
Photosynthesis and yield response of tomato to calcium carbide 

 

 

In order to ascertain the growth, yield and photosynthetic responses of tomato (Lycopersicon esculentum Mill.) cultivars to 

ethylene releasing compound calcium carbide (CaC2), a pot trial was conducted. Response of three tomato cultivars “Rio 

Grande” “Tenzila” and “F-1 3560-S” to different rates of CaC2 was observed. Polyethylene coated CaC2 was applied at 

different rates (0,100, 200 and 300 mg pot
-1

) two weeks after transplantation of nursery plants into pots and data on 

photosynthetic characters; net photosynthetic rate (PN), carboxylation efficiency, photosynthetic water use efficiency, plant 

water use efficiency (WUE) and agronomic parameters; plant height, root and shoot dry weight, number of days to flower 

and fruit yield per plant were recorded. Results revealed that PN, carboxylation efficiency and photosynthetic water use 

efficiency were increased by 40, 33 and 10%, respectively in Rio Grande; 16, 36 and 42%, respectively in Tenzila and 37, 48 

and 29%, respectively in F-1 3560-S cultivar compared with control by applying 200 mg pot
-1

 coated CaC2. Plants treated 

with 100 mg pot
-1

 CaC2 improved 13, 17 and 28 % WUE in all three cultivars, respectively. Application of CaC2 reduced 

plant height, number of days to flower while improved number of fruits set per plant. The rate of CaC2 @ 300 mg pot
–1

 gave 

the best results in improving number of fruits and yield per plant. 
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INTRODUCTION 

 

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 plant hormones are 

important in regulating photosynthesis and growth processes 

(Brenner and Cheikh, 1995) delivering photosynthetic 

responses by altering photosynthesis and respiration balance 

(Makeev et al., 1992). They have the capacity to direct the 

translocation and accumulation of nutrients in plants and 

hence change efficiency of carboxylation (Foroutan-Pour et 

al., 1997; Kuiper et al., 1989). Ethylene as a plant hormone 

influences many aspects of plant growth (Abeles et al., 

1992; Yaseen et al. 2005, 2006) and photosynthesis (Pierik 

et al., 2006; Acharya and Assmann, 2009). Grewal et al. 

(1993), Khan et al. (2000), Khan (2004) and Mir et al. 

(2009a) have reported increased photosynthesis by ethrel (an 

ethylene releasing compound) spray. Therefore, there is dire 

need to generate precise information regarding the optimum 

requirement of growth regulating substances which help in 

better growth habit, fruiting and yield. Calcium carbide is 

one of such compounds which can be a source of ethylene 

when introduced into the soil under the influence of soil 

moisture. Due to its reaction with water and conversion into 

acetylene and ethylene gases (Lurssen, 1991; Arshad and 

Frankenberger, 2002) it is mostly applied into soil in some 

encapsulation form so that a sustained supply of gases. In the 

present study, different doses of coated CaC2 were applied to 

the soil to investigate the optimum dose of CaC2 for better 

growth and yield of tomato cultivars and to find out its effect 

on photosynthesis and related physiological traits including 

carboxylation efficiency, photosynthetic water use efficiency 

and plant water use efficiency (WUE).  

 

MATERIALS AND METHODS 

 

Glazed pots with the capacity of 12 kg soil per pot lined with 

polyethylene bags were used during the experiment. Three 

tomato cultivars (Rio Grande, Tenzila and F-1 3560-S) were 

grown in our study. Recommended doses of NPK fertilizers 

@ 100-90-60 kg ha
-1

 were applied in all pots. Two seedlings 

of each cultivar from thirty days old nursery were 

transplanted into pots and finally one plant was maintained 

in each pot. Four rates of polyethylene coated CaC2 0, 100, 

200 and 300 mg pot
-1 

were applied two weeks after 

transplantation of nursery. Coating of CaC2 granules was 

processed by adopting procedure described by Mahmood 

(2009). Required rates of CaC2 were placed 6 cm deep in 

soil in the center of pots. In control treatments calcium 

chloride was added to adjust the amount of calcium added 

from CaC2. Canal water was used to water the plants 

throughout the growth period. Imidacloprid (a.i. 25%) 

insecticide was sprayed @ 1 g L
-1 

once during the whole 
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growth period to control the mild attack of aphid. The 

experiment was laid out according to completely randomized 

design (CRD) in factorial arrangement with three 

replications. All the pots were observed regularly. The 

measurements of photosynthetic rate (PN), stomatal 

conductance (Gs), and intercellular carbon dioxide 

concentration (CO2)i were done with an Infrared Gas 

Analyser (IRGA, model ADC, Bioscientific Ltd., England) 

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 
o
C. 

The light responses curves were carried out at ambient CO2 

concentrations (300-350 μmol mol
-1

). Care was taken to 

select fully expanded leaves of the uniform size and age to 

record photosynthesis data in control and treated plants. 

Photosynthetic indices were calculated by using the 

following formulae: 

Carboxylation efficiency (%) = PN / (CO2)i 

(Farquhar and Sharkey, 1982)  

Photosynthetic water use efficiency (μmol mole
-1

) = PN / (Gs)  

(Mir et al., 2010)  

Plant water use efficiency (mg g
-1

)  

= plant dry mass / transpiration  

(Van den-Boogard et al., 1996)  

Number of days recorded upon 50% completion of 

flowering in each plot. The experimental data regarding 

plant height, number of days for flowering, root and shoot 

dry weights, total number of fruits per plant and yield of 

fruits per plant at the time of harvesting were also recorded 

and analyzed by using ANOVA procedures and means were 

compared according to the LSD test at 5% probability level 

(Steel et al., 1997).  

 

RESULTS  

 

Photosynthetic characters: Experimental data regarding the 

effect of various rates of coated CaC2 had a pronounced 

effect on the photosynthetic rate (PN), carboxylation 

efficiency, photosynthetic water use efficiency and plant 

water use efficiency (Table 1). However, the minimum 

values of these photosynthetic characteristics were observed 

in control (without CaC2,). Mean maximum values for PN, 

carboxylation efficiency and photosynthetic water use 

efficiency (25.3 μ mol m
–2

 s
–1

, 10.1% and 63.5 μmol mole
-1

, 

respectively) were observed in plants treated with CaC2 @ 

200 mg pot
-1 

while minimum values (17.7 μ mol m
–2

 s
–1

, 

4.4% and 35.3 μmol mole
-1

, respectively) were observed in 

control plants (without CaC2). Therefore, minimum values 

were actually a response of fertilizers alone. Plan t 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 WUE (5.4 mg g
-1

) 

was noted in plants treated with CaC2 @ 100 mg pot
-1 

and
 

minimum (4.2 mg g
-1

) was observed in control plants. 

Statistical comparison among mean values reveals that CaC2 

affected the photosynthetic activity of tomato cultivars, but 

the extent of effect was not similar. Differential increase of 

40, 33 and 10% regarding PN, carboxylation efficiency and 

photosynthetic water use efficiency, respectively compared 

with control were recorded in Rio Grande and 16, 36 and 42 

%, respectively in Tenzila when CaC2 was applied @ 200 

mg pot
-1

.  

Growth and yield 

Plant height:  Reduction in plant height was noted by the 

application of CaC2 as compared to control where only 

fertilizer was applied (Table 3). However, there was a lot of 

variation observed regarding reduction in plant height both 

due to variable rates of CaC2 and tomato cultivars. 

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
-1

and mean maximum plant height (52.9 cm) was 

in the control plants. It means that fertilizer treatment 

showed common response or effect of increasing plant 

height. 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. However, later 

two rates of CaC2 remained insignificant among each other 

in reduction of plant height. Comparison of tomato cultivars 

showed reduction in plant height in order as Tanzila > F-1 

3560-S > Rio Grande. 

Number of days required for flowering: A reduction in time 

to initiate flowering in tomato cultivars was noted where 

CaC2 was applied compared to control plants. Comparison 

among means indicates that application of high level of 

CaC2 (300 mg pot
-1

) caused significant early initiation of 

flowering among all rates of CaC2. Maximum number of 

days (37) required for flower initiation were noted in 

untreated plants (control) of cultivar F-1 3560-S whereas the 

minimum number of days (27) for flowering were recorded 

in treatment where coated CaC2 applied at 300 mg pot
-1 

(Table 3). A reduction of 21.6 % in mean time period for 

flower appearance in treated plants was recorded. Data is 

therefore, evident that CaC2 application stimulate early 

flowering. Differences regarding the number of days taken 

by the cultivars for flowering were statistically highly 

significant (Table 2). Among various cultivars, Rio Grande 

took minimum period of 27 days to flower whereas, Tenzila 

flowered in 29 days.  

Root dry weight: It is evident from the data that all rates of 

CaC2 and cultivars were statistically different from one 

another regarding effect on dry weight of root. Application 

of coated CaC2 on root weight of tomato plants presented in 

Table 3 reveals that root weight greatly responded to 

application of CaC2 (Table 2). Maximum increase in root 

weight (6.1 g pot
-1

) was observed by the application of 200 

mg pot
-1 

coated
 
CaC2. But minimum root weight (2.9 g pot

-1
) 

was observed in control. It is also obvious from the data in 
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Table 1. Effect of different rates of polyethylene coated calcium carbide on photosynthetic characteristics of tomato 

cultivars 

Rate      

of 

CaC2 

(mg 

pot-1) 

Photosynthetic rate 

(μ mol m–2 s–1) 

Carboxylation efficiency 

(%) 

Photosynthetic water use 

efficiency  (μmol mole-1) 

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 

Rio 

Grande 

Tenzila F-1 

3560-S 

0 18.1 i* 17.7 j-l 18.0 i 7.0 d-g 4.4 l 6.8 kl 45.3f 35.3h 45f 4.5 d-g 4.2 fg 4.2 g 

100 21.3 d-i 17.2 kl 20.3 e-k 7.6 d-f 5.0 j-l 6.1 g-j 50.1e-g 45.5 49.8e-g 5.1 a-d 4.9 a-e 5.4 a 

200 25.3 a 20.6 e-k 24.7 a-d 9.3 bc 6.0 g-j 10.1 a 63.5 a 50.2e-g 58.3bc 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 de 56.9d 45.5 51.5e-g 4.7 b-g 4.6 c-g 4.2 fg 

Mean 
a
 22.0A     18.6C     21.2B 7.8A   5.1B     7.6A 53.9A    44.1C       51.1B 4.8A         4.5B          4.6A 

*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  

 

Table 2. Mean squares from analysis of variance of data for growth and yield parameters of three tomato cultivars 

(Rio Grande, Tenzila and F-1 3560-S) with calcium carbide application in different rates 

Effects Df Plant           Days               Root             Shoot     No. of frt.         Frt. yield 

 height         to flower         dry wt           dry wt               plant
-1

             plant
-1

 

Rate(R)   9 145.09*         23.46**            2.54**          581.07**         120.6*           213740** 

Cultivar (C)   2 2232.5*         233.10**          4.31**          162.32*         179.2*           198679* 

R× C 18  42.06*           1.66
NS                       

0.63**          137.2*         7.16
NS                   

12364* 

*, **= significant at 0.05 and 0.01 levels, respectively, NS = non-significant 

 

Table 3. Effect of different rates of polyethylene coated calcium carbide on growth and yield of tomato cultivars 

Parameter Rate of CaC2 

(mg pot
-1

) 

Tomato cultivar Mean 

Rio Grande Tenzila F-1 3560-S 

Plant height 

(cm) 

0 

100 

200 

300 

63.7(±1.0)
a*

 

49.0(±0.8)
c
 

47.0(±0.8)
cdf

 

57.3(±1.1)
b
 

42.7(±2.1)
efg

 

36.3(±1.9)
ghi 

33.2(±0.9)
i
 

32.3(±1.2)
i
 

52.3(±1.1)
bcd 

46.3(±0.8)
c-f

 

37.0(±1.4)
g-i

 

44.3(±1.5)
d-f

 

52.9 A 

43.9 BC 

39.1 C 

44.7 B 

No. of days to 

flower 

0 

100 

200 

300 

34(±1.2)
bc

 

29(±1.1)
d
 

28(±1.5)
def

 

27(±2.0)
f
 

34(±2.0)
bc

 

32(±1.7)
c
 

29(±1.0)
d
 

29(±1.4)
d
 

37(±2.1)
a
 

34(±1.5)
bc

 

34(±1.1)
bc

 

32(±1.0)
c
 

35 A 

32 B 

32 B 

29 C 

Root dry weight 

(g pot
-1

) 

0 

100 

200 

300 

3.2(±0.9)
e
 

3.7(±1.0)
c
 

6.1(±0.4)
a
 

4.0(±0.3)
b
 

2.9(±0.3)
f
 

3.9(±0.2)
bc

 

4.2(±0.4)
b
 

3.9(±0.3)
bc

 

3.3(±0.4)
de

 

3.7(±0.4)
c
 

4.0(±0.1)
b
 

3.4(±0.2)
d
 

3.1 C 

3.8 B 

4.8 A 

3.8 B 

Shoot dry weight 

(g pot
-1

) 

0 

100 

200 

300 

53.8(±0.3)
g
 

71.9(±0.2)
b
 

46.9(±0.1)
i
 

57.5(±0.4)
efg

 

50.1(±0.4)
h
 

67.4(±0.2)
c
 

59.4(±0.3)
d
 

52.0(±0.5)
g
 

54.9(±0.2)
fgj

 

81.2(±0.3)
a
 

57.2(±0.3)
efg

 

54.8(±0.1)
fgh

 

52.9 CD 

73.5 A 

53.4 BC 

54.8 B 

No. of fruits per 

plant 

0 

100 

200 

300 

29(±1.8)
f
 

37(±1.6)
d
 

40(±2.1)
b
 

41(±1.4)
ab

 

26(±2.2)
g
 

32(±1.7)
e
 

38(±2.1)
cd

 

36(±1.8)
de

 

29(±1.3)
f
 

41(±1.8)
ab

 

39(±1.9)
bc

 

43(±2.1)
a
 

28 D 

37 C 

39 AB 

40 A 

Yield of fruit  

(g pot
-1

) 

0 

100 

200 

300 

1254.0(±2.3)
j
 

1596.7(±2.5)
fg

 

1653.3(±1.6)
bcd

 

1738.0(±2.8)
b
 

1258.3(±1.1)
j
 

1430.0(±1.0)
hi
 

1614.7(±0.9)
dg

 

1708.7(±1.8)
bc

 

1358.7(±2.4)
I
 

1692.7(±1.1)
bcd

 

1676.3(±2.3)
cde

 

1924.0(±1.6)a 

1290.3 C 

1573.1 B 

1793.4 A 

1790.2 A 

*Values sharing common letter(s) in table body (non bold) (a) last column do not differ significantly at P < 0.05 according to 

LSD (± = SE of means) 
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Table 3 that application of CaC2 @ 200 mg pot
-1 

was most 

prominent among all levels of CaC2. Comparison of means 

also shows that root weight decreased with the increase in 

rate of CaC2. Among all the cultivars, Rio Grande showed 

the highest response to applied CaC2 and produced 

maximum root dry matter. 

Shoot dry weight: Shoot dry weight of tomato plants was 

significantly increased in the treatments where CaC2 was 

applied @ 100 mg pot
-1 

compared to control and all other 

treatment with higher dose of CaC2 application (Table 3). 

Comparative effect of coated CaC2 on shoot dry weight 

shows that maximum shoot weight (81.2 g pot
-1

) was noted 

in treatment where CaC2 @ 100 mg pot
-1 

was applied. 

Minimum shoot dry matter (50.1 g pot
-1

) was noted in 

control. Comparison of means for rates of CaC2 illustrates 

that effect of higher rates of CaC2 like 200 and 300 mg pot
-1 

on shoot dry weight was statistically at par compared to 

control.  

Number of fruits per plant: Difference in fruit setting in 

response to applied CaC2 is shown in Table 3. Data 

regarding fruit development showed that response of tomato 

cultivars to various doses of CaC2 for fruit sets per plant was 

highly significant. Statistically, effect of application of CaC2 

at the rate of 300 mg pot
-1

 showed most significant results 

among all rates of CaC2. Minimum number of fruit per plant 

(26.0) was found in control which was increased to 43 fruits 

in plants treated with 300 mg pot
-1

 coated CaC2. Treatment 

means indicates approximately 43 % increase in fruits 

number over control. Comparison among cultivars at p<0.01 

(Table 2) indicates that F-1 3560-S was at the top, which 

produced mean maximum number of fruits per plant by 

applying CaC2. 

Fruit yield per plant: Data on fruit yield per plant reveal 

highly significant differences (p < 0.01) among rates of 

CaC2, tomato cultivars and their interactions (Table 2). Data 

in Table 3 show that maximum fruit yield (1924 g pot
-1

) was 

noted where CaC2 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 % 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. Statistical 

comparison among cultivars reveals that cultivar F-1 3560-S 

showed higher fruit yield than other two cultivars.  

 

DISCUSSION 

  

Differential response of tomato cultivars in terms of 

photosynthetic characteristics like PN and carboxylation 

efficiency due to the application of coated CaC2 is owing to 

the ethylene production as Mir et al. (2009 a,b) and Lone et 

al. (2010) reported enhanced photosynthesis by the 

application of ethylene source ethrel. Ethylene released from 

CaC2 reduced plant height, number of days to flowering 

while improved number of fruits set per plant. These 

parameters ultimately contributed to increase tomato fruit 

yield. Reduced plant height, in response to CaC2 application 

is due to classical triple response of plant exposure to 

ethylene (Freney et al., 2000; Mahmood et al., 2009; Siddiq 

et al., 2009; Kashif et al., 2008). Yield of tomato also 

depends upon the parameters which directly or indirectly 

contribute to it. Increase in fruit yield in our study may be 

due to better early and better root growth and then to early 

flowering, increase in number of fruits per plant. Enhanced 

radial expansion of root system in response to ethylene (Rao 

and Fritz, 1987; Tanimoto et al., 1995) actively explores 

more volume of soil and could help to fetch more nutrients 

from the soil (Abbasi et al., 2009) and thus contribute to 

increase in yield of tomato. This all happened most probably 

due to addition of CaC2 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 rate in improving the growth and yield of 

tomato and thus produced significantly more fruit yield 

compared to control. Similar yield improvement by 

application of CaC2 has also been reported by other 

researchers (Mahmood et al., 2010; Kashif et al., 2012).  

The results obtained in our study also highlighted improved 

root growth by application of CaC2. Ethylene released from 

CaC2 probably stimulated adventitious roots of the plant as 

reported by other researchers (Rao and Fritz, 1987; 

Chaiwanakupt et al., 1996; Yaseen et al., 2006). 

Experimental data in our study clearly indicated that 

application of CaC2 @ 200 mg pot
-1

 markedly influenced 

photosynthetic 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 

nutrient (more N uptake) to the plants (Keerthisinghe et al., 

1996; Seneweera et al., 2003, Siddiq et al., 2009). The 

higher ethylene evolution led to higher leaf area, increased 

chlorophyll content per unit area (Grewal et al., 1993) and 

thus more light interception and net photosynthesis 

(Woodrow and Grodzinski, 1989).  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., 2004; Abbasi et al., 2009; Mir et al., 2009b, 2010). 

Taylor and Gunderson (1989) also showed a relationship 

between ethylene-enhanced stomatal conductance and 

photosynthesis. Enhanced carboxylation efficiency due to 

ethylene releasing compound CaC2 determines the 

mesophyll effects. This is characterized by 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 
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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 our study 

might be due to lower transpiration rate in association with 

improved vegetative growth and dry mass production. 

Similar results have also been reported by Mir et al. (2010). 

It is thus concluded that CaC2 affects photosynthesis through 

ethylene-induced increase in stomatal conductance, 

carboxylation efficiency and also through light interception 

because of increased leaf area and dry mass production 

which ultimately resulted in increase in water use efficiency 

in tomato plants.  It is also obvious from the results that 

CaC2 markedly affect plant vegetative growth, with the 

extension of lateral branches and reduced plant height. 

Ethylene released from CaC2 significantly inhibits 

elongation and promotes radial expansion because of its 

more impact on cell enlargement instead of division of cells 

(Kieber et al., 1993). These results suggest that application 

of CaC2 with proper rate could be recommended by general 

use on farmer’s field. 

 

REFERENCES 

 

Abbasi, N.A., A. Hussain, M. Mehdi, H.A. Ishfaq and A.A. 

Qureshi. 2009. Encapsulated calcium carbide enhances 

production and post harvest performance of potato 

(Solanum tuberosum) tubers. New Zealand J. Crop Hort. 

Sci. 37: 131-139.  

Abeles, F.B., P.W. Morgan and M.E. Saltveit, Jr. 1992. 

Ethylene in Plant Biology. 2nd Ed. Academic Press, San 

Diego, USA.  

Acharya, B.R. and S.M. Assmann. 2009. Hormone 

interactions in stomatal function. Plant Mol. Biol. 69: 

451-462.  

Brenner, M.L. and N. Cheikh. 1995. Hormones in 

photosynthate partitioning and seed filling. p. 649-670. 

In: P.J. Davies (ed.) Plant hormones. Kluwer Acad. 

Pub., Dordrecht, The Netherlands.  

Chaiwanakupt, P., J.R. Freney, D.J. Keerthisinghe, S. 

Phongpan and R.L. Blakeley. 1996. Use of Urease, algal 

inhibitors, and nitrification inhibitors to reduce nitrogen 

loss and increase the grain yield of flooded rice (Oryza 

sativa L.). Biol. Fert. Soils 22:89-95.  

Farquhar, G.D. and T.D. Sharkey. 1982. Stomatal 

conductance and photosynthesis. Amer. Rev. Plant 

Physiol. 33: 317-345. 

Foroutan-Pour, K., B.L. Ma and D.L. Smith. 1997. Protein 

accumulation potential in barley seeds as affected by 

soil-and peduncle-applied N and peduncle-applied plant 

growth regulators. Physiol. Planta. 100:190-201.  

Freney, J.R, P.J. Randall1, J.W.B. Smith, J. Hodgkin, K.J. 

Harrington and T.C. Morton. 2000. Slow release 

sources of acetylene to inhibit nitrification in soil. 

Nutrient Cycling. Agro-ecosyst. 56:241-251.  

Grewal, H.S., J.S. Kolar, S.S. Cheema and G. Singh. 1993. 

Studies on the use of growth regulators in relation to 

nitrogen for enhancing sink capacity and yield of 

Gobhi-sarson (Brassica napus). Ind. J. Plant Physiol. 

36:1-4.  

Kashif, S.R, M. Yaseen, R. Hamaad and K. Aasma. 2012. 

Improving seed germination and green pod yield in okra 

(Hibiscus esculentus L.) using calcium carbide - a new 

source of ethylene. J. Plant Nutr. 35:2024-2036.  

Kashif, S.R., M. Yaseen, M. Arshad and M. Ayub. 2008. 

Response of okra (Hibiscus esculentus L.) to soil given 

encapsulated calcium carbide. Pak. J. Bot. 40:175-181.  

Keerthisinghe, D.G., X.J. Lin, Q.X. Lou and A.R. Mosier. 

1996. Effect of encapsulated calcium carbide and urea 

application methods on denitrification and N loss from 

flooded rice. Fert. Res. 45:31-36.  

Khan, M.A., I. Hussain and M.S. Baloch. 2000. Wheat yield 

potential current status and future strategies. Pak. J. 

Biol. Sci. 3:82-86. 

Khan, N.A. 2004. An evaluation of the effects of exogenous 

ethephon, an ethylene releasing compound on 

photosynthesis of mustard (Brassica juncea) cultivars 

that differ in photosynthetic capacity. BMC Plant Biol. 

4: 477-480 

Kieber, J.J., M. Rathenberg, G. Roman, K.A. Feldmann and 

J.R. Ecker. 1993. CTRI, a negative regulator of ethylene 

response pathway in arabidopsis, encodes a member of 

the Raf family of protein kinases. Cell. 72:427-441. 

Kuiper, D., J. Schuit and P.J.C. Kuiper. 1989. Effects of 

internal and external cytokinin concentration on root 

growth and shoot to root ratio of Plantago major ssp. 

Pleiosperma at different nutrient conditions. pp. 183-

188. In: B.C. Loughman, O. Gasparikova and J. Kolek 

(eds.). Structural and functional aspects of transport in 

roots. Kluwer Acad. Pub., London. 

Lawlor, D.W. 2001. Photosynthesis. Oxford: Bios Scientific 

Publishers. pp309-351.  

Lone, N.A., M.R. Mir, B.M. Ashraf, A. Haleema, K.A. Bhat, 

R. Rashid, A. Hasan., A. Nasier, S. Akhtar and M. 

Habib. 2010. Effect of ethrel and nitrogen on 

nitratereductase activity, photosynthesis, biomass and 

yield of mustard. Rec. Res. Sci. Tech. 2:25-26. 

Mahmood, R.  2009. Effectiveness of calcium carbide for 

improving nutrient use efficiency and yield of wheat 

crop. Ph. D thesis, Inst. Soil and Environ. Sci., Uni. 

Agric., Faisalabad, Pakistan. 

Mahmood, I.A., M. Salim, A. Ali, M. Arshadullah, B. 

Zaman and A. Mir. 2009. Impact of calcium efficiency 

of wheat in normal and saline sodic soils sulphate and 

calcium carbide on nitrogen use. Soil Environ. 28: 29-

37. 

Mahmood, R., M. Yaseen, M. Arshad and A. Tanvir. 2010. 

Comparative effect of different calcium carbide based 



  Siddiq, Yaseen,  Arshad and Ahmed 

 510 

formulations on growth and yield of wheat. Soil 

Environ. 29:33-37.  

Makeev, A.V., T.E. Krendeleva and A.T. Mokronsov. 1992. 

Photosynthesis and abscisic acid. Soviet Plant Physiol. 

39:118-126. 

Mir, M.R., N.A. Khan, B.M. Ashraf,  N.A. Lone, G.H. 

Rather, S.M. Razivi, K.A. Bhat, S. Singh and W.A. 

Payne. 2010. Effect of ethrel spray on growth and 

photosynthetic characteristics of mustard (Brassica 

juncea L. Czern and Coss) cultivars. Int. J. Current Res. 

6:22-26.  

Mir, M.R., N.A. Lone and N.A. Khan. 2009a. Impact of 

exogenouly applied ethephon on physiological and yield 

attributes of two mustard cultivars under rainfed 

conditions. App. Biol. Res. 11:44-46.  

Mir, M.R., N.A. Khan, N.A. Lone, W.A. Payne, A.H. Mir, 

H. Asma and A. Viqar. 2009b. Effect of basal nitrogen 

application and foliar ethephon spray on 

morphophysiology and productivity of mustard 

(Brassica juncea L. Czern and Coss). App. Biol. Res. 

11:60-65.  

Pierik, R., D. Tholen, H. Poorter, E.J.W. Visser and L.A.C.J. 

Voesenek. 2006. The janus face of ethylene: growth 

inhibition and stimulation. Trends Plant Sci. 11:176-

183.  

Rao, K.P. and C.D. Fritz. 1987. Effects of ethephon plant 

growth regulator on rice yield. p. 489. In: Abstracts, 

Proc. 14
th

  Annual meeting, 2-6 Aug. 1987. Plant 

Growth Regul. Soc., Honolulu, America.  

Seneweera, S., S.K. Aben, A.S. Basra, B. Jones and J.P. 

Conroy. 2003. Involvement of ethylene in the 

morphological and developmental response of rice to 

elevated atmospheric carbon dioxide concentration. 

Plant Growth Regul. 39:143-145.  

Siddiq, S., M. Yaseen, S.A.R. Mehdi, A. Khalid and K. Saif-

ur-rehman. 2009. Growth and yield response of tomato 

(Lycopersicon esculentum Mill.) to soil applied calcium 

carbide and l-methionine. Pak. J. Bot. 41: 2455-2464. 

Steel, R.G.D., Torrie, J.H. and D.A. Dickey. 1997. 

Principles and Procedures of Statistics: A Biometrical 

Approach 3
rd

 (Ed.). The McGraw-Hill Companies, Inc. 

New York. 

Tanimoto, M., K. Roberts and L. Dolan. 1995. Ethylene is a 

positive regulator of root hair development in 

Arabidopsis thaliana. Plant J. 8:943-948. 

Taylor, G.E., Jr. and C.A. Gunderson. 1986. The response of 

foliar gas exchange to exogenously applied ethylene. 

Plant Physiol. 82:653-657. 

Van den Boogard, R., S. Kostadirova, E.J. Veneklaas and H. 

Lambers. 1996. Association of water use efficiency and 

nitrogen use efficiency with photosynthetic 

characteristics of two wheat cultivars. J. Exp. Bot. 46: 

1429-1438.  

Woodrow, L. and B. Grodzinski. 1989. Ethylene and carbon 

dioxide exchange in leaves and whole plants. pp. 271-

278. In: H. Clisters et al. (eds.) Biochemical Aspects of 

Ethylene Production in Lower and Higher Plants. 

Kluwer Acad. Pub., New York.  

Yaseen, M., M. Arshad and A. Khalid. 2006. Effect of 

acetylene and ethylene gases released from encapsulated 

calcium carbide on growth and yield of wheat and 

cotton. Pedobiol. 50: 405-411.  

Yaseen, M., M. Arshad and A. Rahim. 2005. Effect of soil 

applied encapsulated calcium carbide on growth and 

yield of rice (Oryza sativa L.). Pak. J. Bot. 37: 629-634. 

 

 


