DellaPenna and Pogson, 2006; Tanaka 

et al., 2008). Compared with other hormones, advances have been made in the regulation 

mechanism of ethylene on carotenoid biosynthesis in tomato fruits (Alba et al., 2005). 

Ethylene has been found very important plant hormone that plays a significant role in the 

post harvest life of fresh produce, sometimes being positive and sometimes not. In 

climacteric fruits, the onset of ripening is characterized by a dramatic increase in ethylene 

production, which highly correlates with the rapid accumulation of β-carotene and lycopene 

in tomato fruits. The role of ethylene in carotenoids formation was further demonstrated by 

the phenotype of the Nr mutant that exhibits reduced ethylene sensitivity and accumulates 

low amounts of lycopene and β-carotene in ripened fruits (Lanahan et al., 1994). Other plant 

hormones, like ABA, have been documented to control carotenoid biosynthesis. The abscisic 

acid (ABA)-deficient tomato mutants, namely, high-pigment 3 (hp3), flacca (flc), and sitiens 

(sit) show an increased ethylene bio synthesis and an enhanced level of lycopene content 

during fruit ripening (Galpaz et al., 2008). 
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Tests on the effect of stage of ripeness at harvest and of supplementary ethylene on ascorbic 

acid content have produced contradictory results. The damaging results from ethylene 

exposure could easily be minimized if applied at low levels and at right time. Ethylene 

treatment reduces the time between harvest and consumption. So it may have encouraging 

effects on flavor and Vitamin C content compared to tomatoes harvested green that are 

ripened without ethylene. Vitamin C content of tomatoes is affected by ethylene but has no 

effects on β-carotene content. About 16% more vitamin C content was found in mature-green 

Walter tomatoes ripened by treatment with 8,000 ppm ethylene for 24 hours than the 

untreated fruit. Whereas β-carotene (pro-vitamin A) content was similar in both treated and 

untreated fruit (Watada et al., 1976). El Rayes (2000) also reported that ethrel treatment 

markedly increased skin colour, skin carotenoids, TSS, vitamin C and fruit juice in 

‘Washington Navel’ and ‘Amoon’ oranges. In addition, ethrel application reduced peel 

chlorophyll and juice acidity. The higher the concentration of ethrel applied, the lower the 

chlorophyll content in fruit rind, the higher the carotenoids, TSS, vitamin C and juice 

content. Azab and Ismail (1994) noted a significant increase in ascorbic acid content in fruit 

juice of sweet oranges and grapefruit with 240 ppm ethrel application.  

 

v- Chemical composition  

 Ethylene has unpredictable effects on the chemical composition. Normally some 

quality attributes like soluble solids or titratable acidity are not affected by ethylene in stone 

fruits (Brecht et al., 1982), muskmelons (Bianco and Pratt, 1977), apples (Forsyth et al., 

1969) and possibly many other crops. However, exceptions are possible, as noted by Liu 

(1977) in apples. Profound influence of ethylene or ethylene releasing compounds was 

found on fruit quality in terms of total soluble solids, organoleptic quality, acidity and 

wrinkling intensity. Hicks et al. (1982) analyzed individual acids in cabbage under stored 

conditions and observed that during storage malic acid content was greater when ethylene 

was present in storage environment. However ethylene did not affect citric acid content. 

Ethylene on concentration of 5 ppm the difference in malic acid content between the treated 

and non treated cabbage was obvious by the third month of storage. However, at low 

ethylene concentration (1 ppm) this difference was appeared on fifth month. Similarly, 
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changes in soluble solids concentration and titratable acidity development in tomato slices 

were described independent of ethylene effects by Darwin (2009). 

 It may be possible that ethylene can affect biosynthesis or degradation of a particular 

acid or carbohydrate, but not the total contents of acids or carbohydrates. The improvement 

in the quality of the fruit of tomatoes in terms of an increase in dry matter content by 0.5-0.6 

% and sugar contents 0.55-0.73 %, increase in the average weight of tomato fruit, flesh and 

ascorbic acid was reported by Muromtsev et al. (1991) when they conducted field trial with a 

CaC2 based soil amendment (Retprol). Azab and Ismail (1994) also reported improvement in 

fruit juice quality parameters with application of ethrel in sweet orange and grapefruit. Total 

and reducing sugars, total soluble solid percentage were increased significantly following 

treatment with ethrel and maximum values were noted at 480 ppm concentration. Mineral 

nutrient composition of juice was also analyzed and the effect of ethrel showed that 

potassium content generally increased, but there were no effects on sodium and manganese. 

On the other hand iron increased significantly with highest concentration only (480 ppm). 

 The research work to investigate effect of nitrogen and calcium carbide on quality 

attributes like total soluble solids, organoleptic quality, acidity and intensity of wrinkling in 

mango fruit was carried out by Shah et al. (2002). These quality parameters were found 

positively respond to CaC2 application. 

 

2.2- Conclusion and prospects  

 In this review, an effort has been made to confer the role of common phytohormone, 

ethylene as potent regulator of morphogenesis in plants. This information should help to 

clarify the possible role of ethylene and ethylene releasing compounds like calcium carbide 

in plant developmental processes ranging from seed germination, ripening and other fruit 

quality attributes.  The gaseous plant hormone ethylene exerts profound effects in plants all 

the way through their life cycles. Ethylene perception and biosynthesis are highly regulated, 

as has been demonstrated in seedlings, in ripening fruits and senescing flowers. The plant 

hormone ethylene stimulates seed germination and overcome dormancy in many plant 

species. The exact role for ethylene in germination is not known but ethylene evolution; 

ethylene addition and/or addition of ACC (1-aminocyclopropane-1-carboxylic acid) 

precursor of ethylene are associated with increased cell-wall degrading enzymes that weaken 
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the endosperm and allow the seeds to germinate. In addition, the use of transgenic plants 

and/or mutants could facilitate the elucidation of the mechanisms of ethylene biosynthesis as 

well as the role of ethylene in seed germination.  

 Use of this phytohormone ethylene in improving yield of crops along with quality 

attributes, such as colour, ripening, firmness, shape, size and composition for final 

consumers, is reviewed. However, most of the literature available focuses on post-harvest 

application of ethylene to study its effects on quality attributes and very little about pre-

harvest application in the form of ethylene releasing compounds is available. There are 

basically two ways to reach the target of improved yield with quality: the genetic approach or 

the agronomic approach. This section is primarily related to agronomic approaches by using 

growth regulators focusing on a main group of pant hormone ethylene produced from a solid 

i.e. calcium carbide (CaC2) to improve growth, yield and quality indices of tomato. Thus 

calcium carbide can be successfully used as a cheaper source of ethylene for improving crop 

yields. Further experiments are desired to scrutinize the direct and indirect effects of ethylene 

and ethylene releasing compounds as soil additives or foliar sprays on growth, yield and 

biochemical characteristics of vegetables generally and tomato particularly.  
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          Chapter 3 

MATERIALS AND METHODS 

  
 A series of laboratory, wire house and field experiments was conducted in the 

Institute of Soil and Environmental Sciences, University of Agriculture, Faisalabad; some 

portion of analytical work was also completed at research laboratories of Ayub Agriculture 

Research Institute (AARI), Faisalabad. Details of the experiments are given below under 

different experiments: 

Experiment 1 Germination response of tomato cultivars to calcium carbide 

Experiment 2 Effect of addition of different rates and types of coated calcium carbide on  

    germination, root and shoot growth of tomato cultivars under controlled  

  conditions  

Experiment 3 Effect of different rates of coated calcium carbide on tomato growth,  

  photosynthetic activity, yield and quality 

Experiment 4 Effect of time of application of calcium carbide on tomato growth and  

     yield  

Experiment 5 Response of tomato cultivars to soil applied calcium carbide in field  

     experiment 

 

3.1- Experiment 1: Germination response of tomato cultivars to calcium carbide 

The experiment was conducted with the objective of screening of tomato cultivars on the 

basis of germination and growth response to different rates of CaC2 .The experiment was 

carried out by following procedures as given below  

3.1.1 Site of experiment 

 Effect of calcium carbide on seed germination of different tomato cultivars was 

studied under controlled growth conditions in an incubator in the laboratory of Soil 

Fertility and Plant Nutrition, Institute of Soil and Environmental Sciences, University 

of Agriculture, Faisalabad. 

3.1.2 Tomato cultivars used for screening 

 Seeds of five tomato cultivars Rio Grande, Tenzila, Romor Ser-France, Top Gord and 

F-1 3560-S were sown in Petri plates. Prior to using the seeds in this experiment, seeds were 
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sterilized by washing with 70% ethanol (to remove any fungus present on seed coat) then   
washed several times with distilled water under aseptic conditions in a laminar flow cabinet. 

These surface sterilized seeds were used in this experiment.  

3.1.3 Experimental materials 

 Plastic Petri plates with covers were used for germination of seeds. Holes were made 

in lids of Petri plates; rubber septa were plugged in holes and sealed with silicon gel (Figure 

3.1). Round shaped sheets of filter papers (Whatmann 42, Schleicher and Schuell) were 

placed in Petri plates. Analytical grade calcium carbide (27 % a.i. CaC2, Ningxia National 

Chemical Group Co. Ltd., China) was used. De-ionized water was injected in Petri plates 

through rubber septum using disposable syringe (10 ml) for watering. 

3.1.4 Experimental design 

 The experiment was laid out according to Completely Randomized Design 

(CRD) in factorial arrangement with four replications as described by Steel et al. (1997). 

3.1.5 Experimental conditions 

 Petri plates were arranged in incubator (Sanyo MIR 253) at 22 ± 10C day/night 

temperature with 14 h photoperiod using cool white fluorescent light. 

3.1.6 Treatment plan 

Following treatment plan was adopted 

 

Sr. No. CaC2 
(mg plate-1) 

T1 0 (control)

T2 3 

T3 6 

T4 9 

T5 12 

T6 15 

 

In control plates calcium chloride was added to adjust amount of calcium added from CaC2 

in calcium carbide treated plates. 
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1 2 3 4 5 

Figure 3.1 A step by step procedure for placing filter paper, calcium carbide, seeds, sealing of Petri plates and addition of de-ionized 
water into a Petri plate 
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3.1.7 Methodology 

 Effect of calcium carbide on seed germination of different tomato cultivars was 

studied under controlled growth conditions of incubator and laboratory. Sterilized seeds of 

selected tomato cultivars were sown in 1st week of November. Bottom of Petri plates were 

covered with round shaped sheets of filter paper. The required weights of powdered calcium 

carbide were spread out on filter paper sheet placed at the bottom and covered with another 

piece of filter paper. Five seeds of each cultivar of tomato were spread on the covering filter 

paper in each Petri plate in each treatment and each treatment was replicated four times. 

Another filter paper was used to cover the seeds and to save seeds from floating after the 

application of de-ionized water. De-ionized water was injected into Petri plates through 

rubber septa as is shown in Figure 3.1. After putting the lid back, Petri plates were sealed 

with the help of parafilm and arranged in incubator according to the conditions mentioned in 

section 3.1.6. Gas samples (1 mL) were taken out from air inside the Petri plates after 24 

hours interval up to 5 days, with the help of a glass hypodermic syringe through rubber septa 

for ethylene analysis as described in section 3.1.4.  

3.1.8 Parameters studied 

Parameters studied during growth period are given in table 3.1. 
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Table 3.1 Parameters studied during growth period 

Sr. 

No. 
Parameter Methodology 

i-  

 

Ethylene 
analysis 

Ethylene (C2H4) concentrations were determined by using method 

as described by Khalid et al. (2006) from gas samples collected 

from Petri plates using Gas Chromatograph (Shimadzu GC 2010) 

fitted with flame ionization detector (FID) and a capillary column 

(Porapak Q 80-100). For comparison reference standards of 

ethylene were also run. 

ii- Germination 
percentage 

Germination response was monitored for 5 days with 24 hour (h) 

interval and means were calculated. 

iii-  

 

Root and shoot 
lengths 

Root and shoot lengths of germinating seedlings were also recorded 

after 15 days growth in incubator.  

iv- Root: shoot  
ratio 

Root: shoot ratio of tomato cultivars on length basis was 

determined after 15 days growth period in incubator. 

v- Root and shoot 
growth rates 

Per day root and shoot growth rates were calculated after 15 days 

growth period in incubator. 
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3.2- Experiment 2: Effect of addition of different rates and types of coated calcium 

carbide on germination, root and shoot growth of tomato cultivars under controlled 

conditions  
 The tomato cultivars performed better were selected from the experiment 3.1. The 

seeds of these cultivars were grown in growth room under controlled conditions. In this 

experiment, effect of different rates of CaC2 coated with different coating materials were 

evaluated on selected tomato cultivars under controlled conditions with the objective of 

selection of best rate of application of CaC2 and coating material on CaC2. 

3.2.1 Site of experiment 

 This experiment was conducted in controlled temperature growth room under white 

fluorescent light (600 μmol m-2 s-1; 14 h light / 10 h dark) at 25°C and 70 % relative humidity 

for germination in the Institute of Soil and Environmental Sciences, University of 

Agriculture, Faisalabad.  

3.2.2 Selected tomato cultivars 

 Three best performing cultivars (selected from experiment 3.1) were Rio Grande, 

Tenzila, and F-1 3560-S. Seeds were washed with 70% ethanol to remove any fungus and 

dust present on seed coat, then washed several times with distilled water. Sterilized seeds 

were then used in experiment. 

3.2.3 Experimental materials 

 Disposable thermopore cups (7 cm in length, 5.2 cm in diameter at upper rim) with 

holes at their bottom, were taken and round shaped filter paper pieces were placed at the 

bottom holes. Mixture of compost (imported from RAEYCO, Belgium) and sand in 1:1 ratio 

was filled in the cups. Five coating materials (wax, paint, paraffin, polyethylene and gelatin 

capsules) were used for coating the powdered CaC2.  

3.2.4 Coating of calcium carbide  

 Calcium carbide was grounded and coated with different coating materials by 

adopting method as described by Mahmood (2009). Bigger stones of CaC2 were broken to 

smaller ones with a mechanical hammer (Figure 3.2b) especially designed for this purpose. 

Then particles of about 3-4 cm diameter were passed through a mechanical grinder (Figure 

3.3c) mounted with two parallel iron cylinders rotating mechanically and crushed the 



 43

material to further finer fractions. Two mechanical sieves (Figure 3.2d) having pore size 2 

and 4 mm diameter respectively, were used to separate CaC2 particles of about 2-4 mm 

diameter. These fine particles were then used for coatings with different materials.  Calcium 

carbide particles and commercial grade wax were weighed in 4:6 ratios, respectively. Wax 

was melted in a drum shape container, mechanically rotating over flame and CaC2 was added 

to it. After complete mixing flame was off but rotation was continued till the container was 

cooled up to 50 to 60 ºC. After that material was poured out on a paper sheet having 

sufficient amount of plaster of paris spreaded over. Wax coated CaC2 was mixed with plaster 

of paris by gentle manual rubbing to keep particles separate from each other (Figure 3.2f). 

Similarly, other formulations were prepared by mixing CaC2 with paints, paraffin and 

polyethylene, respectively (Figure 3.2g, h and i). For encapsulation of CaC2 required amount 

of powdered CaC2 was weighed and filled in medical grade gelatin empty capsules as shown 

in (Figure 3.2j). 

3.2.5 Experimental design 

 The experiment was laid out according to Completely Randomized Design (CRD) in 

factorial arrangement with three replications as described by Steel et al. (1997). 
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a) Stones of CaC2             b) Mechanical        c) Fine grinder       d) Mechanical          e) Powdered CaC2  
                                             hammer       sieve 
 

                   

f) Wax coated                                 g) Paint coated                              h) Paraffin coated                 

 

 

           

i) Polyethylene coated                 j) Gelatin capsulated 

 

Figure 3.2 Step by process of grinding and coating calcium carbide with different coating 

materials (modified from Mahmood et al., 2009) 
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3.2.6 Treatment plan 

Following treatment plan was adopted 

 

Treatment No. 

 

Coating material 

CaC2 

(mg cup-1) 

              T1 (control) 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

T9 

T10 

T11 

T12 

T13 

T14 

T15 

T16 

- 0 

Wax 

100 

200 

300 

Paint 

100 

200 

300 

Paraffin 

100 

200 

300 

Polyethylene 

100 

200 

300 

Gelatin capsule 

100 

200 

300 

 

Calcium chloride was added in control cups to adjust amount of calcium coming from CaC2 

in calcium carbide treated cups.  In a preliminary trial the effect of coating materials alone 

was also tested on germination and growth parameters to compare their effect with control 

plants. There was no significant difference observed among control and coating materials 

treated plants.   
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3.2.7 Methodology 

 Ten seeds of best tomato cultivars selected from the experiment 3.1 were sown under 

controlled conditions. Disposable thermopore cups with holes at their bottom were taken for 

this experiment. Round shaped filter paper was placed at the bottom hole of each cup and 

mixture of compost and sand (as germinating medium) was filled in the cups @ 250g cup-1.  

At the time of sowing the seeds, required rates of coated CaC2 were applied 4 cm deep in the 

centre of each cup so that ethylene gas released from CaC2 could uniformly diffuse to all 

directions. Each treatment was replicated three times. Cups were arranged in large trays 

having distilled water treated with Topsin-M fungicide. Transparent polyethylene wrapping 

sheet was used to wrap each tray of cups to maintain required relative humidity for the 

germination of seeds. Trays were placed in controlled temperature room, where photoperiod 

of 14 h with cool white fluorescent light and temperature of 22 ± 10C day/night was 

maintained throughout the experiment period (30 days). Finally five plants were maintained 

in each cup in each treatment for recording the data. 

 

3.2.8 Parameters studied 

 Parameters studied during growth period are given in table 3.2. 
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Table 3.2 Parameters studied during growth period 

Sr. 

No. 
Parameter Methodology 

i-  

 

Germination 
percentage 

Germination response was monitored for 7 days with 24 h 

interval and means were calculated. 

ii- Root length Root lengths of germinating seedlings were also recorded 

after 30 days growth period and means were calculated.  

iii-  

 

Shoot length Shoot lengths of germinating seedlings were also recorded with 7 

days interval for 30 days growth period and means were 

calculated. 

iv- Root: shoot ratio Root: shoot ratio of tomato seedlings on length basis was 

determined at the time of harvest, i.e. after 30 days growth 

period. 

v- Root dry weight After 30 days growth period in controlled temperature room root 

weights were determined. Seedling plants of each tomato cultivar 

were washed with distilled water and dried on blotting sheet then 

roots and shoots were separated with plastic scissor. 

vi-  

 

Shoot dry weight The separated shoots from seedlings as described above in (v) 

were used for shoot weight determination. 

vii- Root and shoot 
growth rate 

Root and shoot growth rates on per day basis were calculated 

after 30 days growth period in controlled temperature room. 
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3.3- Experiment 3: Effect of different rates of coated calcium carbide on tomato growth, 

photosynthetic activity, yield and quality 

 

3.3.1 Site of experiment 

 Response of tomato cultivars to rate and coatings on calcium carbide was studied in a 

pot experiment conducted in wirehouse of experimental area, Institute of Soil and 

Environmental Sciences, University of Agriculture Faisalabad.  

3.3.2 Tomato cultivars used 

 Two seedlings of each selected tomato cultivar (Rio Grande, Tenzila and F-1 3560-S) 

from thirty days old nursery were transplanted into glazed pots and finally one plant was 

maintained in each pot. 

3.3.3 Experimental materials 

 Glazed pots having 30 cm width and 35 cm length with the capacity of 12 kg soil 

filling per pot lined with polyethylene bags were used during the experiment. Soil (air-dried, 

ground and sieved) was taken from upper soil layer (0-30 cm depth) from a field of 

experimental area, Institute of Soil and Environmental Sciences, University of Agriculture 

Faisalabad. Soil was filled in pots at the rate of 10 kg pot-1. Pots were kept under natural day 

light. 

3.3.4 Soil physical and chemical analysis 

 The soil samples collected from surface soil layer of 0-30 cm depth were analyzed for 

physical and chemical properties (Table 3.3) by using the methods described by Page et al. 

(1982) or methods otherwise used are mentioned. 

i- Mechanical analysis 

 Fifty grams of air dried soil sample was taken in beaker. Then 40 ml of 1 % sodium 

hexametaphosphate solution and 150 ml of distilled water were added. These soil samples 

were kept for over night soaking. Next day soil suspension was stirred with a mechanical 

stirrer for 10 minutes and transferred to 1 L plastic cylinder. With the help of metal plunger 

the suspension was shaken vigorously. By using Bouyoucos Hydrometer first reading was 

recorded after 40 seconds of the shaking and second reading was noted after 2 hours (Moodie 

et al., 1959). Soil textural class was established by using textural class triangle of United 

States Department of Agriculture. 
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Table 3.3 Physico- chemical characteristics of soil used for pot and field trials  

Parameter Unit Value 

Sand % 58 

Silt (%) % 23 

Clay (%) % 19 

Textural class    Sandy clay loam 

Saturation percentage % 34 

Organic matter % 0.98 

ECe dS m
-1 1.50 

pH  8.0 

K meq. L
-1

 7.34 

Na meq. L
-1

 1.4 

Ca + Mg meq. L
-1

 6.20 

CO3 meq. L
-1

 Absent 

HCO3 meq. L
-1

 6.4 

Cl meq. L
-1

 7.2 

SO4 meq. L
-1

 1.4 

Cation exchange capacity cmolc kg-1 4.15 

Total nitrogen % 0.04 

Available phosphorus (P) mg kg-1 soil 5.06 

Available Potassium (K) mg kg-1 soil 160 
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ii- Saturation percentage 

 Saturated soil paste was transferred to a tarred china dish and oven dried it to a 

constant weight at 105o C (Method 10-2.3, U.S. Salinity Lab. 1954). Saturation percentage 

was calculated using the following formula  

    Mass of wet soil – Mass of dry soil 
SP =  --------------------------------------------------  × 100 
           Mass of oven dry soil 
 
iii- Soil pH (pHw) 

 Weigh 5 g of air dried soil in 50 ml plastic beaker, add 5 ml of distilled water with 

automatic pipette, mix thoroughly for 5 seconds and allowed to stand for 10 minutes. pH was 

recorded by pH meter (3510 JENWAY) with glass electrode after standardizing the meter 

with buffer of 7.0 and 4.0 pH as standards (McLean, 1982). 

iv- Organic matter 

  Organic matter was determined by Walkely Black method. Two gram soil sample 

was mixed with 10 mL 1 N potassium dichromate solution and 20 mL concentrated H2SO4. 

Then 150 mL of distilled water, 10 ml of 85% phosphoric acid, 0.2 g of sodium fluoride and 

30 drops of diphenylamine indicator (0.5 g diphenylamine + 20 ml distilled water + 100 ml 

conc.H2SO4) were added into it. The solution was back titrated against 0.5 N FeSO4 solution 

to a brilliant green end point. A blank was also run (Jackson, 1962). 

v- Electrical conductivity of saturated soil extract (ECe) 

 Saturated soil extract was taken by using vacuum pump (Method 3a, U.S. Salinity 

Staff, 1954) and its electrical conductivity was measured using digital conductivity meter 

model 4510 JENWAY (Method 4b, U.S. Salinity Staff, 1954). 

vi- Cation exchange capacity (CEC) 

 Five grams soil sample was taken in centrifuge tube and washed three times in 

succession by adding 33 mL of saturating solution (0.4 N NaOAC-0.1 N NaCl, 60% ethanol) 

discarding the supernatant each time. Then add 33 mL of extracting solution (0.5 N 

magnesium nitrate) and washed three times successively as above. While giving washing 

with extracting solution supernatant liquid was preserved in  100 mL flask and its volume 

was  made  up to  the  mark. Sodium and chloride concentrations of this liquid were 
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determined by using Sherwood 410 flame photometer and cation exchange capacity was 

calculated (Rhoades, 1982). 

vii- Calcium plus magnesium 

      Soluble calcium plus magnesium were determined by titration of saturated soil 

extract against 0.01 N EDTA solution using eriochrome black-T as an indicator in the 

presence of buffer to a blue green end point (Lanyon and Heald, 1982). 

viii- Sodium and potassium 

     Soluble sodium and potassium in the saturated soil extract were determined by 

using flame photometer (Sherwood 410) using NaCl and KCl as standard solutions (Method 

13-4, U.S. Salinity Lab. 1954).  

ix- Carbonates and bicarbonates 

   Carbonates and bicarbonates in the saturation extract were determined by titration 

with standard 0.1 N H2SO4 (Method 12, U.S. Salinity Staff, 1954). 

x- Chlorides 

   Chlorides in the saturation extracts were determined by titration with standard (0.05 

N) silver nitrate using potassium chromate as an indicator (Method 13, U.S. Salinity Staff, 

1954) 

xi- Sulphate 

     Sulphate was determined by difference i.e. TSS - (CO3
2- + HCO2

- + Cl-).  

xii- Total nitrogen 

 Nitrogen was determined by Gunning and Hibbard’s method of sulphuric acid 

digestion and distillation of ammonium into 4 % boric acid by macro distillation apparatus 

(Jackson, 1962). 

xiii- Available phosphorus 

 Five g soil was extracted with 0.5 M NaHCO3 solution (pH 8.5). Then 5 mL aliquot 

of clear filtrate was taken in 25 mL volumetric flasks and added to it 5 mL of colour 

developing reagent (ascorbic acid, ammonium molybdate, antimony potassium tartarate and 

sulphuric acid). Volume was made up to the mark with distilled water and reading was 

recorded by spectrophotometer model ANA-720W TOKYO, Photoelectric Co. Ltd. (Olsen 

and Sommers, 1982). 
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xiv- Available potassium 

   Five g soil was saturated with 50 ml of 1 M ammonium acetate solution (pH 7.0). 

Extraction was made with same solution and extractable or available K was determined by 

Sherwood 410 flame photometer (Carson, 1980). 

3.3.5 Experimental design 

 The experiment was laid out according to Completely Randomized Design (CRD) in 

factorial arrangement with three replications as described by Steel et al. (1997). 

3.3.6 Treatment plan 

Following treatment plan was adopted 

Treatment No. Coating material CaC2 (mg pot-1) 

              T1 (control) 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

T9 

T10 

- 0 

Paint 

100 

200 

300 

Paraffin 

100 

200 

300 

Polyethylene 

100 

200 

300 

In control treatments calcium chloride was added to adjust the amount of calcium added from 

CaC2. Effect of coating materials alone was also studied by same procedure as in section 

3.2.5. 

 

3.3.7 Fertilizers 

 Urea, single super phosphates and murate of potash were used to provide 

recommended NPK doses (100-90-60 kg ha-1), respectively. All P and K were applied at 

sowing by mixing in soil before pot filling whereas urea was applied in two splits i.e. half at 

seedling transplantation time by mixing in soil and other half dose at the time of flowering. 
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3.3.8 Tomato nursery preparation 

 Tomato nursery plants were grown in thermopore cups in controlled temperature 

room in similar media of compost and sand as described in section 3.2.7. One month old 

tomato seedlings were then used to transplant in earthen glazed pots.  

3.3.9 Methodology 

 After filling with soil as described in Table 3.1, the pots were placed in the wirehouse 

(a structure having walls fiited with wires net all around to protect from animals and birds 

and roof made of sliding glass; so no wind, temperature and humidity control is provided by 

this structure). Recommended doses of fertilizers (NPK) were applied as discussed in section 

3.3.7. Two seedlings of selected tomato cultivars from thirty days old nursery were 

transplanted into pots and finally one plant was maintained in each pot.  Required rates of 

coated calcium carbide were placed 6 cm deep in soil in the center of pots two weeks after 

transplanting. Canal water treated with Topsin-M was used for irrigation of plants throughout 

the growth period. Recommended insecticide was sprayed two times during the growing 

period to protect plants from fruit borer. Data was statistically analyzed to find out the best 

rate of CaC2 and material used for coating. 

3.3.10 Parameters studied 

 Data on following parameters (A, B and C) were collected during this study.  

 

(A) Pre-harvest observations recorded 

i- Number of days required for flowering 

  All the pots were observed regularly and when 50 % flowering in each plot was 

completed, the number of days was noted. 

ii- Number of clusters per plant 

 Number of clusters appear in each treatment were counted before fruit setting. 

iii- Fruit drop percentage 

 Fruit drop percentage in each treatment was calculated. 

iv- Plant height 

  Plant height was measured with the help of a scale from the surface of the soil to the 

top of the plant at maturity.  
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 v- Photosynthetic activity 

 Photosynthesis rate, carboxylation efficiency and plant water use efficiency were 

determined. Fully expanded youngest leaves were used for photosynthesis measurements. 

Infrared gas analyzer (IRGA, model ADC, Bioscientific Ltd., England) was used for 

measurement at 1100-1200 h when above the plant canopy photosynthetic active radiations 

(PAR; 1060 μmol m-2 s-1)  were present. The inside temperature of the leaf cuvette was set at 

30 ± 2 oC. The light responses curves were carried out at ambient CO2 concentrations (300-

350 μmol mol-1). Carboxylation efficiency was calculated as the ratio of photosynthesis to 

intercellular CO2 concentration (Farquhar and Sharkey, 1982). Plant water use efficiency was 

computed as the ratio of plant dry mass to transpiration (Van den-Boogard et al., 1996). 

vi- Number of fruits per plant  

 Total number of fruits per plant was counted at the time of harvesting. 

 

(B) Post-harvest observations recorded 

i- Fruit yield per pot 

 Weight of all fruits produced was determined at the time of harvesting. 

ii- Shoot dry weight 

 Shoots were detached from soil surface and their oven dried weights were recorded 

using an electronic digital balance. 

iii- Root dry weight 

 After detaching main stem of plant, underground root portion with earthen boll was 

washed thoroughly with tap water so that they were free from soil. These were air dried in 

laboratory for some time and then over dried up to constant weight by using a digital 

electronic balance, to record their dried weights. 

iv- Nitrogen uptake by shoot and root 

 To determine nitrogen concentration, dried and powdered shoot and root material (1.0 

g) was digested using 20 ml of H2SO4 (conc.) and 8 g of digestion mixture (K2SO4: FeSO4: 

CuSO4 = 10: 1: 0.5) for each sample. When the solution became transparent and yellowish 

green, it was allowed to cool and transferred to 100 ml volumetric flask and made up to the 

mark. The solution was filtered and used for further analysis. 10 ml of aliquot was taken from 

the above-prepared solution for distillation at Kjeldhal ammonium distillation unit. Nitrogen 
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evolved as ammonia was collected in receiver containing boric acid (4 %) solution and mixed 

indicator (Bromocresol green and methyl red) and titrated against 0.1N H2SO4 (Jackson, 

1962). Nitrogen uptake by root and shoot was calculated by multiplying root or shoot dry 

weight with nitrogen concentration, respectively by using the following formula. 

 

     % N in root or shoot × root or shoot dry weight (g pot-1) 
N uptake (mg pot-1) =  ---------------------------------------------------------------------  × 1000 
           100 
 

(C) Fruit analysis 

 Upon reaching the full-ripe stage five individual tomato fruits from each treatment 

were picked, washed with tap water to remove dust and dried with soft tissues. These fruits 

were used for physical and compositional analysis. 

 

I(C) Physical (visual) analysis 

  Physical attributes like firmness of fruit and colour were determined immediately 

after sampling.  

i- Fruit firmness 

 Fruit firmness was determined at equatorial site and measured firmness by means of a 

Penetrometer (model NICESOUND, UFL-031); using five fruit from each treatment and 

means were calculated. Values were expressed in kilogram (kg). 

ii- Colour 

  Colour is perhaps the first quality factor of tomato or tomato product judged by 

consumers. Thus, an eye-catching deep red colour is a major quality characteristic for tomato 

products (Thakur et al., 1996). Tomato fruit colour was measured at two opposing sides of 

the equatorial region per tomato with a digital color meter (PCM, Accuracy Micro sensors, 

INC. ACCUPIC 200800017), using an 8 cm aperture, and L, a, b were determined. Colour 

can be located within the colour sphere defined by three perpendicular axes: Lightness (L) 

represents the illumination of the colour, a (from green to red) and b (from blue to yellow) 

(López and Gómez, 2004).  

The colour was reported as lightness (L), hue (h°), and chroma value (C). Hue (degrees) and 

chroma were calculated using the formula 180/π×cos [a/ (a2 + b2)1/2] and (a2 + b2)1/2, 
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respectively (Audrey et al., 2008). A change in hue indicates fruit ripening from green to 

yellow or red. Chroma (C) is the transparency of hue or colour saturation despite how light or 

dark it is. A colour with high value of chroma looks very bright or intense; while a colour 

with low chroma value looks dull or gray. 

 

2(C) Compositional analysis 

 After the determination of physical parameter fruits were homogenized using a 

blender cup and homogenizer, Bosh easy mix (model CNHR6 Germany) followed by 

centrifugation and filtering out the resulting supernatant by adopting method as described by 

Akhtar (2009). This supernatant was then used later for analysis of the following parameters.  

i- Total soluble solids  

 Total soluble solids (TSS) were measured as stated by Dong et al. (2001). One to two 

drops of the supernatant as prepared above was placed on the prism of the digital 

refractometer (Model ATAGO, Japan) and TSS was reported as °Brix (noted in percentage). 

ii- pH 

pH value of  supernatant (as prepared in section 3.3.10.3) was measured with digital prob pH 

meter (3510 JENWAY) using buffer of 7.0 and 4.0 pH as standards. 

iii- Titratable acidity (TA) 

 Titratable acidity was measured by titration according to the AOAC (1999). Each 

tomato sample supernatant (6 g) was weighed out and diluted in 40 mL of distilled water. 

Two to five drops of phenolphthalein was added in this juice. A 10 mL aliquot was taken in a 

titration flask and, then titrated against 0.1N NaOH till permanent light pink color appeared. 

The samples were titrated with 0.1 N NaOH to endpoint of pH 8.2. Titratable acidity was 

expressed as percentage of malic acid by using following formula   

 

     (mL NaOH used) (Normality of NaOH) (Equivalent wt. of malic acid) 
TA (%) =  ---------------------------------------------------------------------------------------- 
    (Wt. of sample) (Vol. of aliquot taken) 
iv- Ascorbic acid 

 The method used for ascorbic acid determination was described by the AOAC (1999). 

Ascorbic acid content was expressed as mg per 100 g fresh weight. 5 ml tomato juice was 

taken in a volumetric flask of 100 ml and volume was made by adding 0.4 % oxalic acid 
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solution. Out of this filtered aliquot 10 ml was taken, added some distilled water for making 

end point clear and titrated against standardized (0.04 %) 2,6-dichlorophenolindophenol 

sodium salt hydrate dye, to light pink end point which should persist for at least 15 seconds.  

The vitamin C content was calculated as ascorbic acid by using the following formula 

     1 × R1 × V ×100 
Ascorbic acid (mg 100g-1) =  -------------------------- 
                R ×W ×V1 
 

R= ml of dye used to titrate against 2.5 ml of reference solution  

(1 ml standard ascorbic acid + 1.5 ml 0.4% oxalic acid) 

R1= ml of dye used to titrate against V1 of aliquot 

V= volume of aliquot made by 0.4% oxalic acid 

V1= ml of aliquot taken for titration 

W= ml of juice taken 

 

iv- Lycopene 

 Lycopene was estimated by spectrophotometric determination as described by Scott 

(2001) and Fish et al. (2002). The hexane, methanol and the acetone system was used for the 

extraction of lycopene. The tomato samples were weighed (0.6 g) and extracted with hexane: 

ethanol: acetone containing 0.05% (w/v) BHT (butylated hydroxy toluene) solvents in a ratio 

of 2:1: 1 (10:5: 5 ml.) (Pharmco Brookfield, CT). Samples were placed on orbital shaker to 

mix at 180 rpm for 15 minutes while keeping in ice containers. 5ml de-ionized water was 

added and samples shaken for another 5 minutes. Then stopped shaking and placed at room 

temperature for 5 minutes to allow for phase separation. Absorbance of hexane layer 

(supernatant) was measured spectrophotometrically at 503 nm against a blank of hexane 

solvent. Concentration of lycopene was estimated by using the following relation:  

        A 503  ×  31.2 
Lycopene (mg kg-1 tissue) =   ---------------------------- 
              weight of sample (g) 
 

A 503  = Absorbance of hexane layer measured at 503 nm 
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3.4- Experiment 4: Effect of time of application of calcium carbide on tomato growth 

and yield  

3.4.1 Site of experiment 

 Site and conditions of experiment were the same as described in section 3.3.1.  

3.4.2 Tomato cultivars 

 Same three tomato cultivars (Rio Grande, Tenzila and F-1 3560-S) were selected as 

described in section 3.3.2.  

3.4.3 Experimental materials 

 Glazed earthen pots were filled as described in section 3.3.3.  

3.4.4 Soil physical and chemical analysis 

Same procedures were adopted to analyze soil filled in pots as described in section 3.3.4. 

3.4.5 Experimental design 

 The experiment was conducted according to Completely Randomized Design (CRD) 

in factorial arrangement with three replications was applied as described by Steel et al. 

(1997).  

3.4.6 Treatment plan 

 Only one coating material out of the three materials used in previous study (found out 

best) was selected to coat CaC2 in this experiment and following treatment plan was adopted 

Treatment No. Application time CaC2 (mg cup-1) 

              T1 (control) 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

T9 

T10 

- 0 

At transplanting 

100 

200 

300 

2 weeks after transplanting 

100 

200 

300 

4 weeks after transplanting 

100 

200 

300 

 To adjust the amount of calcium added from CaC2 in control treatments calcium chloride 

was added. 
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3.4.7 Fertilizers 

 Same doses and sources of fertilizers were applied in the same manner as mentioned 

in section 3.3.7 

3.4.8 Tomato nursery preparation 

  Tomato nursery plants were grown in thermopore cups in controlled temperature 

room in similar way as described in experiment 3.3.8.  

3.4.9 Methodology 

 Thirty days old tomato nursery plants were transplanted into glazed pots. Two 

seedlings of selected tomato cultivars were transplanted and finally one plant was maintained 

in each pot.  Required rates of calcium carbide with appropriate coating material were placed 

6 cm deep in soil in the center of pots according to the treatment plan given in section 3.4.6. 

Plant protection measures were same as described in section 3.3.9. Data was statistically 

analyzed to find out the best time of CaC2 application.  

3.4.10 Parameters studied 

 Growth and yield parameters were studied in the same manner as described in section 

3.3.10 and are given in table 3.4. 
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Table 3.4 Pre and post-harvest parameters recorded during the pot study 

Sr. 

No. 
Parameter Methodology 

 

A 

 

Pre-harvest observations recorded 

i- Number of days required 
for flowering 

Same as in section 3.3.10(A) 

ii- Number of clusters per 
plant 

iii-  Fruit drop percentage 

iv- Plant height  

v- Number of fruits per plant 

 

B 

 

Post-harvest observations recorded 

i- Fruit yield per plant 

Same as in section 3.3.10(B) 
ii- Shoot dry weight 

iii- Root dry weight 

iv- Nitrogen uptake by shoot 
and root 
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3.5- Experiment 5: Response of tomato cultivars to soil applied calcium carbide in field       

experiment 

 

3.5.1 Site of experiment 

  The experiment was conducted on vegetable research area of Institute of Soil and 

Environmental Sciences, University of Agriculture Faisalabad to evaluate the effect of 

different rates of coated calcium carbide on tomato crop. 

3.5.2 Tomato cultivars 

  Two best performing tomato cultivars (Rio Grande and F-1 3560-S) in laboratory 

and pot trials were selected to test under field conditions.  

3.5.3 Soil physical and chemical analysis 

 Same procedures were adopted to analyze field soil as described in section 3.3.4. Soil 

characteristics are presented in Table 3.1. 

3.5.4 Experimental design 

 Treatments in this experiment were applied by following Randomized Complete 

Block Design (RCBD). Each treatment was applied in three replications. 

3.5.5 Treatment plan 

 Only single coating material (polyethylene) was selected to coat CaC2 in this 

experiment and following treatment plan was adopted 

 

Sr. No. CaC2 
(mg plant-1) 

T1 0 (control)

T2 100 

T3 200 

T4 300 

 

Calcium chloride was added to control plants to adjust amount of calcium added from CaC2. 
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3.5.6 Date of nursery sowing and transplanting tomato in field 

 Tomato nursery of selected cultivars was raised in wooden plats containing growing 

media of soil, sand and farm yard manure in the ratio of 1:1:1 during last week of October 

2010 and transplanted in field plots during last week of November 2010 under the tunnel 

structure.  

3.5.7 Fertilizers 

 Nitrogen, phosphorus and potassium were applied at recommended rate of 100- 90-60 

kg ha-1 in the form of urea, single super phosphate and murate of potash, respectively. All P 

and K added to the soil at the time of transplanting. Nitrogen was applied in two splits i.e. 

half at transplanting time and remaining half dose at the time of flowering. Fertilizers were 

applied through broadcast during field bed preparation and incorporated with ploughing and 

planking.  

3.5.8 Methodology 

 Thirty days old tomato nursery plants were transplanted in field plots during last 

week of November, 2010. The plot size was kept as 6.50 × 1.25 m with plant to plant 

distance of 50 cm and row to distance of 60 cm. Six cm deep holes were made in rhizosphere 

of a specific plant with the help of steel rod. Weighed amounts of coated calcium carbide 

were applied uniformly in these holes two weeks after transplanting. After calcium carbide 

application holes were plugged manually with soil. Plant protection measures were same as 

described in section 3.3.9. Data was statistically analyzed to find out the effect of soil applied 

coated CaC2 on growth and yield of tomato cultivars.  

3.5.9 Parameters studied 

 All growth and yield parameters were studied in the same manner as described in 

section 3.4.10, except nitrogen use efficiency which is given below.  

v- Nitrogen use efficiency 

 The effect of nitrogen on tomato growth and yield was determined by using 

physiological nitrogen use efficiency (PNUE) and the agronomic efficiency (NUE-AE) 

indices (Dobermann, 2007; IFA, 2007). Following formulae were used to calculate both the 

efficiencies. 

PNUE = (Y-Yo) / (N-No) 

NUE-AE = (Y-Yo) / F  
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F = amount of (fertilizer) nitrogen applied  

Y = yield with applied nutrients   

Yo = yield in a control treatment with no nitrogen. 

N = nitrogen uptake by treated plant 

No = nitrogen uptake by control plant 

3.6- Statistical analysis 

 All data obtained from experiments were analyzed statistically according to the 

analysis of variance (ANOVA) procedure as detailed by Steel et al. (1997) utilizing Statistix 

8.1 software. Significant differences (p<0.05) among means were identified using Fisher’s 

least significant difference (LSD) tests at 5 % probability level.  
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          Chapter 4 

RESULTS AND DISCUSSION 
The research work presented in this manuscript was conducted in laboratory, wire house and 

research area of Institute of Soil and Environmental Sciences, University of Agriculture, 

Faisalabad and some portion of analytical work completed at research laboratories of 

Ayub Agriculture Research Institute (AARI), Faisalabad. The results of series of experiments 

conducted to evaluate the role of calcium carbide in improving seed germination, growth, 

yield and quality of tomato are presented in two chapters separately according to nature of 

experiments, i.e. Chapter 4- effect of calcium carbide on germination, (laboratory studies) 

and Chapter 5- effect of calcium carbide on growth, yield and quality (pot and field trials). 

4.1- Experiment 1: Germination response of tomato cultivars to calcium 
carbide 
 
4.1.1 Results 

i- Ethylene released from seeds 

 Data regarding ethylene released from germinating seeds of five tomato cultivars in 

Petri plates under applied calcium carbide at different time intervals is presented in Table 4.1. 

The GC analysis of the sample collected from Petri plates with different rates of CaC2 

revealed significant increase in ethylene production trend of tomato cultivar in response to 

increase in rates of applied CaC2. The effect of rate × cultivar interaction was found 

significant. Ethylene released from germinating seeds was increased with increasing rate of 

CaC2 irrespective of tomato cultivars. After the application of calcium carbide, initially no 

release of ethylene was observed in control as well as in Petri plates receiving lower rates of 

CaC2 after 24 h incubation period under controlled conditions. At this time period in 

treatments receiving 12 and 15 mg CaC2 similar trend of ethylene production was observed 

in all cultivars (1.6 to 2.0 and 2.4 to 2.5 n mol plate-1) which then continuously increased 

with time and reached to maximum i.e. 12.0 to 12.5 and 12.8 to 13.5 n mol plate-1, 

respectively at 120 h incubation period. Treatments containing 9 mg CaC2 produced a great 

burst of ethylene at 48 h (9.8 to10.0 nmol plate-1) which was then tended to reduce after 72 

and 96 h except in the case of tomato cultivar Tenzila. After 96 and 120 h incubation period  
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Table 4.1 Effect of different rates of calcium carbide on ethylene released from germinating 
seeds of tomato cultivars at different time intervals  

Tomato 
cultivar 

CaC2 
(mg plate-1) 

Ethylene released 
(n mol plate-1)

      24 h     48 h              72 h               96 h             120 h 

Rio 
Grande 

 

Control   0.0 c* 3.0 e 5.0 d 3.5 d 2.8 d 
3 0.0 c 4.0 e 3.5 e 3.4 e 3.0 d 
6 0.0 c   7.3 bc 7.1 c 6.5 d 6.4 c 
9 0.0 c 9.8 a 7.5 c 8.0 c    10.0 b 

        12 1.7 b 6.1 d 9.0 b 9.4 b    12.5 a 
15 2.5 a 6.0 d    10.0 a    11.0 a    13.1 a 

 
Tenzila 

 

Control 0.0 c 3.0 e 5.0 d 3.2 d 3.0 d 
3 0.0 c 4.0 e 3.6 e 3.4 e 3.2 d 
6 0.0 c   6.8 cd 7.0 c 6.5 d 6.6 c 
9 0.0 c  10.0 a    10.0 a 8.0 c  9.6 b 

        12 2.0 b 6.2 d 9.0 b 9.4 b    12.0 a 
15 2.5 a 6.0 d    10.0 a    11.0 a    13.0 a 

 
Romor 

Ser-
France 

 

Control 0.0 c 3.0 e 4.8 d 3.5 d 2.7 d 
3 0.0 c 4.1 e 3.1 e 3.3 e 3.0 d 
6 0.0 c   7.3 bc 6.9 c 6.3 d 6.4 c 
9 0.0 c    10.0 a 7.5 c 7.9 c 9.9 b 
12 2.0 b 6.0 d 9.1 b 9.8 b    12.5 a 
15 2.4 a 6.1 d    10.0 a    11.2 a    12.8 a 

 
Top Gord 

 

Control 0.0 c 3.0 e 5.1 d 3.5 d 3.0 d 
3 0.0 c 4.0 e 3.4 e 3.4 e 2.8 d 
6 0.0 c   7.7 bc 7.2 c 6.2 d 6.0 c 
9 0.0 c    10.0 a 7.5 c 8.1 c    10.0 b 
12 1.6 b  6.1d 9.0 b 9.5 b    12.0 a 
15 2.5 a  6.0 d    10.0 a    10.9 a    13.3 a 

 
F-1 3560-S 

Control 0.0 f      3.0 e 5.0 d 3.5 d 3.1 d 
3 0.0 f 3.9 e 3.6 e 3.2 e 2.9 d 
6 0.0 f  8.0 b 7.1 c 6.6 d 6.4 c 
9 0.0 f     10.0 a 7.5 c 7.9 c 9.9 b 
12 2.0 b 6.1 d  9.0 b 9.4 b    12.7 a 
15 2.4 a 6.0 d     10.0 a    11.0 a    13.5 a 

*Values sharing common letter(s) in table body (non bold) in each interval of time do not differ 
significantly at P < 0.05 according to LSD test  
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maximum ethylene release was recorded in plates having CaC2 application rate of 15 mg 

plate-1. Though variable ethylene release response of each cultivar in response to different 

rates of CaC2 was observed however, statistical difference for ethylene release among tomato 

cultivars was not much obvious. All tomato cultivars released mean maximum rate of 

ethylene in the treatment where15 mg plate-1 CaC2 was applied followed by 12 mg plate-1 

CaC2 application rate. 

 
ii- Germination percentage 
 
 Germination response was monitored on every 24 h interval for the period of 5 

days and means were calculated. Data on the effect of different rates of calcium carbide 

on seed germination of five tomato cultivars over different time intervals is presented in 

Table 4.2. The data inferred that the time period required for seed germination in Petri 

plates of untreated seeds was relatively more than the time period required for seed 

germination in calcium carbide treated plates containing 12 and 15 mg CaC2 plate-1, 

respectively. Calcium carbide treated seeds in two cultivars i.e. Rio Grande and Tenzila 

started to show germination signs after 48 h period of incubation whereas no sign of 

germination was observed in seeds of control treatment (without CaC2). Seed germination 

process was started at time interval of 72 h in all plates. At this time interval, only 11% seed 

germination was counted in the control treatment whereas seed germination invariably 

ranged from 22 to 67 % in different treatments of calcium carbide (Table 4.2). Maximum 

seed germination (67 %) was observed in treatment where calcium carbide was applied @ 15 

mg plate-1.  After 96 and 120 h growth periods still minimum seed germination was observed 

in control plates that was 11.2 to 22.2 % and 22.0 to 36.7 %, respectively. At these time 

intervals seed germination was the highest i.e. 68.0 and 99.7 %, respectively in the plates 

treated with CaC2 @ 15 mg plate-1.  

 Comparative response of five tomato cultivars for seed germination to different rates 

of CaC2 at different intervals of time indicate that after 72 h of growth period Rio Grande and 

Tenzila showed maximum germination percentage of 44.5 and 42.4, respectively (Figure 

4.1). After 96 h of growth period Tenzila responded totally differently by showing maximum 

germination of 53.9 % whereas response of remaining four cultivars to added CaC2  
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Table 4.2 Effect of different rates of calcium carbide on seed germination of tomato cultivars 
at different intervals of growth period in incubator 

Tomato cultivar CaC2 
(mg plate-1) 

Percent seed germination  
72 h 96 h 120 h 

Rio Grande 

Control 11.0 f* 11.0 f 36.7 gh 
3 33.0 d 33.0 d 66.7 e 
6 44.5 c 55.7 c 81.5 cd 
9 55.7 b 55.7 c 96.5 ab 
12 55.7 b 67.0 b 99.2 a 
15 67.0 a 67.0 b 99.5 a 

Tenzila 

Control 11.0 f 22.2 e 44.5 g 
3 44.5 c 55.0 c 55.7 f 
6 44.2 c 55.7 c 56.5 f 
9 33.0 d 55.5 c 67.0 e 
12 55.0 b 67.0 b 89.0 bc 
15 67.0 a 68.0 a 89.0 bc 

Romor Ser-
France 

Control 11.2 f 11.2 f 22.0 i 
3 33.2 d 33.0 d 44.5 g 
6 44.5 c 55.0 c 55.7 f 
9 44.5 c 55.5 c 66.5 e 
12 55.7 b 67.0 b 84.8 cd 
15 55.7 b 67.0 b 92.8 bc 

Top Gord 

Control 0.0 g 11.0 f 22.0 i 
3 33.0 d 38.0 d 44.7 g 
6 44.5 c 55.7 c 55.7 f 
9 55.7 b 55.7 c 78.0 d 
12 66.7 a 67.7 b 89.2 bc 
15 33.0 d 67.0 b 67.2 e 

F-1 3560-S 

Control 11.0 f 11.0 f 33.0 h 
3 22.0 d 33.0 d 44.5 g 
6 44.5 c 55.7 c 55.7 f 
9 44.5 c 55.7 c 67.0 e 
12 45.0 c 67.0 b 67.0 e 
15 67.0 a 67.5 b 99.7 a 

*Values sharing common letter(s) in table body (non bold) in each interval of time do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 4.1 Response of tomato cultivars for seed germination at different interval of growth 
period (72, 96 and120 hours) in incubator 
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Figure 4.2 Response of tomato cultivars for mean germination of seeds at different rates of 
calcium carbide in incubator 
T1 = control, T2 = 3 mg, T3 = 6 mg, T4 = 9 mg, T5 = 12 mg, T6 = 15mg CaC2 plate-1 
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was statistically at par. After 120 h growth period, once again cultivar Rio Grande showed 

maximum germination of 80.0 % followed by Tenzila (66.9 %). Comparative response of 

five tomato cultivars for seed germination at different rates of calcium carbide also revealed 

that all cultivars except Top Gord showed increased germination percentage with increasing 

rate of calcium carbide and their seed germination was maximum at the rate of 15 mg CaC2 

plate-1 (Figure 4.2). 

 Top Gord cultivar showed maximum germination at 12 mg CaC2 plate-1 rate and 

further increase in the rate of CaC2 i.e.15 mg depressed the seed germination. These results 

concluded that 12 mg CaC2 can be appropriate rate for cultivar Top Gord only. 

iii- Root and shoot lengths 

 Root and shoot lengths of germinating seedlings were also recorded after 15 

days growth period in incubator. The detail of results on root and shoot length is given 

separately.  

 
iii(a)- Root length 

 Data on effect of different rates of calcium carbide on root length of tomato seedlings 

reveal that the application of CaC2 significantly affected root length compared to that in 

control (Table 4.3). Substantial increase in root length was observed in response to increasing 

rate of CaC2. Minimum root length (27.8 mm plant-1) was observed in control while it was 

maximum (55.2 mm plant-1) in the treatment where CaC2 was applied at the rate of 15 mg 

plate-1. Comparison among different rates of CaC2 indicates that 15 mg plate-1 CaC2 showed 

the best results. Statistical comparison among different cultivars in response to applied CaC2 

also depicts that cultivar F-1 3560-S performed the best among all the cultivars and produced 

mean maximum root length of 52.3 mm plant-1. Tomato cultivar Rio Grande closely followed 

F-1 3560-S and had root length 49.2 mm plant-1.  

 Statistical effect of rate × cultivar interaction was also found significant. In all 

cultivars maximum root length was noted in the treatment having 15 mg CaC2 plate-1 except 

in Top Gord where maximum root length was observed in the treatment having 12 mg plate-1 

CaC2. Overall, maximum root length (62.0 and 58.0 mm plant-1) was observed in the 

treatment where CaC2 was applied at the rate of 15 mg plate-1 in cultivar F-1 3560-S and Rio 

Grande, respectively.  
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Table 4.3 Effect of different rates of calcium carbide on root length of tomato cultivars 
grown in incubator  

CaC2  
(mg plate-1) 

Tomato cultivar 
root length (mm plant-1) Mean 

 Rio                Tenzila                 Romor          Top Gord       F-1  3560-S 
Grande                                  Ser-France    

Control 
3 
6 
9 
12 
15 

33.0 I * 22.0 k 22.0 k 28.0 i 34.0 hi a 27.8 E 
 41.0 D 
 44.2 C 
 44.4 C 
 49.2 B 
 55.2 A 

44.0 f 36.0 g-i 36.0 g-i 37.0 gh 52.0 e 
52.0 e 38.0 g 38.0 g 38.0 g 55.0 bc 
53.0 de 39.0 g 39.0 g 37.0 gh 54.0 c-e 
55.0 b-e 39.0 g 39.0 g 56.0 b-d 57.0 bc 
58.0 b 52.0 e 52.0 e 52.0 e 62.0 a 

    Mean  b 49.2 B       37.7 D             37.7 D             41.3 C         52.3 A  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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iii(b)- Shoot length 

 Calcium carbide is commonly known to promote or stimulate early growth at all 

growth stages. Its first action is to stimulate early root growth and then change the growth 

pattern i.e. reduction in plant height in most of the cases. Results on the effect of different 

rates of calcium carbide on shoot length of tomato seedlings reveal that minimum mean shoot 

length (15.7 mm plant-1) was noted in control which increased to maximum value of 33.0 

mm plant-1 with increase in rate of application of calcium carbide from 3 to 15 mg CaC2 

plate-1 (Table 4.4). Among different rates of CaC2, 15 mg plate-1 CaC2 showed statistically 

best results by improving shoot length. Overall estimate shows that addition of calcium 

carbide resulted in 51 to 110 % increase in mean shoot length over mean shoot length in 

control.  

 Statistical comparison among different cultivars in response to applied CaC2 was also 

significant and depicts that mean maximum seedling shoot length (28.4 mm plant-1) was 

observed in tomato cultivar Rio Grande followed by Tenzila. Rate × cultivar interaction was 

found significant and maximum shoot length (39.5 and 38.0 mm plant-1) was observed in 

treatment where CaC2 was applied at 15 mg plate-1 in cultivars Tenzila and Rio Grande, 

respectively.  

 

 iv- Root: shoot ratio 

 Results regarding effect of different rates of calcium carbide on root: shoot ratio on 

length basis (Table 4.5) indicate increase in root: shoot ratio on length basis in response to 

CaC2 application however, the effect of different rates of CaC2 on root: shoot ratio was 

statistically non-significant. Maximum mean root: shoot ratio on length basis was observed 

in control while it ranged from 1.69 to 1.82 in CaC2 treated plants.  

 The effects of cultivar and rate × cultivar interaction were highly significant. 

Comparison among tomato cultivars indicates that root: shoot ratio of F-1 3560-S and Top 

Gord were at the top but statistically at par while cultivars Romor Ser-France and Rio Grande 

followed them in root: shoot ratio on length basis. Tomato cultivar Tenzila showed least root: 

shoot ratio on length basis. These results confer the effect of CaC2 on root: shoot ratio. Root: 

shoot ratio either decreased a little bit or maintained with increase in rate of CaC2 in most 

cultivars except Romer Ser France and Top Gord where increase in root shoot ratio was  
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Table 4.4 Effect of different rates of calcium carbide on shoot length of tomato cultivars 
grown in incubator 

CaC2  
(mg plate-1) 

Tomato cultivar 
Shoot length (mm plant-1) Mean 

 Rio                Tenzila                 Romor          Top Gord       F-1  3560-S 
Grande                                   Ser-France    

Control 
3 
6 
9 
12 
15 

18.5 jk* 16.4 kl 13.7 lm 12.5 m 17.2 k a 15.7 E  
  23.7 D 
  24.4 D 
  26.3 C 
  28.2 B 
   33.0 A 

24.7 gh 27.2 c-g 20.5 ij 20.7 ij 25.2 e-g 
28.5 cd 25.5 d-h 21.5 ij 21.5 ij 25.5 d-h 
28.0 c-f 28.0 c-f 23.5 hi 23.0 hi 29.0 c 
33.0 b 28.2 c-e 25.2 e-h 25.5 d-h 29.0 c 
38.0 a 39.5 a 25.0 f-h 28.5 cd 34.2 b 

    Mean  b 28.4 A       27.5 AB          21.6 C             21.9 C          26.7 B  
 
 
 
 
 
 
Table 4.5 Effect of different rates of calcium carbide on root: shoot on length basis of tomato 
cultivars grown in incubator 

CaC2  
(mg plate-1) 

Tomato cultivar 
(root: shoot) Mean 

 Rio                Tenzila                 Romor          Top Gord       F-1  3560-S 
Grande                                   Ser-France    

Control 
3 
6 
9 
12 
15 

1.79 c-h * 1.35 k 1.69 e-j 2.20 a 1.98 a-e a  1.80 NS 
1.75 
1.82 
1.69 
1.76 

    1.72  

1.78 d-i 1.32 k 1.77 d-i 1.79 c-i 2.07 a-d 
1.84 c-g 1.49 i-k 1.77 d-i 1.77 d-i 2.23 a 
1.89 b-f 1.39 j-k 1.67 e-j 1.62 f-k 1.88 b-g 
1.67 e-j 1.38 jk 1.57 g-k 2.22 a 1.97 a-e 
1.53 h-k 1.32 k 2.09 a-c 1.83 c-h 1.82 c-h 

    Mean  b1.75 B        1.37 C             1.76 B             1.90 AB       1.99 A   
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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observed. Overall minimum mean value of ratio (1.32) was observed in the treatment of 15 

mg plate-1 CaC2 while it was increased up to 2.23 in seedlings treated with 6 mg CaC2 plate-1
. 

Results reveal that all treatments pertaining to CaC2 caused root: shoot more than unity. It 

means that root length responded more than shoot length to CaC2 application at seedling 

growth stage.  

 
v- Root and shoot growth rates 

 Root and shoot growth rates on per day basis of tomato seedlings were also 

calculated by dividing root and shoot lengths with number of days of growth in 

incubator.  

 
v(a)- Root growth rate 

 Data on effect of different rates of calcium carbide on root growth rate of tomato 

seedlings revealed that the application of CaC2 significantly improved growth rate of tomato 

roots compared to that in control (Table 4.6). Mean minimum growth rate of root (1.85 mm 

day-1) was observed in control while mean maximum growth rate of 3.68 mm day-1 was 

observed in the treatment where CaC2 was applied at the rate of 15 mg plate-1. Comparison 

among different rates of CaC2 shows that tomato seedling showed the highest response in 

terms of growth rate in treatment where 15 mg plate-1 CaC2 was applied. Statistical 

comparison among different cultivars in response to applied CaC2 also depicts that cultivar 

F-1 3560-S showed the highest increase in root growth rate among all the cultivars tested and 

produced mean maximum rate of 3.48 mm day-1. Tomato cultivar Rio Grande showed 

statistically less root growth rate but closely followed the cultivar F-1 3560-S. This cultivar 

has root growth rate 3.27 mm day-1.  

 Statistical effect of rate × variety interaction was also found significant. When we 

consider the performance of individual cultivar regarding root growth rate, the maximum 

root growth rate (4.13 and 3.87 mm day-1) was shown by cultivar F-1 3560-S and Rio 

Grande, respectively. And this increased growth rate was observed in treatment where CaC2 

was applied at 15 mg plant-1. Overall, results indicate that maximum root growth rate was 

noted in the treatment of 15 mg CaC2 plate-1 in all the cultivars except Top Gord whose 

maximum root growth rate was noted at 12 mg plate-1 CaC2.  
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v(b)- Shoot growth rate 

 It was observed that application of calcium carbide stimulated growth rate of tomato 

seedlings. Results on the effect of different rates of calcium carbide on shoot growth rate of 

tomato seedlings reveal that minimum mean shoot growth (1.04 mm day-1) was noted in 

control that increased to maximum value of 2.20 mm day-1 with increase in the rate of 

calcium carbide up to 15 mg CaC2 plate-1 (Table 4.7). Among different rates of CaC2, 15 mg 

plate-1 CaC2 showed statistically best results in terms of improving shoot growth rate. Overall 

estimates showed that addition of calcium carbide resulted in 51.9 to 111.5 % increase in 

mean shoot growth rate of seedling treated with 3 to 15 mg CaC2 plate-1 over control.  

 Statistical comparison among different cultivars in response to applied CaC2 indicates 

significant effect of CaC2 on shoot growth rate of all tomato cultivars. These results indicate 

that mean maximum seedling shoot growth rate (1.89 mm day-1) was shown by tomato 

cultivar Rio Grande and it was followed by Tenzila. Rate × cultivar interaction for shoot 

growth rate was also found significant and maximum shoot growth rate (2.63 and 2.53 mm 

day-1) was observed in the treatment where CaC2 was applied at the rate of 15 mg plate-1 in 

cultivars Tenzila and Rio Grande, respectively.  
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Table 4.6 Effect of different rates of calcium carbide on root growth rate of tomato cultivars 
grown in incubator  

CaC2  
(mg plate-1) 

Tomato cultivar 
root growth rate (mm day-1) Mean 

 Rio                Tenzila                 Romor          Top Gord       F-1  3560-S 
Grande                                   Ser-France    

Control 
3 
6 
9 
12 
15 

2.20 i* 1.47 k 1.47 k 1.86 j 2.26 hi a1.85 E 
  2.73 D 
  2.95 C 
  2.96 C 
  3.28 B 
   3.68 A 

2.93 f 2.40 g-i 2.40 g-i 2.47 gh 3.47 e 
3.47 e 2.53 g 2.53 g 2.53 g 3.66 b-e 
3.53 de 2.60 g 2.60 g 2.46 gh 3.60 c-e 
3.67 b-e 2.60 g 2.60 g 3.73 b-d 3.80 bc 
3.87 b 3.47 e 3.46 e 3.46 e 4.13 a 

    Mean  b 3.27 B       2.51 D             2.51 D             2.75 C          3.48 A  
 
 
 
 
 
 
Table 4.7 Effect of different rates of calcium carbide on shoot growth rate of tomato 
cultivars grown in incubator  

CaC2  
(mg plate-1) 

Tomato cultivar 
shoot growth rate (mm day-1) Mean 

 Rio                Tenzila                 Romor          Top Gord       F-1  3560-S 
Grande                                   Ser-France    

Control 
3 
6 
9 
12 
15 

1.23 jk* 1.09 kl 0.92 lm 0.83 m 1.25 k a1.04 E 
  1.58 D 
  1.63 D 
  1.75 C 
  1.88 B 
   2.20 A 

1.65 gh 1.82 c-g 1.36 ij 1.38 ij 1.68 e-h 
1.88 c-e 1.70 d-h 1.43 ij 1.43 ij 1.70 d-h 
1.86 c-f 1.87 c-f 1.56 hi 1.53 hi 1.93 c 
2.20 b 1.88 c-e 1.68 e-h 1.70 d-h 1.93 c 
2.53 a 2.63 a 1.66 f-h 1.90 cd 2.28 b 

    Mean  b1.89 A        1.83 AB           1.44 C             1.46 C          1.78 B   
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
 
 
 
 
 
 
 
 
 
 
 



 76

4.1.2 Discussion 
 
 Calcium carbide is being claimed to have plant growth regulator like activity due to 

its dual action as nitrification inhibitor and plant hormone. Due to the release of acetylene 

and ethylene gases its impact on seed germination is very much obvious from the results. The 

results revealed that time taken for tomato seed germination and seedling emergence was 

reduced due to the application of calcium carbide. Study of anatomy of the tomato seed 

shows that it comprises a seed coat (testa) in which a curved filform embryo and an 

endoplasm are enclosed. This endosperm nearly fills the lumen of the seed not occupied by 

the embryo (Esau, 1953). The process of seed germination occurs when the hydraulic 

extension force of the embryo exceeds the opposing force of the seed coat and the living 

endosperm tissues at the placental end (Bradford, 1986; Groot and Karssen, 1987). It was 

also already reported by Abeles (1986) that ethylene stimulates the germination of plant 

seeds by promoting the embryonic hypocotyl cell expansion instead of acting on the 

enveloping tissues.  

 Involvement of exogenously applied ethylene in seed germination is a widely 

accepted fact (Khan and Prusinski, 1989; Huang and Khan, 1992; Nascimento, 1998; 

Nascimento et al., 1999a, 1999b), but the mechanistic details are poorly understood. Seeds 

have some ethylene responsive mechanisms. Promotion of germination by ethylene may also 

be explained on the basis of ethylene stimulation of degradative enzymes as demonstrated in 

many species (Cervantes et al., 1994; Petruzzelli et al., 2000). Some possibilities of ethylene 

involvement in seed germination may be due to i) by interaction with endogenous hormones 

e.g. Abscisic acid; ii) by interaction with growth promoters required to maximize a given 

physiological response; iii) by interaction in physiological response; iv) by affecting enzyme 

synthesis and secretion (Ketring, 1977). Improved seed germination of dormant peanut seeds 

has also been reported by Ketring and Morgan (1970) by exogenous ethylene which 

overcomes the inhibitory effects of ABA on germination. A positive relation was observed to 

a critical concentration between calcium carbide and seed germination. As application of 

calcium carbide in appropriate dose could be able to release right amount of ethylene in the 

soil that is why application of different rates of calcium carbide affected seed germination 

and emergence in a different fashion. Application of 15 mg CaC2 plate-1 was found the best 

and appropriate rate of application regarding seedling emergence in all tomato cultivars 
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except Top Gord. This might be due to release of appropriate amount of ethylene in 

proximity of seeds that stimulated seed germination in Petri plates treated with CaC2 (Figure 

4.3). Less seedling emergence was observed in the treatments where CaC2 was applied at 

lower rates. In Top Gord cultivar seed germination was reduced at the highest rate of CaC2. 

Germination inhibition at comparatively higher rates of calcium carbide has also been 

reported by Kashif et al. (2008). Similar results were observed by Abbasi et al. (2009) where 

the number of days required for sprouting of potato tubers were reduced significantly by the 

application of encapsulated calcium carbide compared to control. 

  The results of this experiment provide information that application of calcium 

carbide at right rate could be useful for early germination and seedling emergence. Moreover, 

this information could be particularly useful for vegetable growers where they need early and 

fast growth of vegetables to fetch more benefit from the market. 

 Exogenous application of small amounts of ethylene (C2H4) in the rhizosphere is 

physiologically active in influencing the growth and development of tomato plants (Arshad 

and Frankenberger, 2002). However, its higher amount can retard growth rather than to 

stimulate it. Conclusively, slow and consistent release/conversion of C2H4 from C2H2 

released from CaC2 is pre-requisite to obtain improved growth of vegetables (Muromtsev et 

al., 1991; Kashif et al., 2008; Abbasi et al., 2009; Siddiq et al., 2009). Moreover, results on 

root and shoot growth indicate 47 to 98 % and 50 to 110 % increase in root and shoot 

lengths, respectively because of CaC2 application compared to control.  

 Effect of ethylene released from CaC2 on root and shoot growth rate was also 

calculated in this experiment. Calcium carbide stimulated root and shoot growth rates and 

root: shoot ratio due to classical triple response of ethylene (Bronson and Mosier, 1991; 

Kashif et al., 2007; Mahmood et al., 2010). 
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Figure 4.3 Germinating seeds of tomato cultivars Rio Grande (A) and Top Gord (B) in 
response to applied calcium carbide under controlled conditions 
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Ethylene released from CaC2 triggers formation of adventitious roots with the extension of 

roots. Yaseen et al. (2006), Abbasi et al. (2009) and Anwar et al. (2011) have also reported 

similar results in agronomic and horticultural crops. Ethylene produced from CaC2 

application significantly enhanced root: shoot ratio on length basis.  

 This indicates that calcium carbide application stimulated root proliferation probably 

on the basis of some photosynthates when checked 15 days after sowing. Woodrow and 

Grodzinski (1989) reported a similar shift in the root: shoot ratio in tomatoes treated with 

ethephon. They suggested that dominant carbon sinks are reduced as a result of which this 

shift in carbon partitioning occurred. Root growth improvement with ethylene is also 

reported by Abeles (1992), Sharma and Yadav (1996), Freney et al. (2000) and Mahmood et 

al. (2002).  

 These results suggested that application of CaC2 can be used to stimulate early root 

growth. However, it could be likely to apply CaC2 in some formulation that can ensure slow 

release of ethylene from CaC2. The results of this experiment are further verified in second 

experiment where response of selected tomato cultivars from this experiment was studied by 

applying different results of formulated coated calcium carbide in the growth medium. The 

details are given in the next experiment.  
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4.2- Experiment 2: Effect of addition of different rates and types of coated 
calcium carbide on germination, root and shoot growth of tomato cultivars 
under controlled conditions  
 
4.2.1 Results  

i- Germination percentage 

 Germination response was monitored for 7 days after every 24 hours (h) interval 

and means were calculated. Seed germination was started in most of treatments after 72 h 

growth period and the whole experiment was prolonged up to 30 days. Data pertaining to 

germination percentage of three tomato cultivars reveal that application of CaC2 caused not 

only reduction in time of germination i.e. early germination but also increased germination 

percentage. As CaC2 treated seeds started to germinate after 72 h but at this time interval still 

no sign of seed germination was noted in the control treatment whereas at this time interval 6 

to 44 % germination was recorded in seeds treated with calcium carbide (Table 4.8). 

Minimum germination was observed in control while it was maximum (44 %) in the 

treatment where CaC2 was applied at the rate of 200 mg cup-1. After 96 h growth period, 

approximately 10 to 38 % seeds started to germination in the control treatments. On the other 

hand, in CaC2 treated seeds, maximum germination (94 %) was observed in the treatments 

with 200 mg polyethylene coated and encapsulated (gelatin capsule) CaC2. After 120 h 

growth period, 31 to 63 % seed germination was recorded in the control treatments of all 

tomato cultivars while in CaC2 treated seeds 100 % germination was observed in the cups 

where 200 mg cup-1 polyethylene coated CaC2 was applied. In all calcium carbide treatments, 

seed germination was completed at 120 and 144 h whereas seeds in the control cups 

completed their germination after 168 h.  

 It was also observed that after 168 h growth period, germination increased with 

increasing rate of application of CaC2 up to 200 mg cup-1. Germination decreased in cups 

where 300 mg cup-1 CaC2 was applied but still it was higher than 100 mg cup-1 CaC2 rate and 

control. Results are evident that response of all tomato cultivars for germination percentage 

was markedly significant at all rates of coated CaC2 (Table 4.8). Although  
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Table 4.8 Effect of different rates and coating materials on calcium carbide on germination of different tomato cultivars at different time 
intervals of growth period under growth room conditions 
 
 

V1 = Rio Grande,  V2 = Tenzila, V3 = F-1 3560-S  
*Values sharing same letter(s) in each column of each time interval do not differ significantly at P< 0.05 according to LSD test 
 

 

 

 
Type of 
coating 

CaC2 
(mg cup-1) 

Percent seed germination  

72h 96h  120h 144h  168h 
V1 V2 V3 V1 V2 V3     V1 V2 V3 V1 V2 V3 V1 V2 V3 

  Control - - - 10 n 38 j 31 k 31 j 63 g 38 i 44 g 63 f 63 f 69 f 63 g 75 e 

 
Wax 

100 6 g* 6 g 13 f 31 k 56 g 31 k 63 g 69 f 69 f 81 d 75 e 88 c 81 d 75 e 88 c 
200 25 d 13 f 19 e 63 f 69 e 75 d 88 c 88 c 88 c 94 b 88 c 94 b 94 b 88 c 94 b 
300 6 g 19 e 25 d 31 k 56 g 81 c 69 f 75 e 75 e 81 d 81 d 81 d 88 c 81 d 94 b 

 
Paint 

 

100 19 e - 6 g 25 l 44 i 56 g 63 g 69 f 69 f 75 e 75 e 81 d 81 d 75 e 88 c 
200 19 e 31 c 38 b 50 h 75 d 88 b 94 b 94 b 94 b 100 a 94 b 100 a 100 a 96 b 100 a 
300 6 g 19 e 19 e 25 l 50 h 75 d 81 d 69 f 69 f 88 c 81 d 88 c 88 c 88 c 88 c 

 
Paraffin 

100 6 g - 13 f 50 h 50 h 44 i 56 h 75 e 75 e 75 e 81 d 81 d 81 d 81 d 88 c 
200 6 g 36 b 44 a 50 h 81 c 75 d 81 d 100 a 100 a 94 b 100 a 100 a 94 b 100a 100 a 
300 6 g 13 f 6 g 44 i 63 f 81 c 75 e 88 c 88 c 88 c 88 c 88 c 88  c 88 c 94 b 

 
Polyethylene 

100 6 g 13 f 19 e 19 m 56 g 50 h 56 h 75 e 75 e 81 d 75 e 88 c 81 d 75 e 88 c 
200 25 d 44 a 44 a 56 g 94 a 94 a 94 b 100 a 100 a 100 a 100 a 100 a 100 a 100a 100 a 
300 13 f 6 g 19 e 38 j 56 g 81 c 63 g 75 e 75 e 81 d 81 d 88 c 88 c 88 c 88 c 

Gelatin 
capsule 

100 6 g - 31 c 31 k 63 f 69 e 63 g 81 d 81 d 81 d 81 d 88 c 81 d 81 d 88 c 
200 13 f 25 d 19 e 63 f 81 c 94 a 94 b 100 a 100 a 94 b 98 a 100 a 94 b 98a 100 a 
300 19 e 13 f 25 d 38 j 63 f 75 d 75 e 81 d 81 d 81 d 88 c 94 b 88 c 88 c 94 b 
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effect of coating was found non-significant among themselves but effect of different rates of 

CaC2 was highly significant. Comparison of germination of all cultivars at different rates and 

coating materials on CaC2 at 168 h growth period reveals that mean minimum germination 

percentage was observed in control which was increased with the application of CaC2. Figure 

4.4 shows comparative performance of cultivars regarding germination. Among three tomato 

cultivars, response of cultivar F-1 3560-S to the application of CaC2 was highly significant. 

After 168 h growth period, F-1 3560-S led with 98 % mean germination percentage while two 

other cultivars Rio Grande and Tenzila showed statistically at par germination, however their 

germination was significantly less than cultivar F-1 3560-S.   

  Comparative effect of various coatings on CaC2 on three tomato cultivars (Table 4.9) 

reveals that polyethylene coating though performed the best among all coating materials 

however, it was statistically at par with paraffin. Comparison of different levels of application 

of CaC2 further elucidates that the application of CaC2 @ 200 mg cup-1 gave highly significant 

results. Mean maximum germination of 96.8 % was recorded by the application of 200 mg 

CaC2 cup-1.  
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Figure 4.4 Response of tomato cultivars to different rates of coated calcium carbide for seed 
germination after 168 hours under growth room conditions 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
 
 
 
 
 
 
 
 
 
Table 4.9 Mean table on effect of different rates and coating materials on calcium carbide on 
germination percentage of tomato seeds after 168 hours growth under growth room conditions 

CaC2 

(mg cup-1) 

Type of coating  
Mean 

Wax            Paint          Paraffin     Polyethylene   Gelatin capsule 

Control 
100 

200 

300 

67.2 h* 67.0 h 67.2 h 66.9 h 66.3 h   a 66.9 D 
81.7 C 
96.8 A 
87.7 B 

81.1 g 81.3 fg 83.4 f 81.7 fg 81.2 g 
91.7 c 97.8 ab 97.3 b 99.4 a 97.8 ab 

86.0 e 87.3 de 89.0 d 88.9 d 87.4 de 
Mean  b 81.5 C      83.4 B        84.2 A       84.2 A          83.2 B  

*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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ii- Root length 

 Data regarding effect of calcium carbide based formulations on root length (cm) of 

tomato seedling (Table 4.10) reveals that minimum root length (10.6 cm) was observed in 

control while maximum (15.3 cm) in the treatment where polyethylene coated CaC2 was 

applied @ 200 mg cup-1. An increase of 42 % in mean root length of seedlings grown in CaC2 

treated growth medium was observed over seedlings grown without addition of CaC2. 

Summarized results on the effect of level and coating material of CaC2 on root length showed 

significant effect of each rate and type of coating on root length.  

 Data regarding coating materials indicate that paint and polyethylene coated CaC2 

showed significantly the highest effect on root length. Mean maximum root length (15.2 cm) 

was noted in the treatment with application of 200 mg cup-1 CaC2 and it was followed by 300 

mg cup-1 CaC2.  

 Statistical comparison of effect of various rates of CaC2 on three cultivars of tomato 

(Figure 4.5) depicts that F-1 3560-S performed the best among all the three tomato cultivar and 

produced significantly maximum root length while the other two cultivars of tomato were 

statistically at par in producing root length.  

 
iii- Shoot length 
 
 Unlike root length, calcium carbide is commonly known to cause reduction in plant 

height but here it increased shoot length that means initial action of calcium carbide is to 

promote early growth at seedling growth stage and at later growth stages its action is reversed. 

That is why increase in length of shoot at seedling stage is observed. Data on the interaction of 

level of CaC2 and coating materials in Table 4.11 indicate increase in shoot length with the 

application of CaC2 compared to control. Since compost was used as a growth media so 

addition of CaC2 to it enhanced the capability of seedling to take up more nutrients from 

compost and thus, resulted in maximum plant growth in term of increased shoot length.  

 Comparative mean effect of rates and coating materials on shoot length presented in 

Table 4.11 also describe that mean minimum shoot length of seedlings was noted in control 

which increased with the application of calcium carbide.  
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Table 4.10 Effect of different rates and coating materials on calcium carbide on root length of 
tomato cultivars under growth room conditions 

Type of 
Coating  

CaC2 
(mg cup-1) 

 
Root length (cm) Mean 

Rio Grande         Tenzila             F-1  3560-S 

                            Control 10.7 p-r* 10.8 o-r 10.6 p-r   a10.7 H 
   10.9 H 
   13.5 B-D 
   13.9 B 
   10.8 H 
   13.3 D 
   12.4 E 
   12.1 EF 
   13.8 BC 
   13.4 CD 
   11.5 FG 

     15.2 A 
   12.3 E 
   11.0 GH 
   14.7 A 

      12.4 E 

Wax 
 
 

Paint 
 
 

Paraffin 
 
 

Polyethylene 
 
 

Gelatin 
capsule 

100 10.8 o-r 11.0 n-r 10.9 o-r 
200 13.6 d-g 13.6 d-g 13.3 e-h 
300 14.3 a-e 14.4 a-d 13.2 f-h 
100 10.9 o-r 11.0 n-r 10.7 p-r 
200 13.4 d-h 13.4 d-h 13.1 f-i 
300 12.5 h-l 12.1 i-m 12.5 h-l 
100 12.7 g-k 11.8 j-o 11.7 k-p 
200 13.9 b-f 13.9 b-f 13.8 c-f 
300 14.1 b-f 11.9 j-n 14.1 b-f 
100 11.4 m-r 11.4 m-r 11.8 j-o 
200 15.3 a 15.3 a 14.9 ab 
300 12.4 h-m 12.1 j-m 12.5 h-l 
100 11.5 l-r 10.8 o-r 10.9 n-r 
200 14.7 a-c 14.8 a-c 14.7 a-c 
300 12.8 g-j 11.6 l-q 12.8 g-j 

       Mean                      b 12.8 A               12.5 B              12.6 B  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 4.5 Response of tomato cultivars to different rates of coated calcium carbide for root 
length under growth room conditions 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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Mean maximum shoot length (9.6 cm) was recorded in the treatment of 100 mg cup-1 

polyethylene coated CaC2. An increase of 24.6 % was noted in mean shoot length of seedlings 

grown in CaC2 mediated compost growth medium compared to seedlings grown without 

addition of CaC2. Although polyethylene performed the best in producing shoot growth but it 

was statistically at par with wax and paint coated treatments. Comparative response of three 

tomato cultivars for shoot length at different levels of coated CaC2 (Figure 4.6) shows that Rio 

Grande and Tenzila produced statistically at par but higher mean shoot length than F-1 3560-S 

cultivar. 

 

iv- Root: shoot ratio 

 Results regarding root: shoot ratio on length basis (Table 4.12) explain that application 

of CaC2 significantly affected root: shoot ratio. Minimum value of ratio (1.03) was obtained in 

100 mg wax coated CaC2 cup-1 which increased to 1.85 in plants treated with 200 mg cup-1 

gelatin capsulated CaC2. Comparative mean column of rates and coating materials on root: 

shoot ratio shows mean maximum root: shoot ratio (1.81) was obtained in 200 mg cup-1 coated 

CaC2. Comparison among coating materials reveals that mean maximum root: shoot ratio was 

obtained by the application of gelatin capsule coated CaC2 followed by paraffin and 

polyethylene coatings which showed statistically similar results in root: soot ratio.  

 Comparative response of three tomato cultivars for root: shoot ratio at different rates of 

coated CaC2 pointed out that level of coated CaC2 had significant effect on root: shoot ratio on 

length basis (Figure 4.7). Cultivars Rio Grande and F-1 3560-S were at the top while Tenzila 

followed them in producing root: shoot ratio.  
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Table 4.11 Effect of different rates and coating materials on calcium carbide on shoot length of 
tomato cultivars under growth room conditions 

Type of 
Coating  

CaC2 
(mg cup-1) 

 
Shoot length (cm) Mean 

             
Rio Grande        Tenzila             F-1  3560-S 

                         Control 7.5 z* 7.7 z 7.9 w-z   a7.7 E 
   9.4 AB 
   9.3 A-C 
   9.2 A-C 
   9.4 AB 
   8.8 C 
   9.6 A 
   9.3 AB 
   8.4 D 
   9.4 AB 
   9.6 A 
   9.2 A-C 
   9.3 A-C 
   9.6 A 
   8.1 D 
   9.1 BC 

Wax 
 
 

Paint 
 
 

Paraffin 
 
 

Polyethylene 
 
 

Gelatin 
capsule 

100 10.5 bc 8.7 o-q 9.1 lm 
200 10.8 ab 8.6 p-s 8.4 q-u 
300 8.9 m-p 9.5 g-k 9.2 i-m 
100 10.1 de 9.1 l-n 9.2 j-m 
200 8.2 s-x 8.4 q-t 10.0 d-f 
300 9.7 f-h 9.8 e-g 9.2 i-m 
100 9.7 fg 9.6 g-j 8.6 pq 
200 8.6 p-r 8.2 r-w 8.3 q-v 
300 9.6 h-j 9.2 i-m 9.5 g-k 
100 9.6 g-i 10.6 a-c 8.6 p-s 
200 8.3 q-v 11.0 a 8.4 q-u 
300 9.0 l-o 9.3 h-l 9.5 g-k 
100 9.5 g-k 10.3 cd 8.4 q-t 
200 8.1 t-y 8.0 v-z 8.2 t-x 
300 8.7 n-q 9.3 i-m 9.2 k-m 

       Mean                     b  8.8 A                   8.9 A               8.5 B  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 4.6 Response of tomato cultivars to different rates of coated calcium carbide for shoot 
length under growth room conditions 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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Table 4.12 Effect of different rates and coating materials on calcium carbide on root: shoot 
ratio of tomato cultivars under growth room conditions 

Type of 
Coating  

CaC2 
(mg cup-1) 

 
Root: shoot Mean 

             
 Rio Grande        Tenzila              F-1  3560-S  

                         Control 1.43 h-m* 1.40 i-o 1.35 j-s   a1.39 E-G 
    1.16 J 
    1.48 C-E 
    1.52 C 
    1.15 J 
    1.51 CD 
    1.29 HI 
    1.30 G-I 
    1.66 B 
    1.42 D-F 
    1.21 IJ 
    1.67 B 
    1.33 F-H 
    1.18 J 
    1.81 A 
    1.37 F-H 

Wax 
 
 

Paint 
 
 

Paraffin 
 
 

Polyethylene 
 
 

Gelatin 
capsule 

100 1.03 w 1.27 n-t 1.19 s-v 
200 1.26 o-t 1.58 d-h 1.58 d-h 
300 1.61 d-f 1.52 e-i 1.44 g-m  
100 1.08 u-w 1.21 r-v 1.16 t-w 
200 1.63 b-f 1.59 d-g 1.31 l-t 
300 1.29 m-t 1.23 p-u 1.36 i-r 
100 1.31 m-t 1.22 q-u 1.36 i-r 
200 1.61 c-f 1.69 a-d 1.67 b-e 
300 1.47 f-l 1.30 m-t 1.48 f-j 
100 1.18 s-w 1.08 u-w 1.37 i-r 
200 1.84 a 1.39 i-p 1.77 a-c 
300 1.38 i-q 1.29 m-t 1.32 k-t 
100 1.21 r-v 1.05 vw 1.31 m-t 
200 1.79 ab 1.85 a 1.80 ab 
300 1.48 f-k 1.25 o-t 1.39 i-q 

       Mean                       b1.42 A               1.38 B              1.42 A  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 4.7 Response of tomato cultivars to different rates of coated calcium carbide for root: 
shoot ratio on length basis under growth room conditions 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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v- Root dry weight  

 Effect of treatments (rate and type of coatings on CaC2) and tomato cultivars on dry 

root weight indicates that both factors and their interactions significantly affected the root dry 

weight. Minimum root dry weight (638.5 mg cup-1) was observed in tomato cultivar Rio 

Grande in control whereas maximum (1143.0 mg cup-1) was recorded in the treatment of 200 

mg cup-1 encapsulated CaC2 by F-1 3560-S (Table 4.13).  

 Effect of different rates of CaC2 on tomato cultivars in root dry weight production is 

presented in Figure 4.8. Figure clearly elucidates significant effect of CaC2 on root dry weight. 

Tomato cultivar F-1 3560-S showed significantly maximum root weight compared to Tenzila 

and Rio Grande, respectively. Among the rates of CaC2 application, maximum root dry weight 

was recorded at 200 mg CaC2 and it was followed by 300 mg, 100 mg and control (no CaC2), 

respectively. 

 Summarized data in mean column (Table 4.13) on the effect of CaC2 and type of 

coatings of CaC2 on root dry weight pointed out that level and type of coating on CaC2 had 

significant effect on root dry weight which was increased significantly with increase in level of 

application of CaC2. Maximum mean root dry weight (1079 mg cup-1) was observed in the 

treatment of 200 mg cup-1 CaC2; it was followed by 901.5 and 817.4 mg cup-1 at the rate of 300 

and 100 mg cup-1 CaC2, respectively. Among the type of coating materials, maximum root dry 

weight was recorded where CaC2 was applied as polyethylene coated, followed by paint and 

gelatin capsule coatings and these two coatings were statistically similar in their effect on root 

dry weight.  
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Table 4.13 Effect of different rates and coating materials on calcium carbide on root dry weight 
of tomato cultivars under growth room conditions 

Type of 
Coating  

CaC2 
(mg cup-1) 

 
Root dry weight (mg cup-1) Mean 

             
Rio Grande         Tenzila              F-1  3560-S 

                            Control   638.5 z*   661.9 z   696.3 x-z   a 665.6 K 
    712.8 J 
    972.9 C 
    887.9 DE 
    802.9 H 
  1010.1 B 
    815.8 GH 
    752.1 I 
    957.3 C 
    862.1 EF 
    817.4 GH 
  1052.3 A 
    846.2 FG 
    711.3 J 
  1079.0 A 
    901.5 D 

Wax 
 
 

Paint 
 
 

Paraffin 
 
 

Polyethylene 
 
 

Gelatin 
capsule 

100   683.8 yz   709.0 w-z   745.6 u-x 
200   933.3 h-k   967.3 d-h 1018.0 c-e 
300   851.7 m-q   882.9 k-o   929.0 h-k 
100   771.1 s-v   796.5 q-u   841.0 n-r 
200   966.4 e-h 1010.0 c-f 1054.0 bc 
300   782.4 r-v   811.3 p-t   853.6 m-q 
100   725.0 v-y   739.9 u-y   791.5 r-u 
200   918.3 h-l   951.7 f-i 1002.0 c-g 
300   827.0 o-s   857.4 m-p   902.0 i-m 
100 1002.0 c-g   723.3 v-y   761.1 t-w 
200 1019.0 c-e 1027.0 cd 1111.0 ab 
300   811.6 p-t   841.4 n-r  885.5 j-o 
100   682.3 z   707.4 w-z  744.1 u-x 
200 1048.0 c 1046.0 c 1143.0 a 
300   864.8 l-p   896.5 i-n  943.2 g-j 

       Mean                     b  802.3 B              813.7 B            860.3 A  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 4.8 Response of tomato cultivars to different rates of coated calcium carbide for root 
dry weight under growth room conditions 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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vi- Shoot dry weight  

 Data in Table 4.14 reflect significant effects of coating, rates and cultivars on shoot dry 

weight and effect of their interactions was also found significant. Maximum shoot dry weight 

(1172.6 mg cup-1) was recorded in the treatment of 200 mg cup-1 CaC2 by cultivar Tenzila, 

while minimum shoot dry weight (740.3 mg cup-1) was noted in control plants (Table 4.14). 

Mean data on the effect of different rates of CaC2 and type of coatings on CaC2 on shoot dry 

weight also reveal that level and type of coating significantly increased shoot dry weight 

compared to control. An increase of 51 % over control was noted in mean shoot dry weight 

with the application of 200 mg cup-1 CaC2. Shoot dry weight was constantly increased with 

increase in level of application of CaC2 upto 200 mg cup-1and then it tends to decrease at 300 

mg cup-1 CaC2 rate but still it was significantly higher than 100 mg cup-1 and control. Among 

coating materials, maximum shoot dry weight was produced by gelatin capsule and it was 

statistically followed by polyethylene, paint, paraffin and wax coatings.  

 Comparative response of tomato cultivars to applied CaC2 (Figure 4.9) reveals that 

treatment where 200 mg cup-1 CaC2 was applied, produced maximum shoot dry weight (1108.8 

mg cup-1) by Tenzila. Tomato cultivars also showed differential response at different levels of 

CaC2. Order of tomato cultivars for the production of shoot dry weight was Tenzila > Rio 

Grande> F-1 3560-S. 
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Table 4.14 Effect of different rates and coating materials on calcium carbide on shoot dry 
weight of tomato cultivars under growth room conditions 

Type of 
Coating  

CaC2 
(mg cup-1) 

 
Shoot dry weight (mg cup-1) Mean 

  
Rio Grande         Tenzila              F-1  3560-S      

                        Control   773.7 w*   784.5 vw   740.3 xy     a 766.1 O 
       815.2 N 
    1078.8 D 
      989.0 G 
      906.3 K 
    1119.4 C 
      921.2 J 
      849.6 L 
    1061.4 E 
      967.1 H 
      829.7 M 
    1132.7 B 
      947.7 I 
      817.1 N 
    1156.8 A 
    1006.6 F 

Wax 
 
 

Paint 
 
 

Paraffin 
 
 

Polyethylene 
 
 

Gelatin 
capsule 

100   822.8 st   833.6 r-t   789.4 uv 
200   822.8 st   833.6 r-t   789.4 uv 
300   996.7 kl 1007.0 jk   963.2 m 
100   921.0 o   921.0 o   876.9 q 
200 1134.1 d 1134.0 d 1090.0 fg 
300   935.6 no   935.6 no   892.5 p 
100   864.5 q   864.1 q   820.2 t 
200 1076.1 g 1076.0 g 1032. i 
300   981.8 l   981.8 l   937.7 l 
100   837.8 rs   847.8 r   803.6 u 
200 1140.0 cd 1151.1 bc 1107.0 e 
300   955.2 m   966.0 m   921.8 o 
100   821.1 t   831.5 r-t   798.8 u 
200 1160.0 ab 1172.6 a 1137.7 cd 
300 1010.1 jk 1021.7 ij   988.1 l 

       Mean                      b 930.3 B               937.7 A           895.9 c  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 4.9 Response of tomato cultivars to different rates of coated calcium carbide for shoot 
dry weight under growth room conditions 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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vii- Root growth rate  

 Data regarding root growth rate indicate significant effects of coatings, rates and their 

interactions on root growth rate on length basis but effect of cultivars and their interactions 

were non significant. Maximum growth rate of root (5.0 mm day-1) was recorded in the 

treatment of 200 mg cup-1 CaC2 in all cultivars, while minimum growth rate (3.5 mm day-1) was 

noted in control plants (Table 4.15). Data in mean column on root growth rate reveal that rate 

and type of coating significantly increased root growth rate as compared to control. There was 

38.8 % increase in mean root growth rate over control and this increase was noted in treatments 

receiving 200 mg cup-1 polyethylene coated CaC2. It was also noted that root growth rate 

increased with increase in rate of CaC2 up to 200 mg cup-1 and then it was decreased at 300 mg 

CaC2 but still it was significantly higher than 100 mg cup-1 and control.  

 Comparison among coating materials indicates no statistical difference regarding root 

growth rate. Response of tomato cultivars to applied CaC2 revealed that tomato cultivars did 

not show statistical difference in root growth rate (Figure 4.10). All cultivars showed maximum 

root growth rate in treatment where 200 mg cup-1 CaC2 was applied.  
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Table 4.15 Effect of different rates and coating materials on calcium carbide on rate of root 
growth of tomato cultivars under growth room condition 

Type of 
Coating  

CaC2 
(mg cup-1) 

 
Root growth rate (mm day-1) Mean 

             
Rio Grande         Tenzila              F-1  3560-S 

                         Control 3.5 p-r* 3.6 o-r 3.5 p-r    a 3.6 H 
     3.6 H 
     4.5 B-D 
     4.6 B 
     3.6 H 
     4.4 D 
     4.1 E 
     4.0 EF 
     4.6 BC 
     4.4 CD 
     3.8 FG 
     5.0 A 
     4.1 E 
     3.7 GH 
     4.9 A 
     4.1 E 

Wax 
 
 

Paint 
 
 

Paraffin 
 
 

Polyethylene 
 
 

Gelatin 
capsule 

100 3.6 o-r 3.7 n-r 3.6 o-r 
200 4.5 d-g 4.5 d-g 4.4 f-h 
300 4.7 a-e 4.8 a-d 4.4 f-h 
100 3.6 o-r 3.7 n-r 3.6 o-r 
200 4.5 d-g 4.5 d-g 4.3 g-j 
300 4.2 g-k 4.0 i-m 4.2 g-k 
100 4.2 g-k 3.9 j-n 3.9 j-n 
200 4.6 b-f 4.6 b-f 4.6 c-f 
300 4.2 g-k 3.9 j-n 4.7 a-e 
100 3.8 i-r 3.8 i-r 3.9 j-n 
200 5.0 a 5.0 a 5.0 a 
300 4.0 h-m 4.0 h-m 4.0 h-m 
100 3.8 i-r 3.6 o-r 3.7 n-r 
200 4.9 b 4.9 b 4.9 b 
300 4.2 g-k 3.9 j-n 4.3 g-j 

       Mean                      b 4.3 NS                4.2                   4.2   
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 4.10 Response of tomato cultivars to different rates of coated calcium carbide for root 
growth rate under growth room conditions 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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vii- Shoot growth rate  
 
 Different rate of calcium carbide significantly affect the shoot growth rate on length 

basis but effects of coating materials, cultivars and their interactions were non significant. 

Maximum growth rate of shoot (4.0 mm day-1) was recorded in the treatment of 200 mg cup-1 

polyethylene coated CaC2 in Tenzila cultivar, while minimum growth rate (2.7 mm day-1) was 

noted in control plants (Table 4.16).  

 Data presented in column of means on the effect of different rates of CaC2 and type of 

coatings on shoot growth rate show that rate and type of coating significantly increased root 

growth rate as compared to control. About 17.8 % increase over control was noted in mean 

growth rate of shoots with application of 200 mg cup-1 CaC2. Shoot growth rate was decreased 

at higher level of CaC2 (300 mg CaC2 cup-1) but still it was significantly higher than shoot 

growth rate in control. Difference in coating materials though produced different shoot growth 

rate but this difference was not prominent and hence it was found more or less statistically non 

significant in producing shoot growth rate.  

 Response of tomato cultivars to applied CaC2 revealed that tomato cultivars did not 

show statistical difference in shoot growth rate pattern (Figure 4.11). Rio Grande and Tenzila 

showed maximum growth rate in treatment where 100 and 200 mg cup-1 CaC2 was applied but 

different coatings, whereas F-1 3560-S showed maximum shoot growth rate at 200 mg rate of 

paint coated CaC2. 
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Table 4.16 Effect of different rates and coating materials on calcium carbide on rate of shoot 
growth of tomato cultivars under growth room conditions 

Type of 
Coating  

CaC2 
(mg cup-1) 

 
Shoot growth rate (mm day-1) Mean 

 
Rio Grande        Tenzila             F-1  3560-S       

                        Control 2.7 de* 3.0 cd 3.0 cd     a2.8 CD 
     3.2 AB 
     3.3 A 
     3.0 BC 
     3.1 A-C 
     3.1 A-C 
     3.0 BC 
     3.0 BC 
     3.0 BC 
     3.0 BC 
     3.2 AB 
     3.3 A 
     3.0 BC 
     3.1 A-C 
     3.0 BC 
     3.0 BC 

Wax 
 
 

Paint 
 
 

Paraffin 
 
 

Polyethylene 
 
 

Gelatin 
capsule 

100 3.0 cd 3.0 cd 3.0 cd 
200 3.0 cd 3.0 cd 3.0 cd 
300 3.0 cd 3.0 cd 3.0 cd 
100 3.0 cd 3.0 cd 3.0 cd 
200 3.0 cd 3.0 cd 3.0 cd 
300 3.0 cd 3.0 cd 3.0 cd 
100 3.0 cd 3.0 cd 3.0 cd 
200 3.0 cd 3.0 cd 3.0 cd 
300 3.0 cd 3.0 cd 3.0 cd 
100 3.0 cd 3.7 ab 3.3 bc 
200 3.0 cd 4.0 a 3.0 cd 
300 3.0 cd 3.0 cd 3.0 cd 
100 3.0 cd 3.3 bc 3.0 cd 
200 3.0 cd 3.0 cd 3.3 bc 
300 3.0 cd 3.0 cd 3.0 cd 

       Mean                     b 2.9 B                3.1 A              3.0 AB  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 4.11 Response of tomato cultivars to different rates of coated calcium carbide for shoot 
growth rate under growth room conditions 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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4.2.2 Discussion 
 
 Plant hormones play key role in controlling the ways of plants growth and development. 

These hormones regulate the growth rate of the individual parts and combined them to create 

the form that we known as a plant. Ethylene is one of the established classes of phytohormones 

and is also a natural product of plant metabolism. The effects of ethylene have been observed 

practically in all aspects of plant growth and development, ranging from germination of seeds 

to senescence (Matto and Suttle, 1991; Reid et al., 1995). A variety of compounds have been 

recognized that accelerates ethylene concentration in the air of soil (Nazli et al., 2003). 

Microorganisms present in the soil can derive ethylene from variety of substrates and ethylene 

released from such exogenously applied substrates can act as potential source in the 

rhizosphere, thus may generate physiological responses. Calcium carbide is one of these 

substrate compounds that are considered a potential source of ethylene. Ethylene released from 

the application of calcium carbide in soil air may have stimulated germination by accelerating 

the rate of respiration. In general, during seed dormancy many cellular processes are 

suppressed (Muromtsev et al., 1991; Bibik et al., 1995) and respiration is one of such cellular 

process. Exogenously applied ethylene, or its immediate precursor, 1-aminocyclopropane-1-

1carboxylic acid (Adams and Yang, 1979) stimulates germination of seed in many plant 

species, and also relieves dormancy (Kepezynska, 1997). Role of ethylene in stimulation of 

seed germination of dormant and non-dormant seeds have already been reported by a number 

of other researchers (Abeles, 1992; Sharma and Yadav, 1996; Freney et al., 2000; Mahmood et 

al., 2002). Treatment with ethylene releasing agents has been reported by Cvikrova et al. 

(1994) which either hasten or delay sprouting. It was already reported by Abeles (1986) that 

ethylene stimulates the germination of plant seeds by promoting the embryonic hypocotyl cell 

expansion instead of acting on the enveloping tissues.  

 Data pertaining to germination percentage of three tomato cultivars revealed that 

application of coated CaC2 not only reduced time of germination i.e. early germination but also 

increased germination percentage. After 120 h growth period, only 31 to 63 % seed 

germination was recorded in the control plants of all cultivars but maximum germination (i.e. 

100 %) was observed in the treatments with 200 mg cup-1 polyethylene coated CaC2. In line of 

these results maximum potato tuber sprouting percentage was observed by Abbasi et al. (2009) 
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with application of encapsulated CaC2 (ECC) and it may be because that encapsulated CaC2 

broke the dormancy of potato tubers. It also impaired the production of abscisic acid that is 

considered a growth inhibiting hormone (El-Antably et al., 1967; Alam et al., 1994). It has 

been reported that short-term ethylene treatment can terminate tuber dormancy whereas 

continuous treatment may result in postponement in sprout growth or complete failure. It means 

higher rates of ethylene or unremitting supply of higher ethylene levels inhibits germination. 

These findings found in full conformity because low germination percentage was observed in 

this study where higher rate of CaC2 was applied. This might be due to release of high 

concentration of ethylene in proximity of seeds that instead of stimulating inhibited seed 

germination. Germination inhibition with comparatively higher rates of calcium carbide is also 

reported by Kashif et al. (2008). Similar treatments with ethylene releasing compounds have 

been reported in literature to either speed up or hamper the seed germination (Cvikrova et al., 

1994). 

 Ethylene has long been renowned as a growth inhibitor because of its ability to reduce 

cell elongation (Abeles et al., 1992; Smalle and Straeten, 1997), but evidence shows that 

ethylene can also encourage growth in several types of tissues and in different species 

(Voesenek and Van der Veen, 1994; Tholen, 2004). Effect of ethylene released from CaC2 on 

root and shoot growth was also studied in this experiment. It is obvious from the results that 

CaC2 had a marked effect on plant vegetative growth. Differences in root growth of control and 

CaC2 treated tomato plants are depicted in Figure 4.12. Data on the effect of coated CaC2 on 

root length and weight show that both parameters greatly responded to application of coated 

CaC2. An increase of 42 and 62.0 % was recorded in mean root length and weight, respectively 

of seedlings grown in CaC2 treated growth medium compared to seedlings grown without 

addition of CaC2. Ethylene triggers the formation of adventitious roots (Keerthisinghe et al., 

1996) with the extension of roots and increase in vegetative growth. Results relevant to 

improved root growth with ethylene are also supported by the findings of Bronson et al. (1992), 

Freney et al. (2000), Saleem et al. (2002), Chaiwanakupt et al. (1996), Mahmood et al. (2002),  
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     A      Control             200 mgCaC2     B   Control                 200 mgCaC2 
 
Figure 4.12 Root growth of tomato cultivars Rio Grande (A) and Tenzila (B) in control (left) 
and calcium carbide treated (right) plants 
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Randall et al. (2001), Yaseen et al. (2006) and Kashif et al. (2008) who reported 9 to 40 % 

increase in root biomass. Comparison of means also revealed that root length and weight 

decreased with the increase in rate of CaC2.  

 Calcium carbide is commonly known to cause reduction in plant height (triple response 

of ethylene) but here increased shoot length was noted that means initial action of calcium 

carbide is to promote early growth at seedling growth stage and at later mature stages its action 

is reversed and reduced plant height. That is why increase in length of shoot at seedling stage is 

observed in this study. Similar findings were already reported in the first experiment. Similar 

stem (Emery et al., 1994; Suge et al., 1997; Pierik et al., 2003) and root elongivity (Konings 

and Jackson, 1979) by ethylene action have already been reported in literature by researchers. 

Like root weight similar trend was observed in shoot weight where increase in shoot weight 

was observed as a result of CaC2 application. Ethylene produced from calcium carbide 

application significantly enhanced root: shoot ratio by length. This indicates that calcium 

carbide application improved root proliferation at the cost of same photosynthates. Woodrow 

and Grodzinski (1989) reported a similar shift in the root: shoot ratio in tomatoes in response to 

ethephon treatment. Reduction in dominant carbon sinks may cause this shift in carbon 

partitioning.  

 The findings of this experiment further elaborated that all coating materials of calcium 

carbide varied in ethylene production, and smoothness with which it is evolved. That is why 

germination and other growth parameters of tomato cultivars responded in a different way to 

various calcium carbide coatings. Polyethylene and paint coatings performed comparatively the 

best among all coatings in improving mean germination percentage and increasing biomass of 

tomato seedlings. All this discussion suggests the positive effect of calcium carbide application 

on germination, root and shoot growth of tomato cultivars. These results are further verified by 

studying the effect of coated calcium carbide on tomato grown up to maturity in pot 

experiment. 
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          Chapter 5 

RESULTS AND DISCUSSION 

The results of pot experiments conducted in glass house and field trial to evaluate the role of 

calcium carbide in improving growth, yield and quality parameters of tomato cultivars are 

presented in this chapter.  

5.1- Experiment 3: Effect of different rates of coated calcium carbide on 
tomato growth, photosynthetic activity, yield and quality 
 

5.1.1 Results  
(A) Pre-harvest observations recorded 

i- Number of days required for flowering 

 A reduction in time to initiate flowering in tomato cultivars was noted where calcium 

carbide was applied compared to control plants. Comparison among means indicates that 

application of high level of CaC2 i.e. 300 mg pot-1 caused significant early initiation of 

flowering among all rates of CaC2. Maximum number of days (37.3) required for flower 

initiation were noted in untreated plants (control) of cultivar F-1  3560-S whereas the minimum 

number of days (26.7) for flowering were recorded in treatment where CaC2 applied at 300 mg 

pot-1 coated with polyethylene (Table 5.1). An estimated reduction of 16.2 % in mean time 

period for flower appearance in treated plants was recorded. Differences regarding the number 

of days taken by the cultivars for flowering were statistically highly significant. Among various 

cultivars Rio Grande took minimum period of 27 days to flower whereas F-1 3560-S flowered 

in 33 days (Figure 5.1).  

 

ii- Number of clusters per plant 

 Flowering in tomato cultivars was boosted up by the addition of calcium carbide (Table 

5.2). The addition of calcium carbide proved to be a tonic for emergence of flowers. There was 

an increase in flowers by the application of NPK fertilizer plus CaC2, which ultimately resulted 

in more number of fruit sets. Minimum number of flower clusters i.e. 14.0 clusters plant-1 was 

observed in control which increased to 23.7 clusters plant-1 with the application of CaC2. 

Comparison of means reveals that number of flowers increased with the increase of rate of 

CaC2. Mean maximum number of clusters was noted in plants where 300 mg pot-1 paint coated  



 102

Table 5.1 Effect of different rates and coatings on calcium carbide on number of days to flower 
of tomato cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande  Tenzila            F-1 3560-S  
            Control 33.7 b-d* 34.0 b-d 37.3 a a 35.0 A 

Paint 
100 30.3 f-i 31.0 e-h 35.0 ab   32.1 B 
200 28.7 h-k 30.3 f-i 34.3 bc   31.1 B-D 
300 26.7 k 29.0 h-k 34.0 b-d   29.9 DE 

Paraffin 
100 30.7 f-h 30.7 f-h 33.7 b-d   31.7 BC 
200 27.7 jk 29.0 h-k 34.0 b-d   30.2 DE 
300 27.3 jk 29.7 g-j 33.3 b-e   30.1 DE 

Polyethylene 
100 29.0 h-k 31.7 d-g 34.3 bc   31.7 BC 
200 28.0 i-k 29.3 g-j 34.3 bc   30.6 C-E 
300 26.7 k 29.0 h-k 32.3 c-f   29.3 E 

Mean                                     b 28.9 C    30.4 B                34.3 A  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 5.1 Response of tomato cultivars to different rates of coated calcium carbide for number 
of days to flower 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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Table 5.2 Effect of different rates and coatings on calcium carbide on number of flower 
clusters plant-1 of tomato cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande  Tenzila            F-1 3560-S  
           Control 15.0 de* 14.0 e 17.0 b-e  a15.3 B 

Paint 
100 17.0 b-e 17.3 b-e 21.7 ab   18.7 AB 
200 21.7 a-c 17.3 b-e 20.0 a-d   19.7 A 
300 21.3 ab 19.7 a-e 22.7 ab   21.2 A 

Paraffin 
100 17.0 b-e 17.0 b-e 21.0 a-c   18.3 AB 
200 20.3 a-d 16.3 c-e 20.3 a-d   19.0 A 
300 21.0 a-c 20.3 a-d 22.0 a-c   21.1 A 

Polyethylene 
100 17.3 b-e 17.0 b-e 20.7 a-d   18.3 AB 
200 19.7 a-e 18.0 a-e 23.7 a   20.4 A 
300 20.7 a-d 19.3 a-e 21.7 a-c   20.6 A 

Mean                                    b 19.1 B    17.6 C               21.1 A  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 5.2 Response of tomato cultivars to different rates of coated calcium carbide for number 
of flower clusters per plant 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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CaC2 was applied. Treatment means indicate 38.5 % more flowers in 300 mg pot-1 paint coated 

CaC2 than control containing NPK fertilizers only.  

 From results it was also concluded that tomato cultivars showed differential response in 

production of flower clusters at different rates of coated CaC2. Statistical comparison among 

different cultivars indicates that F-1 3560-S produced highest number of clusters with 

application of CaC2 and it was followed by Rio Grande (Figure 5.2).  

 

iii- Fruit drop percentage 

 Comparative effect of different rates and coatings on calcium carbide with 

recommended doses of NPK on fruit drop percentage is presented in Table 5.3. Data clearly 

indicate that application of different formulations of CaC2 affected fruit drop significantly. 

Maximum fruit drop percentage was recorded in control i.e. 39 % while it was minimum (21 

%) in case of plants grown in pots where polyethylene coated CaC2 @ 300 mg pot-1 was 

applied. Statistical means of all treatments in mean column show significant decrease of 32.1 % 

in fruit drop over control by the application of CaC2. Maximum reduction in fruit drop 

percentage was caused by coated CaC2 @ 200 and 300 mg pot-1 among different rates of 

applied CaC2.  

 Data in Figure 5.3 show that CaC2 treated plants of cultivars Tenzila and Rio Grande 

had fruit drop percentage statistically at par. However, these cultivars had significantly less 

fruit drop than cultivar F-1 3560-S. Effect of all coating materials on fruit drop percentage was 

found statistically non significant.  
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Table 5.3 Effect of different rates and coatings on calcium carbide on fruit drop in tomato 
cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande  Tenzila            F-1 3560-S 
            Control 32.7 b* 31.0 b-d 39.0 a  a 34.2 A 

Paint 
100 26.7 e-h 25.7 f-i 31.0 b-d    27.8 B 
200 22.3 ij 22.0 ij 25.3 f-i    23.2 D 
300 27.0 e-h 22.7 ij 30.0 b-e    26.6 BC 

Paraffin 
100 25.0 f-i 24.3 g-j 32.0 bc    23.2 D 
200 24.3 g-j 22.0 ij 25.0 f-i    23.8 D 
300 22.3 h-j 22.3 kl 28.3 c-f    24.7 CD 

Polyethylene 
100 24.3 g-j 25.7 f-i 30.3 b-e    26.8 BC 
200 22.7 ij 24.3 g-j 24.3 h-j    23.8 D 
300 24.7 f-j 21.0 j 28.0d-g    24.6 CD 

Mean                  b 25.3 B                24.1 B      29.3 A  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 5.3 Response of tomato cultivars to different rates of coated calcium carbide for fruit 
drop in tomato cultivars 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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iv- Plant height  

 Data regarding the effect of various rates and calcium carbide based coating materials 

on plant height (cm) of tomato is presented in Table 5.4. Reduction in plant height was noted 

by the application of CaC2 as compared to control, which is ultimately resulted in not only 

more flower buds due to decrease in inter-nodal distance but also improved fruit setting as well 

as fruit yield. However, there was a lot of variation observed regarding reduction in plant 

height both due to variable rates and coating materials on CaC2. Application of all rates of 

CaC2 showed significant reduction in plant height.  

 Mean minimum plant height (39.1 cm) was observed in plants treated with polyethylene 

coated CaC2 @ 200 mg pot-1and mean maximum plant height (52.9 cm) was in the control 

plants. Overall plant height was reduced where CaC2 was applied in either formulation along 

with NPK fertilizer compared to that of control plants receiving NPK fertilizers alone. 

According to comparison of means, mostly CaC2 application @ 200 mg pot-1 was more 

effective in reducing plant height than 100 and 300 mg pot-1 CaC2. Later two rates of CaC2 

were statistically at par in reduction of plant height. Calcium carbide coating materials did not 

differ so much from each other in their influence on plant height. Comparison of tomato 

cultivars showed reduction in plant height in order as Tanzila > F-1 3560-S > Rio Grande 

(Figure 5.4).  
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Table 5.4 Effect of different rates and coatings on calcium carbide on plant height of tomato 
cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar
Mean        

Rio Grande  Tenzila             F-1 3560-S  
            Control 63.7 a* 42.7 e-g 52.3 b-d  a 52.9 B 

Paint 
100 46.7 d-f 35.7 hi 51.7 b-d    44.7 B 
200 48.3 c-e 32.3 i 40.7 f-h    40.4 CD 
300 53.7 bc 34.2 hi 46.7 d-f    44.8 B 

Paraffin 
100 47.3 c-e 36.3 g-i 51.6 b-d    45.1 B 
200 48.0 c-e 31.8 i 37.7 g-i    39.2 D 
300 56.3 b 32.3 i 48.7 c-e    45.8 B 

Polyethylene 
100 49.0 c-e 36.3 g-i 46.3 d-f    43.9 BC 
200 47.0 d-f 33.2 i 37.0 g-i    39.1 D 
300 57.3 ab 32.3 i 44.3 ef    44.7 B 

Mean                                    b  51.7 A    34.7 C               45.7 B  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 5.4 Response of tomato cultivars to different rates of coated calcium carbide for plant 
height 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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v- Photosynthetic activity 

 Photosynthesis is the main driving force for carbon gain and crop productivity. 

Experimental data regarding the comparative effect of various levels and coating materials on 

calcium carbide (Table 5.5) is evident that response of CaC2 had a pronounced effect on the 

photosynthetic activity like net photosynthesis rate (PN), carboxylation efficiency as the ratio of 

photosynthesis to intercellular CO2 concentration and plant water use efficiency (WUE) as the 

ratio of plant dry mass to transpiration. Overall, improvement in photosynthesis was observed 

in treatments where CaC2 was applied in either formulation along with NPK fertilizer compared 

to that of control plants. Higher values for photosynthetic activity may be because of improved 

vegetative growth resulting from more production of photosynthates and availability of more 

nutrients uptake in plants treated with CaC2. The maximal increase in PN and carboxylation 

efficiency was noted in the treatment of 200 mg pot-1 CaC2 while WUE was found maximum at 

100 mg pot-1 CaC2. Mean maximum values for net photosynthetic rate (27.3) and carboxylation 

efficiency (10.6) were observed in plants treated with CaC2 @ 200 mg pot-1 while minimum 

values (17.7 & 4.0) were observed in control plants (without CaC2). Plant water use efficiency 

was also improved in response to applied CaC2 at lower rate but it was reduced at higher rate of 

CaC2 however, still it was higher than control. Maximum water use efficiency (5.4) was noted 

in plants treated with CaC2 @ 100 mg pot-1 and minimum (4.2) was observed in control plants. 

Effect of coating materials on calcium carbide did not differ so much from each other in their 

influence on photosynthetic activity. 

 Statistical comparison among mean values reveals that CaC2 affected the photosynthetic 

activity of tomato cultivars, but the extent of effect was not at the same level. Differential 

increases of  50.8 & 40 % in Rio Grande, 16.4 & 62.5 % in Tenzila and 37.2 & 55.8 % in F-1 

3560-S were recorded in PN and carboxylation efficiency, respectively over control, with 

application of CaC2 @ 200 mg pot-1. Rio Grande showed higher value for PN rate than other 

two cultivars (Figure 5.5a) while cultivar F-1 3560-S showed better carboxylation and WUE in 

response to applied CaC2 (Figures5.5b and c, respectively) than cultivars Rio Grande and 

Tenzila which showed statistically similar mean values for WUE.  
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Table 5.5 Effect of different rates and coatings on calcium carbide on photosynthetic activity of tomato cultivars 
 

*Values sharing common letter(s) in each column in table body (non bold) and (a) last row (bold) do not differ significantly at P < 0.05 
according to LSD test  

Type of 
Coating 

CaC2 
(mg plant-1) 

Photosynthetic rate 
(μ mol m–2 s–1) 

Carboxylation efficiency 
(%) 

 Water use efficiency 
(mg g-1) 

Rio  
Grande 

 
Tenzila 

 
F-1  3560-S 

Rio  
Grande 

 
Tenzila 

 
F-1  3560-S 

Rio 
Grande 

 
Tenzila 

 
F-1  3560-S 

 
  Control 

 
18.1 i-l* 

 
17.7 j-l 

 
18.0 i-l 

 
7.0 d-g 

 
4.0 l 

 
6.8 kl 

 
4.5 d-g 

 
4.2 fg 

 
4.2 g 

 
Paint 

 
 
 

100 
 
21.1 e-j 

 
15.5 l 

 
19.7 g-k 

 
7.6 d-f 

 
5.2 i-l 

 
7.3 d-g 

 
5.2 a-c 

 
4.9 a-e 

 
5.1 a-d 

200 
 
22.8 b-g 

 
19.1 h-k 

 
23.6 b-e 

 
9.4 ab 

 
6.3 f-i 

 
7.3  d-g 

 
5.1 a-d 

 
4.4 e-g 

 
4.2 fg 

300 
 
24.8 a-c 

 
19.3 g-k 

 
21.1 e-j 

 
6.5 e-h 

 
5.4 h-k 

 
7.7 de 

 
4.8 a-g 

 
4.4 e-g 

 
4.2 fg 

 
Paraffin 

 
 
 

100 
 
20.1 f-k 

 
18.2 h-l 

 
19.9 f-k 

 
8.3 b-d 

 
5.2 i-l 

 
8.0 cd 

 
5.1 a-e 

 
4.9 a-e 

 
5.3 ab 

200 25.4 ab 
 
19.6 g-k 

 
23.3 b-f 

 
9.8 a 

 
6.5 e-h 

 
10.6 a 

 
5.0 a-d 

 
4.4 d-g 

 
4.3 fg 

300 
 
23.3 b-f 

 
19.0 h-l 

 
22.7 b-g 

 
7.5 d-f 

 
5.1 i-l 

 
8.1 cd 

 
4.7 b-g 

 
4.6 c-g 

 
4.3 fg 

Polyethylene 
 
 
 

100 
 
21.3 d-i 

 
17.2 kl 

 
20.3 e-k 

 
7.6 d-f 

 
5.0 j-l 

 
6.1 g-j 

 
5.1 a-d 

 
4.9 a-e 

 
5.4 a 

200 
 
27.3 a 

 
20.6 e-k 

 
24.7 a-d 

 
9.3 a-c 

 
6.2 g-j 

 
10.1 a 

 
4.9 a-e 

 
4.5 d-g 

 
4.5 d-g 

300 
 

23.3 b-f 
 
19.1 h-k 

 
21.7 c-h 

 
7.5 d-f 

 
5.0 i-l 

 
7.5 d-e 

 
4.7 b-g 

 
4.6 c-g 

 
4.2 fg 

                      Mean  a 22.8 A        18.5 C       21.5 B 8.1 A            7.8 A         5.4 B    4.9 A           4.6 B         4.6 B 
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Figure 5.5a Response of tomato cultivars to different rates of coated calcium carbide for net 
photosynthetic rate 
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Figure 5.5b Response of tomato cultivars to different rates of coated calcium carbide for 
carboxylation efficiency 
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Figure 5.5c Response of tomato cultivars to different rates of coated calcium carbide for plant 
water use efficiency 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S 
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vi- Number of fruits per plant  
 

 Obviously increase in number of flowers as result of calcium carbide application is 

resulted in more fruit setting per plant. Actually all these increases in flowering and then in 

fruit setting might be due to the improved photosynthetic rate, carboxylation efficiency  and 

water use efficiency as a result of application of CaC2 (please see section v at page no.105). 

Difference in fruit setting in response to applied CaC2 is shown in Table 5.6. Data regarding 

effect of various rates and coatings materials on CaC2 on flower conversion into fruit 

development (Table 5.6) showed that response of tomato cultivars to various coatings and 

doses of CaC2 for fruit sets per plant was highly significant. Minimum number of fruit per plant 

(26.0) was found in control which was increased to 43.3 fruits in plants treated with 300 mg 

pot-1 paint coated CaC2 plus recommended doses of NPK fertilizers. Statistically, effect of 

application of CaC2 at the rate of 300 mg pot-1 showed most significant results among all rates 

of CaC2 whereas paint and polyethylene performed best among all coating materials. Treatment 

means indicate 45 % more number of fruits was recorded over control. Data also reveal highly 

significant differences (p < 0.01) among tomato cultivars for number of fruits plant-1. Data in 

Table 5.6 show that number of fruit per plant was increased from 28.7, 26.0 and 29.3 (control) 

to 40.7, 39.0 and 43.3 by applying 300 mg pot-1 CaC2 for Rio Grande, Tenzila and F-1 3560-S, 

respectively. Comparison among cultivars indicates that F-1 3560-S was at the top, which 

produced mean maximum number of fruits (39.4) per plant (Figure 5.6a and b).  
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Table 5.6 Effect of different rates and coatings on calcium carbide on number of fruits plant-1 
of tomato cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande   Tenzila               F-1  3560-S 
            Control 28.7 kl* 26.0 l 29.3 kl   a 28.0 F 

Paint 
100 35.3 h-j 32.3 i-k 38.0 d-h     35.2 E 
200 39.0 c-h 36.0 g-i 38.0 d-h     37.7 DE 
300 39.3 b-g 39.0 c-h 43.3 a     40.6 A 

Paraffin 
100 37.7 d-h 32.3 i-k 40.7 a-d     36.9 C-E 
200 40.3 a-e 36.3 f-h 40.0 a-f     38.9 A-C 
300 39.7 a-g 37.3 d-h 42.0 a-c     39.7 AB 

Polyethylene 
100 37.3 d-h 31.7 jk 41.0 a-d     36.7 DE 
200 40.0 a-d 38.3 c-h 38.7 c-h     39.0 AB 
300 40.7 a-f 36.0 e-h 43.0 ab     39.9 A 

Mean    b 37.8 B              34.6 C               39.4 A   
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
 

 

20

35

50

0 100 200 300

Rate of CaC2 (mg pot-1)

N
o.

of
 f

ru
it

s 
p

la
n

t-1

V1 V2 V3

 
 
Figure 5.6a Response of tomato cultivars to different rates of coated calcium carbide for 
number of fruits per plant 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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A            

 

             Control               300 mg pot-1CaC2 

B 

                         

                                     300 mg pot-1 CaC2      Control       

Figure 5.6b Difference in fruiting per plant in response to applied CaC2 in tomato cultivar (A) 
Rio Grande and (B) F-1 3560-S  
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 (B) Post-harvest observations recorded 
 
i- Fruit yield per pot 

 The most important character affecting the yield of a cultivar is fruit weight per plant 

because average yield per unit area depends upon this character. The ultimate goal of the study 

was maximization of fruit yield by the application of different formulation of CaC2. Increase in 

fruit yield is directly correlated with different plant growth parameters like inter-nodal distance, 

numbers of flowers per plants, ratio of flowers conversion into fruits and fruit weight. Data on 

fruit yield per plant reveal highly significant differences (p < 0.01) among rates of CaC2, 

tomato cultivars and their interactions. Data in Table 5.7 show that different rates and coating 

materials on CaC2 along with recommended doses of fertilizer showed significant effect on 

fruit yield compared to fertilizer alone i.e. control.  

 Maximum fruit yield (1961.7 g pot-1) was noted where calcium carbide was applied @ 

300 mg pot-1, while minimum yield (1254 g pot-1) was found in control. Data in mean column 

show that the mean maximum yield was actually 39.2 % more over control. Statistically, effect 

of CaC2 application at the rate of 300 mg pot-1 showed most significant results among all doses 

of CaC2 whereas all coating materials were statistically at par regarding their effect on fruit 

yield. Statistical comparison among cultivars for mean values reveals that cultivar F-1 3560-S 

showed higher fruit yield than other two cultivars (Figure 5.7).  

 

ii- Shoot dry weight 

 Shoot dry weight of tomato plants was significantly increased in the treatments where 

calcium carbide was applied @ 100 mg pot-1 compared to control and all other treatment with 

higher dose of CaC2 application (Table 5.8). Comparative effect of rate and type of coating of 

CaC2 on shoot dry weight shows that maximum shoot weight (81.2 g pot-1) was noted in 

treatment where polyethylene coated CaC2 @ 100 mg pot-1 was applied. Minimum value of 

shoot dry matter (50.1 g pot-1) was noted in control.  

 Comparison of means for rates of CaC2 is shown in Table5.8 which illustrates that 

effect of higher rates of CaC2 i.e. 200 and 300 mg pot-1 on shoot dry weight was statistically at 

par compared to control. Paint and polyethylene coated calcium carbide treatments had 

statistically similar effect on shoot weight.  
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Table 5.7   Effect of different rates and coatings on calcium carbide on yield of fruits of tomato 
cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande   Tenzila                F-1  3560-S 
            Control 1254.0 j* 1258.3 j 1358.7 i  a1290.3 D 

Paint 
100 1629.0 c-g 1411.3 hi 1598.0 fg   1546.1 C 
200 1664.0 b-g 1630.7 c-g 1697.0 b-d   1663.9 B 
300 1725.3 b 1703.3 bc 1960.0 a   1796.2 A 

Paraffin 
100 1631.7 c-g 1448.3 h 1578.3 g   1552.8 C 
200 1677.7 b-f 1603.7 e-g 1685.0 b-e   1655.4 B 
300 1723.3 b 1695.3 b-d 1961.7 a   1793.4 A 

Polyethylene 
100 1596.7 fg 1430.0 hi 1692.7 b-d   1573.1 C 
200 1653.3 b-g 1614.7 dg 1676.3 b-f   1793.4 A 
300 1738.0 b 1708.7 bc 1924.0 a   1790.2 A 

Mean    b 1639.3 B     1550.4 C       1713.2 A  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 5.7 Response of tomato cultivars to different rates of coated calcium carbide for fruit 
yield per plant 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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Table 5.8 Effect of different rates and coatings on calcium carbide on shoot dry weight of tomato 
cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande  Tenzila            F-1 3560-S 
            Control 53.8 g-k* 50.1 j-m 54.9 e-j  a 52.9 CD 

Paint 
100 75.9 ab 71.6 b-d 71.6 cd    72.5 A 
200 60.3 e 56.4 e-i 51.5 i-l    56.0 C 
300 56.1 e-i 48.7 k-n 58.1 e-g    54.3 CD 

Paraffin 
100 43.5 n 68.7 cd 73.7 bc    61.9 B 
200 45.5 mn  57.9 e-g 53.5 g-k    52.3 D 
300 52.1 h-l 52.8 g-k 55.3 e-j    53.4 CD 

Polyethylene 
100 71.9 b-d 67.4 d 81.2 a    73.5 A 
200 46.9 l-n 59.4 ef 57.2 e-h    53.4 CD 
300 57.5 e-g 52.0 h-l 54.8 f-j    54.8 CD 

Mean    b 56.4 C    58.5 B               61.0 A   
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 5.8 Response of tomato cultivars to different rates of coated calcium carbide for shoot 
dry weight 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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Statistical comparison among cultivars reveals that cultivar F-1 3560-S showed higher value of 

shoot dry matter than other two cultivars (Figure5.8). 

 

iii- Root dry weight 

 Data regarding the effect of rate and type of coating on calcium carbide on root weight 

of tomato plants is presented in Table 5.9. It is observed from the data that root weight greatly 

responded to application of CaC2. Maximum increase in root weight (6.1 g pot-1) was observed 

by the application of 200 mg pot-1 polyethylene coated CaC2. But minimum root weight (2.9 g 

pot-1) was observed in control. Treatments of CaC2 @ 100 and 200 mg pot-1 along with 

recommended NPK fertilizer showed significant influence and increased the root weight as 

compared to control among doses of CaC2 applied. 

 It is evident from the data that all the treatments were statistically different from one 

another regarding effect on dry weight of root. It was revealed that application of CaC2 @ 200 

mg pot-1 was most prominent among all levels of CaC2. Comparison of means also reveals that 

root weight decreased with the increase in rate of CaC2. Similarly, differences among all 

coating materials were statistically non-significant. Comparison of means indicates that not 

only the effects of various rates of CaC2 and cultivars on dry weight of root were highly 

significant but the interaction between them was also highly significant. Among all the 

cultivars, Rio Grande showed best response to applied CaC2 and produced maximum root dry 

matter (Figure 5.9). 
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Table 5.9 Effect of different rates and coatings on calcium carbide on root dry weight of tomato 
cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean       

Rio Grande  Tenzila            F-1 3560-S 
            Control 3.2 no* 2.9 o 3.3 m-o   a 3.1 D 

Paint 
100 4.9 cd 3.5 j-n 3.7 h-m     4.0 B 
200 5.5 b 4.5 de 3.8 g-k     4.6 A 
300 3.5 j-n 3.9 g-k 3.7 h-m     3.7 C 

Paraffin 
100 4.0 g-i 3.5 j-n 3.6 i-n     3.7 C 
200 5.3 bc 4.1 e-h 4.5 ef     4.6 A 
300 3.8 g-l 3.9 g-j 3.3 l-n     3.7 C 

Polyethylene 
100 3.7 h-m 3.9 g-k 3.7 h-m     3.8 C 
200 6.1 a 4.2 e-g 4.0 e-h     4.8 A 
300 4.0 f-i 3.9 g-k 3.4 k-n     3.8 C 

Mean                   b 4.4 A     3.8 B                  3.7 B  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 5.9 Response of tomato cultivars to different rates of coated calcium carbide for root 
dry weight 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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iv- Nitrogen uptake by shoot 

  Data regarding the comparative effect of rate and type of coating on calcium 

carbide on nitrogen uptake by shoot of tomato cultivars is summarized in Table 5.10. It is 

obvious from the data that calcium carbide application significantly affected nitrogen uptake by 

shoots of tomato plant. Maximum N uptake (478.4 mg pot-1) by tomato shoot was observed 

where polyethylene coated calcium carbide was applied @ 200 mg pot-1. Minimum N uptake 

(175.3 mg pot-1) by shoot was observed in control plants (without CaC2). Among coating 

materials, polyethylene coating performed better in N uptake in shoot of tomato plant.  

 Data presented in Figure 5.10 shows comparison among tomato cultivars for N uptake 

in plant shoots. It was also observed that N uptake was more by shoots of F-1 3560-S at the rate 

of 200 mg pot-1 polyethylene coated CaC2 than other two cultivars. 

 

v- Nitrogen uptake by root 

 Data regarding the comparative effect of rate and type of coating on calcium carbide on 

nitrogen uptake by root of tomato cultivars is summarized in Table 5.11. Nitrogen uptake by 

plant roots was improved in the treatments where calcium carbide was applied with NPK 

fertilizers. Maximum N uptake in tomato root (12.3 mg pot-1) was observed where polyethylene 

coated calcium carbide was applied @ 200 mg pot-1. Minimum N uptake (3.9 mg pot-1) by 

plant roots was observed in control plants (without CaC2). Figure 5.11 shows comparison 

among tomato cultivars for N uptake in plant roots. Among different cultivars Rio Grande 

followed by Tenzila showed best response to applied CaC2 in improving N uptake in roots at 

the rate of 200 mg pot-1 calcium carbide application. It was also observed from data of shoot 

and root that N uptake was manifold more in shoots than in roots. 
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Table 5.10 Effect of different rates and coatings on calcium carbide on N uptake by shoots of 
tomato cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande  Tenzila            F-1 3560-S 
           Control 186.6 op* 175.3 p 273.4 j-m   a 211.8 D 

Paint 
100 321.2 g-j 329.4 f-i 375.6 d-f     342.0 A-C 
200 355.0 e-g 279.9 i-m 353.6 e-g     329.5 BC 
300 259.2 h-l 233.7 m-o 462.8 ab     330.6 BC 

Paraffin 
100 205.5 n-p 332.0 f-h 425.3 b-d     320.9 C 
200 286.7 h-l 278.0 j-m 425.9 bc     330.2 BC 
300 287.2 h-l 264.0 k-m 433.7 a-c     328.3 C 

Polyethylene 
100 303.3 h-l 297.1 h-l 472.2 ab     357.5 AB 
200 306.6 g-k 316.5 g-j 478.4 a      367.2 A 
300 303.0 h-l 255.0 l-n 393.5 c-e     317.2 D 

Mean                                    b 285.0 B             276.1 B             409.4 A  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 5.10 Response of tomato cultivars to different rates of coated calcium carbide for N 
uptake by tomato shoot 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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Table 5.11 Effect of different rates and coatings on calcium carbide on N uptake by roots of 
tomato cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande  Tenzila            F-1 3560-S 
            Control 3.9 m* 4.3 lm 5.3 l   a 4.5 E 

Paint 
100 6.7 k 7.2 i-k 6.8 jk     6.9 D 
200 10.3 bc 10.2 bc 8.9 d-g     6.3 D 
300 6.8 k 8.1 f-i 9.1 c-f     6.3 D 

Paraffin 
100 5.3 l 6.7 k 6.9 jk     9.8 B 
200 10.6 b 9.4 b-e 10.3 bc   10.1 B 
300 7.4 h-k 8.5 d-h 7.7 h-k   10.8 A 

Polyethylene 
100 5.4 l 8.0 f-j 5.4 l     8.0 C 
200 12.3 a 10.5 b 9.7 b-d     7.9 C 
300 7.9 g-k 8.9 d-g 8.5 e-h     8.4 C 

Mean                       b 7.6 B                  8.2 A                7.9 AB  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 5.11 Response of tomato cultivars to different rates of coated calcium carbide for N 
uptake by tomato root 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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 (C) Fruit analysis 

1(C) Physical (visual) analysis 
 Physical variables like firmness of fruit and colour were analyzed immediately after 

sampling.  

i- Fruit firmness  

 Data regarding the comparative effect of dose and type of coating of calcium carbide on 

fruit firmness of tomato is presented in Table 5.12. It is observed from the data that fruits of 

plants treated with calcium carbide maintained higher firmness as compared to control. 

Calcium carbide treated plants (100 mg plant-1) demonstrated the best effect to maintain fruit 

firmness and registered maximum fruit firmness (4.9 kg) as compared to control fruits ( 2.1 kg).  

 Comparison of treatment means also shows that application of higher rate of CaC2 

caused decrease in fruit firmness. Statistical comparison among cultivars reveals that F-1 3560-

S maintained higher fruit firmness than other two cultivars (Figure 5.12). All three cultivars 

followed similar trend of having maximum firmness in the treatment of 100 mg pot-1 CaC2 rate 

and firmness value decreased with increased rate of CaC2. 

ii- Colour  

 Colour in tomato is the most important visible characteristic used to assess ripeness and 

post harvest life, and it is a major factor that play important role in the consumer's purchase 

decision. The colour components (L, a, b) of fruit did not significant vary among tomato 

cultivars (Table 5.13). However, it was observed that colour components changed with 

application of CaC2 application compared to colour of fruit in the control treatment. The colour 

value a which characterized the red colouring of the fruits, continued to increase from 23 to 

25.4 and 17.0 to 20.3 (at 300 mg CaC2 pot-1) in fruits of Rio Grande and F-1 3560-S 

respectively, and by 24.2 to 26.7 (at 200 mg CaC2 pot-1) in Tenzila cultivar. These colour 

changes in fruit corresponds to transformation of chloroplasts to chromoplasts. The colour 

development of tomato increased with increase in rate of CaC2. The parameter b, which shows 

yellow discoloration, remained initially unchanged by fruits of Rio Grande cultivar at low rates 

of applied CaC2 (100 mg CaC2 pot-1) but changed significantly at higher rates of  CaC2. 

Decreased b values for fruits of all three cultivars showed better ripening in response to higher 

rate of CaC2. 
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Table 5.12 Effect of different rates and coatings on coating of calcium carbide on                         
firmness of fruits of tomato cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande  Tenzila            F-1 3560-S 
        Control 3.1 h-m* 2.1 n 3.3 g-k   a 2.9 E 

Paint 
100 4.4 ab 3.4 g-k 4.2 b-d     4.0 A 
200 3.3 g-k 3.4 g-k 4.2 b-d     3.6 BC 
300 2.9 j-m 2.5 mn 3.4 g-k     2.9 E 

Paraffin 
100 4.3 a-c 3.5 e-j 4.0 b-e     3.9 AB 
200 3.6 e-i 3.3 g-k 3.9 b-g     3.6 BC 
300 3.2 h-l 2.6 l-n 3.2 h-l     2.9 E 

Polyethylene 
100 3.6 e-i 4.1 b-e 4.9 a     4.2 A 
200 3.1 h-m 3.3 g-k 4.1 b-e     3.5 CD 
300 3.1 h-m 2.8 k-m 3.7 c-h     3.2 DE 

Mean                    b 3.4 B      3.1 C                3.9 A  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 5.12 Response of tomato cultivars to different rates of coated calcium carbide for fruit 
firmness 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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Luminance L measured changed rapidly with application of CaC2 in three cultivars. It is evident 

from the data that luminance was decreased by 4.8, 4.0 and 4.0 over control in fruits of Rio 

Grande, F-1 3560-S and Tenzila, respectively with application of 300 mg CaC2 pot-1 (Table 

5.13). However, intensity of luminance loss with the application of CaC2 did not differ 

significantly among cultivars. All three cultivars followed similar trend of losing luminance in 

fruits in the treatment of 300 mg pot-1 CaC2. This loss of luminance showed better ripening of 

fruits in response to applied CaC2. External colour was expressed in terms of hue, considered 

the most important measure in the perception of tomato quality because external fruit color 

better relates to discernment of colour by the human eye. All the tomato cultivars analyzed 

were developed a statistically similar colour in response to the treatment of similar rate of CaC2 

in either coating. In mature tomatoes, average values of hue angles were close to 40 with 

application of 200 or 300 mg pot-1 CaC2. 
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Table 5.13 Effect of different rates and coatings on calcium carbide on colour components of fruit in tomato cultivars  
 

*Values sharing same letter(s) in each column in table body do not differ significantly at P = 0.05 according to LSD test 
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Rio Grande Tenzila F-1  3560-S 

L            a      b          Hue     Chroma L          a       b           Hue     Chroma L          a   b          Hue      Chroma

 
               Control   

37.0a* 23.0 c 22.0a 43.0a 32.8b 36.0 a 24.2 c 23.0 a 42.9a 33.4a 36.0a 17.0d 15.0a 35.8d 22.7c

P
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t 

  

 
100 

36.4 a 24.4 b 22.2a 42.3b 33.0a 35.5 b 25.0 b 21.0 b 41.3b 32.6b 34.5b 19.0b 14.5b 38.4c 23.9a

 
200 

34.0 b 25.1 a 20.1b 40.8c 32.2b 33.0 c 26.2 a 20.0 c 40.1c 33.0a 33.0c 19.6b 13.3c 38.6c 23.7b

 
300 

33.0 c 25.3 a 19.2c 40.1c 31.8c 32.0 d 26.2 a 19.0 d 39.6c 32.4b 32.0d 20.2a 13.0c 38.9c 24.0a
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100 

35.9 a 24.6 b 22.5a 42.4b 33.3a 35.4 b 25.4 b 21.2 b 41.2b 33.1a 33.7b 19.8b 14.3b 38.8c 24.4a

 
200 

34.5 b 25.0 a 20.0b 40.7c 32.0b 32.5 d 26.7 a 20.2 c 40.0c 33.5a 33.0c 19.7b 13.0c 38.7c 23.6b

 
300 

33.0 c 25.2 a 19.0c 40.0c 31.6c 32.2 d 26.0 a 19.5 d 39.9c 32.5b 32.5d 20.0a 12.9d 40.0b 23.8b
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100 

36.0 a 24.5 b 22.0a 42.2b 32.9b 35.0 b 25.6 b 20.6 c 40.8b 32.9b 34.0b 18.7c 14.5b 38.0c 23.7b

 
200 

34.7 b 25.2 a 19.0c 40.0c 31.6c 32.6 d 26.3 a 19.5 d 39.8c 32.7b 32.6d 20.0a 13.5c 41.0b 24.1a

 
300 

32.2 c 25.4 a 19.4c 40.0c 31.8c 32.0 d 26.4 a 19.3 d 39.6c 32.7b 32.3d 20.3a 13.0d 43.6a 24.1a
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2 (C) Compositional analysis 

 Compositional variables like TSS, pH, vitamin C (Ascorbic acid), lycopene content and 

total titratable acidity (TA) were determined by sample preparation as reported in materials and 

methods chapter in 3.3.10 section. 

i- Total soluble solids 

 Soluble solids content is one of the most unswerving parameters to judge the quality of 

fruit. Total soluble solids (TSS) were measured by digital refractometer and values were reported 

as °Brix (percentage). Data in Table 5.14 shows that different doses and coating materials of 

CaC2 significantly affect fruit quality parameter of TSS as compared to fertilizer alone (control). 

The effect of CaC2 application was found significant on TSS of harvested tomato fruits. 

Maximum TSS (7.67 ○Brix) was recorded in fruit of plants where calcium carbide was applied @ 

100 mg pot-1, while minimum value (4.78 ○Brix) was found in control fruits. According to 

comparison of means, CaC2 @ 100 mg pot-1 proved more effective in improving TSS of fruit 

followed by 200 and 300 mg pot-1 CaC2. Later both rates of CaC2 were statistically at par 

regarding their effect on TSS. Calcium carbide coating materials did not differ from each other in 

their influence on fruit TSS value. Among different cultivars, Rio Grande followed by F-1 3560-

S showed best response to applied CaC2 in improving TSS in tomato fruits (Figure 5.13)  

 

ii- pH  

 The pH of any foodstuff is an important measurement of palatability. Data regarding pH 

in Table 5.15 shows the effect of different doses and coating materials of CaC2 on pH of tomato 

juice of tomato cultivars. The effect of doses of CaC2 and coating material was much obvious 

regarding pH of juice. However, tomato cultivars differed significantly due to differences in pH 

of juice. Overall, maximum pH (5.00) was recorded in juice of fruit where no calcium carbide 

was applied while minimum value (4.2) was found in fruit juice of those plants treated with CaC2 

@ 200 mg pot-1. Coating materials did not differ from each other in their influence on pH value 

of fruit juice. Among different cultivars, Rio Grande showed best response to applied CaC2 in 

improving pH (more acidity) of tomato juice. Tenzila and F-1 3560-S were statistically at par in 

their response to applied CaC2 (Figure 5.14).  
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Table 5.14 Effect of different rates and coatings on calcium carbide on TSS of fruit of tomato 
cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande  Tenzila            F-1 3560-S 
            Control 5.00no 4.78o 4.93no  a 4.90 D 

Paint 
100 7.67a 6.20e-i 5.60j-m    6.48 A 
200 6.92bc 6.00g-j 5.27l-o    6.06 A-C 
300 7.06b 6.13f-j 5.9i-k    6.36 AB 

Paraffin 
100 6.13f-j 5.77i-l 6.66b-f    6.18 BC 
200 6.23d-i 5.41k-n 6.48c-h    6.04 C 
300 6.3d-i 5.80i-l 6.63b-f    6.24 A-C 

Polyethylene 
100 6.51c-g 5.89i-k 6.68b-e    6.36 AB 
200 6.75b-d 5.13m-o 5.95h-j    5.94 C 
300 6.73b-e 5.20m-o 6.67b-f    6.19 A-C 

Mean   b 6.54 A              5.63  C      6.07 B  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 5.13 Response of tomato cultivars to different rates of coated calcium carbide for total 
soluble solids (TSS) in fruit 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S 
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Table 5.15 Effect of different rates and coatings on calcium carbide on pH of juice of tomato 
cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean  

Rio Grande  Tenzila            F-1 3560-S 
            Control 4.7 ab* 5.0 a 4.7 ab a 4.8 A 

Paint 
100 4.5 ab 4.8 ab 4.4 ab   4.6 AB 
200 4.3 b 4.6 ab 4.3 b   4.4 B 
300 4.3 b 4.7 ab 4.6 ab   4.5 AB 

Paraffin 
100 4.6 ab 4.7 ab 4.3 b   4.5 AB 
200 4.3 b 4.7 ab 4.5 ab   4.5 AB 
300 4.4 ab 4.7 ab 4.3 b   4.4 B 

Polyethylene 
100 4.7 ab 4.8 ab 4.5 ab   4.6 AB 
200 4.2 b 4.6 ab 4.5 ab   4.5 AB 
300 4.3 b 4.7 ab 4.6 ab   4.5 AB 

Mean                       b 4.4 B     4.7 A       4.5 B  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 5.14 Response of tomato cultivars to different rates of coated calcium carbide for pH of 
fruit juice 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S 
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iii- Titratable acidity  

 Data regarding comparative effect of rate and type of coating on calcium carbide on the 

titratable acidity (TA) of tomato fruit is presented in Table 5.16. Data (Table 5.16) for TA 

reveals highly significant differences (p < 0.01) for doses of CaC2 and tomato cultivars but their 

interaction was found non significant. It is observed from the data that titratable acidity was 

improved with calcium carbide application. Calcium carbide treated fruits @ 200 mg pot-1 

demonstrated the best effect on maintaining TA and registered maximum value (0.31 %) as 

compared to control fruits (0.15 %). Comparison of treatment means also shows that higher rate 

of CaC2 improved TA content in fruits. Titrable acidity was found to vary significantly among 

cultivars.  

 Statistical comparison among cultivars for mean TA values indicates that F-1 3560-S had 

produced significantly highest amount (0.29 %) as compared to other two cultivars. Both 

cultivars Rio Grande and Tenzila followed similar trend of increasing TA with increasing rate of 

CaC2 however, in fruits of F-1 3560-S cultivar, TA was decreased by higher rate of CaC2 

application (Figure 5.15).  

 

iv- Ascorbic acid 

 Effect of rate and type of coating on calcium carbide on ascorbic acid (Vitamin C) 

content of tomato fruit (Table 5.17) revealed that fruits treated with calcium carbide maintained 

higher ascorbic acid content as compared to control. Calcium carbide treated plants at the rate of 

200 mg pot-1 demonstrated the best effect on maintaining ascorbic acid in fruits and registered 

maximum value (32.2 mg 100g-1) as compared to control fruits (21.0 mg 100g-1). Comparison of 

treatment means also shows that higher rate of CaC2 increased ascorbic acid in the fruit juice. 

The results also indicate significant differences among the cultivars regarding Vitamin C in the 

tomato juice. Statistical comparison among cultivars reflects that F-1 3560-S had significantly 

the highest amount of ascorbic acid compared to other two cultivars (Figure 5.16). All the three 

cultivars followed similar trend of having maximum ascorbic acid in fruits of plants receiving 

300 mg pot-1 CaC2.  

 

 
 
 



 130

 
Table 5.16 Effect of different rates and coatings on calcium carbide on titratable acidity in fruit 
of tomato cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande  Tenzila            F-1 3560-S 
           Control 0.16 ij* 0.15 j 0.18 g-j  a 0.16 B 

Paint 
100 0.18 g-j 0.17 h-j 0.23 d-h    0.19 B 
200 0.20 e-j 0.22 d-h 0.28 a-c    0.23 A 
300 0.28 a-c 0.25 b-e 0.25 b-e    0.26 A 

Paraffin 
100 0.19 f-j 0.17 h-j 0.22 d-h    0.19 B 
200 0.22 d-h 0.23 c-g 0.30 ab    0.24 A 
300 0.26 a-c 0.24 b-e 0.25 b-e    0.25 A 

Polyethylene 
100 0.18 g-j 0.18 g-j 0.22 d-h    0.19 B 
200 0.20 e-j 0.22 d-h 0.31 a    0.24 A 
300 0.28 a-c 0.25 b-e 0.26 a-c    0.26 A 

Mean                     b 0.22 B    0.21 B      0.25 A  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 5.15 Response of tomato cultivars to different rates of coated calcium carbide for 
titratable acidity (TA) of fruit 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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Table 5.17 Effect of different rates and coatings on calcium carbide on ascorbic acid content in 
fruit of tomato cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar
Mean        

Rio Grande  Tenzila            F-1 3560-S 
           Control 21.0 q* 25.1 p 26.9 o   a 24.3 F 

Paint 
100 30.1 c-i 29.9 d-i 30.8 b-f     30.3 B 
200 27.6 no 29.7 f-k 29.7 e-j     29.0 E 
300 28.4 l-n 29.7 f-k 29.5 g-l     29.2 DE 

Paraffin 
100 28.5 k-n 30.7 b-g 31.0 b-d     30.1 BC 
200 28.6 j-n 29.1 i-m 30.9 b-e     29.5 C-E 
300 29.7 f-k 30.8 b-f 30.2 c-i     30.2 BC 

Polyethylene 
100 27.9 m-o 29.8 e-j 31.5 ab     29.7 B-E 
200 30.3 b-h 30.4 b-h 32.2 a     30.9 A 
300 29.4 h-l 30.2 c-i 31.2 a-c     30.3 B 

Mean                  b  28.2 C    29.5 B               30.4 A   
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 5.16 Response of tomato cultivars to different rates of coated calcium carbide for 
ascorbic acid content in fruit  
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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v- Lycopene 

 Data regarding the comparative effect of dose and type of coating of calcium carbide on 

lycopene content of tomato fruit is presented in Table 5.18. It is observed from the data that 

plants treated with calcium carbide produced fruits with higher contents of lycopene as compared 

to plants having fruits in control. Fruits of plants treated with 200 mg pot-1 CaC2 showed the best 

effect on lycopene content in fruits and registered maximum value of 67.0 mg kg-1 tissue as 

compared to the plants in control plants producing fruits (43.2 mg kg-1 tissue).  

 Comparison of treatment means also shows that higher rate of application of CaC2 

improved lycopene content in fruits. Lycopene being an antioxidant agent was found to vary 

significantly among cultivars. Differences among the cultivars regarding lycopene content are 

quite obvious. Statistical comparison among cultivars for mean lycopene content revealed that 

Rio Grande had produced significantly highest content of lycopene (63.8 mg kg-1 tissue) 

compared to other two cultivars (Figure 5.17). All the three cultivars followed similar trend of 

having maximum lycopene in fruits in the treatments where 200 mg pot-1CaC2 was applied to the 

plants. However, its concentration decreased with further increasing the rate of CaC2 application.   
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Table 5.18 Effect of different rates and coatings on calcium carbide on lycopene content in fruit of 
tomato cultivars 

Type of 
Coating 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande  Tenzila            F-1 3560-S  
           Control 42.7 g-i* 27.9 j 43.2 gh   a 37.9 D 

Paint 
100 51.7 d 37.7 i 44.1 f-h     44.5 C 
200 62.7 a-c 49.6 de 57.7 c     56.7 AB 
300 63.3 ab 41.8 g-i 57.6 c     54.2 B 

Paraffin 
100 49.3 d-f 41.1 hi 44.3 e-h     44.9 C 
200 61.7 bc 46.2 e-h 59.3 bc     55.7 B 
300 62.3 a-c 42.3 g-i 59.4 bc     54.7 B 

Polyethylene 
100 47.0 d-g 43.5 gh 46.5 d-g     45.6 C 
200 67.0 a 49.4 d-f 60.2 bc     58.9 A 
300 58.3 bc 42.9 g-i 59.6 bc     53.6 B 

Mean   b 56.6 A              42.2 C               53.2 B  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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Figure 5.17 Response of tomato cultivars to different rates of coated calcium carbide for 
lycopene content in fruit 
V1= Rio Grande, V2= Tenzila, V3= F-1 3560-S  
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5.1.2 Discussion  
 
 Differential response of tomato cultivars in terms of growth, yield and quality parameters 

due to the application of coating calcium carbide is owing to the specific acetylene flux and then 

ethylene production from various treatments of calcium carbide. Ethylene released from calcium 

carbide reduced plant height, number of days to flowering, fruit drop while improved number of 

clusters bearing fruits. These parameters ultimately contributed increase tomato yield. Reduced 

plant height, increase in shoot and root weight in response to calcium carbide application is due 

to classical triple response of plant to ethylene (Sharma and Yadav, 1996; Freney et al., 2000; 

and Mahmood et al., 2002). Yield of tomato also depends upon the parameters which directly or 

indirectly contribute to it. Increase in fruit yield in this study may be due to better early and 

better root growth and then to early flowering, increase in number of clusters per plant and 

reduction in fruit drop percentage. Enhanced root growth actively explores more volume of soil 

and could help to fetch more nutrients from the soil and thus contribute to increase in healthy 

tomato with improved quality. This all happened most probably due to addition of calcium 

carbide in the soil environment. The treatments of CaC2 @ 300 mg pot–1 gave the best results in 

improving number of fruits and yield per plant. This rate provided the optimal level of ethylene 

essential for plant growth and development. The other CaC2 treatments also followed this 

treatment in improving the growth and yield of tomato and thus produced significantly more fruit 

yield compared to control.  

 As the application of CaC2 consistently supplied ethylene in the proximity of plant that 

stimulated the developmental processes of tomato and thus resulting in a higher number of 

flowers, then fruits which in turn produced maximum total weight of fruits per plant. The 

observed enhanced effects of different rates and coating materials on CaC2 on flowering and 

yield in this study are also supported by the findings of Bronson et al. (1992), Freney et al. 

(1992, 2000), Chaiwanakupt et al. (1996), Mahmood et al. (1998), Randall et al. (2001),  Yaseen 

et al. (2006) and Kashif et al. (2008). Atta-Aly et al. (1998) also studied that low level of C2H4 

application at early fruiting stage in tomato can increase fruit yield by increasing fruit size and 

consequently its quality.  

 The results obtained in this study also highlighted improved nutrient uptake by increased 

root growth (Rao and Fritz, 1987). Ethylene probably stimulated adventitious roots of the plant 

(Chaiwanakupt et al., 1996). This improved nutrient uptake may be owing to the ability of CaC2 
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to inhibit nitrification (Hazzrika and Sarkar, 1996), improving nitrogen economy of the soil and 

reducing N losses and thus assure its availability for a longer period of time.  

 Physiological processes of plants have been reported to be influence by Bioregulators and 

plant hormones (Looney, 1998; Khan et al., 2008). Experimental data in this study clearly 

indicated that application of CaC2 @ 200 mg pot-1 had marked effect on photosynthesis rate and 

other characteristics. The higher photosynthetic rate with application of CaC2 may be the result 

of higher ethylene production in the rhizosphere of the plant which increased vegetative growth 

by increasing availability of N (more N uptake) to the plants (Keerthisinghe et al., 1996; 

Seneweera et al., 2003). The higher ethylene evolution led to higher leaf area and thus more light 

interception and net photosynthesis. The role of ethylene in regulating leaf growth of plants 

(Abeles et al., 1992; Hussain et al., 1999; Khan et al., 2000; Khan, 2004a; Mir et al., 2009b), 

ethylene-induced leaf emergence in cereal seedlings (Ivenish and Kreicberg, 1992), and leaf 

expansion (Kieber et al., 1993; Rodrigues-Pousada et al., 1993) has been reported. 

 Calcium carbide effects on photosynthetic activity were mediated through involvement of 

ethylene-induced increase in stomatal conductance. Calcium carbide is a direct ethylene 

releasing source when it is applied to plants and elicits response identical to those induced by 

ethylene gas. Taylor and Gunderson (1989) reported a relationship between ethylene-enhanced 

stomatal conductance and photosynthesis. Khan (2004a) also reported a strong positive relation 

between 1-aminocyclopropane-1-carboxylic acid synthase, a rate limiting enzyme in ethylene 

biosynthesis and photosynthesis in mustard cultivars showing different capacity of 

photosynthesis. This high photosynthetic rate may also be because of increased vegetative 

growth resulting in more solar radiation being retained and thus enhanced net photosynthetic rate 

in the plants treated with CaC2. Many workers have also been reported similar results of 

improved leaf area index and enhanced net photosynthetic rate in various crop species with 

application of ethylene releasing compounds (Khan et al., 2004b; Abbasi et al., 2009; Lone et 

al., 2010; Mir et al., 2009a, 2010a). Enhanced carboxylation efficiency due to ethylene releasing 

compound determines the mesophyll effects characterized as a product of CO2 binding capacity 

and the electron transport capacity. The effect of ethylene on photosynthesis also has influence 

on plant water use efficiency and associated with higher Rubisco (Rubisco, ribulose 1,5 

bisphosphate carboxylase) activity or rate of electron transport Van den Boogard et al. (1996). 

The higher plant water use efficiency observed in this study might be due to lower transpiration 
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rate in association with higher leaf area per plant and dry mass production. It is thus concluded 

that CaC2 effects on photosynthesis were through ethylene- induced increase in stomatal 

conductance and carboxylation efficiency and also through light interception because of 

increased leaf area. As higher leaf area results in more solar radiations being retained and 

enhanced photosynthesis and dry mass production which ultimately resulted in increase in water 

use efficiency in tomato plants. 

 Calcium carbide dependent ethylene release resulted in significant improvement in 

quality of fruiting elements and fruit ripening. For fresh or processed products, colour is one of 

the primary determinants of quality, along with firmness, size, and flavor (Picha, 2006). The 

impact of ethylene releasing source calcium carbide on skin color, fruit firmness and TSS 

was noted as excellent as compared to untreated fruits. The findings of Khan (1988) are 

supportive to our results. Shah et al. (2002) also found better influence of calcium carbide 

in terms of colour and sugar content in treated mangoes. It should be kept in mind that they 

treated the fruit not the plant. Among the quality contributing parameters of tomato, pH is very 

important because during processing of food acidity influences the thermal processing conditions 

required for production of safe products. Although the pH of mature tomatoes may exceed 4.6 

however, tomato products are generally classified as acid foods (pH < 4.6), which require 

moderate conditions of processing to control microbial spoilage and enzyme inactivation. 

Maximum desirable pH of 4.4 is suggested to avoid potential spoilage caused by thermophilic 

organisms, and 4.25 is the optimum value of pH for processing tomatoes (Monti, 1980). The 

maintenance of higher firmness as a result of CaC2 application at lower rate of CaC2 (100 mg 

plant-1) may be due to their ability to prevent the physiological weight loss. The desired effect of 

calcium carbide on maintaining fruit firmness may be due to the binding of calcium to free 

carboxyl groups of polygalacturonate polymer (which acts to degrade the cell wall) thus 

stabilizing and strengthening the cell wall.  

 The soluble solid content is important fruit quality attribute that acts as criterion for 

selection of tomato for processing and canning purposes (Alleyne and Clark, 1997). It is a 

combination of sugars, nonvolatile organic acids, and soluble cell wall components. Reducing 

sugars contribute 75 to 80% of the soluble solids content in tomatoes (Kader et al., 1977). 

Changes in TSS of fruits due to the application of CaC2 in the present study might be due to the 

hydrolytic conversion of polysaccharides into soluble sugars as is the case in many climacteric 
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fruits during the ripening process. In treated fruits, ethylene released from CaC2 improved the 

ripening process and rate of conversion of insoluble polysaccharide than the rate of fermentation 

of mono and disaccharides into organic acids. Therefore, an increase in the TSS of the treated 

fruits was observed. While in the control fruits the rate of conversion of soluble mono and 

disaccharides into organic acids was faster than the conversion of soluble polysaccharides into 

mono and disaccharides and thus resulted in decreased TSS in the fruits.  

 Tomato is the major contributor of antioxidant lycopene and vitamin C (ascorbic acid). 

Lycopene, the compound giving red colour to tomato, watermelon and other fruits is also used as 

a colour ingredient in many food formulations. It has the highest antioxidant activity among all 

dietary antioxidants. Tomato cultivars and genotypes vary widely in their solids content or those 

containing the crimson (og) gene generally higher in lycopene than salad or normal types 

(Dumas et al., 2003). Calcium carbide treated tomato cultivars varied greatly in lycopene 

content. Lycopene and vitamin C content of tomato was improved in response to applied CaC2 

@ 200 mg pot-1. The augmentation of ascorbic acid content might be due to either increased 

ascorbic acid biosynthesis or to protection of synthesized ascorbic acid from oxidation through 

ascorbic acid oxidase. In this experiment such results highlight an existing unexploited capacity 

of ethylene releasing compound on tomato fruits and thus there is need to support conventional 

approaches to improve tomato nutritional value. 

 All the observed effects of calcium carbide application reported in the present study have 

many biochemical implications in the sense that nutrients level in the tomato fruit may be 

enhanced. These nutrients are effective in decreasing the risk of some diseases and building of 

body tissues (Visioli et al., 2003; Riso et al., 2006). These results suggest that use of calcium 

carbide in combination with chemical fertilizers could therefore be used as a tool of non 

conventional approaches for improving growth, yield and quality of tomato and other vegetable 

crops and thus may serve as an innovative approach in the country towards the attainment of 

global food security. 
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5.2- Experiment 4: Effect of time of application of calcium carbide on tomato 
growth and yield  
 
5.2.1 Results  
(A) Pre harvest observations recorded 
 
i- Number of days required for flowering 

 Early and late flowering in crops, no doubt are under the control of hormones. Data 

regarding effect of different rates and time of application of polyethylene coated calcium carbide 

on number of days required for flowering in tomato cultivars is presented in Table 5.19.  

 Maximum number of days taken by flower appearance was observed in control and 

treatments where CaC2 was applied at the time of seedling transplanting. A reduction in time 

period required by tomato cultivars for flowering was noted where calcium carbide was added at 

either time (2 or 4 weeks after transplanting) compared to control plants. It was observed that 

application of CaC2 @ 200 mg pot-1 two weeks after transplanting caused significant earlier 

initiation of flowering among rates of CaC2 applied. Maximum number of days (38.3 and 38.7) 

taken for flowering was recorded in cultivar F-1 3560-S in untreated plants (control) and in 

plants treated with CaC2 at the time of transplanting, respectively. Mean values of the 

comparative effect of rates and time of application of CaC2 on number of days to flower indicate 

an estimated reduction of 22.3 and 17.9 % in time period required for flower appearance in 

plants treated with CaC2 two weeks and four weeks after transplanting, respectively.   

 Differences among cultivars regarding the number of days taken for flowering were 

found statistically significant. Among the cultivars, Rio Grande took minimum time period of 

26.7 days to flower whereas F-1 3560-S flowered in 29.7 days.  
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Table 5.19 Effect of different rates and time of application of polyethylene coated calcium 
carbide on number of days to flower in tomato cultivars 

Time of 
application 

CaC2 

(mg pot-1) 

Tomato cultivar
Mean        

Rio Grande            F-1  3560-S 
         Control 34.3 b* 38.3 a  a 36.3 AB 

T1 
100 33.3 bc 38.0 a     35.7 AB 
200 34.3 b 38.3 a     36.3 AB 
300 32.3 b-e 38.7 a     35.5 AB 

T2 
100 29.3 e-h 34.3 b     31.8 C 
200 26.7 h 29.7 d-h     28.2 D 
300 27.3 gh 30.7 c-f     29.0 D 

T3 
100 30.7 c-f 32.7 b-d     31.7 C 
200 29.0 f-h 30.7 c-f     29.8 CD 
300 30.0 d-g 32.7 b-d     31.3 C 

         Mean  b31.4 B                   34.8 A  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
T1= CaC2 application at transplanting time, T2= 2 weeks after transplanting, T3 = 4 weeks after 
transplanting 
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ii- Number of clusters per plant 

 Effect of different rates and time of application of polyethylene coated calcium carbide 

on number of flowering clusters per plant in tomato cultivars is presented in Table 5.20. Rate and 

time of application of CaC2 significantly affected number of clusters per plant. Data also indicate 

that application of CaC2 @ 200 mg pot-1 produced significantly the highest number of flower 

clusters among all other levels. However, among times of application of CaC2, maximum number 

of clusters (28) was observed in treated plants where CaC2 was applied two weeks after 

transplanting. Minimum number of flowering clusters (13.1) was counted in control plants of Rio 

Grande tomato cultivar. Difference regarding the number of clusters per plant in the cultivars 

was found statistically significant. Among various cultivars, F-1 3560-S produced more flowers 

clusters than Rio Grande. Both cultivars showed similar trend by producing more flower clusters 

in treatments where CaC2 was applied two weeks after transplanting. 

 Mean values for rates and time of application of CaC2 on number of days to flower 

describe that an estimated increase of 86.8 and 57.2 % in flower clusters per plant over untreated 

plants was recorded than treated pants with CaC2 @ 200 mg pot-1 two and four weeks after 

transplanting, respectively.  

  

iii- Fruit drop percentage 

 Comparative effect of different rates and time of application of coated calcium carbide 

with recommended NPK doses on fruit drop percentage is presented in Table 5.21. Data clearly 

indicate that both rate and time of application of CaC2 significantly affected fruit drop. 

Maximum fruit drop of 43.0 and 40.0 % was counted in treatments where CaC2 was applied at 

transplanting time and control, respectively, Whereas fruit drop percentage was minimum (23.0 

%) in plants where polyethylene coated CaC2 @ 200 mg pot-1 was applied either two or four 

weeks after transplanting.  

 Statistical means of all treatments showed reduction of 33.7 and 35.5 % respectively, in 

fruit drop over control by application of CaC2 two and four weeks after transplanting. Overall 

maximum reduction in fruit drop was recorded in the treatment of coated CaC2 @ 200 mg pot1 

among all rates of applied CaC2.  

 Data in Table 5.21 also shows comparative response of tomato cultivars to applied CaC2 

at different times for fruit drop. Cultivar Rio Grande exhibited minimum fruit drop than  
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Table 5.20 Effect of different rates and time of application of polyethylene coated calcium 
carbide on number of clusters per plant of tomato cultivars  

Time of 
application 

CaC2 

(mg pot-1) 

Tomato cultivar
Mean        

Rio Grande           F-1  3560-S 
         Control 13.1 gh* 16.0 f-h     a14.5 E 

T1 
100 13.0 gh 15.0 f-h     14.0 E 
200 13.7 f-h 16.7 fg     15.2 E 
300 13.3 f-h 17.0 ef     15.2 E 

T2 
100 16.3 f-h 21.7 cd     19.0 D 
200 26.3 ab 28.0 a     27.1 A 
300 26.0 ab 23.7 b-d     24.8 B 

T3 
100 20.7 de 21.7 cd     21.2 CD 
200 21.0 cd 24.7 bc     22.8 BC 
300 21.3 cd 23.7 b-d     22.5 BC 

         Mean  b18.5 B        20.8 A  
 
 
 
 
 
Table 5.21 Effect of different rates and time of application of polyethylene coated calcium 
carbide on fruit drop percentage of tomato cultivars  

Time of 
application 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande           F-1  3560-S 
        Control 35.3 b-d* 40.0 a-c   a 37.7 A 

T1 
100 34.7 cd 41.3 ab     38.0 A 
200 35.3 b-d 43.0 a     39.2 A 
300 33.0 de 41.3 ab     37.2 A 

T2 
100 26.7 e-g 33.3 d     30.0 B 
200 23.4 fg 26.7 e-g     25.0 CD 
300 24.7 fg 30.3 d-f     27.5 B-D 

T3 
100 25.0 fg 26.7 e-g     25.8 B-D 
200 23.0 g 25.7 fg     24.3 D 
300 25.3 fg 33.7 cd     29.5 BC 

         Mean  b29.5 B                   35.2 A  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
T1= CaC2 application at transplanting time, T2= 2 weeks after transplanting, T3 = 4 weeks after 
transplanting 
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that of cultivar F-1 3560-S. Both tomato cultivars showed statistically similar reduction in fruit 

drop in all the treatments of CaC2 either applied into pots two or four weeks after transplanting 

the seedlings. 

 
iv- Plant height  
 
 Data regarding effect of different rates and time of application of polyethylene coated 

calcium carbide on plant height in tomato cultivars is presented in Table 5.22. Both rate and time 

of application of CaC2 significantly affected plant height. Maximum plant height (60.0 cm) was 

recorded in control and treatments where CaC2 was applied four weeks after seedling 

transplanting. Minimum plant height (38.3 cm) was observed in the treated plants receiving CaC2 

@ 200 mg pot-1 two weeks after transplanting however, statistically similar plant heights were 

noted in plants treated with CaC2 either after transplanting of two or four weeks.   

 Mean values on comparative effect of rates and time of application on plant height in 

mean column shows an estimated reduction of 14.8 and 23.3 % in plant height in all treatments 

where CaC2 was applied at the time of transplanting and two weeks after transplanting, 

respectively.   

 Difference among cultivars regarding plant height was also found statistically significant. 

Tomato cultivars F-1 3560-S showed more reduction in plant height than Rio Grande due to 

application of CaC2. Maximum reduction in plant height of cultivar F-1 3560-S was observed in 

treatments where CaC2 was applied two weeks after transplanting while in Rio Grande both at 

the time of transplanting and two weeks after transplanting.  

 

v- Number of fruits per plant 

 There is a general principle more the number of flowers, more will be the fruit sets per 

plant. Effect of different rates and time of application of CaC2 on flower conversion into fruit 

development (Table 5.23) showed significant increase in fruit sets per plant. In plants treated 

with CaC2 than in plants of control treatment a minimum number of 22.3 fruits per plant were 

counted in control which was statistically similar to number of fruits obtained from plants treated 

with CaC2 at time of transplantation. Number of fruits per plant increased to 39.7 and 38.3 fruits 

in plants of F-1 3560-S and Rio Grande respectively, where polyethylene coated CaC2 @ 200 mg 

pot-1 was applied along with recommended doses of NPK fertilizers.  
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Table 5.22 Effect of different rates and time of application of polyethylene coated calcium 
carbide on plant height of tomato cultivars  

Time of 
application 

CaC2 

(mg pot-1) 

Tomato cultivar
Mean        

Rio Grande           F-1  3560-S 
        Control 60.0 a* 52.7 ab    a 56.3 A 

T1 
100 53.0 ab 47.0 b     50.0 C 
200 47.3 b 48.7 b     48.0 CD 
300 49.0 b 48.0 b     48.5 CD 

T2 
100 49.3 b 49.0 b     49.2 C 
200 48.0 b 38.3 c     43.2 D 
300 47.0 b 46.3 bc     46.7 CD 

T3 
100 60.3 a 51.0 ab     55.7 AB 
200 51.7 b 49.3 b     50.5 BC 
300 50.0 b 50.3 ab     50.2 BC 

         Mean  b52.9 A                   48.8 B  
 
 
 
 
Table 5.23 Effect of different rates and time of application of polyethylene coated calcium 
carbide on number of fruits per plant of tomato cultivars  

Time of 
application 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande           F-1  3560-S 
         Control 22.3 h* 28.0 d-g    a25.2 E 

T1 
100 24.3 f-h 29.0 d-f     26.7 E 
200 24.3 f-h 31.0 c-e     27.7 E 
300 26.3 e-h 31.7 b-d     29.0 DE 

T2 
100 30.0 de 35.0 a-c     32.5 CD 
200 38.3 a 39.7 a     39.0 A 
300 36.3 ab 39.3 a     37.8 A 

T3 
100 35.3 a-c 36.0 ab     32.5 CD 
200 35.0 a-c 37.3 a     36.1 B 
300 31.0 a-c 35.3 a-c     37.8 A 

        Mean  b29.3 B        33.2 A  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
T1= CaC2 application at transplanting time, T2= 2 weeks after transplanting, T3 = 4 weeks after 
transplanting 
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Treatment means showed 54.7 and 43.2 % more fruit setting than control in those plants that 

were treated with CaC2 two or four weeks after transplantation. Statistically, effect of application 

of 200 mg pot-1 CaC2 appeared most significant to increase number of fruits per plant among all 

rates of CaC2.  

 Obvious results revealed highly significant differences (p < 0.01) among tomato cultivars 

for number of fruits plant-1. Among both the tomato cultivars, F-1 3560-S produced means 

maximum number of fruits per plant. In both cultivars maximum fruit numbers was observed in 

plants treated with CaC2 two weeks after transplanting of tomato seedlings into pots.  

 

(B) Post-harvest observations recorded 

i- Fruit yield per plant 

 

 Fruit yield per plant revealed highly significant differences (p < 0.01) among rates of 

CaC2 and time of application but interaction among them was non significant. Data regarding 

effect of different rates and time of application of polyethylene coated calcium carbide on tomato 

fruit yield of both cultivars is presented in Table 5.24. Both rate and time of application of CaC2 

significantly affected fruit yield. Maximum fruit yield (1760 g pot-1) was observed in treatments 

where CaC2 was applied two weeks after seedling transplanting. Minimum fruit yield (1170.0 g 

pot-1) was observed in plants treated with CaC2 @ 100 mg pot-1 applied at the time of seedling 

transplanting however; this fruit yield was found statistically similar to the yield obtained from 

control plants.  Statistically similar fruit yields were obtained from plants treated with CaC2 @ 

200 and 300 mg pot-1.  

 Summarized means of rates and time of application on fruit yield per plant (Table 5.24) 

described an estimated increase of 38.6 and 35.1 % in fruit yield per plant in all treatments 

receiving CaC2 two and four weeks after transplanting, respectively. Differences among cultivars 

regarding fruit yield were found statistically non significant. Both cultivars showed maximum 

fruit yield in treatments where CaC2 300 mg pot-1 was applied two weeks after transplanting. 
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Table 5.24 Effect of different rates and time of application of polyethylene coated calcium 
carbide on fruit yield per plant of tomato cultivars  

 Time of 
application 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande           F-1  3560-S 
                             Control 1241.7 g-i* 1282.7 gh   a 1262.2 CD 

T1 
100 1170.7 i 1274.3 gh      1222.5 D 
200 1213.0 hi 1293.3 gh      1253.2 CD 
300 1296.3 g 1304.7 g      1300.5 C 

T2 
100 1603.0 de 1516.7 f      1559.8 B 
200 1675.3 b-d 1726.7 a-c      1701.0 A 
300 1741.3 a-c 1760.0 a      1750.7 A 

T3 
100 1606.7 de 1531.7 ef      1569.2 B 
200 1712.3 a-c 1675.7 b-d      1694.0 A 
300 1748.3 ab 1663.3 cd      1705.6 A 

         Mean  b1457.7 B               1466.2 A  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
T1= CaC2 application at transplanting time, T2= 2 weeks after transplanting, T3 = 4 weeks after 
transplanting 
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ii- Shoot dry weight 

 Data regarding effect of different rates and time of application of polyethylene coated 

calcium carbide on shoot dry weight of tomato cultivars is presented in Table 5.25. Both rate and 

time of application of CaC2 significantly affected shoot dry weight. Maximum shoot dry weight 

(74.3 g pot-1) was observed in all treatments where CaC2 was applied into pots four weeks after 

seedling transplanting. Minimum shoot dry weight (55.3 g pot-1) was observed in control 

(without CaC2). Statistically similar shoot dry weights were noted in plants treated with CaC2 

either at two or four weeks after transplanting.   

 Mean effect of rates and time of application on shoot dry weight presented in Table 5.25 

described that an estimated increase of 23.2 and 28.9 % in shoot weights over control in all 

treatments with CaC2 application two and four weeks after transplanting, respectively. 

Difference among cultivars regarding shoot dry weight was found statistically significant (Table 

5.25). Rio Grande and F-1 3560-S cultivars showed maximum shoot weight in treatments where 

CaC2 was applied @ 100 and 300 mg pot-1 respectively, four weeks after transplanting seedlings.  

 

iii- Root dry weight 

 It is evident from the data in Table 5.26 that effect of different rates of CaC2 on root 

weight was statistically significant from one another but effect of time of application was found 

non significant. Data regarding the comparative effect of rate and type of coating of calcium 

carbide on root weight of tomato cultivars is presented in Table 5.26. Since root weight greatly 

responded to different rates of CaC2, therefore maximum root weight (6.5 g pot-1) was observed 

by the application of 300 mg pot-1 polyethylene coated CaC2 at the time of seedling 

transplanting. But minimum root weight (4.1 g pot-1) was observed in control plants. Treatments 

where CaC2 was applied at time of transplanting or two weeks after transplanting along with 

recommended doses of NPK fertilizers showed significant increase in root weight as compared 

to control and CaC2 application four weeks after transplanting. Treatment means describe that an 

estimated increase of 34.7 and 21.7 % in root weight was recorded in all treatments of CaC2 

application at and two weeks after transplanting, respectively.  
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Table 5.25 Effect of different rates and time of application of polyethylene coated calcium 
carbide on shoot dry weight of tomato cultivars  

Time of 
application 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande           F-1  3560-S 
                               Control 55.3 e* 56.7 e    a 56.0 E 

T1 
100 56.0 e 57.0 e      56.0 E 
200 58.0 de 60.0 de      59.0 DE 
300 60.7 c-e 60.7 c-e      60.7 C-E 

T2 
100 71.7 a 66.3 a-d      69.0 AB 
200 70.3 ab 62.7 b-e      66.5 A-C 
300 69.0 a-c 60.0 de      64.5 B-D 

T3 
100 74.0 a 69.3 ab      71.7 A 
200 70.3 ab 72.0 a      71.2 A 
300 70.0 ab 74.3 a      72.2 A 

         Mean  b64.2 A                   62.7 B  
 
 
 
 
 
Table 5.26 Effect of different rates and time of application of polyethylene coated calcium 
carbide on root dry weight of tomato cultivars  

Time of 
application 

CaC2 

(mg pot-1) 

Tomato cultivar
Mean        

Rio Grande           F-1  3560-S 
                    Control 4.1 e* 5.1 cd    a4.6 D 

T1 
100 5.2 cd 5.2 cd     5.2 B-D 
200 6.2 ab 6.1 a-c     6.2 A 
300 5.7 a-d 6.5 a     6.1 A 

T2 
100 5.0 de 5.7 a-d     5.3 BC 
200 5.3 b-d 5.9 a-d     5.6 B 
300 5.2 cd 5.8 a-d     5.5 AB 

T3 
100 5.1 cd 5.2 cd     5.1 B-D 
200 5.1 cd 5.4 b-d     5.6 B 
300 5.2 cd 5.4 b-d     5.3 BC 

          Mean  b5.0 B         5.5 A  
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
T1= CaC2 application at transplanting time, T2= 2 weeks after transplanting, T3 = 4 weeks after 
transplanting 
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Difference among cultivars regarding root weight was also found statistically significant. Tomato 

cultivar F-1 3560-S showed more increase in root dry weight than Rio Grande with CaC2 

application. Maximum root dry weight of cultivar F-1 3560-S and Rio Grande was observed in 

treatments where CaC2 was applied @ 300 and 200 mg pot-1, respectively at the time of 

transplanting.  

 

iv- Nitrogen uptake by shoot 

 Data regarding the effect of different rates and time of application of polyethylene coated 

calcium carbide on nitrogen uptake by shoot of tomato cultivars is summarized in Tables 5.27. It 

is revealed from the data that different rates of coated CaC2 application as well as time of 

application significantly affected nitrogen uptake by tomato shoot. Maximum value (414.3 mg 

pot-1) of N uptake in shoot was observed where polyethylene coated CaC2 (200 mg pot-1) was 

applied two weeks after transplanting. Minimum N uptake by shoot (160.8 mg pot-1) was 

observed in control plants (without CaC2). Column of means in Table 5.27 describes that an 

estimated increase of 55.0 and 42.4 % in shoot N uptake was recorded over control in treatments 

with CaC2 application at two and four weeks after transplanting, respectively.  

 Difference among cultivars regarding N uptake was also found statistically significant for 

N uptake in shoot. Tomato cultivar F-1 3560-S showed more N uptake in shoot than CaC2 

treated plants of Rio Grande. Maximum shoot N uptake in both cultivars (Rio Grande and F-1 

3560-S) was observed in treatments where CaC2 was applied @ 300 mg pot-1 at the time of 

transplanting and 200 mg pot-1 two weeks after transplanting, respectively.  

 

v- Nitrogen uptake by root 

 Table 5.28 contains data regarding the effect of different rates and time of application of 

polyethylene coated calcium carbide on nitrogen uptake by root of tomato cultivars. It is revealed 

from the data that different rates of CaC2 application significantly affected nitrogen uptake in 

tomato root but time of application of CaC2 was found non significant in N uptake by tomato 

roots. Maximum N uptake in tomato root (6.9 mg pot-1) was observed where polyethylene coated 

calcium carbide @ 200 mg pot-1 was applied two weeks after transplanting whereas minimum N 

uptake by root (3.7 mg pot-1) was observed in control plants (without CaC2).  
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Table 5.27 Effect of different rates and time of application of polyethylene coated calcium 
carbide on N uptake by shoot of tomato cultivars  

Time of 
application 

CaC2 

(mg pot-1) 

Tomato cultivar 
Mean        

Rio Grande           F-1  3560-S 
        Control 160.8 h* 279.3 c-e      a220.1 D 

T1 
100 247.7 e-f 326.3 b       287.0 D 
200 303.7 bc 300.0 b       301.8 B 
300 300.3 b-d 293.0 b       296.6 BC 

T2 
100 247.0 e-g 331.0 b       289.0 CD 
200 268.0 d-f 414.3 a       341.2 A 
300 255.3 e-f 408.0 a       331.7 AB 

T3 
100 227.7 g 325.7 b       276.7 D 
200 238.0 fg 386.7 ab       312.3 B 
300 230.3 g 396.7 a       313.5 B 

        Mean  b233.4 B                 346.1 A  
 
 
 
 
 
Table 5.28 Effect of different rates and time of application of polyethylene coated calcium 
carbide on N uptake by root of tomato cultivars  

Time of 
application 

CaC2 

(mg pot-1) 

Tomato cultivar
Mean        

Rio Grande            F-1  3560-S 
         Control 3.7 f* 5.0 e      a4.4 E 

T1 
100 6.0 a-e 5.1 de       5.6 CD 
200 6.3 a-d 6.7 ab       6.5 AB 
300 6.4 a-c 5.4 c-e       5.9 A-D 

T2 
100 5.8 a-e 5.1 de       5.5 CD 
200 6.5 a-d 6.9 a       6.7 A 
300 6.3 a-c 6.0 a-e       6.2 A-C 

T3 
100 5.3 c-e 5.2 de       5.2 D 
200 5.6 b-e 5.6 b-e       5.6 B-D 
300 5.5 b-e 5.6 b-e       5.6 CD 

        Mean  b5.4 NS                      5.6   
*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
T1= CaC2 application at transplanting time, T2= 2 weeks after transplanting, T3 = 4 weeks after 
transplanting 
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Column of means in Table 5.28 describes that an estimated increase of 47.7 and 52.3 % in root N 

uptake was recorded in all treatments with CaC2 application at and two weeks after transplanting, 

respectively.  

 Difference among cultivars regarding N uptake was found statistically non significant in 

root (Table 5.28). Maximum root N uptake in both cultivars was observed in treatments where 

CaC2 was applied @ 200 mg pot-1 at the time of transplanting and two weeks after transplanting. 

 

5.2.2 Discussion  

 Calcium carbide plays dual role i.e. as a nitrification inhibitor and plant growth regulator 

and both these roles are well documented in literature (McCarty and Bremner, 1986; Muromtsev 

et al., 1988, 1993; Freney et al., 1993; Bibik et al., 1995). Here it becomes important to know 

right time of application along with its right dose to get better results. Results of the previous 

experiments are evident that ethylene released from coated calcium carbide application in the 

presence of recommended dose of fertilizer significantly reduced plant height, number of days to 

flower, fruit drop percentage and improved number of clusters and fruit bearing ultimately 

resulted in increased tomato yield. The effect of calcium carbide on plant growth and yield 

parameters of tomato is owing to the acetylene and ethylene gases released from calcium carbide 

in the soil environment. Flowering has been hastened or delayed by plant hormones depending 

on species (Latimer, 1991). Flower number of different crops was found to be positively 

responsive towards exogenous application of growth substances (Morgan et al., 1983; Friends, 

1985). For better vegetative growth ability of plant to produce and to respond ethylene, is very 

important. Ethylene is a critical plant hormone for such growth and developmental processes.  

 Poor fruit set is a major problem in tomato, brinjal and chillies which are frequently 

caused by adverse weather conditions during flowering which ultimately affected yield. Plant 

growth regulators/hormones have been reported to enhance fruit set under both normal and 

adverse weather conditions. 

 Ethylene and auxin promote the formation of female flowers whereas gibberellins 

promote the formation of male flowers (Ram and Jaiswal, 1970; Saito and Takahashi, 1986). 

Plants of cucumber, squash, and muskmelon bearing male flowers have been found to produce 

female flowers after treatments with ethephon an ethylene releasing compound (Rudich et al., 

1972) and enhance ethylene production in plant tissue. Regulation in hormonal signal can occur 
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via fluxes in the level of hormone or its perception. Sensitivity to hormones can be regulated 

both spatially and temporally.  

 Most of the ethylene action on vegetative tissues occurs as a result of tissue’s response to 

stress or external or internal exposure to physiologically active concentration of ethylene. It 

becomes therefore, very important to calibrate the time of application of ethylene releasing 

compound like calcium carbide to be applied so that plant tissue can get maximum benefit from 

it. To keep it in mind four rates (0, 100, 200 and 300 mg pot-1) and three times of application (at 

the time of transplant, two and four weeks after transplanting) of CaC2 were tested in this study. 

It is revealed from the results of study that CaC2 @ 200 mg pot-1 applied two weeks after 

transplanting caused significant earlier initiation of flowering, increased fruit number and fruit 

yield per plant compared to all other times of its application. However, there was very little or 

equal to control or almost no effect of applied CaC2 on tomato growth at the time of transplanting 

nursery seedlings into pots. This might be due to the fact that at the time of seedling 

transplantation, plants are under the shock of transplanting. Moreover, roots are not well 

established or vigorous to utilize/absorb C2H4 released from CaC2. After two weeks of 

transplanting, roots emerged out and are more active and may be better benefited with ethylene 

as well as nutrient supply. Moreover, maximum values of N uptake in root and shoot in the 

treatment of 200 mg pot-1 CaC2 applied two weeks after transplanting are evident of better 

growth in the environment of ethylene compared to similar conditions in control. It means that 

plant hormones have the capacity to direct the translocation and accumulation of nutrients in 

plants (Kuiper, 1988; Kuiper et al., 1989). It is also obvious that calcium carbide applied four 

weeks after transplanting might not timely improve root growth and to take up nutrients and 

ultimately to improve the yield. Similar results have also reported by Mahmood et al. (2009) in 

wheat and Kashif et al. (2008) in okra crops. After conducting a series of experiments in 

laboratory, growth room and wirehouse in pots it is experienced that calcium carbide has positive 

and beneficial effects on growth, yield and quality of tomato. Therefore, it was planned to 

conduct experiment on similar lines in the light of results of this and previous experiments under 

field conditions for the confirmation and validation of results of previous experimental work and 

finally for preparation of set of technology for the use of farmers.  
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5.3- Experiment 5: Response of tomato cultivars to soil applied calcium 
carbide in field experiment  
 
5.3.1 Results  

(A) Pre harvest observations recorded 

i- Number of days required for flowering 

 A reduction in time to initiate flowering in tomato cultivars was noted in the treatments 

where calcium carbide was added when compared with control plants. Table of means (Table 

5.29) indicated that high level of CaC2 @ 300 mg plant-1 caused significant earlier initiation of 

flowering among all other levels of CaC2. Maximum number of days required for flowering 

(42.0) was recorded in untreated plants (control) of cultivar F-1 3560-S whereas the minimum 

number of days for flowering (29.0) was found in treatment where 300 mg plant-1 CaC2 was 

applied as coated with polyethylene. Column of means shows that an estimated reduction of 23.7 

% in time period for flower appearance in treated plants was recorded.  

 Difference regarding the member of days taken by the cultivars to flower was found 

statistically significant. Comparison of two tomato cultivars indicates that cultivar Rio Grande 

took minimum days to flower whereas F-1 3560-S flowered in 36.0 days with application of 

CaC2.  

 

ii- Number of clusters per plant 

 Data regarding number of flower clusters per plant in tomato cultivars presented in Table 

5.30 shows that flowering was boosted up by the addition of calcium carbide compared to the 

treatment where no CaC2 was used i.e. control. The application of CaC2 increased flower clusters 

per plant in the presence of NPK fertilizer. More number of flower clusters ultimately resulted in 

more number of fruit sets. Minimum number of flower clusters i.e. 15.5 clusters plant-1 was 

observed in control (containing NPK fertilizer only) which increased to 26.8 clusters plant-1 with 

the addition of CaC2. Comparison of means revealed that number of flowers increased with 

increasing rate of CaC2.  Mean maximum number of clusters was noted in plants where 200 mg 

plant-1 polyethylene coated CaC2 was applied.  

 Results indicated 50.6 % more flower production in 200 mg plant-1 polyethylene coated 

CaC2 treated plants than plants in control. Statistical comparison between cultivars indicates that  
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Table 5.29 Effect of different rates of polyethylene coated calcium carbide on number of days to 
flower in two tomato cultivars under field conditions 

CaC2 
(mg plant-1) 

Tomato cultivar 
Mean                    

Rio Grande           F-1  3560-S 

 
0 

 
38.0 ab* 

 
             42.0 a 

 
a40.0 A 

 
100 

 
37.0 b-d 

 
37.0 a-c 

 
36.0 B 

 
200 

 
30.3 de 

 
33.0 b-e 

 
31.7 C 

 
300 

 
29.0 e 

 
32.0 c-e 

 
30.5 C 

 
Mean 

 
 b 33.1 B         36.0 A 

 

 
 
 
 
 
 
Table 5.30 Effect of different rates of polyethylene coated calcium carbide on number of clusters 
in two tomato cultivars under field conditions 

CaC2 
(mg plant-1) 

Tomato cultivar 
Mean                    

Rio Grande           F-1  3560-S 
 
0 

 
15.5 d* 

 
19.3 cd 

 
             a17.4 C 

 
100 

 
19.2 cd 

 
  22.7 a-c 

 
   20.9 BC 

 
200 

 
25.7 ab 

 
26.8 a 

 
26.2 A 

 
300 

 
21.0 bc 

 
  23.2 a-c 

 
22.1 B 

 
Mean 

 
            b20.4 B                    23.0 A 

 

*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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F-1 3560-S produced higher number of clusters in response to the application of CaC2 while 

cultivar Rio Grande followed it.  

iii- Fruit drop percentage 

 Comparative effect of different rates of polyethylene coated calcium carbide plus 

recommended doses of NPK fertilizers on fruit drop percentage is presented in Table 5.31. Data 

elucidates the significant effect of application of CaC2 on fruit drop. Maximum fruit drop 

percentage (44.0 %) was recorded in control whereas it was minimum (28.0 %) in case of plants 

where polyethylene coated CaC2 was applied @ 200 mg plant-1. Statistical means of all 

treatments showed significant decrease of 13.2 to 22.2 % in fruit drop percentage over control by 

application of CaC2. Comparison among calcium carbide application rates indicates that 

maximum reduction in fruit drop percentage was noted in all treatments where 200 and 300 mg 

plant1 coated CaC2 were applied.  

 Data in Table 5.31 also shows comparative response of tomato cultivars to applied CaC2 

for fruit drop percentage and it was observed that fruit drop percentage was minimum in treated 

plants of cultivar Rio Grande compared to treated plants of tomato cultivar F-1 3560-S.  

iv- Plant height  

 Effect of coated calcium carbide on plant height of tomato (Table 5.32) indicated 

reduction in plant height by the application of CaC2 compared to control. This reduction in plant 

height was found due to reduction in internodal distance which ultimately resulted in more 

number of flower buds as well as horizontal plant expansion. All rates of CaC2 show significant 

reduction in plant height.  

 Mean minimum plant height (53.0 cm) was observed in plants treated with polyethylene 

coated CaC2 @ 200 mg plant-1 and mean maximum plant height (65.8 cm) was exhibited by the 

plants in the control treatment receiving recommended doses of fertilizers. Overall plant height 

was reduced where CaC2 was applied in either rate along with NPK fertilizer compared to that of 

control plants (no CaC2 but NPK fertilizer). According to comparisons of means rate of 

application of 200 mg plant-1 CaC2 caused more reduction in plant height and this reduction in 

plant height was followed by the plants treated with 100 and 300 mg plant-1 CaC2. The results of 

later two levels were found statistically at par. Comparison of means of tomato cultivars showed 

reduction in plant height in response to applied CaC2 was in the order of F-1 3560-S > Rio 

Grande.  
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Table 5.31 Effect of different rates of polyethylene coated calcium carbide on fruit drop 
percentage in two tomato cultivars under field conditions 

CaC2 
(mg plant-1) 

Tomato cultivar 
Mean                    

Rio Grande       F-1  3560-S 
 
0 

 
37.0 ab* 

 
44.0 a 

 
           a  40.5 A 

 
100 

 
32.3 bc 

 
38.0 ab 

 
    35.2 AB 

 
200 

 
28.0 c 

 
35.0 bc 

 
 33.0 B 

 
300 

 
30.0 bc 

 
36.0 a-c 

 
 31.5 B 

 
Mean 

  
            b  31.8 B             38.2 A 

 

 
 
 
 
 
 
 
 
Table 5.32 Effect of different rates of polyethylene coated calcium carbide on plant height in 
two tomato cultivars under field conditions 

CaC2 
(mg plant-1) 

Tomato cultivar 
Mean                   

Rio Grande       F-1  3560-S 
 
0 

 
68.4 a 

 
 63.2 ab 

 
      a 65.8 A 

 
100 

 
59.0 a-c 

 
 61.6 ab 

 
 60.3 AB 

 
200 

 
55.8 bc 

 
50.2 c 

 
        53.0 B 

 
300 

 
60.2 a-c 

 
   58.3 a-c 

 
59.3 AB 

 
Mean 

  
            b 60.9 A              58.3 A 

 

*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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v- Number of fruits per plant  

 Data regarding effect of different rates of polyethylene coated CaC2 on flower conversion 

into fruit development (Table 5.33) shows highly significant effect of coated CaC2 on fruit sets 

per plant. A minimum number of fruits plant-1 38.3 (Rio Grande) and 42.0 (F-1 3560-S) was 

recorded in control which was increased to 55.0 and 65.0 fruits plant-1, respectively in plants of 

Rio Grande and F-1 3560-S due to the application of polyethylene coated CaC2 @ 200 mg plant-1 

in the presence of recommended doses of NPK fertilizer. Statistical means of all treatments 

indicate 49.3 % more fruit setting in treated plants than untreated plants (control). Application of 

CaC2 @ 200 mg plant-1 showed most significant results among all doses of CaC2. Data also 

reveals highly significant differences (p < 0.01) between tomato cultivars for number of fruits 

plant-1. Comparison of both tomato cultivars reflects that cultivar F-1 3560-S produced means 

maximum number of fruits per plant.  

 
(B) Post harvest observations recorded 

i- Fruit yield per plant 

 Increase in fruit yield is depended upon different plant growth and development 

parameters like number of flowers per plants, ratio of flowers conversion into fruits and 

internodal distance or plant horizontal expansion growth. Results on fruit yield per plant also 

revealed highly significant differences (p < 0.01) among doses of CaC2 and cultivars however, 

their interaction was found non significant (Table 5.34)  

 Data regarding tomato fruit yield obtained per plant (Table 5.34) showed that different 

doses of CaC2 along with recommended doses of fertilizer significantly improved fruit yield as 

compared to control containing no CaC2 but recommended doses of fertilizers alone. Maximum 

fruit yield (2.5 kg) was noted where calcium carbide was applied @ 200 mg plant-1, while 

minimum yield (1.4 kg) was found in control. Treatment means showed 43.7 % more fruit yield 

in response to applied CaC2 over control. Statistically, effect of CaC2 @ 200 mg plant-1 showed 

most significant results among all doses of CaC2.  

 Statistical comparison between tomato cultivars revealed that cultivar F-1 3560-S 

produced higher fruit yield than Rio Grande cultivar.  
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Table 5.33 Effect of different rates of polyethylene coated calcium carbide on number of fruits 
per plant in two tomato cultivars under field conditions 

CaC2 
(mg plant-1) 

Tomato cultivar 
Mean                    

Rio Grande       F-1  3560-S 
 
0 

 
38.3 e* 

 
42.0 de 

 
           a 40.2 C 

 
100 

 
46.0 de 

 
55.0 bc 

 
50.5 B 

 
200 

 
55.0 bc 

 
65.0 a 

 
60.0 A 

 
300 

 
48.3 cd 

 
59.0 ab 

 
53.7 B 

 
 Mean 

  
             b 46.9 B         55.3 A 

 
 

 
 
 
 
 
 
 
 
Table 5.34 Effect of different rates of coated calcium carbide on fruit yield per plant in two 
tomato cultivars under field conditions 

CaC2 
(mg plant-1) 

Tomato cultivar 
Mean                    

Rio Grande       F-1  3560-S 
  
     0 

 
1.4 c* 

 
1.7 bc 

 
               a1.6 C 

 
100 

 
1.7 bc 

 
 2.0 a-c 

 
   1.8 BC 

 
200 

 
2.1 ab 

 
   2.5 a 

 
2.3 A 

 
300 

 
1.9 a-c 

 
2.1 ab 

 
2.0 B 

 
Mean 

 
   b1.8 B            2.1 A 

 

*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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ii- Root dry weight 

 Above ground plant growth and development depends upon the functions of the hidden 

part of plant i.e. root. Better and stronger root growth fetches more water and nutrients from the 

soil and thus maintains vigorous plant growth. Therefore, any soil applied amendment that either 

stimulates and/or facilitates root growth is considered to improve growth and yield of plant. It is 

obvious from the data that root weight greatly responded to application of CaC2 Table 5.35. 

Maximum increase in root weight (7.2 g plant-1) was observed by the application of 300 mg 

plant-1 polyethylene coated CaC2. Minimum root dry weight (3.1 g plant-1) was observed in 

control. Treatment means showed 33 to 83 % more root dry weight production in response to 

applied CaC2 over control. Application of CaC2 @ 200 and 300 mg plant-1 plus recommended 

doses of NPK fertilizer showed significant increase in root dry weight among doses of CaC2 

applied to plants. That is why differences in root dry weight show statistically significant effect 

of rates and cultivars however, interaction between them was found non significant. It was found 

that though the application of CaC2 @ 300 mg plant-1 was most prominent among all rates of 

CaC2 yet it was statistically at par with 200 mg plant-1.  

 Comparison of means also reveals increase in root dry weight with the increase in rate of 

CaC2. Rio Grande showed best response to applied CaC2 and produced maximum in root dry 

matter when performances of two cultivars are compared. 

 
iii- Shoot dry weight 

 Shoot dry weight of tomato plants was significantly increased in the treatments where 

calcium carbide was applied @ 200 mg plant-1compared to control. Further application of high 

dose of calcium carbide caused reduction in shoot dry weight but still it was higher than 100 mg 

plant-1 and control (Table 5.36). Data on shoot dry weight illustrates that maximum shoot weight 

(150.3 g plant-1) was noted in treatment where polyethylene coated CaC2 @ 200 mg plant-1 was 

applied. Minimum value of shoot dry matter (70.4 g plant-1) was observed in control.  

 Comparison of means for rates of CaC2 points out that 31.0 to 85.0 % more shoot dry 

weight was produced in response to applied CaC2 over control. Statistical comparison between 

both tomato cultivars shows production of higher shoot dry matter by F-1 3560-S than Rio 

Grande. 
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Table 5.35 Effect of different rates of polyethylene coated calcium carbide on root dry weight in 
two tomato cultivars under field conditions 

CaC2 

 (mg plant-1) 

Tomato cultivar 
Mean                    

Rio Grande        F-1  3560-S 
 
0 

 
4.0 de* 

 
3.1 e 

 
             a 3.6 C 

 
100 

 
5.7 bc 

 
3.8 de 

 
4.8 B 

 
200 

 
7.0 ab 

 
5.2 cd 

 
6.1 A 

 
300 

 
7.2 a 

 
6.0 a-c 

 
6.6 A 

  
 Mean 

 
             b 6.0 A           4.5 B 

 
  

 
 
 
 
 
 
Table 5.36 Effect of different rates of polyethylene coated calcium carbide on shoot dry weight 
in two tomato cultivars under field conditions 

CaC2 

 (mg plant-1) 

Tomato cultivar 
Mean                    

Rio Grande        F-1  3560-S 
 
0 

 
70.4 e* 

 
 84.3 d 

 
          a 77.3 D 

 
100 

 
 92.0 d 

 
110.3 c 

 
101.3 C 

 
200 

 
              135.7 b 

 
150.3 a 

 
143.0 A 

 
300 

 
120.0 c 

 
 144.4 ab 

 
132.2 B 

  
 Mean 

 
            b 104.5 B                   122.3 A 

 

*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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iv- Nitrogen uptake by shoot 

 Data regarding the effect of different rates of polyethylene coated calcium carbide on 

nitrogen uptake by shoot of two tomato cultivars under field conditions is summarized in Table 

5.37. It is obvious from data that calcium carbide application significantly affected nitrogen 

accumulation in tomato shoot. Nitrogen uptake in both tomato cultivars improved by application 

of CaC2 with NPK fertilizers and maximum value (7.5 g plant-1) of N uptake in shoot was 

observed with application of CaC2 @ 200 mg plant-1. Minimum N uptake by shoot (3.7 g plant-1) 

was observed in control plants (without CaC2). Comparison of means shows that application of 

CaC2 @ 200 mg plant-1 had highly significant effect on nitrogen uptake in tomato shoot among 

all rates of CaC2.  

 Statistical comparison between both tomato cultivars shows higher N uptake by shoot of 

F-1 3560-S than N uptake in Rio Grande. 

 

v- Nitrogen uptake by root 

Data Table 5.38 regarding the effect of different rates of polyethylene coated calcium carbide on 

nitrogen uptake by root of two tomato cultivars under field conditions shows that calcium 

carbide application significantly affected nitrogen uptake by tomato root.  Maximum N uptake in 

tomato root (4.1 g plant-1) was observed where polyethylene coated CaC2 was applied @ 200 mg 

plant-1. Minimum N uptake by root (1.5 g plant-1) was observed in control plants (without CaC2).  

 Statistical comparison of means shows that application of CaC2 @ 200 and 300 mg plant-1 

had similar effect on nitrogen uptake in tomato root. Among tomato cultivars Rio Grande showed 

best response to applied CaC2 in improving N uptake in roots than F-1 3560-S.  

 It was also noted that relative N partitioning in different plant parts of tomato cultivars 

was more or less altered with the application of calcium carbide in different rates when 

comparison was made among them and control. 
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Table 5.37 Effect of different rates of polyethylene coated calcium carbide on N uptake in shoot 
of two tomato cultivars under field conditions 

CaC2 

 (mg plant-1) 

Tomato cultivar 
Mean                    

Rio Grande     F-1  3560-S 
 
0 

 
3.7 e* 

 
4.0 e 

 
a 3.8 D 

 
100 

 
4.5 d 

 
 5.9 bc 

 
5.2 C 

 
200 

 
 6.4 ab 

 
7.5 a 

 
6.9 A 

 
300 

 
5.5 bc 

 
  6.9 ab 

 
6.2 B 

 
Mean 

              
                   b 5.0 B                                   6.1 A 

 

 
 
 
 
 
 
 
Table 5.38 Effect of different rates of polyethylene coated calcium carbide on N uptake in root 
of two tomato cultivars under field conditions 

CaC2 

 (mg plant-1) 

Tomato cultivar 
Mean                    

Rio Grande     F-1  3560-S 
 
0 

 
1.5 d* 

 
1.6 d 

 
            a 1.5 C 

 
100 

 
2.9 c 

 
2.4 c 

 
2.7 B 

 
200 

 
4.1 a 

 
3.8 b 

 
3.9 A 

 
300 

 
3.6 b 

 
3.6 b 

 
3.6 A 

 
 Mean 

               
             b 3.1 A           2.8 B 

 

*Values sharing common letter(s) in table body (non bold) (a) last column (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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v- Nitrogen use efficiency  
 
 One of the main objectives of this study was to evaluate the effect of CaC2 on nitrogen 

use efficiency (NUE). The increased demand for agricultural productivity is greatly influenced 

by NUE of the production systems which is about 40%-very low. Since CaC2 has profound 

effects on nitrification and hence nitrogen economy of soil. Therefore, application of CaC2 with 

NPK fertilizers might improve the fruit yield of tomato by improving nutrient particularly 

nitrogen use efficiency. For this purpose, physiological nitrogen use efficiency (PNUE) and 

agronomic efficiency (NUE-AE) were calculated. Physiological nitrogen use efficiency 

expressed by relative yield increase per unit N uptake and agronomic efficiency expressed as 

yield increase per kg of nutrient applied are indicative of the degree of economic and 

environmental efficiency in use of nutrient inputs.  

 Results given in Table 5.39 reveal that minimum mean PNUE (13.5) was found in plants 

where CaC2 was applied @ 100 mg plant-1. But on the other hand, maximum mean nitrogen use 

efficiency (28.0) was obtained in plants treated with 200 mg CaC2, followed by 22.2 in plants 

treated with 300 mg CaC2. Overall, maximum nitrogen use efficiency (38.3) was calculated for 

the plants treated with 200 mg plant-1 polyethylene coated CaC2 while minimum nitrogen use 

efficiency (10.7) was noted in plants treated with 100 mg plant-1 CaC2. Comparison between 

both the cultivars showed maximum physiological nitrogen use efficiency for F-1 3560-S in 

response to applied CaC2.  

 In this study nitrogen use efficiency expressed as agronomic efficiency (NUE-AE) of 

applied nitrogen was ranged between 7.9 to 33.4 kg fruit yield increase per kg of nitrogen 

applied (Table 5.39). Minimum mean NUE-AE (10.1) was obtained where CaC2 was applied @ 

100 mg plant-1. But on the other hand, maximum mean agronomic efficiency (28.9) was obtained 

with application of 200 mg plant-1 CaC2. There was linear increase in fruit yield with application 

of CaC2 up to 200 mg plant-1 CaC2 application rate after that AE decreased at higher rate of 

CaC2. Comparison between both the cultivars also shows maximum AE value for cultivar F-1 

3560-S in response to applied CaC2.  

 The findings of this study tend to confirm that coincidence of N supply with rapid crop 

uptake is achievable by addition of 200 mg plant-1 CaC2 plus recommended dose of nitrogenous 

fertilizer. This would minimize nitrification/ denitrification and leaching losses and invariably 

improve NUE indices. 
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Table 5.39 Effect of different rates of polyethylene coated calcium carbide on nitrogen use 
efficiency indices by two tomato cultivars under field conditions 

CaC2 

(mg plant-1) 

PNUE NUE-AE 

Rio Grande          F-1  3560-S Mean Rio Grande           F-1  3560-S Mean 

 
0 

- - 
 
 

- - 
 

 
100 

10.7 c* 16.5 bc a13.5C 7.9 e* 12.3 d a10.1C 

 
200 

17.8 bc 38.3 a 28.0 A 24.5 b 33.4 a 28.9 A 

 
300 

16.1 bc 28.2 b 22.2 B 19.5 c 17.8 c 18.7 B 

     Mean       b14.8 B            27.6 A      b17.3 B                21.1 A 

*Values sharing common letter(s) in table body (non bold) (a) last columns (b) last row do not differ 
significantly at P < 0.05 according to LSD test  
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5.3.2 Discussion  
 
 The results of previous laboratory and pot experiments revealed potential of calcium 

carbide in improving growth, yield and quality attributes of tomato. The results obtained under 

field conditions are also in total agreement with results of these (previous) experiments. The 

tomato cultivars responded well to the soil application of coated calcium carbide in the root zone. 

Early flowering and more number of flowering clusters per plant were recorded with application 

of 200 mg plant-1 CaC2. Results indicated 50.6 % more flower production in plants treated with 

200 mg plant-1 polyethylene coated CaC2 than plants in control. This improved flowering may be 

due to plant hormone ethylene which plays important role in creating or maintaining a balance of 

the factors to initiate flowering process. Flower number of different crops was found to be 

positively responsive towards exogenous application of growth substances (Morgan et al., 1983; 

Friends, 1985). 

 The effect of calcium carbide application on plant growth was noted by changing the 

pattern of growth response. Reduction in plant height was observed with the application of 

polyethylene coated calcium carbide might be due to the influence of ethylene released from in 

the soil environment which might have contributed in promoting growth and development. 

Reduction in plant height due to ethylene has already been reported by many researchers 

Dahnous et al. (1982), Wiersma et al. (1986), Rajala and Peltonen-Sainio (2001), Rajala et al. 

(2002) and Mahmood et al. (2002). Retarded stem and leaf elongation with ethylene-releasing 

compound ethephon, resulted in more lateral branching (Hayashi et al., 2001; Ouzounidou et al., 

2008). Many workers including Cartwright and Waddington (1982), Sharma and Yadav (1996), 

Rajala and Peltonen-Sainio (2001), Mahmood et al. (2002) and Yaseen et al. (2004) have also 

been reported similar impact of ethylene on tillering in cereals. More flowering clusters resulted 

in improved number of fruits and 49.3 % more fruits setting was observed with application of 

200 mg plant-1 polyethylene coated CaC2.   

 It is evident from the data that 43.7 % increase in total yield could be obtained with 

proper use of CaC2. This increased yield due to improvement in yield contributing parameters of 

tomato with the application of calcium carbide is attributed to enhanced uptake of nutrients by 

tomato plants due to either acetylene that enhanced the N economy of the soil and thus more 

uptake of nutrients or due to plant hormone ethylene that stimulated flowering and fruit 
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formation in tomato. It may also be due to increase in root primordial to explore more volume of 

soil to acquire nutrients efficiency (Ahmad et al., 2004). Nitrogen uptake in tomato plant parts 

was enhanced where calcium carbide was applied in the presence of NPK fertilizers and 

maximum value of N uptake was observed with application of CaC2 @ 200 mg plant-1. This 

improved N uptake may be due to stimulatory effect of ethylene on root growth as root hair 

formation and lateral branching in root is stimulated by this plant hormone (Le et al., 2001). The 

hormonal effect of ethylene released from CaC2 under soil moisture conditions enhances the 

activity of plants to utilize nutrients efficiently (Saleem et al., 2002). All these results suggest 

that calcium carbide application improved the N use by the tomato plant. This improved N 

economy of soil might help to take up more N and thus to produce more number of fruits. 

Benefits of mixed nitrogen nutrition on plant growth and development are also reported by Chen 

et al. (1998) and Ali et al. (2001). Such improved nutrient uptake with the application of CaC2 

has also been reported by Ahmad et al. (2004), Yaseen et al. (2006), Kashif et al. (2008) and 

Mahmood et al. (2009). Conclusively, it is highly likely that slow and gradual release of C2H4 

from coated calcium carbide might be helpful in improving the utilization efficiency of applied 

nutrients, growth and ultimately yield of tomato and other crops. Enhanced N uptake by fruit due 

to calcium carbide application in this study is evident as application of calcium carbide 

significantly increased the fruit yield than that of fertilizers application alone in control 

treatment. 

 Better root growth which in turn fetches uptake more nutrients from soil for healthy fruit 

formation, prolonged and improved nitrogen supply are some of the factors which contribute 

directly or indirectly in the increase of ultimate yield. Overall results of all the experiments 

indicate that calcium carbide application have a pronounced and beneficial effect on tomato 

growth and yield contributing parameters. Increased vegetative growth, total weight, number of 

fruits, and total yield clearly suggested that the application of polyethylene coated CaC2 at the 

rate of 200 mg plant-1 was the best rate of application in improving economical yield of tomato 

when applied two weeks after sowing into plant rhizosphere for tomato crop under field 

conditions.  
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              Chapter 6 

SUMMARY  

 Vegetables particularly tomato have attained very important and pivotal place in the 

food stuff. However, per unit area yield of tomato in Pakistan is far below than the potential 

even with introduction of hybrid varieties and tunnel technology. Therefore, there is a dire 

need to introduce innovative techniques which are cheap and easy to adopt by farmers. Use of 

plant growth promoting substances in safe limit is biological technique being advocated in 

agriculture to improve yields. Use of these growth regulators has become popular among 

vegetable growers all over the world. These growth regulating substances as "Wonder 

Chemicals" are proved to increase yield of various agronomic and horticultural crops 

tremendously and can also change the various phases of the physiological growth pattern of 

these crops under adverse conditions. There are many instances which suggest that these 

growth regulators have the capacity to direct the translocation and accumulation of 

nutrients in plants and ultimately improving yield. 

 Ethylene (C2H4) is one of the established classes of plant hormones and is also a 

natural product of plant metabolism. The gaseous plant hormone ethylene has applications in 

diverse developmental processes such as germination, fruit ripening, root hair formation, 

senescence and environmental stresses. The exogenous sources of ethylene can be used for 

the benefit of agricultural production if employed carefully by keeping in view the specific 

hormone-plant response and interactions. However, gaseous nature and the difficulty in 

direct application of C2H4 to soil in the field has made its use limited for improving 

agricultural production.  

 At present various compounds have been identified that produce ethylene in the 

air of soil. Since microorganisms can derive ethylene from variety of compounds, it is 

highly likely that presence of substrate(s) in rhizosphere influence the production of 

physiologically active concentration of ethylene. The CaC2 has emerged as a very good 

source of acetylene which upon its reduction is converted to ethylene by micro biota in the 

soil. Keeping in view the role of calcium carbide in plant growth and developmental 

processes, it was planned to explore its potential in the soil environment of Pakistan. It could 

be an innovative activity to enhance crop yield by combining the non conventional 

approaches with conventional approaches. Therefore, it became necessary to know right 
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amount, coating material and time of application of calcium carbide along with recommended 

rates of fertilizers. These factors could surely improve effectiveness of applied calcium 

carbide. A series of laboratory, pot studies and field trials were conducted to evaluate the 

effects of CaC2 on seed germination, growth, yield, photosynthesis and fruit quality 

parameters of different tomato cultivars. 

 Since release of acetylene and ethylene from applied CaC2 could give better 

germination of seeds of various crop species so in first laboratory experiment different 

amounts of CaC2 were compared regarding release of ethylene gas and seed germination at 

different time intervals. Seedling emergence, root and shoot growth parameters were also 

studied under controlled conditions of laboratory to know the right amount of CaC2. In this 

experiment seed germination of five different tomato cultivars was enhanced where different 

rates of CaC2 (0, 3, 6, 9, 12 and15 mg plate-1) were applied. After 96 and 120 h growth 

periods minimum seed germination was observed in control plates that was 11.2 to 22.2 % 

and 22.0 to 36.7 %, respectively. At these time intervals seed germination was the highest i.e. 

68.0 and 99.7 %, respectively in the plates treated with CaC2 @ 15 mg plate-1. This rate of 15 

mg CaC2 plate-1 was found the best and appropriate regarding seed germination in all tomato 

cultivars except Top Gord for which maximum germination was observed @ 12 mg CaC2 

plate-1. Improved seed germination might be due to release of appropriate amount of ethylene 

in proximity of seeds in Petri plates treated with CaC2. Statistical difference for ethylene 

release among tomato cultivars was not much obvious. All tomato cultivars released mean 

maximum rate of ethylene in the treatment where15 mg plate-1 CaC2 was applied followed by 

12 mg plate-1 CaC2 application rate. Effect of CaC2 on root and shoot growth rate was also 

determined in this experiment. The estimates show 47 to 98 % and 50 to 110 % increase in 

root and shoot lengths, respectively, over control.  

 Previous literature also revealed that slow and consistent release of acetylene and 

ethylene gases is obtained by coated CaC2 with some coating materials. To test this property, 

calcium carbide was applied to three tomato cultivars (Rio Grande, Tenzila and F-1 3560-S) 

in different amounts (100, 200 and 300 mg cup-1) with different coating materials like wax, 

paraffin, black enamel paint, polyethylene and gelatin capsule and their efficacy was observed 

in a growth room trial. Comparison of different levels of application of CaC2 elucidates that 

the application of CaC2 @ 200 mg cup-1 gave highly significant results. Mean maximum 
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germination of 96.8 % was recorded by the application of CaC2 at this rate. Comparative 

effect of various coatings on CaC2 on three tomato cultivars (Rio Grande, Tenzila and F-1 

3560-S) reveals that polyethylene coating was more efficient in seed germination, root and 

shoot growth parameters among all the coating materials applied in this experiment however, 

it was statistically at par with paraffin and paint.  

 In the next experiment, effect of different rates of CaC2 with three best performing 

coating materials (paint, paraffin and polyethylene) on three tomato cultivars (selected from 

previous study) was investigated in a pot experiment for growth, photosynthetic activity, yield 

and quality parameters of tomato. Data on growth parameters like plant height, root and shoot 

dry weight, number of flowers per plant, fruit drop percentage and yield parameters like 

number of fruits per plant, fruit weight per plant indicated obvious effect of CaC2
 
compared to 

control. It was noted that addition of CaC2 @ 200 mg pot-1 significantly increased plant 

horizontal growth by reducing plant height. Application of calcium carbide not only improved 

early flower emergence but also maintained fruit setting with less flower and fruit drop. About 

38.5 % increase in flowers was noted with application of polyethylene coated CaC2 @ 200 mg 

pot-1. Application of CaC2 caused significant increase in fruit yield from 19 to 39 % in 

response to the application of different rates of coated CaC2.  Maximum tomato fruit number 

and yield was obtained by the application of 300 mg pot-1 coated CaC2.  

 Physiological processes of plants have been reported to be influence by plant hormone 

ethylene. Experimental data in this study clearly indicated that application of CaC2 @ 200 mg 

pot-1 had marked effect on photosynthesis rate and other characteristics in all three tomato 

cultivars. Photosynthetic activity was improved where CaC2 was applied in either formulation 

in the presence of recommended doses of NPK fertilizer compared to that of control plants. 

Net photosynthetic rate and carboxylation efficiency were 50.8 & 40 % in Rio Grande, 16.4 & 

62.5 % in Tenzila and 37.2 & 55.8 % in F-1 3560-S respectively, by applying 200 mg pot-1 

CaC2. Plants treated with 100 mg pot-1 CaC2 produced more plant dry matter and improved 

water use efficiency in all three cultivars but yielded less fruit weight than all other rates of 

CaC2. 

 Calcium carbide application also significantly improved physical and chemical quality 

parameters of tomato fruit. Parameters like skin colour, fruit firmness, titratable acidity, 

pH, TSS, ascorbic acid and lycopene content were found better/improved in the fruits of 
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CaC2 treated plants compared to fruits of untreated plants. Fruit firmness was found 

relatively better at low rate than at high rate of CaC2. Increased ascorbic acid and lycopene 

contents were observed with treatment of 200 mg pot-1 CaC2. The pH value of tomato juice 

decreased progressively from 4.8 to 4.4 with the application of CaC2 as low pH tomatoes are 

preferred in processing to avoid potential spoilage caused by thermophilic organisms.  

 In order to find out the appropriate time of application of calcium carbide to get 

maximum benefit from the application of CaC2 a pot experiment was conducted in which four 

rates (0, 100, 200 and 300 mg pot-1) of CaC2 were applied at three different times (at the time 

of transplanting, two and four weeks after transplanting). Results on all growth parameters, 

depicted significant effect of CaC2 at the rate of 200 mg pot-1 applied two weeks after 

transplanting. This treatment caused earlier initiation of flowering, increased fruit number and 

fruit yield per plant compared to all other times of its application as well as control.  

 After conducting laboratory and wirehouse trials the results obtained were verified by 

conducting a field trial. Different rates of polyethylene coated calcium carbide were applied 

with recommended dose of NPK fertilizer under field conditions. Response of two tomato 

cultivars Rio Grande and F-1 3560-S (performed better in previous trials) to polyethylene 

coated calcium carbide applied @ 0, 100, 200 and 300 mg plant-1  3 cm away and 6 cm deep 

in root zone two weeks after transplanting seedlings onto field beds was studied. All plant 

growth and yield contributing parameters were significantly affected by the application of 

calcium carbide almost in a similar fashion as in the case of pot experiments. Increase in 

growth, total biomass, number of fruits, and total fruit yield suggested that the application of 

200 mg plant-1 polyethylene coated CaC2 was found appropriate rate for improving the growth 

and yield of tomato crop under field conditions. It is evident from the data that application of 

appropriate rate of CaC2 may increase fruit yield of tomato upto 43.7 %.  

 

Concluding Remarks 

 Results obtained from all experiments indicate that tomato crop responded well to soil 

applied calcium carbide in the root zone. Early root growth stimulation by ethylene released 

from CaC2 fetched more nutrients from soil which in turn resulted in early flowering, plant 

expansion and healthy fruit formation and improved nitrogen use efficiency. All these factors 

contributed directly or indirectly to increase the yield obtained. In the nutshell application of 
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CaC2 effectively improved the fruit yield of tomato as well as its quality parameters. In the 

light of results on morphological parameters (more number of flowering clusters, total 

biomass, total fruit yield), physical and compositional parameters (Colour, firmness, pH, TSS, 

ascorbic acid and lycopene) of all trials suggest the application of polyethylene coated CaC2 

at the rate of 200 mg plant-1 two weeks after transplanting is emerged as the appropriate 

formulation and time of application for tomato crop under field conditions.  

 

Future Directions 

 This work demonstrates that use of polyethylene coated calcium carbide at the rate of 

200 mg plant-1 can successfully be used to increase yield and quality of tomato when applied 

with recommended doses of NPK fertilizers. This study opens a gateway to explore the 

potential of coated calcium carbide for further studies to find its effectiveness in other 

horticultural crops. Most agricultural soils in Pakistan are deficient in organic matter and 

fertilizer N use efficiency is very low. On these soils even after adopting the recommended 

fertilizer application practices, N recovery seldom exceeds 40 %. Extensive research has been 

conducted to find compounds that can retard nitrification to maintain sustained supply of N on 

one hand and to decrease the loss of nitrogen on the other hand. One of the keys to maximize 

nitrogen use efficiency is to manage N sources wisely. It will be more knowledge oriented if 

both the aspects of calcium carbide application (nitrification inhibition and ethylene 

production) be studied separately. The efficiency of coated calcium carbide as a potent source 

of nitrification inhibitor should be tested in different types of cropping systems. There is also 

need for in-depth studies in the area of tomato nutrition concerned with the impact of ethylene 

on the molecular basis to know the mechanisms involved by utilization of calcium carbide to 

plants. Moreover, calcium carbide is considered toxic and carcinogenic compound as 

impurities are present in commercial calcium carbide which could be dangerous to human and 

animal health. Phosphorous hydride (PH3) and arsenic hydride (AsH3) are impurities which 

might be present in calcium hydroxide when acetylene is liberated from calcium carbide. 

These chemicals change nutritional properties of fruits and vegetables as well as lead serious 

health hazards to human beings. Therefore, future research must be focused on its long term 

effects on soil, environment and plants both in situ and in vitro studies.     
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