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CHAPTER 1 

                                                   INTRODUCTION 
 

Environmental stress is a major force that governs food and fiber production under 

tropical, arid and semi arid conditions. Water is important for life on earth and is rapidly 

becoming critically short for living beings in arid and semiarid areas. This limits the 

growth of plants and crop production in arid and semiarid regions (Boyer, 1982). The 

decreased rain fall along with high evapo-transpiration is deemed to limit the vegetation 

in nature and agriculture to a greater extent (Samarakoon and Gifford, 1995; Ellsworth, 

1999). A temporary drought even can cause drastic losses in crop production (Ashraf and 

Mehmood, 1990) however; a decrease in water supply badly affects morphology and 

physiology of plants either permanently or temporarily. 

The adverse effects of drought on growth and development of wheat crop are of 

multifarious nature. They may be due to inhibited cell expansion and reduced biomass 

production (Ashraf and Mehmood, 1990), alteration in different metabolic activities of 

plants (Ashraf and O’Leary, 1996; Lawlore and Cormic, 2002), inhibition of enzymatic 

activities (Ashraf and Naqvi, 1995), ionic imbalance (Kidambi et al., 1990), disturbances 

in solute accumulation (Khan et al., 1999), or combination of all mentioned factors. 

Water is essential at every stage of plant growth from seed germination to plant 

maturation. Water stress reduces crop yield regardless of the growth stage at which it 

occurs (Jensen and Mogensen, 1984). Hence, any degree of water imbalance may produce 

deleterious effects on crop growth and development. However, there is also a possibility 
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that the bad effects of water shortage on crop production yield might be more severe at 

certain particular growth stage (El-Far and Allan, 1995).  

Plants being immobile, cannot evade drought stress in the same way as mobile 

organisms. So they exhibit many alterations in morphology and physiology to acclimatize 

to adverse environmental factors (Sakamoto and Murata, 2002). One such mechanism 

that is more important and prevalent in plants is that they accumulate certain organic 

metabolites that are of low molecular weight (Bohnert et al., 1995; Bohnert and Jensen, 

1996). Accumulation of these organic solutes help the plants to maintain water potential 

within cells both actively or passively and also protect cellular compartments from injury 

which may be caused by dehydration and thus maintain turgor pressure during water 

stress. Moreover, these compounds stabilize the structure and function of certain 

macromolecules (Santoro et al., 1992). Exogenous application of ethylene leads to 

morphological and physiological changes such as higher root/shoot ratio and a decrease in 

stomatal conductance which could alleviate the water deficit (Taylor et al., 1988). 

          The second more serious factor that limits agricultural productivity is the 

salinity/sodicity of soils. All over the world salt-affected soils are a common character of 

irrigated agriculture production. According to FAO and UNESCO estimates, as much as 

half of all the existing irrigated lands of the world are more or less under the influence of 

secondary salanization, alkalization and water logging (Szabolcs, 1987). Approximately 

10% of the total land area of the world is affected by salinity and sodicity (Szabolcs, 

1991) and about 20 mha of land is rendered non-productive every year due to this reason 

alone (Malcolm, 1993). According to another estimate, 25% of the world’s irrigated and 

60% of the cultivated land is affected by salinity (Suarez and Rhoades, 1991). 
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Salinity is harmful to plant growth through various intricate interactions which 

include induced nutrient deficiencies, osmotic effects, and/or specific ion toxicities. A 

strong negative correlation between the concentrations of Na+ and Cl- in leaf sap and fresh 

weight of a number of wheat genotypes have been shown in earlier reports (Saqib et al., 

1999). Sodicity on the other hand, affects plant growth mainly due to high pH, high levels 

of bicarbonates and is often negatively correlated with Na+ and boron toxicity (Marchner, 

1995). In addition, it deteriorates soil physical conditions causing compaction and surface 

crust that would also affect crop establishment and growth. In many parts of the world, 

salt-affected soils are reclaimed by heavy irrigation, for leaching soluble salts. This 

method of reclamation is effective only for saline soils but not for sodic and saline-sodic 

soils (Muhammad, 1983; Qadir et al., 1996). Moreover, for heavy irrigation good quality 

water is required in ample quantity for leaching of soluble salts. In existing scenario, the 

good quality water is scarce and a drought like situation is prevailing all over the world. 

Use of chemical amendments and addition of organic matter (Chaudhary and Ullah, 

1982) followed by leaching of saline-sodic/ sodic soils with water could be one of the 

viable strategies for such areas but have to be site specific.  

In this situation along with the conventional methodologies to grapple with 

salinity and drought, the scientists must think about the technologies and strategies to get 

maximum benefit from saline/sodic soils in the prevalent droughtful environment. 

Breeding for salt and/ or drought tolerant varieties or management or both can overcome 

the problem associated with environmental stresses. However, genetic improvement of 

crops for sustaining crop productivity may not meet the short-term demand of farming 

community. There is often an immediate need to apply simple technologies and cultural 
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practices that can be used to alleviate environmental stresses. Use of agrochemicals 

including fertilizers, pesticides and plant growth regulators (PGRs) have, therefore helped 

to maintain reasonable productivity under adverse environmental conditions. In view of 

the environmental hazards of pesticides and fertilizers which are applied at relatively 

higher rates, the use of PGRs is gaining momentum because of low amounts required 

with no or negligible pollution potential. 

       In the beginning ethylene (C2H4) was called the “ripening hormone”, but later 

investigations revealed that C2H4 merits equal status with other classes of plant hormones 

because of its diverse and effective role in plant growth and developmental processes; 

embryogenesis, germination, senescence, leaf abscission, and fruit maturation (Lund et 

al., 1998). It is produced in all plant organs, including roots, stems, leaves, buds, tubers, 

bulbs, flowers and seeds, but the magnitude of C2H4 production varies from organ to 

organ and is dependent on growth and developmental processes. Ethylene synthesis is 

also strongly stimulated by both biotic and abiotic stresses, such as pathogens, 

phytophagous, insects, mechanical wounding, water deficiency, extreme temperatures and 

some chemicals. In situ elevation of C2H4 level using CaC2 is a cheap and convenient 

source for harvesting the benefit in terms of increased crop productivity particularly on 

problematic soils. Calcium carbide reacts with water to produce acetylene (C2H2) and 

later converted to C2H4 through microbial enzymes, notably the nitrogenase (Muromtsev 

et al., 1988). Encapsulated CaC2 applied at 30 mg kg-1 soil, increased the root weight, 

number of tillers, straw, and grain yield of wheat significantly when compared to 

fertilizer alone (Yaseen et al., 2006). While in case of cotton (Gossipium hirsutam L.) 

root and shoot weight, number of bolls, and seed weight were also increased significantly 
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in response to the encapsulated CaC2 (Yaseen et al., 2006). They also observed that 

nitrogen use efficiency (NUE) by wheat and cotton crops was increased by the 

application of encapsulated CaC2 than that observed at the same rate of nitrogen 

application alone. 

Keeping the above situations in view, the two main crops, i.e. cotton and wheat 

are the main focus of this study because wheat (Triticum asetivum L.) is the main food 

crop of Pakistan and is being grown on an area of about 8 mha with a total production of 

21.78 million tons per annum (GOP, 2008). In general, wheat yield remains low and a 

significant amount of foreign exchange has to be spent on its import. The second most 

important crop is the cotton. It has played a significant role in industrial development and 

employment generation. It is the back bone of the economy of Pakistan. Presently it is 

being grown on an area of 3.1 mha with a total production of 11.66 million bales. Its 

contribution to agriculture is 11.5% and to GDP is 2.8% (GOP, 2008). Presently both of 

these crops are facing the problems of low yield due to salinity and drought stress. It is 

therefore essential to look for measures that will lead to enhanced wheat and cotton yield 

under stressful conditions. Thus, the study is planned for the following objectives:  

i) Preparing CaC2 formulations for controlled release of C2H4 under 

different agricultural conditions. 

ii) Studying the response of wheat and cotton to elevated levels of C2H4 at 

different growth stages from seed germination to maturity. 

iii) Studying the role of C2H4 in mitigating the negative effects of stresses 

of soil salinity and drought. 
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CHAPTER 2 

                      REVIEW OF LITERATURE                           

 

Plants have the capacity to adjust to environmental conditions, which are never 

stable. Among the various environmental factors, water stress and salinity are the most 

common. Water stress is a major problem to plants in arid and semi-arid climates. Many 

countries of the world are experiencing extreme scarcity of fresh water due to increasing 

demand for agriculture sector. The problem of shortage of water seems to be more severe 

for higher crop production, particularly in third world countries like Pakistan. Water 

stress affects numerous biochemical and physiological processes in crop plants. As 

different species of crops have different response to water shortage, one may find 

numerous responses within the species and may be classified as sensitive or tolerant to 

water stress. The productivity of a plant under water stress depends upon the intensity, 

timing of water deficit and sensitivity of crop to it. In halophytes, physiological dormancy 

is reported to be the major cause of delayed seed germination.  

2.1. Effect of water stress on plant growth and development 
 

Seed sowing is generally considered to be the first critical and most sensitive stage 

in the life cycle of plants. Seeds are frequently exposed to unfavorable environmental 

conditions that may compromise the establishment of seedlings (Albuquerque and 

Carvalho, 2003). Among different problems faced by a seed during germination, water 

shortage is the most important one (Ashraf and Mehmood, 1990; Schutz and Milberg, 

1997). Water stress not only affects seed germination but also increases mean 

germination time in crop plants (Willanborb et al., 2004). Germination is regulated by 
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duration of wetting and the amount of moisture in the growth medium (Schutz and 

Milberg, 1997). The adverse effects of water shortage on germination and seedling 

growth had been well reported for different crops (Ashraf and Naqvi, 1995). Water stress 

reduced the production of dry and fresh biomass (Ashraf and O’Leary, 1996). This 

reduction in biomass production due to water stress has been reported in almost all plants 

(Tahir and Mehdi, 2001). Tahir et al. (2002) reported decrease in plant height, leaf area, 

head diameter, 100 grain weight, and yield plant-1 and plant biomass due to water stress. 

Prabhudeva et al. (1998) observed that seed and biological yield were reduced mostly by 

water stress at bud initiation and seed filling stage than at seed filling stage only. 

The effect of drought stress on photosynthesis due to stomatal and non-stomatal 

factors has been widely studied. Begg and Turner (1976) suggested that reduction in 

photosynthesis under drought stress is mainly due to stomatal closure and reduced CO2 

uptake. However, decline in gas exchange with increase in intensity of drought stress was 

found to be positively correlated in many studies (Jhonson, 1978). Leaf stomatal 

conductance has long been considered a promising selection criterion for drought 

resistance although some contrasting reports have been found in literature. Blum (1974) 

reported that higher stomatal frequency might lead to drought avoidance. In contrast, 

Teare et al. (1973) suggested that quick stomatal response might be a mechanism of 

drought resistance in plants to conserve soil water for use at later stage and to maintain 

greater leaf water potential. In another study, leaf stomatal response was found not to be a 

good screening criterion for drought resistance (Winter et al., 1988). Water stress at 

reproductive stage decreased CO2 assimilation and stomatal conductance of intact leaves 
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(Pankovic et al., 1999). A severe water deficit decreases coupling factor ATP and inhibits 

plant photosynthesis (Tezara et al., 1999). 

Decreasing water supply to crop plants greatly reduces growth. Shortage of water 

affects physiologically important metabolic processes in plants. Differences of water 

relation characters reflect the difference among the lines and species, and these are taken 

as the reflectors of drought adaptation or drought resistance. Especially, osmotic 

adjustment (active lowering of osmotic potential in response to drought) which is a 

mechanism that contributes considerably towards the reistance of the drought (Blum and 

Sullivan, 1986; Ludlow and Muchow, 1990). In drought tolerance of plants turgor 

maintenance is very important and this may be due to its active role in stomatal regulation 

and photosynthesis (Ludlow et al., 1985). Under water stress, plants lose their turgor 

pressure to a point of restricting cell expansion, which ultimately reduced growth (Turner, 

1986). However, some evidences indicate that drought tolerance was not associated with 

leaf turgor potential (Cortes and Sinchair, 1986; Ashraf and O’Leary, 1996).  

2.2. Effect of salinity on growth and development of plants 

Plant growth in saline conditions is the most widely studied aspects of soil science 

and plant physiology. At all growth stages salts present in the root zone affect the plants. 

Germination rate as well as germination percentage is decreased with salinity (Bernardo 

et al., 2000a). A number of growth inhibiting effects of salinity like diminished rates of 

net CO2 assimilation, reduced leaf area, decreased leaf cell expansion and leaf growth 

(Cramer et al., 2001), relative growth and dry matter accumulation, have been described 

in earlier reports (Bernardo et al., 2000b). The response of plant to salinity is complicated 
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and depends on duration of salinity, type of salt, development stage of plant at exposure, 

time of the day, and many other factors (Cramer et al., 2001).  

Excess amount of salts in the rooting vicinity generate low (more negative) 

external water potential and thus, decrease water availability and uptake by the plants. It 

also reduces root pressure driven xylem transport of water and solutes (Marschner, 1995). 

A decrease in turgor pressure in leaf cells and cell wall extensibility in response to salts 

has been reported by Neumann (1988 and 1993). Researchers also observed that the water 

potential gradient occurring between plant and the medium could even cause water efflux 

from the plant roots resulting in plant dehydration. However, Cramer et al. (2001) negated 

any possibility of cell wall hardening in response to salinity stress and reported that 

moderate salinity did not inhibit leaf elongation in maize. 

Muuns (1993) proposed a biphasic model to explain growth response of plants to 

salinity. According to this model growth was first reduced by the decrease in soil water 

potential. This phase of the growth reduction was termed as water stress and is an effect 

of salts outside the plants rather than within it. It is also reported that the rate of leaf 

expansion responds more quickly than does the ion concentration in the expanding cells 

(Delane et al., 1982) and the reduction in leaf expansion can be similarly induced by other 

osmotica (Delane et al., 1982; Termaat and Munns, 1986; Yeo et al., 1991). It also shows 

that water stress phase in plant responses to salinity is not salt specific one. The second 

step sets in with the passage of time as a result of rapid rise in salt concentration in the 

cells. It was further argued that genotypes of a specific crop respond identically in a short 

term (water stress), but differently later on (ion specific effect). The differences arise 

because genotypes differ in the time it takes for salt to reach its maximum concentration 
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in vacuoles of mesophyll cells. Leaves die sooner in salt sensitive genotype because salts 

arrive faster, or because cells are unable to compartmentalize the salts in vacuoles to the 

same extent as the tolerant ones do at high concentrations. Other authors have also 

rationalized the growth response to salinity as a two-stage process. Yeo et al. (1991) and 

Cramer and Bowman (1991) have proposed a clear division between ‘short term’ and 

‘long term’ effects of salinity on plant growth. 

Sodium and chloride are mostly the dominant ions in saline conditions, and their 

higher uptake lead to salt injury in salt intolerant plants (Serrano et al., 1999). Growth 

inhibition and injury of the foliage in many herbaceous crop species (marginal chlorosis 

and necrosis) occur even at lower concentrations of NaCl salinity (Sykes, 1992: Maas, 

1993). Salt injury in plant leaves and stem occurs as a result of higher influx of Na+ and 

Cl- accompanying a reduction in K+ supply (Sharma, 1995). Specific ion effects have 

been related to concentration of toxic ions, like Cl-1 and Na+ or to Ca2+ and K+ depletion 

on leaf senescence (Yeo et al., 1991). Hu and Schmidhalter (1998) suggested that the 

accumulation of solutes under saline conditions occurs both by increasing the net 

deposition rate and by reducing growth. Salt accumulation in the leaf apoplasm as an 

important component of salinity toxicity, and there is an increasing support of this 

hypothesis of Oertli (1968) which leads to turgor loss and dehydration and ultimately 

death of leaf tissues and cells (Munns, 1988; Flowers, 1988). 

Sodium chloride toxicity is also reported to be associated with higher generation 

of superoxide radicals and lipid peroxidation that suggests an oxidative stress at 

mitochodria level (Hernandez et al., 1993). An inhibition of oxidative phosphorylation on 

exposure of mitochondria to NaCl has been reported by Flowers (1975) both in salt 
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tolerant as well as salt sensitive sepecies. Higher concentrations of NaCl in the rooting 

media lead to membrane depolarization (Shabala, 2000). The excess of Na+ causes 

membrane leakage (Epstein, 1972) because the monovalent Na+ may serve to weaken the 

membrane structure by displacing one or more of the divalent bridges provided by Ca2+ or 

any other divalent cation (Leopold and Willing, 1984). In contrast Ca2+ may serve to bind 

phospholipids together and thus, limit membrane permeability (Cramer et al., 1989).  

The ionic ratios in the salt-affected soils are quite different from those of normal 

soils and Na+ and Cl– ions are more prevalent than other ions in the affected soils. 

Transport processes in plants are affected by exposure to NaCl salinity, which results in 

tissue ion imbalance and an alteration of the nutritional status (Lauchli and Epstein, 

1990). Therefore, at high salinity stress, inhibited nutrient uptake, utilization, and 

transport, may result into growth suppression (Marschner, 1995). Uptake and transport of 

K+ (Lynch and Lauchli, 1984), Ca2+ (Lynch and Lauchli, 1985), N (Pessarakli and 

Tucker, 1988), and P (Martinez and Lauchli, 1984) may be inhibited as a result of salt 

stress. A decrease in K+ uptake may be due to external Na+ blocking (Amtmann and 

Sanders, 1999). Shabala (2000) found that net efflux of K+ occurred under NaCl salinity. 

Salinity induced Mn deficiency has also been reported as a major cause of growth 

reduction in barely supplied with low concentrations of manganese and high 

concentrations of NaCl (Cramer and Nowak, 1992). The response of P under saline 

conditions is rather indecisive. In substrates with high P availability, NaCl salinity may 

enhance P uptake and depress plant growth by P toxicity (Roberts et al., 1984), while at 

low substrate P concentrations, NaCl salinity depress uptake and translocation of P 

(Martinez and Lauchli, 1991) and additional P supply on such substrates improves the salt 
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tolerance (Awad et al., 1990). Martinez et al. (1996) found that translocation of P from 

the roots to the shoots and its re-circulation from older to younger leaves as well as the 

mobility of P stored in vacuoles was inhibited by salinity. 

The presence of higher Na+ concentrations in the saline medium inhibited uptake 

and transport of Ca2+ and might have induced Ca2+ deficiency in plants growing in a 

medium with lower Ca2+ concentration or higher Na+/Ca2+ ratios (Lynch and Lauchli, 

1985). Sodium chloride induced Ca2+ efflux from cell wall is also reported (Shabala and 

Newman, 2000). In saline soils, poor growth of wheat and barely may be attributed to 

Ca2+ deficiency as indicated by very much improved growth resulting from Ca2+  

amendments (Ehret et al., 1990). The nutrient use efficiencies are also reduced under 

saline conditions. Higher concentration of Cl- is reported to reduce the uptake and 

utilization of NO3
- (John et al., 1977). The Cl- induced NO3

- deficiency is considered as 

the basic reason for growth reduction in wheat plants under NaCl salinity (Torres and 

Bingham, 1973). 

The production and utilization of phytohormones is disturbed under saline 

conditions and is increasingly considered to be involved in plant responses to salinity. 

Helmy et al. (1994) reported that early leaf senescence in tomato plants might be due to 

raised production of ethylene (C2H4) under saline conditions. In contrast, among five rice 

varieties differing in salt tolerance, the more tolerant varieties synthesized more C2H4 

(Lutts et al., 1996). In saline conditions, the level of cytokinins (CYT) is decreased 

(Kuiper et al., 1990), while of abcisic acid (ABA) is increased (La Roza et al., 1985). 

Increased levels of ABA are also considered to improve the osmotic adjustment and 

hence salt tolerance. Amzallag et al. (1990) reported an improved salt tolerance in 
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sorghum due to foliar sprays of ABA. A similar improvement in growth of sorghum 

under saline conditions has also been reported after application of CYT, particularly 

combined with gibberellic acid (Amzallag et al., 1992). Nabati et al. (1994) reported 

improved shoot and root growth of a grass species under saline conditions when different 

plant growth promoting regulators were used. However, there are instances where no 

interactions were found between salt tolerance and endogenous levels of ABA or CYT 

(Roeb et al., 1982).  

2.3. Mechanism of salt tolerance in plants 

Plant species vary in their ability to tolerate adverse saline conditions. This has 

lead to their division into two physiological groups, i.e. halophytes which tolerate 

relatively high concentrations of salts, and glycophytes tolerate only low concentration of 

salts (Maas and Nieman, 1978). Many genes are reported to mediate salt tolerance in 

plants (Niu et al., 1995; Jain and Selvaraj, 1997). Plants growing in saline environments 

adopt a number of morphological, physiological and biochemical processes to mitigate 

the effects of large concentrations of toxic salts (Abeles et al., 1992). In principle salt 

tolerance is based on the maintenance of cell turgor and avoidance of ion toxicity. This is 

achieved either by salt exclusion or by salt inclusion and subsequent compartmentation. 

Although a clear distinction is usually made between salt excluders (glycophytes) and salt 

includers (halophytes), yet there exists a continuous spectrum of different degrees of 

exclusion and inclusion (Marschner, 1995).  

Ion excluders possess a variety of mechanisms, which limit the amount of Na+ and 

Cl- that reaches the shoot and such plants usually maintain relatively high cytosolic K+ 

Na+ ratio (Gorham et al., 1985; Greenway and Munns, 1980). Ion exclusion is an energy 
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demanding process (Amtmann and Sanders, 1999; Tyerman and Skerrett, 1999). Even 

then, it seems to be the predominant salt tolerance mechanism in glycophytes that mostly 

comprise of crop plants, because an inverse relationship usually exists in these plants 

between salt uptake and tolerance (Gorham et al., 1985; Greenway and Munns, 1980). 

However, there exists a typical difference in response to NaCl salinity between crop 

species (Lessani and Marschner, 1978) and between cultivars of same crop, e.g. of wheat 

(Saqib et al., 1999). 

The ion exclusion is achieved by selective absorption of non-toxic ions over the 

toxic ones. The selectivity of K+ over Na+ can be achieved at four membrane sites viz. 

plasmalemma of the cortical root cells, the tonoplast of the root cells, the plasmalemma of 

the xylem parenchyma cells and plasmalemma of the phloem (Gorham et al., 1985). As a 

result of Na+ reabsorption from the xylem sap in exchange of K+, the Na+ accumulation in 

the xylem parenchyma cells takes place most likely by a Na+/K+ exchange process 

operating at the plasmalemma of the transfer cells (Jeschke, 1984; Gorham et al., 1985). 

In the stele, active transport processes are involved in loading solutes into the xylem 

stream, which offers another site for selectivity. On the other hand there exists active 

transport out of the xylem via transfer cells (Kramer, 1983) that may further regulate the 

proportions and concentrations of different ions supplied to the shoot. Net result of most 

of these mechanisms is to maintain relatively high K+: Na+ ratio in apical cell. Lower 

productivity under salinity stress is reported to be positively correlated with the 

maintenance of high K+: Na+ ratios and the restricted Na+ uptake in the shoot (Shannon 

and Noble, 1995). 
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Salt tolerant plants adopt a number of ways for compartmentation of Na+ and Cl- 

at tissue level including partitioning between older and younger leaves, leaf sheath and 

leaf blades, cell types within leaf blades and vegetative and reproductive organs 

(Marschner, 1995). Therefore, for salt tolerance studies, the total concentration of Na+ 

and Cl- in shoots might not be of much importance, rather the maintenance of lower 

concentrations in younger leaves and in inflorescence and seeds would be more important 

(Gorham et al., 1985). Maintenance of low Na+ and high K+ concentration in reproductive 

organs and in younger leaves is reached by a low xylem import of both K+ and Na+ and a 

high phloem import of K+ from mature leaves (Wolf et al., 1991). Deposition of higher 

Cl- concentrations in the leaf sheath and in the epidermal cells of the leaf blades and 

lower concentration in the mesophyll and bundle sheath cells has also been reported 

earlier (Boursier and Lauchli, 1989). This partitioning of Cl- is very important factor for 

protecting photosynthetic tissues present in mesophyll cell from salt stress. 

In vitro biochemical studies have shown similar salt tolerance of enzymes 

extracted either from salt tolerant or from salt sensitive plant species (Greenway and 

Osmond, 1972). It was therefore speculated that compartmentation also exist at cell level 

and the higher quantities of saline ions taken up by the salt includers can be tolerated only 

by maintaining relatively lower sodium and chloride concentrations in the cytoplasm and 

getting rid off the toxic ions into the vacuoles which occupy 90% or more of the total cell 

volume (Flowers et al., 1977). The Na+/H+ antiporters of the tonoplast are critical for Na+ 

compartmentation into vacuole (Barkla et al., 1995; Ballesteros et al., 1997). There are 

also reports that a similar H+ ion coupled with Na+ antiport system does function at the 

plasma membrane of root cells (Wilson and Shannon, 1995). Flowers (1985) recorded 
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about 600 mol m-3 Na+ in vacuoles and 150 mol m-3 Na+ in cytoplasm of Suaeds 

maritimae cells which shows the disposal of these toxic ions to the vacuole. Such strict 

compartmentation of Na+ and Cl- has also been demonstrated in spinach by Schroppel-

Meier and Kaiser (1988). 

Water deficit in plants due to low external water potential is considered to be the 

first cause of growth inhibition under saline conditions (Munns, 1993). Salt tolerance and 

growth in a saline substrate; therefore require a decrease in intracellular water potential 

(Greenway and Munns, 1980) by increasing the quantity of osmotically active solutes in 

the tissue (Gorham et al., 1985). However, with a sudden increase in salinity, osmotic 

adjustment is achieved by a decrease in tissue water content, the so called partial 

dehydration (Marschner, 1995). 

The plant in which salinity tolerance is based on salt inclusion, the halophytes, 

and the osmotic adjustment can be achieved by the deposition of salts of Na+ and Cl- in 

the leaf cells (Flowers, 1988; Amtmann and Sanders, 1999). In such plants the capacity of 

the vacuoles of leaf mesophyll cells to accumulate Na+ and Cl- may be vastly increased 

under saline conditions (Flowers et al., 1986). In plants where salt exclusion is the 

predominant mechanism of salt tolerance, the glycophytes, the osmotic adjustment is 

achieved, either by taking up non-toxic inorganic solutes like K+, Ca+2 and NO3
- at an 

increased rate or by the synthesis of organic solutes like glycinebetaine, proline, D-

sorbitol and D-pinitol are the common organic osmolites (Gorham et al., 1985). However, 

the roles of such organic compounds as osmoregulants have been questioned by Karakas 

et al. (1997) and Romero et al. (1997). The most expensive mechanism of osmoregulation 

is the accumulation of organic osmolite. According to Wyn Jones (1981) the approximate 
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energy cost of accumulating 1 mole of a C-6 sugar is 54 mole ATP, whilst only 0.54 mole 

ATP is required to accumulate 1 mole of NaCl. Therefore, the growth rates of such plants 

are naturally very low under saline conditions 

2.4. Uses of calcium carbide in agriculture 

2.4.1. Calcium carbide as nitrification inhibitor 

Calcium carbide (CaC2) reacts with water and releases acetylene {CaC2 + H2O → 

C2H2 + Ca (OH) 2}. Acetylene is an effective inhibitor of nitrification and denitrification 

(Arshad et al., 2002; Thompson, 1996; Aulakh et al., 2001; Randall et al., 2001) because 

it can inhibit the activity of the enzyme which is involved in the oxidation of ammonia in 

the process of nitrification. Since nitrification (NH4
+ → NO3

-) leads to substantial N 

losses due to either leaching of NO3
- and/or denitrification to gaseous forms (Thompson, 

1996), reduced rates of nitrification in soil may result in increased N fertilizer use 

efficiency. Researchers have used CaC2 as nitrification inhibitor in soil and reported 

substantial improvement in N economy (Sharma and Yadav, 1996; Aulakh et al., 2001). 

Several studies indicated that coated CaC2 could effectively inhibit NH4
+ 

oxidation under both flooded and unflooded soil conditions (Banerjee and Moiser, 1989). 

Bronson and Mosier (1991) reported that encapsulated calcium carbide (ECC) showed a 

strong mitigating effect on emission of N2 and methane (CH4) from the soil. Emission of 

CO2 was also lowered with ECC than without it. The effectiveness of wax coated CaC2 to 

provide a slow release of C2H2 to inhibit nitrification and de-nitrification in a field 

experiment was discussed by Freney et al. (1992). Freney and colleagues reported that 

coated CaC2 reduced N loss by denitrification during 75 days of incubation, increased N 

accumulation by wheat, increased the grain N, and resulted in 46% greater recovery of 
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applied N in the plant-soil system at harvest. However, Zhang et al. (1992) concluded that 

coated CaC2 enhanced N losses of urea and did not show any beneficial effect on 

improving yield efficiency of urea presumably due to high potential of NH3 volatilization 

under the prevailing soil and climatic conditions. Bronson et al. (1993) found that N2O 

emission from fertilized plots were 16 times greater than in the unfertilized plots. 

However, application of nitrification inhibitors (CaC2) with the urea–N decreased N2O 

emission by 47-71%. 

 Keerthisinghe et al. (1993) reported the effectiveness of wax-coated CaC2 (as a 

slow release source of acetylene) and nitrapyrin in inhibiting nitrification and emission of 

the greenhouse gases like N2O and CH4. The rate of nitrification was slowed considerably 

by adding wax coated calcium carbide, but it was stopped by the addition of nitrapyrin 

only. As a result, the emission of N2O was markedly reduced by the application of wax-

coated CaC2, whereas the difference in the rate of emission of N2O was non significant 

between the control and nitrapyrin treatments. Lowest emission rate was observed in the 

wax coated CaC2 treatment. At the end of the experiment, 84% of the applied N was 

recovered from the wax-coated calcium carbide treatment compared with ~ 43% for the 

nitrapyrin and control treatments. The effects of C2H2 (provided by wax coated CaC2) on 

N transformation in irrigated wheat was also investigated by Smith et al. (1993). It was 

concluded that C2H2 was effective in slowing nitrification. The addition of C2H2 showed 

net mineralization of N from organic pool and resulted in increased accumulation of N in 

wheat tops (Sharma and Yadav, 1996). Misra et al. (1995) reported significant grain yield 

response of wheat with urea super granule (USG) and prilled urea (PU) as the most 

effective sources of N. The results of Chaiwanakupt et al. (1996) reported that 
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effectiveness of an inhibitor of urease inhibitor could not be judged only from the NH3-N 

concentrations of a single treatment with the inhibitor in the flooded water. However, 

they also reported that the treatment of rice with N-butyl triphosphoric triamide (NBPT) 

decreased NH3 losses which resulted in enhanced grain yield. 

2.4.2. Calcium carbide as a source of ethylene  

Little information is available regarding CaC2 as a source of ethylene however, 

some workers have reported the release of C2H4 from CaC2 as a potent source of plant 

hormone ethylene (C2H4), derived from reduction of C2H2 by microbes (Arshad and 

Frankenberger, 2002; Bibik et al. 1995).  Keerthisinghe et al. (1996) and Randall et al. 

(2001) reported improvement in yield of wheat, cotton, rice and maize crops in response 

to soil application of coated calcium carbide (CCC), which released C2H2 slowly. The 

CaC2 applied at150 kg ha-1 in May increased satsuma (Citrus unsbiu L.) yield over two 

years by an average of 49.1% and subsequently raised the next returns (Muromtsev et al., 

1991). Increase in the average weight of fruit, flesh, ascorbic acid and sugar contents 

were also reported. The results of a green house study conducted by Chhonkar et al. 

(2002) indicated that the highest grain yields and dry matter (straw + grain) were obtained 

when CCC was applied alongwith urea (50% N as basal dose) and 25% N in the form of 

urea and 25% N through sesbania + CCC as top dressing (one month after transplanting). 

A benefit of 9.4% was repoted in grain yield and 19.4% increase in dry biomass (grain + 

straw) yield was reported only due to the application of CCC with urea and sesbania. It 

was followed by 6.3% increase in grain yield and 11.9% in dry biomass (straw + grain). 

 Yaseen et al. (2004, 2005) evaluated the effects of CaC2 on yield and growth of 

cotton, rice and wheat crops. Their results showed that ECC released large amounts of 
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C2H2, which was gradually reduced to C2H4. It was recorded that CaC2 slowed down the 

release of NO3
--N from the urea applied, which might have helped in increasing N-use 

efficiency. In another field experiment Rahim et al. (2004) reported that CaC2 with NPK 

fertilizers application increased the paddy yield by 19% as compared to NPK fertilizers 

alone. Ahmad et al. (2004) reported that plant height, number of tillers and spike length 

were significantly increased with CaC2 application after two week of germination while 

number of spikelets and grain yield was the maximum with the same level of CaC2 after 8 

weeks of germination. 

2.5. Role and mechanisms of ethylene in seed germination 

The fact that the removal of endogenously evolved C2H4 from the ambient 

atmosphere by C2H4 absorbent significantly delays the germination of non dormant 

cocklebur, lettuce and apple seeds (Rudnicki et al., 1978). This demonstrates that ethylene 

produced prior to germination functions as an endogenous germination stimulator. It has 

been established that C2H4 evolved by imbibed seeds is produced by the pathway: 

Methionine to S-adenosylmethionine to 1-aminocyclopropane-1-carboxylic acid (ACC) 

to C2H4. Thus, incubation of seeds with ACC can promote germination in many species 

including lettuce, cocklebur and Amaranthus caudatus, although it is less effective than 

C2H4. Moreover, the ACC contents in seed increases during seed imbibitions, and the 

addition of ACC greatly stimulated C2H4 production (Fu and Yang, 1983).  

The pattern of C2H4 production by seeds during imbibitions differs markedly 

among seeds. In all cases, the first peak of C2H4 production coincides with the splitting of 

the seed coat due to radicle protrusion, suggesting that C2H4 is produced in attendance 

with seed tissue growth (Takayanagi and Harrington, 1971). Nevertheless, C2H4 
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production in many seeds is detectable long before any visual sign of germination is 

evident (Adkins and Ross, 1981). No C2H4 production is detected in the dry state, 

suggesting that internal concentrations of C2H4 in intact seeds are near the threshold 

required to induce germination. This possibility is supported by the two facts. First, 

lettuce seed fails to germinate under hypobaric pressure unless exogenous ethylene is 

applied. The germination of lettuce (Lactuca virosa), apple (Malus domestica), and 

cocklebur (Xanthium strumarium) seeds is significantly inhibited by aminoethoxy venyle 

(AVG) applied prior to germination (Saini et al., 1986). In contrast, others using lettuce 

and Amaranthus caudatus seeds have reported that AVG drastically reduced C2H4 

production without affecting seed germination. A significant conversion of ACC to C2H4 

in thermodormant lettuce seeds occurs only after germination (Burdett, 1972). Ethylene 

production in dormant peanut seeds is lower than that in nondormant ones, being below 

that required for the induction of germination. Similar observations have been obtained 

with cocklebur seed. Ethylene production in both dormant and non-dormant seeds of 

cocklebur starts just after the soaking and increases in a linear manner until 12 h at 23oC, 

thereafter; the increase in C2H4 production by non-dormant seeds exceeds that of the 

dormant ones. After 24 h (prior to radicle protrusion) the C2H4 produced by the former is 

twice than the later. 

There has also been reported that the state of secondary dormancy termed 

thermodormancy in lettuce resulted from a decline in C2H4 production (Burdett, 1973). 

Similarly cocklebur seed do not produce sufficient C2H4 to induce germination following 

a period of imbibition. However, both the primary dormancy of peanut and cocklebur and 

the secondary dormancy of lettuce and cocklebur seeds were broken by exogenous 
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application of C2H4. Further, addition of gibberellins (GA) alone was almost ineffective 

in breaking the secondary dormancy in lettuce and cocklebur unless combined with C2H4. 

These results support C2H4 requirement for germination in some seeds. In wild oat, which 

exhibits no strict C2H4 requirement for germination, there is little difference in C2H4 

production between dormant and non-dormant seeds.  Ethylene production in plant organs 

may be significantly enhanced by CO2. Therefore, in the soil C2H4 production in the 

germinating seeds could be influenced by the CO2 accumulated in the atmosphere 

surrounding the seeds. In fact, C2H4 emanation in subterranean clover and cocklebur 

seeds (Esashi et al., 1985) was greater in the presence of CO2.    In cocklebur, endogenous 

CO2 promoted release from primary dormancy and the germination of after-ripened non-

dormant seeds, independently of the applied C2H4 at >13 oC. Ethylene production was not 

enhanced by CO2 at 13oC, but at 23oC the ethylene production in 1% CO2 was enhanced 

10-fold in the dormant seeds and about 20-fold in non-dormant ones. 

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). In a series of experiments using 

C2H4 responsive peanut seeds, the importance of this step for supplying ATP during the 

early imbibition stage of seed germination was demonstrated by Pearl (1982a). The 

addition of ethephon during imbibition increased the ability of embryonic axes from 
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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. 

However, in this case, the activity of pyruvate kinase was not directly stimulated by 

ethephon, although that of adenylate kinase was stimulated. The growth promoting action 

of C2H4 occurs predominately in cotyledons tissues (Pearl, 1982b). Ethephon based 

stimulation of ATP accumulation during imbibition was not observed in the cotyledons of 

peanut seeds. In cocklebur seeds, the germination promoting effect of C2H4 was not 

reported when it was applied only during the initial period of imbibition. 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, 

C2H4 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 C2H4 (Jones and Hall, 1981), but the degree of 

enhancement was very slight during early imbibition. Also, O2 consumption from 

Spergulas arvensis seeds increased 60 h after addition of C2H4, suggesting that the 

increase of aerobic respiration by C2H4 in imbibing seed is not a direct effect and 

increased ATP production by C2H4 is due to mitochondrial respiration that develops with 

time after soaking of the seed. 

    The respiration promotion in cocklebur seeds by C2H4 occurred after 1 hour 

exposure and disappeared shortly after C2H4 removal. However, C2H4 requires several 

hours to exhibit its germination stimulation action. In red-root pigweed seeds, C2H4 

required at least 12 hours and in Douglas fir seeds pre-exposure to pure C2H4 containing 
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no O2 caused maximum germination in subsequent aerobic conditions. In upper cocklebur 

seeds, pre-exposure to C2H4 in anoxia for three days induced a significant enhancement of 

germination (Esashi et al., 1975). The promoting effect of C2H4 applied during both 

anoxic or osmotic pre-treatment periods were cumulative. The subsequent growth of both 

the axial and cotyledonary tissues isolated from C2H4 pretreated seeds was greater than 

that from untreated controls (Esashi et al, 1990). The NO3 is also required for C2H4 action 

in seed germination (Cairns and Villiers, 1986). The O2 consumption in the germination 

of wild oat (Avena fatua) seeds was greater in the presence of both C2H4 and NO2 than in 

C2H4 alone, suggesting that NO3
- does not function as an electron acceptor during seed 

germination. 

The involvement of C2H4 in determining the time to radicle protrusion in C2H4 

insensitive gain-of-function (GOP) receptor of mutants as well as in single and double 

loss-of-function (LOF) receptor mutant in Arabidopsis was studied by Siriwitayawan et 

al. (2003). Because C2H4 evolution from seeds is co-incident with radicle protrusion and 

the ability to convert 1-aminocyclopropane-1-carboxylic acid (ACC) to C2H4 is 

diagnostic for seed vigour. It was hypothesized that C2H4 insensitive mutant would 

require more time to complete germination compared to wild type seeds. The results 

indicated that all C2H4 insensitive GOF, and five of six single LOF mutants, require more 

time to complete 50% radicle protrusion, while double LOF mutants require the same, or 

less, time to complete germination compared to wild type seeds. These findings support a 

role for C2H4 perception in determining the length of time Arabidopsis seeds remain in 

the lag phase period prior to radicle protrusion. 
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2.6. Effect of ethylene on plant growth parameters 

2.6.1. Root formation 

Roots are most important part of plant, which are responsible for extracting water 

and essential mineral elements utilized by autotrophic vascular plants, and inorganic 

nutrients needed by almost the entire terrestrial biosphere. To affect these seats of 

extraction, the root system of a growing plant continuously expands to exploit more 

volume of soil, thereby escaping local depletions of soluble elements or of water. In doing 

so, roots constitute a large, if somewhat declining, proportion of total plant weight as the 

plant matures. A week after germination, the root system of a barley plant (Hordeum 

vulgare L.) grown in nutrient solution may weigh 470 mg (dry weight), which is 

approximately 40% of the whole plant, and 50 m in total length with 2000 laterals (Sen, 

1980). A four month old plant of winter rye (Secale cereale) has been estimated to 

possess over 13 million individual roots with a total length of 620 km mostly as laterals at 

the quaternary level of branching (Dittmer, 1937). These roots present approximately 237 

m2 of potentially absorbing surface to the soil. Within genetic constraints, root systems 

exhibits a remarkable degree of developmental plasticity (Barlow, 1989) in the face of a 

complex and variable environment of solid, liquid, and gaseous compounds combined in 

various proportions, that teems with microorganisms. The development of root system is 

thus an elaborated and highly regulated process of impressive proportions that is 

responsive to environment and is central to the overall well being of plants and ensuring 

heavy crop yields (Gales, 1983). The development of roots is at least as sensitive to C2H4 

as other plant parts, and root tissues produce the gas in amounts that often reflects 

conditions at the root soil interface. Furthermore, roots grow in a medium that can entrap 
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C2H4, produce it, or oxidize it, depending on the circumstances. Ethylene may, therefore, 

be especially influential in fashioning the root system. Zimmerman and Hitchcock (1935) 

reported that a range of naturally occurring and synthetic auxins stimulate both rooting 

and C2H4 evolution, as detected by bioassay. These findings prompted the suggestion by 

the Boyce Thompson workers that endogenous C2H4 is a natural regulator of root 

primordial formation or outgrowth and that the gas participates in auxin-promoted root 

formation. Since the auxin causes C2H4 synthesis in the tissues of many plant species 

(Zimmerman and Wilcoxin, 1935), so many attempts were made to determine if 

interactions between auxin and C2H4 exist during the development and formation of the 

adventitious roots. Many studies conducted in this regard show that there was no 

correlation between the two. Reports have shown that C2H4 is less limiting factor in the 

development of roots as compared to auxin. After the development of C2H4 synthesis 

inhibitors the role of C2H4 in root formation has become clear. The inhibitor of ethylene 

like silver thiosulphate has been shown to decrease number of roots in mung bean. 

Support for this kind of the interaction between auxin and C2H4 comes from the 

experiments with waterlogged Rumex palustris plants in which higher C2H4 concentration 

in the tissues enhanced the sensitivity of the root forming tissues to internal levels of 

indole acetic acid (Abeles et al., 1992; Arshad and Frankenberger, 2002). 

In numerous experiments which were conducted on auxin and C2H4 responsive 

mutants, Masucci and Schiefelbein (1996) reported that root hair initiation was not 

affected by either the C2H4 responsive mutations (etr1 and ein2) nor the auxin responsive 

mutations (aux1 and axr1). It was interesting to know that the aux1/etr1 a double mutant 

produced only a fewer root hairs as compared to wild-type seedlings or single mutant. It 
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was also reported that reduced root hair phenotype in aux1/etr1 could have been reverted 

by treating it with IAA but not by treating with ACC. Considering the results of Masucci 

and Schiefelbein (1996) proposed that to promote root hair formation both aux1 and etr1 

may normally act in different pathways. They further proposed that C2H4 may be 

involved in at least two, and possibly three, pathways which could lead to root hair 

development. To expand the role of C2H4 further in root hair formation, Pitts et al. (1999) 

reported that root hair enlargement in Arabidopsis was positively regulated by both C2H4 

and auxin.  

In recent years, Chen et al. (2005) have conducted several experiments on 

physiological and molecular role of ethylene-insensitive Arabidopsis and tomato mutants 

to study the mechanisms of C2H4 perception and its actions in plants. Seedling triple 

response and fruit ripening were the main physiological response systems used for this 

work. The C2H4-insensitive (etr1-1) Arabidopsis and the tomato mutant never ripe (NR) 

produce seed which does not exhibit C2H4-mediated triple response and NR tomato plants 

produce fruit that never ripen completely even if treated with external C2H4. Separation 

and characterization of the genes responsible for C2H4 insensitivity in these plants lead to 

the discovery that the etr1-1 gene from Arabidopsis and the NR gene from tomato encode 

mutant C2H4 receptor proteins. Genetic transformation of the etr1-1 mutant gene into the 

heterologous species tomato, petunia (Petunia hybrida), and tobacco was used as 

evidence of the conserved role for the control of C2H4 sensitivity. Using the constitutive 

CaMV 35S promoter to drive expression of the dominant mutant etr1-1 gene, Wilkinson 

et al. (1997) were able to transform all of these different plant species and obtain various 

ethylene-insensitive phenotypes: wild-type tomato plants transformed with etr1-1 showed 
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delayed flower shedding and a NR fruit phenotype, and etr1-1 petunias produced flowers 

with delayed shedding after pollination and C2H4. 

2.6.2. Root extension  

 Approximately, ninety years ago, Harvey and Rose (1915) reported that 

exogenous C2H4 at high concentrations (100 μM L-1) suppresses root elongation and 

increase radial expansion. Likewise, the genetically based “overproduction” of 

endogenous C2H4 in the epi-mutant of tomato engenders a similarly stunted and swoolen 

phenotype (Fujimoto et al., 1988). The C2H4 inhibited extension develops in association 

with ultrastructural changes such as cisternal stacking of rough endoplasmic reticulum, 

increase ribosome size and increase cell wall thickness. Minimum concentration reported 

to decrease root length range from 0.001 μL L-1 in rye (Secale cereale), 0.04 μL L-1 in 

excised radish root, 0.1 μL L-1 in maize (Whalen and Feldman, 1986), to over 1 μL L-1 in 

rice (Smith and Robertson, 1971). The growth inhibition is usually reversible, sometimes 

within few minutes (Woods and Roberts, 1984). Species differ in the severity of 

inhibition caused by supplying C2H4, with the growth of rice roots being notably less 

dampened at 1 μL L-1 or more than barley (Hordeum vulgare), oat (Avena sativa), rye 

(Secale cereale), white mustard (Sinapis alba), tomato (Lycopersicum esculentum) 

(Konings and Jackson, 1979). Rice selections or cultivars also differ markedly between 

themselves in this regard. Smith and Robertson (1971) found 20 μL L-1 C2H4 inhibited 

root extension of rice cultivar “Mas 2401” by 50%, but root extension of the 

cultivar”OS6” was retarded by only half this amount (Jackson et al., 1990). The amount 

of C2H4 produces endogenously by unstressed roots are sufficient to restrain extension 

has been addressed by supplying roots with inhibitors of C2H4 action or production 
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(Silver thiosulphate or 2,5-norbrodine). Acceleration of root extension by such treatments 

and their reversal with ACC or C2H4 would constitute good evidence for believing that 

endogenous C2H4 inhibits elongation (Abeles and Wydoski, 1987; Moss et al., 1988). 

Applying aminoethyloxyvenyl glycine (AVG) at concentration high enough to inhibit 

C2H4 biosynthesis but without inducing toxicity symptoms has failed to give the expected 

promotion of extension in unstressed maize or lettuce roots (Whalen, 1986), again 

indicating that “basal” C2H4 is unlikely to be retarding elongation. One obvious reason for 

the overall lack of convincing evidence that elongation in unstressed roots is stimulated 

by inhibitors of C2H4 action or synthesis is that there is simply insufficient “basal” C2H4 

to be physiological active. An alternative explanation is that small amount of C2H4 may 

enhance rather than restrain root extension. When roots of intact seedlings are grown in 

well aerated conditions, small concentrations of C2H4, usually well below 1 µL L-1 have 

been found to promote root elongation in many species including broad bean (Vicia faba), 

rice, tomato (Lycopersicum esculentum), maize and peanut (Arachis hypogea). Ethephon 

can also increase seedling root length in watermelon (Citrillus lanatus). A small amount 

of C2H4 enhances root extension in a range of species in relation to the amount of 

endogenous C2H4 present. In plants producing C2H4 especially vigorously, e.g. white 

mustard, there may already be sufficient amount of C2H4 to completely saturate the 

capacity for positive response, explaning why in these plants, small amount of additional 

C2H4 have little or no promoting effect, or even retard elongation. Thus, small amount of 

C2H4 present in well-ventilated roots promotes root extension, and that fast growing roots 

tend to produce the most C2H4. Further, increase in the internal concentration of the gas 

caused by more vigorous biosynthesis, or by accumulation around the roots, invariably 
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lead to inhibition or elongation that is rapid, variable in extent, depending on species or 

cultivar, but quickly reversible on lowering the C2H4 titer (Mattoo and Suttle, 1991). 

Experiments were conducted with ethylene-insensitive tomato (Lycopersicon 

esculentum) and petunia (Petunia hybrida) plants by Clark et al. (1999) to evaluate 

whether normal or adventitious root development was influenced by ethylene 

insensitivity. Ethylene-insensitive tomato plants never ripe (NR) produced more roots 

below the ground but the number of above ground adventitious roots was very low 

compared to wild-type Pearson plants. Application of auxin (indole-3-butyric acid) 

enhanced adventitious root development on the vegetative stem cuttings of wild-type 

plants but its impact on rooting of NR plants was negligible. In ethylene-insensitive 

transgenic petunia plants reduced adventitious root development was also recorded. 

Application of 1-aminocyclopropane-1-carboxylic acid (ACC) enhanced adventitious root 

development on vegetative stem cuttings of NR and wild-type plants; however, NR 

cuttings produced only a few adventitious roots as compared to wild-type cuttings. It was 

concluded that the promotive effect of auxin on adventitious roots was influenced by 

C2H4 responsiveness. Root growth of seedling of tomato in response to mechanical 

impedance was also influenced by C2H4 sensitivity. Ninety-six percent of wild-type 

seedlings that germinated and grown in sand for 7 days developed normal roots into the 

medium, but 47% of NR seedlings exhibited enlarged taproots, shortened hypocotyls, and 

did not penetrated into the medium. It was finally concluded that the role of C2H4 has 

been critical and acted as environmental stimuli for roots to develop. 
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2.6.3. Shoot growth and tillering 

Plant growth regulators (PGR) are reported to reduce the straw of cereals, but their 

effects on other traits of plants are inconsistent. The PGRs have been used in the cerels 

which need high input to decrease the straw yield and ultimately enhance resistance to 

lodging. Most of the time, this has a positive effect on quality and quantity of the 

produce. PGRs are applied at the beginning when stem elongation, chlormequat chloride 

(CCC), or at the flag leaf stage (ethephon) to control lodging. These are used as indicators 

that are applied at earlier growth stages of the crops; PGRs might have more versatile 

impacts on plant growth other than being just antiloging agents. 

Application of PGRs, especially anti-gibberellins to cereals crops has enhanced 

root/shoot ratio under experiments in field conditions (Humbries et al., 1965; De et al., 

1982; Enam and Cartwright, 1990). This might have resulted in enhanced water 

exploration and extraction from the deeper soil layers and thus higher grain yield (De et 

al., 1982). Cooke et al. (1983) reported that under hydroponic conditions the CCC 

treatment enhanced root/shoot ratio in winter wheat seedlings. This basically was due to 

decreased shoot growth and increased root growth. Ethephon tended to increase harvest 

index, total grain yield per plant, tiller grain yield, and total grain number per plant 

compared to control when these were measured at maturity of the crop (Rajala and 

Peltonen-Sainio, 2001). Woodward and Marshall (1987, 1988) reported improved 

tillering as a consequence of more availability of photoassimilates for tillers growth 

following decreased growth and decreased activity of the main shoot. Tillering and tiller 

growth in wheat might have been increased by PGR induced changes in hormonal signals, 

as it has been reported that in oat C2H4 stimulates breakdown of apical dominance 
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(Harrison and Kaufman, 1982). This impact of C2H4 is attributed to induced inhibition of 

auxin biosynthesis and movement in the plants (Lyon, 1970; Evans, 1984).  

2.7. Role of ethylene during environmental stress 

2.7.1. Ethylene and seed germination under salinity stress 

Gul and Weber (1998) studied the impact of dormancy releaving compounds on 

the germination of seeds grown under salinity stress and reported that ethephon was 

highly effective in reverting the inhibitory impact of salts on germination of Allenrolfea 

occidentalis. Esashi and Leopold (1969) reported that C2H4 produced by seeds has a 

regulatory role in determining germination. They also reported that C2H4 is formed by the 

seeds soon after the start of imbibation and is capable of stimulating germination. Salt 

induced dormancy in Zygophyllum simplex is partially alleviated by ethephon (Khan and 

Ungar, 1997). Ethephon completely alleviated the germination inhibition in A. 

occidentalis caused by salinity (Gul and Weber, 1998). The possible effect of ethylene 

may be due to the stimulation of germination of non-dormant seeds or by breaking 

dormancy in seeds that show embryo dormancy; in many species the inhibition of seed 

germination due to dormancy or stress conditions can be completely or partially reversed 

by C2H4 or ethephon (Kepczynski and Kepczynska, 1997). This indicates that seeds have 

an C2H4 response mechanism. It has been reported that non-dormant chickpea (Gallardo 

et al., 1991) and Amaranthus caudatus (Kepczynski and Karssen, 1985) seeds subjected 

to high temperature, osmoticum or salinity stress inhibited endogenous C2H4 production. 

However, some of the promotive effects of C2H4 on seeds germination of many plants are 

not substantial (Ismail, 1982) and these seeds do not respond to it. Ethylene may be 

loosely associated with a site required for phytochrome action (Suzuki and Taylorson, 
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1981). Light may be required for production of growth promoting substances to stimulate 

germination (Okusanya and Ungar, 1983) and Allenrolfea occidentalis did not germinate 

well in the dark (Gul and Weber, 1998), indicating low light sensitive seeds. Ethylene is 

reported to promote germination in light sensitive seeds (Kepczynski and Kepczynska, 

1997).            

Ethylene is critical in regulation of plant responses to environmental stresses, like 

flooding, drought, and the attack of pathogens. But most often, C2H4 causes leaf death in 

response to bad environmental conditions, scarifying less important plant parts to 

save/protect the growing tip, which are responsible for flower producion, that are 

reproductive organs of plant. It appears that any environmental turbation (drought or 

salinity) can increase rates of C2H4 biosynthesis (El Beltagy and Hall, 1974; El Beltagy et 

al., 1979). The effects can be transitionary or relatively long lived, may vary considerably 

with species and are complicated by the fact that C2H4 biosynthesis shows a diurnal 

rhythm (El Beltagy et al., 1976) and that the growth regulator can control its own 

biosynthesis via autocatalysis or auto inhibition.   

The C2H4 reduces coleoptile length, root length and number in wheat seedlings 

(Carbone and Beltrano, 1995). Treatment with ethephon an exogenous source of C2H4 

during early growth stage of wheat decreases photosynthesis (Rajala and Peltonen-Sainio, 

2001). Increased C2H4 production in mature wheat plants decreases 1000 grain weights, 

shortens grain filling period, hastens maturity, triggers senescence and premature plant 

death (Beltrano et al., 1999). Ethylene over production in wheat takes place in wheat 

either during or just after its recovery from water shortage (Beltrano et al., 1997; Beltrano 

et al., 1999). Increased production of C2H4 because of water stress was affiliated with 
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alteration of the pigment content and plasma membrane intactness (Beltrano et al., 1999; 

El- Shintinawy, 2000).  

It is well accepted that the application of C2H4 at the appropriate time and dose 

can be a vital chemical to promote agricultural production by altering the growth pattern 

of treated crops and plants. According to Abeles et al. (1992) there are basically two ways 

to identify the use of C2H4 in agriculture crops. The first is to use the known effect of 

C2H4 as a “shopping list”. The second is to select a specific crop and identify C2H4-

induced effect, which might be useful. Abeles et al. (1992) has also discussed the possible 

application of C2H4 in agriculture and reviewed its role on different enzymes. One of the 

effects of C2H4 may, therefore be positive in the activity of certain enzymes. For example, 

C2H4 may inhibit peroxidase activity (Lee and Lin, 1996) and thus, helps mitigate the 

negative effect of stresses like salinity and drought on cell elongation in plants.    

2.8. Molecular responses of plants under stresses 

The enzymes of the plant can or cannot be a good indicator of their activities in 

stressful environment (Kim et al., 2003). Due to their role in completion of biochemical 

cycle of nutrients, a lot of information is available in the effect of the stress to the 

enzymatic activities of the plant (Gianfreda et al., 1995; Rajguru et al., 1999). The 

invertase is implied in the synthesis of Suc (Stitt and Sonnewald, 1995; Sturm et al., 

1995; Zrenner et al., 1995). The Suc is a sugar that performs many important activities. It 

acts as a main transportor of carbohydrate, acts as a storage compound, and 

osmoprotectant (Eschrich, 1989; Frommer and Sonnewald, 1995; Ruan and Patrick, 1995; 

Stitt and Sonnewald, 1995). Peroxidase is disclosed to increase to the growth of the plants 

of aspen up to 25% over the control (Kawaoka et al., 2003). Peroxidases are extensively 
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present in plants and microbes and oxidize an extensive number of compounds (donors of 

the electron) in the presence of hydrogen peroxide.  

The phosphatases are the enzymes that are involved in the catalyses and the 

liberation of orthophosphate of organic complex of phosphorus and are considered to 

have an essential function in the dinemics of nutrients. These enzymes maintain the 

balance of phosphorus in the plant (Meenakshi, 2007). It is well known that acid 

phosphatase plays a major role in the process of the chemical decontamination of the 

toxic compounds that register to the body (Zheng et al., 2007). The increase of alkaline or 

acid phosphatase increases the permeability of the plasma membrane (Lopez et al., 2007). 

Sharma et al. (2004) disclosed increasing activities of acid and alkaline phosphatase in 

sorghum under saline stress.  

In plants, catalase is located mainly in peroxisomes and it is implied in the 

chemical decontamination of the active species of oxygen, that are generated during 

cellular processes such as photorespiration and beta-oxidation of fatty acids or under 

stress (Scandalios, 1990; Foyer and Harbinson, 1994). It is reported that the activity of 

catalase is stopped by the salicylic acid which suggests its implication in acquired 

resistance to the pathogen (Chen et al., 1993). 

Increase of dehydrogenase has been observed under conditions of the hunger of 

carbohydrate as well as excess of ammonia (Athwal et al., 1997). The salinity creates the 

carbohydrate starvation and the excess of ammonia. The protease is the vacuolar 

processing enzyme (VPE) and is essential for the prevention of virus-induced death of the 

cell. The VPE deficiency prevented the cell extremely sensible virus-induced death in 

plants of the tobacco. The VPE is structural without relation to caspases, although VPE 
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has an activity caspase-1. Thus, the plants have developed a cellular strategy to regulate 

the cellular suicide strategy (Hatsugai et al., 2004). The dehydrogenase is taken as an 

indicator of the microbial activity (Bolton et al., 1985) and the changes in its activity 

could provide a useful index of changes in the quality of the soil (Dick, 1992). A close 

correlation between the activity of some soils and the microbial activity of the biomass 

has been reported (Klose and Tabatabai, 2000). Therefore, the difference in activity of 

dehydrogenase could be used as a measure of rhizodeposits. 

The salt stress increased the activity of catalase in seedlings of the chickpea (El-

Kady et al., 1982). Other studies demonstrated to a positive correlation between the 

enzyme activity antioxodative and the tolerance of salt stress in the onion (Abd El-Baky 

et al., 2003). Nevertheless several salt stresses gave rise to an inhibition of catalase and 

peroxidase enzyme. The effects of C2H4 in different enzymes have been reviewed by 

Abeles (1992) and the positive and negative effects were disclosed. The activity of 

peroxidase was decreased and can be attributed to the fact that C2H4 has inhibited it (Lee 

and Lin, 1996) and thus help to attenuate to the negative effects of stress like salinity and 

drought in the extension of the cell. 

It is concluded from this review that salinity and drought are the main limitations 

to world agriculture and their extent is on increase. It is further concluded that calcium 

carbide has been a good source of C2H2 and a plant hormone C2H4 and both of these gases 

have played their role in enhancing growth and yield of crops. Acetylene has been 

reported to be a nitrification inhibitor and has reduced nitrogen losses. Calcium carbide 

based C2H4 has alleviated the impact of salinity on germination. It is also reported that 

C2H4 brings about enzymatic and protein changes that help plants to combat drought and 
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salinity stress by improving water flow and hydraulic conductivity of roots. Besides this, 

little information is available on the preparation of encapsulated CaC2 formulations to 

make it slow release and to study its role on enhancing salinity and drought stress in 

wheat and cotton. It is assumed that plant growth regulators can play their role in 

mitigating the negative effects of environmental stresses like salinity and drought. Being 

a relatively cheap source of C2H4, calcium carbide is the main focus of this study.    
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CHAPTER 3 

              MATERIALS AND METHODS 
 

The research work reported in this manuscript was conducted at Nuclear Institute 

for Agriculture and Biology (NIAB), Faisalabad, Pakistan during 2005-06. A bulk soil 

was collected from plough layer (0-15 cm) from the experimental fields of NIAB. The 

soil was processed by air-drying, grinding, passing through a 2-mm sieve, and thoroughly 

mixing. Some basic analyses of soil are presented in Table 3.1. To achieve the objectives, 

the following experiments were carried out: 

3.1. Laboratory Studies 
 
3.1.1. Preparation of calcium carbide formulations and time course studies on the 

release of acetylene and ethylene  

 
Analytical grade calcium carbide (97% pure CaC2, Ningxia National Chemical 

Group, Co. Ltd., China) was purchased, ground to powder and was encapsulated in a 

matrix comprising of polyethylene, wheat straw and soil. The material thus, obtained was 

extruded and the noodles were cut into 3-5 mm. A total of three formulations (F1, F2, and 

F3) were prepared with 21, 29 and 32% CaC2, respectively. In the first study, 30 mg of 

each formulation kg-1 soil was placed in the bottom of the Erlenmeyer flask (125 mL) 

containing 100g sandy clay loam soil (Typic Haplocambids) at 60% water contents (WC), 

and acetylene (C2H2) production was monitored for 35 days. In second study (for the 

determination of ethylene), four levels of F2 (0, 15, 30, and 45 mg kg-1 soil) were used.  

The flasks were capped with rubber corks. Release of acetylene (C2H2) and ethylene 

(C2H4) were monitored weekly for 49 days. The incubation was carried out under ambient 
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Table 3.1. Physico-chemical characteristics of the soil used for the study 

Characteristics Units Value 

Sand % 47.68 

Silt % 29.74 

Clay % 22.58 

Texture  Sandy clay loam  

Taxonomic class Typic Haplocambids 

Saturation percentage % 34.0 

pHs - 7.8 

ECe dS m-1 2.3 

CEC cmolc kg-1 4.5 

Organic matter g kg-1 0.6 

CO3
2- mmolc L

-1 0.2 

HCO3
- mmolc L

-1 0.8 

Cl- mmolc L
-1 12.7 

SO4
2- mmolc L

-1 9.1 

Na+ mmolc L
-1 13.4 

K+ mmolc L
-1 0.78 

Ca2+ + Mg2+ mmolc L
-1 8.38 

Total nitrogen g kg-1 0.30 

Available phosphorus (P) mg kg-1  7.50 

Extractable potassium (K) mg kg-1  169 
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laboratory conditions (25 ± 5°C). Native C2H2
 
production was determined in the soil not 

treated with CaC2. The experiment was arranged according to complete randomized design 

(CRD) with three replications. The C2H2 and C2H4 concentrations were determined by gas 

chromatography (Shimadzu-4600) as described by Arshad et al. (2004); fitted with a flame 

ionization detector (FID), and a capillary column (Porapak Q 80-100) operating 

isothermally under the following conditions: sample volume, 1 mL; column temperature, 

70oC; detector temperature, 200oC; carrier gas used, N2 (13 mL min-1); flow rate of H2, 33 

mL min-1; flow rate of air, 330 mL min-1. The C2H2
 
and C2H4

 
concentrations were 

calculated by comparing with reference standards of C2H2
 
(99.5%) which were obtained 

from Matheson (Secancus, NJ, USA). Composition of the tested formulations is given in 

Table 3.2. 

3.1.2. Microbial influence on release of acetylene and ethylene from calcium carbide 
 
After testing F1, F2 and F3 for release of C2H2 and C2H4, the F2 was chosen for 

further studies as it produced optimum concentration of the above-mentioned gases. In 

this study all experimental material except CaC2 was autoclaved at 121°C for 1 h three 

times on alternate days using Hirayama Hiclave (Model HV-85) autoclave. The F2 was 

sterilized by dipping into 70% ethanol prior to incubation. To monitor biological 

influence on production of C2H4 from CaC2, same procedure as mentioned in section 

3.1.1 was followed. Here, 30 mg CaC2 (29%) was used with two sets of experimental 

material. In one set, all the material including soil was completely sterilized by 

autoclaving and sterilized CaC2
 
was added to autoclaved soil under aseptic conditions.  In 

the second set, all materials used were non-sterilized. Other conditions (treatments, 

replications, etc) were kept same as mentioned in section 3.1.1.   
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Table 3.2. Composition of the calcium carbide formulations 

                                         Formulation No. 1 (F1) 

Ingredients                                               Quantity  

Calcium carbide                                              70 g 

Perspex                                               100 g 

Methyl ethyl ketone                                                  100 mL 

Soil                                              40 g 

Starch                                              10 g  

Wheat straw (≤ 2 mm diameter)                                             10 g 

Formulation No. 2 (F2) 

Calcium carbide                                                 100 g 

Perspex                                                100 g  

Methyl ethyl ketone                                                 90 mL 

Soil                                             40 g 

Starch                                             10 g 

Wheat straw (≤ 2 mm diameter)                                             10 g 

Formulation No. 3 (F3) 

Calcium carbide                                                  120 g  

Perspex                                                 110 g 

Methyl ethyl ketone                                 90 mL 

Soil                                                 40 g 

Starch                                                 10 g 

Wheat straw (≤ 2 mm diameter)                                                 10 g 
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3.1.3. Ethylene released by germinating seeds and germination response of wheat  

          and cotton seeds to calcium carbide  

  
In this study germination response of wheat and cotton seeds to CaC2 was studied 

in plastic petri dishes (80 cc) with lids. Before starting the experiment, a hole of 4 mm 

diameter was made in the cover of these petri dishes, which was then plugged with rubber 

stopper, sealed with silicone and was later on used to take samples for C2H4.  Seeds of 

wheat (Inqalab-91) and cotton (NIAB-111) were washed with 70% ethanol to remove any 

fungus/bacteria present on seed coat. Seeds were then washed 5 times with distilled water 

and stored at 4oC. Filter paper (Whatman No. 1) was placed at the bottom of petri dish 

and CaC2 at 0, 15 and 30 mg kg-1 soil was spread over the paper. After this, two filter 

papers were placed over it. For the treatments without CaC2, three filter papers were used. 

Single seed of wheat and cotton was placed on all these filter papers which was then 

covered with two filter papers. The cover was closed and sealed with the help of parafilm 

“M” from Pechiney Plastic Packaging (Chicago IL 60631).   Deionized water (7.0 mL) 

was injected to each petri dish by using a 12 mL disposable syringe. The petri dishes then 

were placed in an incubator at 30oC. After 24 hours, C2H4 was collected by inserting a 

syringe through the upper stopper. The experiment was laid out according to CRD with 

three replications.  

3.2. Wire-house Studies 

3.2.1. Effect of calcium carbide on seedlings of wheat and cotton  
 

Plastic pots (15 cm diameter and 30 cm depth) filled with ground and sieved soil at 

2 kg pot-1. Twelve seeds of wheat (Inqalab-91) and cotton (NIAB-111) were sown in 

these pots. Calcium carbide at 0, 15 and 30 mg kg-1 soil was added at the time of sowing. 

All the nine pots were used in this study [CaC2 rates 3 x replications 3]. The crop stand 
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was thinned out to eight seedlings per pot after one week of germination. The pots were 

regularly irrigated to keep 60% of water holding capacity (WHC) of soil. After 15 days of 

germination, plants were harvested. Data on root/shoot length and biomass were recorded. 

3.2.2. Effect of calcium carbide on wheat and cotton under salt stress  
 

A pot experiment on wheat (Inqalab-91) and cotton (NIAB-111) was conducted in 

10 kg plastic pots (22 cm diameter and 45 cm depth) lined with polyethylene sheet. The 

pots were placed in the net-house. Salinity was induced by applying NaCl at 0, 1250 and 

2000 mg kg-1 soil. Recommended N-P-K fertilizers (120-100-60 kg ha-1) were added in 

the form of urea, single super phosphate (SSP) and sulphate of potash (SOP), 

respectively. All P and K fertilizers were added at sowing, whereas N was applied in two 

splits, i.e. half at sowing and remaining after two weeks of germination. Ten seeds of 

each crop were sown and stand was thinned out to three seedlings pot-1 for wheat, and one 

for cotton, respectively. The F2 at 0, 15 and 30 mg kg-1 soil was placed six cm deep in the 

center of pot after two weeks of germination. Calcium sulfate equivalent to the amount of 

calcium in CaC2 was added in the control. There were nine treatments with three 

replications. Data regarding relative leaf water content (RLWC), greenness (GN), net 

photosynthesis (Pn), stomatal conductance (C) and transpiration rate (E) were recorded 

with the help of MINOLTA meter and Photosynthesis system (Model CI 340, USA), 

respectively at flag leaf stage in wheat and after two months of germination in cotton. The 

crops were grown up to maturity. The grain and root/shoot samples were also collected 

for N, P, K, Na and Cl analysis in the case of wheat. However, root/shoot samples were 

taken for these analyses in cotton. 
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3.2.3. Response of wheat and cotton to soil applied calcium carbide under drought 

stress 

 
Wheat and cotton were sown in 12 kg plastic pots (22 cm diameter and 55 cm 

depth) lined with polyethylene sheet. Fifty four pots were filled with 12 kg ground and 

sieved (≤ 2mm diameter) soil. The pots were placed in the net-house. Ten seeds of both 

crops were sown in the pots, and crop stand was thinned out to three seedlings pot-1 for 

wheat and one for cotton. Encapsulated calcium carbide at 0, 15 and 30 mg kg-1 soil was 

placed six cm deep in the center of pot after two weeks of germination in wheat and 

cotton, respectively. There were three treatments with three replications. Pots were 

irrigated with tap water (EC, 1.28 dS m-1; SAR, 6.29; RSC, 1.29 mmolc L-1) at the 

appearance of temporary signs of wilting (total number of irrigations was reduced to 

half). All other experimental material was same as in section 3.2.2. Data regarding 

RLWC, GN, Pn, E and C were recorded at flag leaf stage in wheat and after two months 

of germination in cotton. All agronomic data were collected at maturity. Leaf samples at 

the same stages as in section 3.2.2 were collected for N, P, K, Na and Cl analysis. 

3.2.4. Effect of calcium carbide on root exudates under salinity stress 
 

   This experiment was carried out in plastic pots (15 cm diameter and 30 cm 

depth) lined with polyethylene sheet.  The pots were filled with five kg ground and sieved 

soil. Salinity was induced by applying NaCl at 0, 1250 and 2000 mg kg-1 soil for both the 

crops. Fertilizers (N, P and K) were added at the rate mentioned in section 3.2.2. Ten 

seeds of both the crops were sown and stand was thinned out to eight seedlings pot-1for 

both the crops. ECC at 0, 15 and 30 mg kg-1 soil was placed six cm deep in the center of 

pot at the time of sowing. There were nine treatments with three replications. Fifteen days 
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after sowing, the plants were harvested by gentle tipping the pots. The roots were 

separated along with adhering soil. After weighing, roots were washed and air-dried 

weight was recorded. Quantity of root adhering soil was calculated as: 

soil adhering without roots of Weight - soil adhering with roots of Weight  RAS  

Where RAS is the root adhering soils. 

Organic carbon (OC) content in root adhering soil was also determined.  

3.2.5. Enzymatic changes in germinating seeds of wheat and cotton in response to           

soil applied calcium carbide under salinity stress 

  
This experiment was carried out in plastic pots (15 cm diameter and 22.5 cm 

depth) lined with polyethylene sheet.  The pots were filled with five kg soil as described 

earlier. Salinity was induced by applying NaCl at 0, 1250, and 2000 mg kg-1 soil for both 

the crops. Fertilizers (N, P and K) were added at the rate mentioned in section 3.2.2. Ten 

seeds of both the crops were sown and stand was thinned out to eight seedlings for both 

the crops. The ECC at 0, 15, and 30 mg kg-1 soil was placed six cm deep in the center of 

pot at the time of sowing. There were nine treatments with three replications. Ten days 

after sowing, the seedlings were harvested. The plants were separated, immersed in liquid 

N and stored at -80oC. Samples were prepared and analyzed for invertase, peroxidase, 

phosphatase, catalase, dehydrogenase and protease.  

3.3. Field Studies  

3.3.1. Response of wheat and cotton to calcium carbide under saline stress 

This experiment was conducted in the field with the same treatments as explained 

in 3.2.2. The treatments were arranged according to randomized complete block design 

(RCBD) with three replications. The net plot size was 2m x 2m. The plots were lined with 

polyethylene sheet up to 0.6 m on all sides to avoid mixing of the treatments. The 
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calculated amount of NaCl was dissolved in canal water and was applied to the soil. On 

drying, soil was ploughed and re-irrigated with only canal water and finally seed bed was 

prepared. The seeds were sown at the shoulders of these beds. Canal water was applied 

(EC, 0.5 dS m-1, SAR, 2.5 and RSC, 0.95 mmolc L-1) according to the crop demand 

throughout the growth period. Growth and yield parameters recorded were also same as in 

section 3.2.2.  

3.4. Analytical Methods 

A) Soil analysis 

 Analytical methods described by U.S. Salinity Lab. Staff (1954) were followed, 

unless otherwise mentioned. 

3.4.1. Particle size analysis 

 To 40g of soil, 40 ml of 1% sodiumhexametaphosphate solution was added and 

kept over night. Soil was transferred to dispurtion cup and dispersed with the help of 

mechanical stirrer. Reading was recorded with the help of Bouyoucos hydrometer 

(Moodie et al., 1959). Soil texture was determined by using textural triangle of 

International Society of Soil Science. 

3.4.2. Saturation percentage 

Saturated soil paste was prepared according to method (Method 10-2.3) and 

saturation percentage was determined by drying the saturated soil paste in an oven at 105 

oC to a constant weight.  

3.4.3. pH of saturated soil paste 

 The pHs was determined by pH meter (Model HANNA 210) with electrode using 

buffer of 4.0 and 9.2 pH as standards (Method 21a). 
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3.4.4. Electrical conductivity of saturated soil extracts  

 After calibrating the instrument with 0.01 N KCl, the ECe was measured with 

conductivity meter (Model HANNA HI 8733) (Method 10-3.3). 

3.4.5. Cation exchange capacity  

 Five grams soil was taken in centrifuge tube and washed three times with sodium 

acetate (1N), ethanol and ammonium acetate (1N), respectively. While giving washing 

with ammonium acetate, supernatant liquid was preserved in 100 mL flask and its   

volume was made up to the mark. Sodium concentration of this liquid was determined by 

using Jenway PFP-7Flame photometer (Method 19). 

3.4.6. 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 sulphuric acid. Add 150 mL of distilled water and 10 ml of 85% phosphoric 

acid, 0.2 g of sodium fluoride and 30 drops of diphenylamine indicator (0.5 g 

diphenylamine + dissolve it 20 ml distilled water + 100 ml of conc. sulphric acid). The 

solution is back titrated with 0.5 N ferrous sulphate solution to a brilliant green end point. 

A blank was also run (Jackson, 1962). 

3.4.7. Carbonates 

 By titration with 0.01N H2SO4 using phenolphthalein as an indicator to a 

colourless end point (Method 82) 

3.4.8. Bicarbonates 

 After carbonate titration, the same sample was titrated with 0.01N H2SO4 using 

methyl orange as an indicator to a pinkish yellow end point (Method 82)  
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3.4.9. Chlorides 

The sample after bicarbonate determination was titrated against 0.005 N silver 

nitrate solution using potassium chromate as an indicator to a brick red end point 

(Method 13) 

3.4.10. Sulphate 

 It was determined by difference. 

 Cl  HCO  CO - TSS  )L (mmolSO 33
-1

4   

Where TSS is the total soluble salts. All ions were expressed in mmolc L
-1. 

3.4.11. Calcium plus magnesium 

Soluble Ca2+ + Mg2+ were determined by titration of saturated soil extract against 

0.01 N ethylene diamine tetra acetic acid (EDTA) solution using eriochrome black-T as 

an indicator in the presence of buffer to a blue green end point (Method 7). 

3.4.12. Sodium and potassium 

These were determined by Jenway PFP-7 Flame photometer. The instrument was 

first standardized with a series of standard solutions of Na+ and K+. After this, Na+ and K+ 

were determined in saturation extract (Method 13-4). 

3.4.13. Total nitrogen 

Nitrogen was determined by Gunning and Hibbard’s method of sulphuric acid 

digestion and distillation of ammonium into 2% boric acid by macro Kjeldahl’s apparatus 

(Jackson, 1962). 

3.4.14. Available phosphorus 

Soil (5 g) was extracted with 0.5 M NaHCO3 solution (pH 8.5). A 5 mL aliquot of 

clear filtrate was taken in 25 mL volumetric flasks and then 5 mL of colour developing 
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reagent (ascorbic acid, ammonium molybdate, antimony potassium tartarate and sulphuric 

acid) was added. Volume was made up to the mark with distilled water and reading was 

recorded by ANA-720 Spectrophotometer at 470 nm (Jackson, 1962). 

3.4.15. Available potassium 

   Soil (5g) was saturated with 1M ammonium acetate solution (pH 7.0). 

Extraction was made with same solution and extractable or available K was determined 

by Flame photometer [(Jenway Model PFP-7) Method 8].  

B) Plant analysis 

3.5.1. Determination of root/shoot nitrogen concentration 

It was determined by method described by Bremner and Mulvaney (1982). 

Ground (Wiley mill) and powder form of samples were digested in a Tecator digestion 

block with 5 mL of conc. H2SO4 and 1g of a digestion mixture [(K2SO4, CuSO4 and Se 

powder (10:1:0.5)]. The digested material was distilled in a micro- Kjeldahl distillation 

unit using sodium hydro oxide (20 mL, 40%) to liberate NH3. The distillates containing 

NH3 were collected in 5 mL of boric acid-mixed indicator to obtain a final volume of 50 

mL. The distillates were titrated against standard 0.02 N H2SO4 up to pinkish end point.  

3.5.2. Determination of root/shoot phosphorus concentration 

Ground plant material (0.25 g) was digested in 10 mL of tri-acid mixture (HNO3: 

HClO4: H2SO4 in 5:2:1) on hot plate till colorless. Five mL aliquot of each sample was 

taken in 50 mL volumetric flasks and added 5 mL of color developing reagent 

(Ammonium vanado-molybdate solution) and made the volume up to the mark with 

distilled water. It was allowed to stand for 30 minutes and the reading was recorded on 
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ANA-720 Spectrophotometer at 420 nm. From standard curve, P concentration was noted 

for further calculations (Chapman and Pratt, 1996). 

3.5.3. Determination of root/shoot sodium and potasium concentration 

These were determined from the aliquot explained above with the help of Flame 

photometer (Jenway Model PFP-7). The instrument was first standardized with a series of 

standard solutions of Na+ and K+, respectively. After this, Na+ and K+ were determined in 

aliquot (Method 13-4). 

3.5.4. Determination of root/shoot chloride concentration  

The Cl- was determined by titrating the aliquot taken from P determination against 

0.01 N AgNO3 solutions to a brick red end point by using potassium chromate indicator 

(Method 13). 

3.5.5. Determination of dehydrogenase activity 

   The fresh seedlings of wheat and cotton were washed with de-ionized water. The 

seedlings were then ground with mortar and pestle. The dehydrogenase activity of this 

ground material was measured with triphenyltetrazolium chloride (TTC) method 

described by Ohlinger (1996). The TTC was transformed to triphenylformazan (TPF), 

which was detected by ANA-720 Spectrophotometer at 546 nm. 

3.5.6. Determination of protease activity 

               Protease activity was determined from the above mentioned plant material by 

using casein as substrate (Kandeler, 1996). The material was metabolized to amino acids 

from a blue complex by the addition of Folin Ciocarteu’s phenol, whose concentration 

was spectrophotometrically measured at 700 nm and expressed as tyrosine equivalents 

(tyr). 
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3.5.7. Determination of phosphatase activity 

              Acid and alkaline phosphatases were extracted from the plant tissues by grinding 

them in a mortar and pestle at 0-4 oC in the presence of 50 mM sodium acetate (pH 5.0) 

used for acid phosphatase and 50 mM glycine NaOH buffer (pH 10.5) used for alkaline 

phosphatase. The extract was then centrifuged at 12,000 rpm for 15 minutes and the 

supernatant was collected in bottles. The activities of phosphatase were calculated by 

determining the amount of p-nitrophenol produced. Where one unit (U) of phosphatase 

was equal to the amount of enzyme which was liberating 1 µmol of produce per minutes 

under standard conditions (Sawhney and Singh, 2000). 

3.5.8. Determination of invertase activity 

The plant material was soaked in liquid nitrogen to create homogenacity (1:10 

w/v) in a buffer of 0.1 M potassium acetate (pH 4.0) which was containing 0.1 M of 

sucrose. The extracts were centrifuged at 15,000 rpm for 15 minutes at 2oC and the 

supernatants were analyzed for invertase activity (Arnold, 1965). Enzyme activity was 

expressed as mg reducing sugars produced g-1 fresh weight. 

3.5.9. Determination of activity of catalase  

               The activity of Catalase was determined according to Beers and Siezer (1952) 

by monitoring the disappearance of H2O2. One unit of the activity of enzyme was defined 

as the amount necessary to decompose 1 mM of substrate min-1 at 25°C.                

3.5.10. Determination of peroxidase activity 

Plant material was immersed in liquid nitrogen and homogenized (1:10 w/v) in 0.1 

M phosphate buffer (pH 7.0). The extracts were centrifuged at 15,000 rpm for 15 min at 2 

oC and the supernatants were analyzed for the activity of peroxidase (Putter, 1974).  
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3.5.11. Determination of organic carbon 

 Appropriate quantities of test sample containing about 5 mg OC were subjected to 

wet oxidation followed by colorimetric determination of carbon (Rhiem and Ulrich, 

1954). The sample was treated with 5 mL of 2 N K2Cr2O7 and 8 mL of conc. H2SO4 for 

90 minutes at 110oC with intermittent shaking. Replicate samples of a standard glucose 

solution [5 mL C mL-1, prepared by dissolving 1.375 g of glucose (C6H12O7. H2O)] and a 

blank was treatd similarly. After the treatment the samples were allowed to cool and 

made to 50 mL volume with distilled water. Optical density of the clear sample was taken 

on spectrophotometer at 590 nm. 

3.6. Meteorological data 

 The meteorological data for the growth period of both the crops were collected 

from the Agro-Meteorological Cell, Department of Crop Physiology, University of 

Agriculture, Faisalabad (Fig. 3.1 to 3.3). 

3.7. Statistical analysis 

 The data obtained were subjected to analysis of variance (ANOVA) with 

MSTAT-C computer software. The treatment means were differentiated by Duncan 

Multiple Range Test (Duncan, 1955) at P ≤0.05. Standard deviation (SD) and correlations 

coefficients (r) were calculated by using Microsoft Excel version 2003. 
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Fig. 3.1. Meteorological data: a) 2005; b) 2006; RH: relative humidity; Max: Maximum 
temperature; Min: Minimum temperature (°C) 
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Fig. 3.2 Average meteorological data during wheat crop growing season (November-
May) of the years 2005 and 2006. Max T: Maximum temperature (°C); Min T: 
Minimum temperature (°C); RH: Relative humidity (%); Rain: Rainfall (mm).  
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Fig. 3.3. Average meteorological data during cotton crop growing season (May- 

November) of the years 2005 and 2006. Max T: Maximum temperature (°C); 
MinT: Minimum temperature (°C); RH: Relative humidity (%); Rain: Rainfall 
(mm).  
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CHAPTER 4 

                     RESULTS AND DISCUSSION 
  

The studies were conducted at Nuclear Institute for Agriculture and Biology 

(NIAB) Faisalabad, Pakistan. Results of the designed experiments under laboratory, wire-

house and field conditions are given in the ensuing lines: 

4.1. Laboratory Studies 
 
4.1.1. Preparation of calcium carbide formulations and time course studies on the 

release of acetylene and ethylene 

 
    Data regarding acetylene (C2H2) released with the influence of calcium carbide 

(CaC2) in formulations (F1, F2 and F3) are presented in Fig. 4.1a. All the formulations 

differed significantly (P ≤ 0.05) in C2H2 production. The maximum C2H2 (719.38 µmol 

kg-1 soil) was oberved in F3 at 30 mg kg-1 soil, while the lowest (153.93 µmol kg-1 soil) 

was recorded in F1 on 15th day. After 15 days a decline in C2H2 production was recorded 

in F1, while this decrease in F2 and F3 formulations was observed after 20th day of 

incubation. The C2H2 production virtually ceased after 42 days in all incubated 

formulations. No C2H2 was recorded in control, indicating that in soil there was no 

indigenous C2H2 production.  

      In the second study where four levels of F2 were applied, C2H2 increased upto 20th 

day, thereafter a sharp decline in C2H2 production was recorded (Fig. 4.1b). The C2H2 

differed significantly (P ≤ 0.05) at all rates of CaC2. The maximum C2H2 (716.22 µmol 

kg-1 soil) was observed in T4 (45 mg CaC2 kg-1 soil), while minimum (16.87 µmol kg-1- 

soil ) was recorded in T2. There was a significant (P ≤ 0.05) increase in C2H4 production  
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a)  
 

 

b) 

 

c) 

               
 
Fig. 4.1. Production of acetylene and ethylene from soil treated with encapsulated 

calcium carbide formulation during 49 days incubation. a) C2H2 as affected by 
F1, F2 and F3  b) C2H2 as affected by four levels of F2 c) C2H4 as affected by 
four levels of F2. Vertical bars are standard error means. 
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in all the treatments (Fig. 4.1c) . Initially, no C2H4 was detected in the control as well as 

in the CaC2 amended incubations. But from 7th day onwards C2H4 was recorded, which 

increased with time (Fig. 4.1c). This could be due to the fact that the conversion of C2H2 

to C2H4 takes place only in the presence of microbes and the acclimation period for the 

microbes in question may be the time up to which no C2H4 was detected.  Increase in 

C2H4 was the same as in the case of C2H2. In un-amended control, the release of C2H4 

was observed 28 days after incubation. It was considered as a reference for native C2H4 

production in the soil, although its concentration was too low. The maximum C2H4 (20.33 

µmol kg-1 soil) was observed in T4 (CaC2 at 45 mg kg-1 soil), while minimum (5.39 µmol 

kg-1 soil) was recorded in T2 (CaC2 at 15 mg kg-1 soil). In contrast to C2H2, C2H4 

increased with time. Calcium carbide is a rich source of C2H2 (Aulakh et al., 2001), but 

due to its highly reactive nature, it is difficult to exploit its potential in agriculture. When 

added to soil, it reacts with soil moisture and releases C2H2 gas, which is then converted 

to C2H4 (a potent plant hormone) (Muromtsev et al., 1995). Thus, to exploit CaC2 

potential it was encapsulated in a matrix comprising of fillers like wheat straw and starch, 

which could help its microbial degradation. The GC- FID analysis showed that F1, F2 and 

F3 were degraded in 20 days by microbes. Thus, it could be concluded that CaC2 is a 

source of C2H2, which ultimately is converted to C2H4 (Muromtsev et al., 1991; Bibik et 

al., 1995; Aulakh et al., 2001; Ahmad et al., 2004 a and b).  

For further experimentation, formulation number two (F2) was used because at 

higher concentrations adverse effects were observed on plant growth and development. A 

quick release of C2H2 after 20th day reveals the role of soil microorganisms in the decay 

of formulation because of the presence of starch and wheat straw. Similar results were 
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reported by Chaiwankupt et al. (1996) Keerthisinghe et al. (1996) and Ahmad et al. 

2008). All these workers reported that release of C2H2 and C2H4 from encapsulated CaC2.   

4.1.2. Microbial influence on release of acetylene and ethylene from encapsulated  

calcium carbide formulation 

 
Significant (P≤ 0.05) difference in C2H2 production, with CaC2 amended soil was 

observed for sterile and non-sterile soil conditions (Fig. 4.2a & b). There was a sharp 

decline in C2H2 production in non-sterilized as compared to sterilized conditions. In non-

sterilized conditions, the decline started after 28 days of incubation whereas in sterilized 

conditions after 56 days. Control showed no gas, which implies that CaC2 is mandatory 

for the production of C2H2. Under non-sterilized conditions (Fig. 4.3 a), C2H2 production 

followed a different pattern than under sterilized condition. With the passage of time, the 

production of C2H2 steadily increased and reached to maximum level and after 28 days a 

sharp decline occurred reaching to zero on 60th day (Fig. 4.2 a) . Detection of C2H2 in 

sterilized or non sterilized conditions is evident of the fact that microbes are not 

responsible for production of C2H2 in soil because it is a chemical reaction and is 

independent of sterilized or non-sterilized conditions. However, the degradation of 

formulation was quick under non-sterilized conditions due to the presence of soil 

microbes, suggesting the role of microbes in accelerating the reaction.   

The C2H4 was not detected under sterilized conditions for CaC2 amended as well 

as in control (Fig. 4.3a & b). This indicates that microbial presence is necessary for the 

conversion of C2H2 into C2H4. As microbes do not sustain sterilized environment, 

therefore the reduction of C2H2 to C2H4 was not observed. Microorganisms in non- 

sterilized CaC2 amended soil are mainly responsible for conversion of C2H2 to C2H4 and 
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a) Non-sterilized soil 

               

b) Sterilized soil 

                               

Fig. 4.2. Production of acetylene from encapsulated calcium carbide treated soil. Vertical 
bars are standard error means. 
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  b) Sterilized soil 

  

 

Fig. 4.3. Production of ethylene from encapsulated calcium carbide treated soil. Vertical 
bars are standard error means. 
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also for C2H4 detection in the control.   

The CaC2 dependent release of C2H2 in sterilized and non-sterilized soils and its 

subsequent conversion to C2H4 was mainly due to its biochemical reduction in non-

sterilized soil, which was monitored over a period of 60-70 days. The gas 

chromatography (GC-FID) analysis indicated that there was a gradual release of C2H2 

over a period of time in CaC2 amended non-sterilized soil (Bibik et al., 1995). This 

indicates that microbes caused a decay of the formulation within 20 days; thereafter there 

was a sharp decrease in C2H2 concentration (Fig. 4.2). The formation of C2H4 was also 

recorded in the non-sterilized soil, which was the native one. The CaC2 dependent C2H4 

production started after a period of 7 days and gradually increased with time in non-

sterilized soil and reached its maximum concentration (8.92 µmol kg-1 soil) on 70th day of 

incubation. Muromtsev et al. (1991) and Kashif et al. (2008) have also reported similar 

results. Soil native C2H4 was also detected from 7th day onward which was also increased 

with time up to 70 days. In the case of sterilized soil, same trend for C2H2 synthesis was 

observed; however, no C2H4 was detected in this soil even on 70th day. Comparison of 

C2H2 production for both soil conditions revealed that C2H2 release was rapid in non-

sterilized soil up to 20 days of incubation, thereafter a sharp decline was noted in its 

production. On the other hand, sterilized soil behaved differently to the designed 

formulation. Under sterilized conditions, C2H2 conversion to C2H4 was not observed, but 

when conditions were non-sterilized, C2H2 was converted to C2H4 after a lag period of 7 

days. This suggests that the role of soil microbes in C2H4 production is very crucial 

(Aulakh et al., 1992). Results are in accordance with earlier reports (Chen et al., 1993; 

Keerthisinghe., 1996).  
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4.1.3. Ethylene released by germinating seeds and germination response of wheat 

and cotton seeds to calcium carbide  

 

The C2H4 production from germinating seeds of cotton under closed environment is 

shown in Fig. 4.4a & b. There was a significant (P≤ 0.05) difference in the amount of 

C2H4 production with CaC2 rates and as well significant variations were noted in C2H4 

production with treatments over time. Treatment T1 (control) showed highest C2H4 at 24 

hours (5.9 nmol g-1 dry seed weight) as compared to carbide treatments of 15 mg (T2) and 

30 mg (T3). At 48 hours, amount of C2H4 was significantly higher in T1 (6 nmol g-1 dry 

seed weight) and T2 (11.4 nmol g-1 dry seed weight) as compared to T3 (CaC2 at 30 mg 

kg-1 soil). After 48 hours, C2H4 production decreased in control and increased in T2 and 

T3. However, T2 and T3 were statistically at par at 72 hours. The amount of C2H4 was 

significantly (P≤ 0.05) higher in T3 (12 and 18 nmol g-1 dry seed weight) followed by T2 

(8 and 14 nmol g-1 dry seed weight), respectively at 96 and 120 hours incubation (Fig. 4.4 

a) for cotton seed. Almost same pattern for C2H4 production was observed in all the three 

treatments for wheat seed (Fig. 4.4 b). The production of C2H4 from the seeds at 24 hours 

of incubation was 71 and 83% lower than control in the treatments where CaC2 at15 and 

30 mg kg-1 soil was applied. However, at 96 hours the same treatments produced 757% 

and 1091% more C2H4 over control.  

Highest rates of CaC2 (30 mg kg-1 soil) significantly increased the germination of 

cotton seeds as compared to lower rates (15 mg kg-1 soil) and control (Fig.  4.5). There 

was no difference in time for germination of seed in T2 (CaC2 at 15 mg kg-1 soil) as 

compared to control treatment (seed germinated at 48 hours) in cotton seed. Over all, at  
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a) Cotton 

    

b) Wheat 

    

Fig. 4.4. Effect of calcium carbide on ethylene production from germinating seeds. 
Vertical bars are standar error means 
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      48 hours after sowing               48 hours after sowing             48 hours after sowing                            
                             
                             
 

 
      96 hours after sowing           96 hours after sowing                    96 hours after sowing 
                 Control                       15 mg CaC2 kg-1 soil                      30 mg CaC2 kg-1 soil 
 
Fig. 4.5. Effect of calcium carbide on germination of cotton seeds under laboratory conditions.          
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72 hours after sowing 72 hours after sowing 72 hours after sowing 

120 hours after sowing 120 hours after sowing 120 hours after sowing 

Control 15 mg CaC2 kg-1 soil 30 mg CaC2 kg-1 soil 

 

Fig. 4.6. Effect of calcium carbide on germination of wheat seeds under laboratory 
conditions.  
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lower concentrations of CaC2 the germination remained poor. However, application of 30 

mg of CaC2 kg-1 soil enhanced seeds germination at 48 hours. More germination of seeds 

was recorded in T2 and T3 at 96 hours. In wheat after 72 hours, the effect of CaC2 

increased in ascending order (Fig. 4.6).  

Germination and seedling growth is a complex processes in which endogenous 

plant growth regulators are known to play important role (Bewley, 1997). One of these 

growth regulators is C2H4, which is produced by most plant tissues including germinating 

seeds and can have profound effects on the physiology of plants (Abeles et al., 1992). 

Exogenous C2H4, or its immediate precursor (1-aminocyclopropane-1-carboxylic acid) as 

reported by Adams and Yang (1979) stimulated the germination of seed in many species. 

Application of CaC2 up to 30 mg kg-1 soil has stimulated germination in wheat and cotton. 

The time for C2H4 synthesis during seed germination is essential to clarify its role 

for seed germination. The C2H4 production from seeds begins immediately after the onset 

of imbibitions and increases with time. However, the pattern of C2H4 production from 

seeds during germination differs among species. Takayanagi and Harrington (1971) 

reported the peak of C2H4 evolution during germination of rapeseed coinciding with the 

emergence and elongation of the radicle, cotyledon expansion and splitting of the seed 

coat. In oat seeds, C2H4 production initiated prior to radicle protrusion and gradually 

increased (Meheriuk and Spenser, 1964). Fu and Yang (1983) and Saini et al. (1986) 

reported that in lettuce major surge in C2H4 evolution was observed at the time of visible 

radicle protrusion. However, Small et al. (1993) reported major increases in C2H4 

evolution after lettuce radicle protrusion. Nascimento et al. (2000) reported that C2H4 
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production in some lettuce genotypes was first detectable between 6 and 9 hours after 

imbibition at 20°C and between 9 and 12 hours after imbibition at 35°C before radicle 

protrusion. Perhaps, C2H4 produced prior to radicle protrusion may be trapped beneath the 

integuments of the seed, reducing its detectability during radicle protrusion; subsequent 

rupture of the endosperm allows C2H4 to be released. The embryo is the major site of 

C2H4 production (Ketring and Morgan, 1969). The C2H4 concentrations which effectively 

stimulate seed germination of dormant seeds range between 0.1–200 µL L-1 depending on 

the species (Corbineau and Come, 1995). For lettuce, 10 µL L-1 of C2H4 has been 

reported to be optimal for promoting seed germination (Burdett and Vidaver, 1971).  

Data reported herein indicate a positive correlation (r = 0.8; n = 9) between CaC2 

and seed germination. The pattern for release of C2H4 with CaC2 is different as compared 

to control. Callus like structures were observed on the roots of cotton, which might have 

stimulated early secondary root growth that might be contributing to early flowering and 

fruiting observed in later pot and field experiments on wheat and cotton Kashif et al. 

(2008) reported similar structures in okra under CaC2 treatment. 

4.2. Wire-house Studies 

4.2.1. Effect of calcium carbide on seedlings growth of wheat and cotton  

  Data regarding the effect of CaC2 on root and shoot fresh and dry biomass, length 

of root and shoot of wheat after two weeks of germination are presented in Fig. 4.7 and 

4.8. The CaC2 rates affected positively the root and shoot fresh and dry biomass, and root 

and shoot length in wheat. Maximum shoot fresh weight (SFW) in wheat was in T3 (19.8 

g) followed by T2 and T1 (control), resulting 49 and 15% increase over T1 (control), 

respectively; whereas, the RFW showed 49 (T2) and 89% (T3) increase over control. 
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Application of CaC2 also enhanced shoot and root dry weight (SDW and RDW) over 

control (Fig. 4.7). The CaC2 at 15 mg and 30 mg kg-1 soil increased SDW by 3 and 6% 

and enhanced RDW up to 8 and 12% over control. Wheat shoot length decreased with 

salinity (Fig. 4.8); however, CaC2 enhanced root length up to 20 and 30% over control at 

15 and 30 mg kg-1 soil. 

 In cotton, maximum SFW (18.9 g) was recorded in the treatment where CaC2 at 

15 mg kg-1 soil was applied and minimum (16.0 g) in the control (Fig. 4.9). Over all, an 

increase of 18 and 14% in SFW over control was recorded due to the application of CaC2 

at 15 and 30 mg kg-1 soil, respectively. The same treatments increased RFW by 33 and 

28% over control, respectively (Fig. 4.9). Root and shoot dry weight of cotton was 

increased by 30 and 28% by the application of CaC2 at 15 and 30 mg kg-1 soil, 

respectively. It is evident that shoot length decreased with CaC2; whereas, root length was 

increased by 13 and 11% at 15 and 30 mg kg-1 soil (Fig. 4.10). Application of ECC 

increased SFW up to 49% and RFW up to 89%. Cooke et al. (1983) reported that coated 

CaC2 increased biomass root/shoot ratio in winter wheat. Increase in biomass production 

could be attributed to more root proliferation and subsequently more acquisition of 

nutrients which ultimately lead to increase in root/shoot biomass (Ahmad et al., 2004).  

 The ECC effects are most likely through the hormonal action of C2H4, which 

evoked the physiological response. Substrate dependent biosynthesis of C2H4 effected the 

growth of seedlings and caused a classical “triple” response in etiolated pea seedlings 

(Abeles et al., 1992; Arshad and Frankenberger, 2002; Akhtar et al., 2005). Results 

reported herein demonstrate an improvement in growth and biomass yield in wheat and 

cotton seedlings through bi-facet mechanism of CaC2, i.e. as a source of the plant  
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Fig. 4.7. Effect of calcium carbide on root/shoot fresh and dry biomass of wheat.  
              Vertical bars are standard error means. 
  
 

      
      

Fig. 4.8. Effect of soil applied calcium carbide on root/ shoot length of wheat.  
              Vertical bars are standard error means. 
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Fig. 4.9. Effect of calcium carbide on root/ shoot fresh and dry-biomass of cotton. 

Vertical bars are standard error means 
 
 

 

   

 
Fig. 4.10. Effect of calcium carbide on root/ shoot length of cotton. Vertical bars are 

standard error means. 
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hormone C2H4 as well as for nitrification inhibitor (Khalid et al., 2006). Although both 

the phenomena are involved in seedlings growth promotion, but the increased N 

availability as a result of C2H4 released from CaC2 seems to have greater effects (Sharma 

and Yadav, 1996). Thus any formulation of CaC2, which leads to slow and gradual release 

of C2H2 and C2H4 gases in soil could be useful for improving the yields of crops.  

4.2.2. Effect of calcium carbide on wheat and cotton under salt stress 

A) Wheat 

When averaged across NaCl levels, the maximum wheat plant height (55.3 cm) 

was observed in control, while minimum (51.4 cm) was in the treatment where CaC2 at 

30 mg kg-1 soil was added (Table 4.1). Irrespective of levels of salinity, CaC2 reduced 

plant height. The decrease in plant height was up to 23% with salinity over control. 

Salinity x CaC2 interaction significantly (P ≤ 0.05) effected plant height. Number of 

fertile tillers was increased with CaC2 (Table 4.2), whereas salinity decreased it 

significantly over control (P ≤ 0.05). Maximum number of tillers (9.33) was recorded in 

the treatment where CaC2 at 30 mg kg-1 soil was applied along with zero salinity and 

minimum (2.67) was observed in the treatment where there was no CaC2 and NaCl was at 

1250 mg kg-1 soil. With increase in salinity number of tillers was decreased significantly 

(up to 50%) and with increase in CaC2 it was increased significantly (P≤ 0.05) over 

control (up to 19%). Shoot dry biomass was increased (Table 4.3) with CaC2, while 

salinity had a retarding effect on it. Maximum shoot and root dry biomass were recorded 

in the treatment where CaC2 at 30 mg kg-1 soil was applied in the absence of salinity, 

whereas minimum was recorded where NaCl at 2000 mg kg-1 soil was applied in the 

absence of CaC2. Maximum shoot dry biomass (17.80 g) was observed in the treatment 
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where CaC2 at 30 mg kg-1 soil was applied, whereas minimum (5.55 g) was in the 

treatment receiving NaCl at 2000 mg kg-1 soil. Root dry biomass was increased with 

CaC2 up to 50%, but decreased with salinity up to 57% as compared to control (Table 

4.4). There was a significant (P≤ 0.05) effect of CaC2 on root dry biomass. However, 

salinity x CaC2 interaction affected root dry biomass non-significantly. Non-significant 

changes in greenness were recorded by the application of calcium carbide, but salinity 

decreased it significantly (P≤ 0.05). Maximum greenness (52.43) was recorded in the 

treatment with 30 mg of CaC2 kg-1 soil at zero level of salinity while minimum (48.63) 

with 2000 mg of NaCl kg-1 soil in the absence of CaC2 (Table 4.5). Salinity and/or CaC2 

alone or in combination did not show any effect on chlorophyll florescence of wheat 

(Table 4.6). Maximum Pn (net photosynthesis) (5.59 µmol m-2 s-1) was recorded in the 

treatment receiving NaCl at 1250 mg along with 30 mg CaC2 kg-1 soil and minimum (2.33 

µmol m-2 s-1) was observed where NaCl at 2000 mg along with CaC2 at 30 mg kg-1 soil 

were applied (Table 4.7). Decrease in Pn due to salinity and salinity x CaC2 interaction 

was significant (P≤ 0.05); whereas, decrease in Pn due to CaC2 was non-significant.  

Transpiration rate (E) was decreased with increasing levels of the treatments 

(Table 4.8). At higher salinity level (NaCl at 2000 mg kg-1 soil), CaC2 also retarded 

transpiration in wheat significantly (P≤ 0.05). When averaged across CaC2 levels, 

maximum transpiration rate (1.28 mmol m-2s-1) was recorded in the control and minimum 

(0.66 mmol m-2 s-1) with NaCl at 2000 mg kg-1 soil. Maximum stomatal conductance (C) 

was observed (57.02 mmol m-2 s-1) in the control which was followed by (54.96 mmol m-2 

s-1) the treatment where CaC2 at 15 mg kg-1 soil was applied in the absence of salinity 

(Table 4.9). With an increase in salinity conductance was decreased and minimum (12.38  
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Table 4.1. Effect of calcium carbide on plant height of wheat (cm) under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 61.6a 57.1b 47.1c 55.3a 

15 56.7b 55.3bc 42.8e 51.6b 

30 57.0b 52.0c 45.2d 51.4b 

Means 58.4A 54.8B 45.1C  
Means sharing same letters are statistically non-significant at P>0.05.  

 

 

 

Table 4.2. Effect of calcium carbide on number of fertile tillers of wheat under salinity 

stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 8.50 6.50 2.67 5.89b 

15 9.33 7.67 4.00 7.00a 

30 9.33 7.67 4.00 7.00a 

Means 9.06a 7.28b 3.56c  

 

Means sharing same letters are statistically non-significant at P> 0.05.  
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Table 4.3. Effect of calcium carbide on shoot dry biomass of wheat under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 15.87 11.51 3.89 15.87b 

15 17.41 11.88 6.26 17.41a 

30 17.80 12.39 6.49 17.80a 

Means 17.03a 11.93b 5.55c  

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

 

Table 4.4. Effect of calcium carbide on root dry biomass of wheat under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 3.27 1.68 1.01 3.27b 

15 4.33 2.72 1.66 4.33a 

30 4.29 2.62 1.80 4.29a 

Means 3.96a 2.34b 1.49c  

 

Means sharing same letters are statistically non-significant at P> 0.05 
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Table 4.5. Effect of calcium carbide on greenness of wheat under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 51.10 49.50 48.63 49.74 

15 51.53 49.77 49.13 50.14 

30 52.43 49.50 50.53 50.82 

Means 51.69a 49.59a 49.43b  

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

Table 4.6. Effect of calcium carbide on chlorophyll florescence of wheat under  

                 salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 0.82 0.81 0.81 0.82 

15 0.83 0.83 0.83 0.83 

30 0.82 0.83 0.82 0.82 

Means 0.82 0.82 0.82  

 

Means sharing same letters are statistically non-significant at P> 0.05 
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Table 4.7. Effect of calcium carbide on net photosynthesis of wheat (µmolm-2s-1) 

                 under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 3.30de 3.79cd 3.92bcd 3.67 

15 4.45bc 4.60bc 2.78ef 3.94 

30 4.69b 5.59a 2.33f 4.20 

Means 4.15b 4.66a 3.01c  

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

Table 4.8. Effect of calcium carbide on transpiration rate of wheat (mmolm-2s-1)  

                 under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 1.53a 0.79c 0.81c 1.04a 

15 1.16b 0.63d 0.59e 0.79b 

30 1.14b 0.72cd 0.58e 0.82b 

Means 1.28a 0.71b 0.66c  

 

Means sharing same letters are statistically non-significant at P> 0.05 
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mmol m-2 s-1) conductance was recorded in the treatment receiving NaCl at 2000 mg 

along with CaC2 at 30 mg kg-1 soil. Decrease in C by salinity was 55% (NaCl at 1250 mg 

kg-1 soil) and 69% (NaCl at 2000 mg kg-1 soil) and CaC2 decreased C by 19% (CaC2 at 15 

mg kg-1 soil) and 20% (CaC2 at 30 mg kg-1 soil). The effect of salinity, CaC2 and salinity 

x CaC2 interaction was significant (P ≤ 0.05) on E and C. Salinity decreased RWC 

significantly (P≤ 0.05) while CaC2 showed a non-significant increase in RWC (Table 

4.10). Maximum RWC (84.55%) was recorded in the treatment having 30 mg CaC2 kg-1 

soil in the absence of salinity and minimum RWC (74.57%) was observed in the 

treatment where no CaC2 was applied along with NaCl at 2000 mg kg-1 soil. Interaction 

between the two treatments was non-significant.  

The 100 grain weight was increased with CaC2 non-significantly. Maximum 100 

grain weight (Table 4.11) was recorded in the treatment receiving 30 mg CaC2 along with 

zero salinity and this increase was 7% greater than control and statistically non-significant 

(P> 0.05). Weight of spike was increased by CaC2 up to 16 and 17% over control; 

however, salinity decreased it up to 67%. These results are statistically significant (P≤ 

0.05) whereas; interaction between the two treatments is non-significant (P> 0.05).  

Maximum spike weight was in the treatment (Table 4.12) where no salinity but highest 

level of CaC2 was applied followed by 15 mg CaC2 kg-1 soil and control, respectively. 

Minimum spike weight was observed in the treatment where highest level of salinity was 

applied in the absence of CaC2. The increase in spike weight due to different levels of 

CaC2 was non-significant (P> 0.05).  

Increasing salinity drastically reduced the grains weight spike-1 at levels of CaC2 

while CaC2 enhanced the grains weight per spike showing statistically similar values at  
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Table 4.9. Effect of calcium carbide on stomatal conductance of wheat (mmol m-2 s-1)                  
under salinity stress 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 57.02a 27.48c 25.74c 36.75a 

15 54.96ab 20.45d 12.49e 29.30b 

30 51.57b 25.01c 12.38e 29.65b 

Means 54.52a 24.31b 16.87c  

 

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

Table 4.10. Effect of calcium carbide on relative leaf water content (%) of wheat under 

salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 81.94 81.13 74.57 79.22 

15 82.02 83.30 76.21 80.51 

30 84.55 82.66 77.06 81.42 

Means 82.84a 82.36a 75.95b  

 

 

Means sharing same letters are statistically non-significant at P> 0.05 
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Table 4.11. Effect of calcium carbide on 100 grain weight (g) under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 3.82 3.58 3.21 3.54 

15 3.93 3.87 3.33 3.71 

30 4.09 3.87 3.41 3.79 

Means 3.95a 3.77ab 3.32c  

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

Table 4.12. Effect of calcium carbide on weight of spike (g pot-1) under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 19.85 14.51 4.99 13.11b 

15 21.57 16.05 7.92 15.18a 

30 22.12 16.19 7.63 15.31a 

Means 21.18a 15.58b 6.85c  

 

Means sharing same letters are statistically non-significant at P> 0.05 
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15 and 30 mg per kg soil (Table 4.13). However, CaC2 decreased this effect and 

maximum grains spike-1 were recorded (7.12 g) in the treatment where 30 mg CaC2 was 

applied and this increase was 25% more than control. The differences in grain weight 

spike-1 due to the treatments are significant statistically but the interaction of the 

treatments is non-significant (P> 0.05). The CaC2 increased yield significantly (P≤ 0.05) 

over control in all the three salinity levels. Maximum yield (16.79 g pot-1) was recorded 

in the treatment where CaC2 at30 mg kg-1 soil was applied in the absence of salinity and 

minimum (3.84 g pot-1) yield was observed in the treatment where NaCl at 2000 mg kg-1 

soil was applied in the absence of CaC2 (Table 4.14). Effect of salinity and CaC2 on grain 

yield was significant (P≤ 0.05) while the salinity x CaC2 interaction was non-significant. 

At higher salinity, CaC2 enhanced yield up to 16 and 18% over control. Effect of salinity 

has been retarding and at higher levels of salinity yield was significantly reduced.  

         Salinity and CaC2 affected grain N content significantly (P≤ 0.05); whereas, CaC2 x 

salinity interaction was non-significant (Table 4.15). Maximum grain N concentration 

(3.27%) was observed in the treatment where CaC2 at 15 mg at zero level of NaCl kg-1 

soil were applied and minimum grain N concentration (2.9%) was recorded in the 

treatment where NaCl at 2000 mg kg-1 soil was applied in the absence of CaC2. the NaCl 

at 2000 mg kg-1 soil decreased N concentration of grain by 5% and CaC2 at 15 and 30 mg 

kg-1 soil increased grain N concentration by 6 and 3%, respectively over control. The 

CaC2 significantly (P≤ 0.05) enhanced P concentration of grain at 15 mg kg-1 soil, at 

salinity levels of 1250 and 2000 mg kg-1 as compared to control while at higher 

concentrations of CaC2 (30 mg kg-1 soil) the effect was non-significant. Maximum P 

content (0.18%) was recorded in the treatment where CaC2 at 15 mg kg-1 soil was applied  
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Table 4.13. Effect of calcium carbide on weight of grains spike-1(g) under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 4.22 3.32 1.88 3.14b 

15 6.15 4.82 3.34 4.77a 

30 7.12 5.54 2.25 4.97a 

Means 5.83a 4.56b 2.49c  

 

 

Means sharing same letters are statistically non-significant at P> 0.05 

 
 
 
Table 4.14. Effect of calcium carbide on grain yield of wheat (g pot-1) under salinity 

stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 15.33 10.55 3.84 9.90b 

15 16.15 12.82 5.34 11.43a 

30 16.79 12.54 5.57 11.64a 

Means 19.09a 11.97b 4.92c  
 
 

Means sharing same letters are statistically non-significant at P> 0.05 
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Table 4.15. Effect of calcium carbide on nitrogen concentration (%) of wheat grain under 

salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 3.14 3.13 2.90 3.06c 

15 3.27 3.25 3.18 3.23a 

30 3.18 3.19 3.11 3.16b 

Means 3.20a 3.19a 3.06c  

 

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

Table 4.16. Effect of calcium carbide on phosphorus concentration of wheat (%) grain 

under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 0.176a 0.142cd 0.130d 0.154b 

15 0.164ab 0.172ab 0.178a 0.171a 

30 0.155bc 0.156bc 0.168ab 0.155b 

Means 0.169a 0.159b 0.149c  

 

 

Means sharing same letters are statistically non-significant at P> 0.05 
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along with 2000 mg NaCl kg-1 soil (Table 4.16). Minimum P (0.13%) was observed in the 

treatment where NaCl at 2000 mg kg-1 soil was applied in the absence of CaC2. Salinity × 

CaC2 interaction was significant (P≤ 0.05). Maximum (2.93%) K was recorded in the 

treatment where CaC2 at 15 mg kg-1 soil was applied in the absence of salinity and 

minimum K was observed (1.89%) in the treatment where NaCl at 1250 mg kg-1 soil was 

applied in the absence of CaC2. Salinity decreased grain K concentration up to 21% and 

CaC2 increased it up to 11% over control (Table 4.17). Statistically two levels of CaC2 

were at par with each other and the interaction between the treatments was non-

significant (P> 0.05).  

 The effect of CaC2, salinity and CaC2 x salinity interaction was significant (P≤ 

0.05) on Na concentration of grains. Maximum (0.97%) Na was observed in the treatment 

where NaCl at 1250 mg kg-1 soil was applied along with zero level of CaC2 and minimum 

(0.50%) was recorded in the treatment having CaC2 at 30 mg kg-1 soil and zero salinity. 

Up to 24% increase in Na concentration was observed by NaCl at 2000 mg kg-1 soil and 

CaC2 decreased Na concentration up to 16% (Table 4.18). The CaC2 at 15 and 30 mg kg-1 

soil decreased Cl concentration up to 13% over control, respectively. Salinity increased 

Cl concentration up to 38% over control.  Decrease in Cl concentration of wheat grain 

(Table 4.19) was non-significant due to the application of CaC2 (P≤ 0.05) whereas 

increase due to NaCl was significant. Interaction between the treatments was also non-

significant. 

The CaC2 decreased N concentration of root significantly (P≤ 0.05). However, 

Salinity × CaC2 interaction was non-significant (P> 0.05). Maximum root N 

concentration (1.7%) was recorded in the control and minimum was recorded (1.6%) in  
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Table 4.17. Effect of calcium carbide on potassium concentration of wheat grain (%) 

under salinity stress           

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 2.42 2.45 1.89 2.25b 

15 2.93 2.51 2.00 2.48a 

30 2.89 2.70 2.18 2.59a 

Means 2.75a 2.55a 2.02b  

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

Table 4.18. Effect of calcium carbide on sodium concentration of wheat grain (%) under       

                   salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 0.885b 0.968a 0.949a 0.934a 

15 0.735d 0.782c 0.795c 0.771b 

30 0.496e 0.895b 0.878b 0.766b 

Means 0.705b 0.882a 0.874a  

 

Means sharing same letters are statistically non-significant at P> 0.05 
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Table 4.19. Effect of calcium carbide on chloride concentration of wheat grain (%) under   

                         salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 3.44 4.87 4.78 4.36 

15 3.24 4.57 3.69 3.84 

30 3.18 4.15 4.06 3.80 

Means 3.29b 4.53a 4.18a  

 

Means sharing same letters are statistically non-significant at P> 0.05 

  

 

Table 4.20. Effect of calcium carbide on N concentration of wheat root (%) under  

                   salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 1.71 1.62 1.65 1.66a 

15 1.68 1.58 1.63 1.63ab 

30 1.66 1.56 1.59 1.60b 

Means 1.68a 1.59a 1.62b  

 

Means sharing same letters are statistically non-significant at P> 0.05 
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the treatment with CaC2 at 15 mg and NaCl at 1250 mg kg-1 soil (Table 4.20). Phosphorus 

concentration of root was also decreased significantly (P≤ 0.05) up to 36% by CaC2; 

however, salinity enhanced root P concentration non-significantly (P≤ 0.05). Maximum P 

concentration (0.109%) was recorded in the treatment where NaCl at 1250 mg kg-1 soil 

was applied in the absence of CaC2 and minimum was recorded (0.058%) in the treatment 

NaCl at 2000 mg and CaC2 at 30 mg kg-1 soil (Table 4.21). The impact of Salinity × CaC2 

interaction was significant (P≤ 0.05).  

The CaC2 increased K concentration of wheat root up to 25 (CaC2 at 15 mg kg-1 

soil) and 20% (CaC2 at 30 mg kg-1 soil). Maximum K concentration (1.15%) was 

recorded in the treatment where CaC2 at 15 mg kg-1 soil was applied along with zero NaCl 

and minimum K was observed (0.87%) in the treatment where NaCl at 1250 mg kg-1 soil 

was applied along with zero CaC2 (Table 4.22). Sodium concentration in roots of wheat 

was increased significantly (P≤ 0.05) with salinity (up to 37%) and was decreased 

non.significantly (up to 7%) by the application of CaC2 at 30 mg kg-1 soil. Maximum Na 

concentration (9%) was observed in the treatment having 2000 mg NaCl kg-1 soil along 

with zero CaC2 and minimum (0.6%) was in the treatment having 30 mg CaC2 along with 

zero salinity (Table 4.23). The effect of the interaction between the treatments (salinity x 

CaC2) was non-significant (P> 0.05). Up to 25% increase in Cl concentration in roots of 

wheat was observed in the treatment where NaCl at 2000 mg kg-1 soil was applied and 

decrease in Cl with CaC2 was up to 6% when applied at 30 mg kg-1 soil. Maximum Cl 

concentration (4.33%) was observed in the treatment having 2000 mg NaCl kg-1 soil and 

minimum Cl (3.46%) was recorded in the control (Table 4.24).  
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Table 4.21. Effect of calcium carbide on phosphorus concentration of wheat root (%) 

under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 0.096ab 0.109a 0.104a 0.103a 

15 0.056d 0.072cd 0.086bc 0.072b 

30 0.079c 0.059d 0.058d 0.066b 

Means 0.078 0.080 0.082  

 

Means sharing same letters are statistically non-significant at P> 0.05 
 
 
 
Table 4.22. Effect of calcium carbide on potassium content of wheat root (%) under 

salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 0.88 0.87 0.90 0.88 

15 1.11 1.15 1.05 1.1 

30 1.12 1.05 1.00 1.05 

Means 1.04a 1.02a 0.98b  
 

Means sharing same letters are statistically non-significant at P> 0.05 
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Table 4.23. Effect of calcium carbide on sodium concentration of wheat root (%) under 

                   salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 0.65 0.69 0.90 0.75a 

15 0.62 0.66 0.85 0.71ab 

30 0.61 0.63 0.84 0.70b 

Means 0.63b 0.66b 0.86a  

 

Means sharing same letters are statistically non-significant at P> 0.05 
 
 
 
Table 4.24. Effect of calcium carbide on chloride content of wheat root (%) under  

salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

0 3.51 4.27 4.54 4.11 

15 3.44 4.23 4.30 3.99 

30 3.43 4.06 4.15 3.88 

Means 3.46b 4.19a 4.33a  
 

Means sharing same letters are statistically non-significant at P> 0.05 
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Data reported herein indicate that encapsulated CaC2 (ECC) has significant 

stimulatory effect on growth and yield of wheat under salinity stress (P≤ 0.05). Plant 

height was decreased with CaC2 up to 7% as compared to control. Salinity decreased plant 

height up to 23% over control. The 100 grain weight increased with CaC2 up to 7% over 

control. There was a significant positive correlation between salinity and CaC2. These 

results are in line with the findings of Yaseen et al. (2006) who have reported increased 

yield of grains in wheat with CaC2. Salinity reduced weight of spike up to 67% where as 

CaC2 increased it up to 17%, respectively over control. The correlation between the 

treatments is negative. Salinity decreased weight of grains spike-1 up to 69% with 

compared to control and CaC2 increased it up to 25% over control. There was a negative 

but significant correlation between salinity and CaC2 for weight of grains spike-1. Number 

of fertile tillers was increased in wheat by CaC2 up to 17% over control and salinity 

decreased tillering up to 61%. Salinity and CaC2 were positively correlated with each 

other in this case. It indicates that CaC2 has a stimulatory effect on tillering in wheat 

(Ahmad et al., 2004; Yaseen et al., 2006). 

Greenness was increased by CaC2 and a significant negative correlation was 

recorded between salinity and CaC2. These positive effects of CaC2 could be attributed to 

the physiologically active concentration of plant hormone C2H4 as well as higher 

availability of N, P and K in the rhizosphere. The C2H4 from the microbial reduction of 

C2H2 might have contributed in root growth promotion, which subsequently resulted in 

better shoot growth and yield of wheat (Sharma and Yadav, 1996; Aulakh et al., 2001; 

Ahmad et al., 2004; Kashif et al., 2008).  
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The CaC2 improved relative leaf water content (RWC) and the two treatments 

were negatively correlated in this case. This implies that ethylene produced by CaC2 has 

facilitated water flow (Kamaluddin and Zwiazek, 2002). Root and shoot dry biomass was 

increased up to 71% by the application of CaC2 over control. In case of shoot dry 

biomass, the treatments showed a strong positive correlation while it was negative. 

Yaseen et al (2006) reported increased biomass production in wheat shoot and root. The 

CaC2 decreased Pn up to 66%; whereas CaC2 increased it up to 15% over control. A 

negative correlation was observed between the two treatments. The E and C were 

decreased by both treatments. Salinity decreased E up to 48% and C up to 69%; however, 

decrease caused by CaC2 was less drastic and E was decreased up to 24% while C up to 

20%. Both of these parameters showed a strong positive correlation between the 

treatments. Reduction in Pn was due to reduced C and E because under stressful 

environment plant close their stomata to reduce water loss from their surface (Athar and 

Asharf, 2005; Raza et al., 2006; Arfan et al., 2007). 

The mineral (N, P and K) concentration of wheat grain was increased by the 

application of CaC2 up to 6, 14 and 15% over control. The two treatments were positively 

correlated in case of N, however, in case of P and K the correlation was negative, 

respectively. The Na and Cl were decreased by CaC2 and salinity and CaC2 showed 

positive correlations. It implies that CaC2 brings such physiological (improved microbial 

activity) changes in the rhizosphere, which could help plants in selective up take of 

nutrients. Root and shoot dry biomass increased by CaC2 because the C2H4 released 

from CaC2 could stimulate root growth at early growth stages, consequently 
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improved shoot growth and tillering. Researchers reported that C2H4 stimulates root 

growth of seedlings (Sharma and Yadav, 1996; Freney et al., 2000).  

Since the application of ECC enhanced the yield of wheat, it implies that the 

effect of CaC2 is most likely because of the hormonal action of C2H4, which evolved a 

physiological response. The increase in grain yield could also be attributed to improved 

uptake of N, P, and K (Sharma and Yadav, 1996; Ahmad et al., 2004; Yaseen et al, 2006). 

In addition to increased availability of mineral nutrients, CaC2 may also lead to bring 

changes in the form of available nutrients like N. It is now well documented that presence 

of both NH4
+

 and NO3
- is more beneficial as a source of plant N rather than the either 

available alone (Spratt, 1974). One of the products of CaC2 decomposition, i.e. C2H2 is 

inhibitory to nitrification (Aulakh et al., 2001). Therefore, a part of the fertilizer N will 

remain in NH4
+ form over extended period of time resulting in the plant availability of 

both NO3
-and NH4

+. Nitrification inhibitors have indeed been reported to improve crop 

yields by decreasing the losses of N through denitrification and NO3
-
 leaching 

(Keerthisinghe et al., 1996; Randall et al., 2001). In addition, CaC2 may also serve as a 

source of Ca2+ which is useful for plant growth (Sharma and Yadav, 1996). 

B) Response of cotton to soil applied calcium carbide under salinity stress 
 

The CaC2 and salinity treatments had significant (P≤ 0.05) effect on plant height. 

The maximum plant height (70.53 cm) was recorded in the control while minimum (52.9 

cm) in the treatment having highest level of CaC2 and salinity (Table 4.25). Over all 

salinity and CaC2 decreased plant height as compare to control. Salinity × CaC2 

interaction on plant height was non-significant (P> 0.05). Number of monopodial 

branches was increased significantly (P≤ 0.05) with CaC2. For instance, up to 56%  



 92 
 

 

Table 4.25. Effect of calcium carbide on cotton plant height (cm) under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 70.53 57.07 48.37 58.66 a 

 

15 66.83 55.57 43.93 55.44 b  

 

30 61.28 55.31 42.27 52.95 c 

Means 66.22 a 55.98 b 44.86 c  

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

Table 4.26. Effect of calcium carbide on number of branches of cotton plant under  

                   salinity stress                                                            

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 7.17 7.14 6.50 6.93 b 

 

15 12.05 10.72 8.41 10.39 a 

 

30 11.75 11.41 9.39 10.85 a 

Means 10.32 a 9.75 a 8.10 b  

 

Means sharing same letters are statistically non-significant at P> 0.05 
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Table 4.27. Effect of calcium carbide on number of bolls plant-1of cotton plant under  

                   salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 5.00 5.46 4.50 4.99 b 

 

15 8.00 9.50 7.48 8.33 a 

 

30 7.67 9.00 7.00 7.89 a 

Means 6.89 b 7.99 a 6.33 b  

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

Table 4.28. Effect of calcium carbide on yield of seed cotton (g plant-1) under salinity  

                   stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 11.79 7.70 7.00 8.83 b 

 

15 15.85 9.90 10.73 12.16 a 

 

30 15.64 11.72 9.73 12.36 a 

Means 14.42 a 9.77 b 9.15 c  

 

Means sharing same letters are statistically non-significant at P> 0.05 
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Table 4.29. Effect of calcium carbide on shoot fresh weight (g plant-1) of cotton plant  

                   under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 36.01 bc 32.11 d 33.41 cd 33.84 c 

 

15 38.13 b 34.27 cd 35.71 bc 36.04 b 

 

30 44.91 a 35.73 bc 36.00 bc 38.88 a 

Means 39.68 a 34.04 b 35.04 b  

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

 

Table 4.30. Effect of calcium carbide on root fresh weight of cotton plant (g plant-1)  

                   under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 23.72 25.91 20.66 23.43b 

 

15 26.08 27.90 26.19 26.72a 

 

30 28.50 29.99 23.08 27.19a 

Means 26.10 ab 27.93 a 23.31 c  

 

Means sharing same letters are statistically non-significant at P> 0.05 
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increase in number of branches over control was observed in the treatment having 30 mg 

CaC2 kg-1 soil. Salinity significantly (P≤ 0.05) reduced the number of branches (Table 

4.26). Maximum number of branches (12.07) was recorded with CaC2 at 30 mg kg-1 soil 

without salinity, whereas minimum (6.50) was with NaCl at 2000 mg kg-1 soil in the 

absence of CaC2. Application of CaC2 increased the number of bolls plant-1 up to 50% at 

1250 mg NaCl kg-1 soil, thereafter the number decreased although the diffecrence 

between 15 and 30 mg CaC2 kg-1 soil was non-significant (Table 4.27). 

 There was a significant (P≤ 0.05) effect of salinity, CaC2 and salinity x CaC2 

interaction on seed cotton yield (Table 4.28). The maximum (15.85 g) seed cotton yield 

was observed in the treatment having CaC2 at15 mg kg-1 soil in the absence of salinity. 

Salinity reduced yield up to 37% as compared to control. In contrast, up to 40% increase 

in yield was recorded with CaC2 application. Shoot and root fresh biomass was promoted 

significantly (P≤ 0.05) by CaC2 and an increase up to 17% in shoot and 16% in root over 

control was recorded. The maximum shoot fresh weight (44.91g) was recorded in the 

treatment receiving 30 mg CaC2 kg-1 soil in the absence of salinity, whereas minimum 

(33.41 g) was in the treatment having NaCl at 2000 mg kg-1 soil but with out CaC2 (Table 

4.29). The salinity x CaC2 interaction had significant (P≤ 0.05) effect on shoot fresh 

weight. 

Similar trends were observed regarding the impact of treatments on root fresh 

weight (Table 4.30). Salinity significantly (P≤ 0.05) decreased the root and shoot dry 

biomass. In contrast, CaC2 increased the shoot and root dry biomass. The maximum shoot 

dry biomass was (18.47 g) in the treatment having 30 mg CaC2 in the absence of salinity, 

while minimum (11.57 g) was observed in the treatment with 2000 mg NaCl kg-1 soil in  
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Table 4.31. Effect of calcium carbide on shoot dry weight (g pot-1) of cotton plant under 

salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 15.19 12.36 11.57 13.04 c 

 

15 17.07 14.26 13.79 15.04 b 

 

30 18.47 14.26 14.97 15.90 a 

Means 16.91 a 13.63 b 13.44 b  

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

Table 4.32. Effect of calcium carbide on root dry weight (g pot-1) of cotton plant under 

salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 6.25 5.79 4.42 5.48 b 

 

15 6.55 7.50 5.21 6.42 a 

 

30 6.82 7.59 4.91 6.44 a 

Means 6.54 a 6.96 a 4.85 b  

 

Means sharing same letters are statistically non-significant at P> 0.05 
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Table 4.33. Effect of calcium carbide on chlorophyll florescence (Fv/Fm) of cotton 

 plant under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 0.80 0.81 0.78 0.80 

 

15 0.82 0.80 0.79 0.80 

 

30 0.82 0.80 0.79 0.80 

Means 0.81 a 0.80 ab 0.79 b  

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

 

Table 4.34. Effect of calcium carbide on greenness of cotton leaves under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 53.63 55.67 54 54.43 

 

15 52.03 55.47 55.77 54.42 

 

30 52.6 50.97 53.53 52.37 

Means 52.76 54.03 54.43  
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Table 4.35. Effect of calcium carbide on net photosynthesis of cotton plant (µmol m-2 s-1)  

                   under salinity stress                                

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 3.52c 2.69e 2.92cde 3.04c  

 

15 6.24b 3.13cde 2.54e 3.97 b 

 

30 8.16a 3.55c 3.36cd 5.02a 

Means 5.97 a 3.12 b 2.94 b  

 

Means sharing same letters are statistically non-ignificant at P≤ 0.05 

 

 

Table 4.36. Effect of calcium carbide on transpiration rate of cotton (mmol m-2 s-1) under                   

                   salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 2.25 a 1.67 b 1.69 b 1.87 a 

 

15 1.33 cd 1.50 bc 1.06 e 1.30 b 

 

30 1.16 de 1.29 cd 1.42 c 1.29 b 

Means 1.58 a 1.49 ab 1.39 b  

 

Means sharing same letters are statistically non-significant at P> 0.05 
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the absence of CaC2 (Table 4.31). In the absence of salinity root dry weight was increased 

by the application of CaC2; however, NaCl at2000 mg and CaC2 at30 mg kg-1 soil 

decreased it significantly (P≤ 0.05). Maximum root dry weight (6.82 g) was recorded in 

the treatment having maximum CaC2 in the absence of salinity and minimum (4.42 g) in 

the treatment where no CaC2 was applied along with 2000 mg NaCl kg-1 soil (Table 

4.32). Neither salinity nor CaC2 affected chlorophyll florescence (Fv/Fm) in cotton 

significantly; however a non significant (P≤ 0.05) decrease was recorded at highest 

salinity level (Table 4.33). 

Greenness decreased non-significantly (P≤ 0.05) by the application of CaC2 

(Table 4.34) and salinity decreased it up to 3% over control. Maximum greenness (55.77) 

was recorded in the treatment where 15 mg CaC2 along with 2000 mg NaCl kg-1 was 

applied and minimum (50.03) was observed at the same level of CaC2, in the absence of 

salinity. Salinity and CaC2 significantly (P≤ 0.05) affected net photosynthesis (Pn). 

Maximum Pn (8.16 µmol m-2 s-1) was recorded in the treatment having 30 mg CaC2 kg-1 

soil in the absence of salinity and minimum Pn was observed in the treatment with 1250 

mg NaCl kg-1 soil, but in the absence of CaC2 (Table 4.35). The effect of salinity × CaC2 

interaction on Pn was significant (P≤ 0.05). Over all, CaC2 increased Pn up to 65% over 

control. Salinity, CaC2 and salinity x CaC2 interaction affected transpiration rate (E) and 

stomatal conductance (C) significantly (P≤ 0.05). The maximum E (2.25 mmol m-2 s-1) 

was recorded in the control; whereas minimum (1.06 mmol m-2 s-1) was observed in the 

treatment with 2000 mg NaCl and 15 mg CaC2 kg-1 soil (Table 4.36). Maximum C (45.83 

mmol m-2 s-1) was observed in the control treatment and minimum C (26.51 mmol m-2 s-1) 

was recorded in the treatment receiving 30 mg CaC2 along with 2000 mg NaCl kg-1 soil  
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Table 4.37. Effect of calcium carbide on stomatal conductance of cotton (m mol m-2 s-1)   

                   under salinity stress                        

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 45.83 a 33.02 b 31.67 bc 36.84 a 

 

15 34.44 bc 29.93 bcd 27.60 cd 30.65 b 

 

30 32.09 e 28.11bc 26.51 d 28.90 c 

Means 37.45 a 30.35 b 28.59 a  

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

Table 4.38. Effect of calcium carbide on relative leaf water content (%) of cotton under   

                   salinity stress          

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 82.63 79.98 79.15 80.59 b 

 

15 84.59 85.37 82.75 84.24 a 

 

30 86.27 83.33 85.56 85.05 a 

Means 84.50  82.89  82.49   

 

Means sharing same letters are statistically non-significant at P> 0.05 
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Table 4.39. Effect of calcium carbide on nirogen concentration of cotton shoot (%) under            

                   salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 2.86 2.80 2.71 2.79 

 

15 3.15 3.11 2.88 3.05 

 

30 3.21 3.15 2.91 3.09 

Means 3.07 3.02 2.83  

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

Table 4.40. Effect of calcium carbide on phosphorus concentration of cotton shoot (%) 

under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 0.13 0.14 0.12 0.13 

 

15 0.14 0.12 0.13 0.13 

 

30 0.14 0.13 0.13 0.13 

Means 0.14 0.13 0.12  

 

Means sharing same letters are statistically non-significant at P> 0.05 
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Table 4.41. Effect of calcium carbide on potassium concentration of cotton shoot (%) 

under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 2.45 1.50 1.20 1.72 b 

 

15 2.51 1.90 1.32 1.91 b 

 

30 2.70 1.89 1.89 2.16 a 

Means 2.55 a 1.76 b 1.47 c  

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

Table 4.42. Effect of calcium carbide on sodium concentration of cotton shoot (%) under 

salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 0.90 bc 0.95 ab 0.98 a 0.95 a 

 

15 0.58 e 0.76 d 0.78 d 0.71 b 

 

30 0.43 f 0.80 d 0.87 c 0.70 b 

Means 0.64 c 0.84 b 0.88 a  

 

Means sharing same letters are statistically non-significant at P> 0.05 
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(Table 4.37). CaC2 increased leaf relative water content (RWC) significantly (P≤ 0.05) 

but the two levels of CaC2 were at par with each other. The maximum RWC was recorded 

where 30 mg CaC2 was applied without salinity and minimum was observed where NaCl 

at2000 mg kg-1 soil was applied in the absence of CaC2 (Table 4.38).   

   The effect of salinity, CaC2 and their interaction on N concentration of 

shoot was non-significant (P> 0.05). The maximum (3.21%) N concentration was 

recorded in the treatment having 30 mg CaC2 kg-1 with out salinity and minimum (2.71%) 

was observed in the treatment having no CaC2 in the presence of 2000 mg NaCl kg-1 soil 

(Table 4.39). The CaC2 increased N concentrations in cotton shoot up to 9 (CaC2 at15 mg 

kg-1 soil) and 11% (CaC2 at 15 mg kg-1 soil) over control. The effect of salinity, CaC2 and 

their interaction on P concentrations of cotton shoot was non-significant (P> 0.05). 

Maximum shoot P concentrations (0.14%) was recorded in the treatment where CaC2 was 

applied in the absence of salinity and minimum P (0.12%) was observed in the treatment 

with NaCl at 2000 mg kg-1 soil with out CaC2 (Table 4.40). The CaC2 and salinity 

affected shoot K concentrations significantly (P≤ 0.05). Maximum K (2.80%) content 

was observed in the treatment where 30 mg CaC2 kg-1 soil was applied in the absence of 

salinity while minimum (1.20%) was recorded in the treatment receiving 2000 mg NaCl 

kg-1 soil in the absence of CaC2 (Table 4.41). Salinity, CaC2 and salinity x CaC2 

interaction affected Na concentration in cotton shoot significantly (P≤ 0.05). Maximum 

Na (0.98%) concentration was observed in the treatment where no CaC2 was applied 

along with 2000 mg NaCl kg-1 soil and minimum (0.43%) was in the treatment receiving 

30 mg CaC2 kg-1 soil in the absence of salinity (Table 4.42). Similar effect of the 

treatments on Cl concentration of cotton shoot was observed (Table 4.43); however  
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Table 4.43. Effect of calcium carbide on chloride concentration of cotton shoot (%) under       

                   salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 4.97 4.97 5.21 5.05 a 

 

15 3.55 4.73 4.97 4.42 b 

 

30 3.31 3.55 4.26 3.71 c 

Means 3.94 b 4.42 b 4.81 a  

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

 

Table 4.44. Effect of calcium carbide on nitrogen concentration of cotton root (%) under  

                    salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 1.61 1.59 1.53 1.58 

 

15 1.70 1.61 1.61 1.64 

 

30 1.63 1.62 1.61 1.62 

Means 1.64 1.61 1.58  
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Table 4.45. Effect of calcium carbide on phosphorus concentration of cotton root (g kg-1 

root dry weight) under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (g kg-1 soil) 

0 1250 2000 Means 

 

0 18.6a 12.2c 10.8c 13.8 

 

15 10.9c 16.0b 15.8b 14.2 

 

30 12.0c 15.4b 15.8b 14.4 

Means 13.8 14.7 14.1  

 

Means sharing same letters are statistically non-significant at P> 0.05 

 

 

Table 4.46. Effect of calcium carbide on potassium concentration of cotton root (%) 

under salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 0.90 0.75 0.70 0.78  c 

 

15 1.05 1.15 0.95 1.05 a 

 

30 1.00 1.00 0.90 0.97 b 

Means 0.98 a 0.97 a 0.85 b  

 

Means sharing same letters are statistically non-significant at P> 0.05 
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Table 4.47. Effect of calcium carbide on sodium concentration of cotton root (%) under  
                   salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 0.74 cd 0.80 b 0.96 a 0.83 a 

 

15 0.63 f 0.76 bc 0.93 a 0.78 b 

 

30 0.70 de 0.69 e 0.92 a 0.77 b 

Means 0.69 c 0.75 b 0.94 a  
 

Means sharing same letters are statistically non-significant at P> 0.05 
 
 
 
Table 4.48. Effect of calcium carbide on chloride concentration of cotton root (%) under  
                   salinity stress 

 

CaC2 

(mg kg-1 soil) 

NaCl (mg kg-1 soil) 

0 1250 2000 Means 

 

0 4.50 4.43 5.92 4.95 a 

 

15 4.02 4.26 4.97 4.42 b 

 

30 2.84 3.08 4.97 3.63 c 

Means 3.79 b 3.92 b 5.29 a  

 

Means sharing same letters are statistically non-significant at P> 0.05 
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salinity x CaC2 interaction was non-significant in this case.  

The effect of salinity, CaC2 and salinity x CaC2 interaction on N concentration of 

cotton root was non-significant (P> 0.05). Maximum (1.64%) root nitrogen was observed 

in the treatment receiving 15 mg CaC2 along with zero salinity and minimum (1.53%) 

was recorded in the control treatment (Table 4.44). Phosphorous concentration of cotton 

roots was not affected by the treatments significantly (P≤ 0.05) at all the levels of the 

salinity and CaC2 (Table 4.45); however, salinity x CaC2 interaction was significant (P≤ 

0.05). In root maximum K (1.15%) concentration was observed in the treatment with 

1250 mg NaCl and 15 mg CaC2 kg-1 soil and minimum (0.70%) was in the treatment 

having NaCl at 2000 mg kg-1 soil in the absence of CaC2 (Table 4.46). Salinity × CaC2 

interaction was non-significant in this case (P ≤ 0.05). The effect of salinity, CaC2 and 

salinity x CaC2 interaction on Na concentration of cotton root were significant (P≤ 0.05). 

Maximum Na concentration (0.96%) was noted in the treatment with 2000 mg NaCl in 

the absence of CaC2 kg-1 soil and minimum (0.63%) in the treatment with 15 mg CaC2 in 

the absence of salinity.  The effect of salinity and CaC2 on root Cl concentration was 

significant (P≤ 0.05) and similar trend as in case of Na was observed in this case also but 

minimum Cl (2.84%) was observed in the treatment having 30 mg CaC2 kg-1 soil in the 

absence of salinity (Table 4.48).  

Growth and yield parameters of cotton were significantly (P≤ 0.05) improved by 

CaC2 application. Reduction in plant height and increases in yield, HI, number of 

sympodial and monopodial branches was observed in CaC2 amended soil in the presence 

of salinity. These positive effects of CaC2 may be due to more availability of N from the 

soil due to less N losses particularly as NO3
- -N because of inhibitory effects of CaC2 on 
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nitrification (Aulakh et al., 2001). Additionally, the formation of plant hormone C2H4 

might have contributed in promoting the growth and yield of treated plants. Abeles et al. 

(1992), Arshad and Frankenberger, (2002) have reported C2H4 as a potent plant growth 

regulator. It has been postulated that small amounts of C2H4 in the rhizosphere could be 

physiologically active in influencing the growth and development of plants (Muromtsev 

et al., 1991). The results of laboratory studies regarding inhibitory effects of CaC2 on 

nitrification and formation of C2H4 from C2H2 released from CaC2 further support this 

premise. Thus formulation of CaC2 which leads to slow and gradual release of C2H2/ 

C2H4 might be useful for improving the nutrient use efficiency as well as growth and 

yields of crops. Chhonkar et al. (2002) reported highest dry matter content and yield by 

the application of CaC2. Woodwards and Marshal (1987, 1988) reported increased 

availability of photoassimilates which control activity of main shoot. Coated CaC2 

increased root/shoot ratio in winter wheat (Cook et al., 1983). Keerthisinghe et al. (1996) 

and Randall et al. (2002) reported increased yield of wheat and cotton in response to soil 

applied CaC2. A strong correlation (r = 0.91, n = 9) exists between sympodial and 

monopodial branches. The application of encapsulated CaC2 enhanced the yield of seed 

cotton. This increase could be attributed to improved uptake of NPK which has been 

reported by Ahmad et al. (2004) and Yaseen et al. (2006). In addition to increased 

availability of nutrients, CaC2 may also lead to changes in the form of available nutrients 

like N (Chaiwankupt et al., 1996). It is well-known now that presence of both NH4 and 

NO3 is more beneficial as a source of plant N rather than the either available alone 

(Spratt, 1974); CaC2 may help create this situation. One of the products of CaC2 

decomposition i.e., acetylene, is inhibitory to nitrification. Therefore, a part of the 
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fertilizer N will remain in NH4-form over extended period of time resulting in the plant 

availability of both NO3 and NH4. Nitrification inhibitors have indeed been reported to 

improve crop yields by decreasing the losses of N through denitrification and NO3 

leaching (Hazzrika and Sarkar, 1996). In addition, CaC2 may also serve as a source of Ca 

which is useful for plant growth (Sharma and Yadav, 1996). 

4.2.3. Growth and yield response of wheat and cotton to soil applied calcium carbide 

under drought stress 

 
A) Wheat 

Data regarding the effect of ECC on growth and development of wheat under 

drought stress are presented in Fig. 4.11. Application of ECC reduced plant height. 

Maximum plant height (29.15 cm) was observed in the control treatment; where as 

minimum (23.97 cm) was recorded in treatment with 30 mg CaC2 kg-1 soil. Number of 

fertile tillers was also increased by ECC under drought stress. ECC at15 mg and 30 mg 

kg-1 soil increased tillering up to 18 and 20% over control, respectively. The ECC 

increased relative leaf water content. Maximum RWC (75.95%) was recorded where 15 

mg CaC2 kg-1 soil was applied and minimum (74.36%) was in the control treatment. 

Contrary to salt stress, under drought stress ECC affected net photosynthesis (Pn) 

positively and an increase of 7 and 3% was recorded by applying ECC at 15 mg and 30 

mg kg-1 soil, respectively. Maximum net Pn (3.45 µmol m-2 s-1) was recorded in the 

treatment having ECC at 30 mg kg-1 soil and minimum (2.55 µmol m-2 s-1) was in the 

control. The effect of ECC on transpiration rate (E) and stomatal conductance (C) was 

retarding. Maximum transpiration rate (0.91 mmol m-2 s-1) was in the control treatment 

and minimum (0.78 mmol m-2 s-1) was in the treatment receiving ECC at30 mg kg-1 soil.  
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Fig. 4.11. Effect of calcium carbide on different agronomic parameters of wheat under 
drought stress. Vertical bars are standard error means. 
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The E was decreased up to 7 and 14% by ECC at 15 and 30 mg kg-1 soil. Similar results 

were recorded in the case of C. The ECC decreased C up to 9 and 17% over control when 

applied at 15 and 30 mg kg-1 soil (Fig.  4.11). Greenness and chlorophyll florescence were 

increased by ECC non-significantly (P≤ 0.05). Maximum greenness (42.92) was recorded 

in the treatment with 15 mg CaC2 kg-1 soil and minimum (40.66) at highest concentration 

of CaC2 (Fig. 4.12). The effect of ECC on weight of spike was positive. The maximum 

spike weight (11.26 g) was in the treatment having 30 mg CaC2 kg-1 soil and minimum 

(8.29 g) was in the control treatment (Fig. 4.12). The ECC increased weight of spike up to 

36 (CaC2 at 15 mg kg-1 soil) and 60% (CaC2 at 30 mg kg-1 soil).  

Application of ECC increased weight of grains spike-1. The maximum grain spike-

1 (3.61 g) was recorded in the treatment with highest concentration of ECC and minimum 

(2.54 g) was in the control treatment. The ECC increased spike length up to 22% over 

control. Maximum length of spike (7.15 g) was recorded in the treatment with highest 

CaC2 (30 mg kg-1 soil) and minimum in the control (Fig. 4.12). The hundred grain weight 

was also increased by ECC. The ECC increased 100 grain weight up to 14% (ECC at 30 

mg kg-1 soil). Up to 28 (ECC at 15 mg kg-1 soil) and 40% (ECC at 30 mg kg-1 soil) 

increase in yield was recorded under drought stress (Fig. 4.12). Root dry biomass was 

increased with 30 mg CaC2 kg-1soil when applied under salinity stress. Maximum root dry 

biomass (1.89 g) was recorded where 30 mg CaC2 kg-1 soil was applied and the minimum 

(0.89 g) was produced by the control (Fig. 4.13). The root dry biomass increased up to 60 

and 73% with 15 and 30 mg kg-1 ECC over control, respectively. Nitrogen concentration 

in wheat grain was increased by ECC under drought stress. The ECC increased N 

concentration in wheat grains up to 16 and 23% over control when applied at 15 and 30  
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Fig. 4.12. Effect of calcium carbide on different parameters of wheat under drought 
stress. Vertical bars are standar error means. 
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mg kg-1 soil, respectively. The maximum grain N concentration (2.69%) was observed in 

treatment receiving 30 mg ECC kg-1 soil, whereas minimum (2.19%) was observed in the 

control treatment. Phosphorus (P) concentration of wheat grain was increased non-

significantly (P≤ 0.05). Up to 7% increase in grain P was recorded. The effect of ECC on 

K concentration was increased up to 7 and 13% by ECC at 15 and 30 mg kg-1 soil, 

respectively. Maximum (1.98%) K was recorded in the treatment with 30 mg ECC kg-1 

soil and minimum (1.75%) was observed in the control (Fig. 4.13). Under drought stress 

both Na and Cl concentrations of wheat grains were decreased by the ECC. Maximum Na 

(0.66%) was observed in the control and minimum (0.60%) in the treatment where 30 mg 

ECC kg-1 was applied. This decrease was up to 9% over control. Similar results were 

observed regarding Cl concentration in wheat grain and up to 14% decrease in Cl 

concentration was observed (Fig. 4.13).  

Under drought stress plant height was decreased which reduced lodging and thus 

contributed towards increased growth and yield. Plant height was positively correlated 

with yield under drought stress (r = 0.936). Number of fertile tillers was increased by 

ECC. Yaseen et al. (2006) reported that soil applied CaC2 increased tillering in wheat. 

The Pn, E, C and RWC were increased by ECC. This premise is attributed to the fact that 

ethylene produced from CaC2 maintained the turgor potential of the cells under drought 

stress (Arshad and Frankenberger, 2002). The ECC has increased weight of spike, spike 

length, weight of grains spike-1 and 100 grain weight. Similar results were reported by 

Sharma and Yadav (1996) and Randall et al. (2001). Results revealed that ECC had 

promoting effect on the growth and yield of wheat under drought stress. There is no doubt 

that C2H4 biosynthesis is responsive to environmental stress of whatever kind. There is  
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Fig. 4.13. Effect of calcium carbide on different parameters of wheat under drought 
stress. Vertical bars standard error means.          
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also increasing evidence of a degree of specificity in such responses in that particular 

genes may respond to particular stimuli. These findings could be attributed to the 

physiologically active concentration of plant hormone C2H4 as well as higher availability 

of N, P and K in the rhizosphere (Kashif et al., 2008). 

In response to a variety of biotic and abiotic stresses of both natural and anthropo-

origin, plants produce C2H4 in excess of normal basal concentrations. Although the rate of 

C2H4 production under stress varies as a function of plant species, increases of 10 to 100 

times the basal rate are common for chemical stresses whose site of toxicity is the leaf. A 

consensus among the scientists exists that any role played by C2H4 is mediated in a 

chronic fashion through the phytohormone’s prolonged effects on growth processes in 

general. Sojka and Stolzy (1980) speculated that the stomatal closure observed in a 

variety of plants is a result of C2H4 production. Decrease in net photosynthesis may be 

attributed to variation in O2 and CO2 as these are responsible for the photorespiration. It 

was reported that binding of C2H4 to the receptors site is impeded when the O2 

concentration is low. The C2H4 may act on stomatal aperture with a subsequent effect on 

Pn through a change in permeability of the guard cell membrane which alters ion efflux 

(Sojka and Stolzy, 1980).  

It appears that any environmental turbation can increase rates of C2H4 

biosynthesis, for example drought (El Beltagy and Hall, 1974) and salinity (El Beltagy et 

al., 1979). The effects can be transitionary or relatively long lived, may vary considerably 

with species and are complicated by the fact that C2H4 biosynthesis shows a diurnal 

rhythm (El Beltagy et al., 1976) and that the growth regulator can control its own 

biosynthesis via autocatalysis or auto inhibition.   
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During early growth stage of wheat, treatment with ethephon an exogenous source 

of C2H4 causes depression of photosynthesis (Rajala and Peltonen-Sainio, 2001). It is well 

accepted that the application of C2H4 at the appropriate time and dose can be a vital 

chemical to promote agricultural production by altering the growth pattern of treated 

crops and plants. According to Abeles et al. (1992), there are two ways of identifying the 

uses for C2H4 in agriculture. The first is to use the known effect of C2H4 as a “shopping 

list”. The second is to select a specific crop and identify C2H4-induced effect which might 

be useful. Abeles et al. (1992) also discussed the potential application of C2H4 in 

agriculture and reviewed its role on different enzymes. One of the effects of C2H4 may 

therefore, be the activity of certain enzymes. For example, C2H4 may inhibit peroxidase 

activity (Lee and Lin, 1996) and thus help mitigate the negative effect of stresses like 

salinity and drought on cell elongation. Enhancement in root proliferation by humic 

compounds (Malik and Azam, 1985) has also been attributed to an inhibition of 

peroxidase (Vaughan and Malcolm, 1979).  

B) Response of cotton to soil applied calcium carbide under drought stress 

 The effect of ECC on cotton plant height under drought stress was positive. 

Maximum plant height (60.42 cm) was reported in the control treatment and minimum 

(51.17 cm) in the treatment where 30 mg CaC2 kg-1 soil was applied (Table 4.49a). There 

was a decrease of 6 and 15% with 15 and 30 mg kg-1 soil ECC in plant height. Number of 

branches (sympodial + monopodial) was increased by CaC2. Maximum number of 

branches (9.34) was observed in the treatment where 15 mg CaC2 kg-1 soil was applied 

followed by 30 mg CaC2 kg-1 (9.04) and control (4.79). Over all, up to 95% increase in 

number of branches over control was recorded. Chlorophyll florescence (Fv/Fm) was not 
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affected by the treatment either way; however, maximum Fv/Fm (0.8002) was observed 

in the treatment where 15 mg CaC2 kg-1 soil was applied and minimum (0.7959) was in 

the control treatment. Increase in Fv/Fm due to 30 mg CaC2 kg-1 was lower than with 15 

mg CaC2 kg-1 soil. Statistically increase in Fv/Fm was non-significant (P> 0.05). The 

RWC was increased non-significantly (P≤ 0.05) by the application of CaC2. Maximum 

RWC (81.31%) was recorded in the treatment with 30 mg CaC2 kg-1 soil and minimum 

(74.9%) in the control treatment. The impact of CaC2 on greenness was non-significant 

(P> 0.05). Maximum greenness (49.43) was observed in the treatment where 30 mg CaC2 

kg-1 soil was applied followed by 15 mg CaC2 kg-1 soil (48.53) and minimum greenness 

(48.10) was reported in the control treatment (Table 4.49a).  

The impact of ECC on yield of seed cotton was significant (P≤ 0.05). Seed cotton 

was increased up to 15 and 17% by ECC when applied at15 and 30 mg kg-1 soil, 

respectively. The impact of CaC2 on net photosynthesis (Pn) was significant (P≤ 0.05). 

Maximum Pn (4.06 µmol m-2 s-1) was observed in the treatment with 30 mg CaC2 kg-1 

soil and minimum (2.89 µmol m-2 s-1) was reported in the control. Over all, CaC2 

increased Pn up to 9 and 40% with 15 and 30 mg kg-1 ECC respectively, over control. 

 Transpiration rate (E) and stomatal conductance (C) were also impacted 

significantly by ECC. Maximum E (2.57 mmol m-2 s-1) was observed in the control 

treatment and minimum (1.90 m mol m-2 s-1) was recorded in the treatment having 30 mg 

ECC kg-1 soil. A decrease of 16 and 26% in E was reported when ECC was applied at15 

and 30 mg kg-1 soil (Table 4.49b). Similar results were reported in the case of C and a 

decrease of 6 and 18% was observed when ECC was applied at the said rates. The impact 

of ECC on shoot and root fresh weight was significant (P≤ 0.05). Maximum shoot fresh  
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Table 4.49. Effect of calcium carbide on growth and yield of cotton under drought stress 
 
a) 
Treatments %RWC  NB  Plant height Fv/Fm  GN  

Control 74.90  4.79b  60.42a  0.7959  48.10  

15 mg CaC2 78.50 (5) 9.34a (95) 56.72a (-6) 0.8002 (0.5) 48.53 (0.9) 

30 mg CaC2 81.31 (9) 9.04a (89) 51.17b (-15) 0.7994 (0.4) 49.43 (3) 
 
b) 
 

Treatments SC (g pot-1) Pn µmol/m-2/s E mmol/m-2/s C mmol/m-2/s 

Control 11.24b  2.89c  2.57a  45.34a  

15 mg CaC2 12.89 (15) 3.14b (9) 2.15b (-16) 42.69b (-6) 

30 mg CaC2 13.10 (17) 4.06a (40) 1.90c (-26) 37.08c (-18) 
 
c) 
  

Treatments Fresh Wt. (g pot-1) Dry wt. (g pot-1) 

 Shoot  Root  Shoot  Root  

Control 27.90b  15.41c  10.46b  3.47  

15 mg CaC2 30.02b (8) 17.77b (15) 12.34ab (18) 3.77 (9) 

30 mg CaC2 36.80a (32) 20.19a (31) 13.74a (31) 4.04 (17) 
 
 
Means sharing same letters are non-significant at P> 0.05; RWC: relative leaf water 

content; NB; number of branches; Fv/Fm; chlorophyll florescence; GN: greenness; SC: 

seed cotton; Pn: net photosynthesis; E: transpiration rate; C: stomatal conductance 

(Values in parenthesis show % increase over control) 
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Table 4.50. Effect of calcium carbide on nutrient concentration of cotton shoot and root 

under drought stress 

 
a) Nutrient concentration (%) of shoot 
 

 Shoot 

Treatments N  P  K  Na  Cl  

 2.41  0.11  2.11  0.53a  3.43  

15 mg CaC2 2.70 (12) 0.10 (-9) 2.17 (3) 0.38b (-28) 3.19 (-7) 

30 mg CaC2 2.75 (14) 0.09 (-14) 2.36 (12) 0.34b (-35) 2.48 (-28) 
 
 
b) Nutrient concentration of root (%) 
 

 Root 

Treatments N  P  K  Na  Cl  

Control 1.29  0.0165a  0.87  0.33a  3.67  

15 mg CaC2 1.38 (7) 0.0189b (-46) 0.97 (12) 0.29a (-12) 3.46 (-6) 

30 mg CaC2 1.51 (17) 0.0178b (-52) 1.02 (17) 0.22b (-33) 3.28 (-11) 
 
 
Means shearing same letters differ non-significantly at P≤ 0.05, N, P, K, Na and Cl stand 

for nitrogen, phosphorus, potassium, sodium and chloride (Values in parenthesis show % 

increase/decrease over control) 
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weight (36.80 g) was observed in the treatment with highest ECC concentration followed 

by 15 mg ECC kg-1 soil and (27.9 g) the control. Up to 31% increase in shoot fresh 

weight was recorded by ECC. Similar pattern was followed by the root fresh weight and 

an increase of 15 and 31% was observed when ECC was applied at15 and 30 mg kg-1 soil. 

Similar results were reported in case of dry biomass of shoot and root. The ECC increased 

shoot dry biomass up to 31% and root dry biomass up to 17% when applied at30 mg kg-1 

soil (Table 4.49c). 

The effect of ECC on N, P, K and Cl of shoot was non-significant (P> 0.05), while 

Na was significantly affected. The maximum N concentration (2.75%) was recorded in 

the treatment with 30 mg ECC kg-1 soil and minimum (2.41%) was in the control. This 

increase was up to 14% over control. The P concentration of cotton shoot was decreased 

up to 9 and 14% over control with 15 and 30 mg kg-1 ECC, respectively. Potassium (K) 

concentration was increased up to 12% by ECC at 30 mg kg-1 soil. The maximum K 

(2.36%) was observed in the treatment where 30 mg ECC kg-1 soil was applied and 

minimum (2.11%) was in the control. The Na and Cl content were decreased by ECC. 

Maximum Na and Cl (0.53% & 3.43%) were observed in the control and minimum 

(0.34% & 2.48%) was in the treatment with 30 mg ECC kg-1 soil (Table 4.50a). Up to 

35% decrease in Na and 28% decrease in Cl concentration were observed when ECC was 

applied at 30 mg kg-1 soil, respectively. Similar results were reported in the case of cotton 

root except that there was variability in percent increase and/or decrease (Table 4.50b).  

 Plant height was reduced by the application of CaC2 up to 15% over control. This 

decrease is due to production of C2H4 from ECC reduction in the soil as ethylene is 

reported to decrease plant height (Abeles et al., 1992). Number of branches was increased 
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up to 94% over control. There was a negative correlation between number of branches 

and plant height (r = -0.65, n = 9). Number of branches and number of bolls were 

positively correlated with each other (r = 0.75, n = 9). The RWC was increased by ECC 

up to 9% over control. Correlation between RWC and number of branches was positive (r 

= 0.58, n = 9). Abeles et al (1992) have reported that ethylene reduces plant height and 

thus lodging which could have improved number of branches and number of boll. 

Increase in RWC could be attributed to the fact that C2H4 produced from CaC2 have 

maintained turgor of the cells (Arshad and Frankenberger, 2002).  

Greenness was also enhanced by CaC2 under drought stress up to 3% over control 

and was positively correlated with RWC (r = 0.58, n = 9), and number of branches (r = 

0.58, n = 9). This premise could be attributed to the physiologically active concentrations 

of C2H4 which has regulatory effect on plant growth and development. Increase in Pn, E 

and C was also due to the fact that C2H4 maintained the turgor of the cells and also have 

improved water flow and hydraulic conductivity in the root (Kamaluddin and Zwiazek, 

2002). Positive correlation was observed between Pn and E (r = 0.82, n = 9) and Pn and C 

(r = 0.96, n = 9). Root and shoot biomass was increased by CaC2 up to 16 and 31 % over 

control, respectively. This increase is attributed to increased uptake of N which increased 

biomass. Yaseen et al. (2006) and Kashif et al (2008) reported similar results.  

The N content of shoot was increased by ECC up to 12% over control and there 

was a positive correlation between N and number of bolls (r = 0.72, n = 9) and yield of 

seed cotton (r = 0.69, n = 9). The increase in Pn, E and C could also be attributed to the 

increased uptake of N because these are positively correlated. Ahmad et al (2004) have 
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reported increased uptake of N, P and K by cotton and wheat when CaC2 was applied at 

30 and 60 kg ha-1. This was attributed to increased proliferation of soil by the roots.  

The CaC2 is a good source of C2H2 and C2H4 and it is extensively being used in 

agriculture for the enhancement of production (Muromtsev et al., 1991). It is also well 

accepted that it is a nitrification and denitrification inhibitor (Yaseen et al., 2006; Kashif 

et al., 2008) and it ensures availability of NH4
+-N at early growth stages which increase 

vegetative growth and NO3-N at later growth stages which is required by plants for 

maturity (Spratt et al., 1974). Being a good source of C2H4, ECC ensures a slow release of 

C2H4 for a longer period of time. If C2H4 applied at the appropriate time and dose it can 

be a vital chemical in agricultural production. Abeles et al. (1992) also discussed the role 

of it in agriculture.  

4.2.4. Effect of calcium carbide on root exudates of wheat and cotton under salinity 

stress 

  Data reported in Fig. 4.14a & b indicate that CaC2 and salinity affected organic 

carbon (OC) in wheat and cotton exudates. The maximum OC concentration (43.01%) 

was observed in the treatment having 30 mg CaC2 in the absence of salinity and minimum 

(33.43%) was in the treatment having NaCl at 2000 mg kg-1 soil in the absence of CaC2. 

Over all increase in OC due to CaC2 was up to 4 and 8% with 15 and 30 mg kg-1 soil, 

respectively, compared to control. At the same time salinity decreased OC up to 14 and 

21% when NaCl was applied at 1250 and 2000 mg kg-1 soil. Similar trend in OC 

concentration of cotton root adhering soil (RAS) was observed and maximum C 

concentration (41.32%) was observed in the treatment where 30 mg CaC2 was applied in 

the absence of salinity and minimum (31.30%) was in the treatment having 2000 mg 

NaCl kg-1 soil in the absence of CaC2 (Fig. 4.14b). Over all in cotton, %OC of RAS was 
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increased up to 11% by CaC2 over control. It was observed that OC concentration was 

greater in wheat RAS as compared to cotton.  

Data in Fig. 4.15a indicated that salinity and CaC2 affected quantity of root 

adhering soil (RAS) in wheat and cotton positively. The CaC2 increased RAS in wheat up 

to 22 and 30% when applied at15 and 30 mg kg-1 soil and salinity decreased RAS up to 

24 and 30% when NaCl at 1250 and 2000 mg kg-1 soil was applied. Similar trend was 

observed in cotton RAS and an increase of 3 and 13% was recorded by CaC2 at15 and 30 

mg kg-1 soil and decrease due to salinity was up to 32 and 35% over control. Maximum 

RAS (2.22g) was recorded in the treatment with 30 mg CaC2 kg-1 soil in the absence of 

salinity and minimum (1.31g) was observed in the treatment where NaCl at 2000 mg kg-1 

soil was applied in the absence of CaC2 (Fig. 4.15b).  

The results of present study demonstrate the influence of ECC for evaluating the 

changes in rhizodepozition for wheat and cotton crops under salinity stress. The data 

reported herein indicates an increase in OC content for root deposits of wheat and cotton 

due to application of ECC; this implies that microbial activity in the root zone was 

enhanced because of the composition of CaC2 formulation. The formulation contained 

starch and wheat straw which improved the rhizosphere environment by promoting root 

growth and root micro flora. 

Since the application of ECC enhanced the quantity of root adhering soil, thus, it 

seems that this effect is most likely because of the hormonal action of C2H4, which 

evolved a physiological response. This increase in OC could also be attributed to  
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a) Wheat 

 

 

b) Cotton                      

 

Fig. 4.14. Effect of calcium carbide on organic carbon concentration in root adhering soil 
(RAS) of wheat and cotton under salinity stress. Vertical bars are standard error 
means.  
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a)  Wheat      

            

 

b) Cotton  

                  

 

Fig. 4.15. Impact of calcium carbide on root adhering soil (RAS) of wheat and cotton 
under salinity stress. Vertical bars are standard error means.   
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improved uptake of nutrients (Ahmad et al., 2004; Yaseen et al., 2006. Improvement in 

root growth could affect enhanced uptake of N and P. The C2H4 resulting from CaC2 

decomposition is reported to enhance root proliferation (Sharma and Yadav, 1996). This 

lead to increased soil volume being explored but a greater solubilization of P in the 

rhizosphere at the expense of acidic root exudates or rhizodeposits (Dakon and Phillips, 

(2002). In summary, the results of this study show a positive effect of CaC2 on OC 

content and root adhering soil in the rhizosphere of wheat and cotton. Root exudation of 

soluble OC is a key process that promotes microbial activity in the soil, but it is often 

omitted from consideration of plant carbon balance as being a minor component 

(Kuzyakov and Cheng, 2001). Exudation influenced nutrient availability in the 

rhizosphere and thus plant growth itself (Dakon and Phillips, 2002).  

4.2.5. Enzymatic changes in germinating seeds of wheat and cotton in response to 

soil applied calcium carbide under salinity stress  

A) Wheat  

 There was a non-significant (P> 0.05) effect of CaC2 and salinity on invertase 

activity. Maximum invertase activity (1.04 µg sugars produced µg-1 fresh wt.) was 

recorded in the treatment having highest level of salinity and CaC2 and minimum activity 

(0.60µg sugars produced µg-1 fresh wt.) was in the control treatment (Fig. 4.16a). Salinity 

and CaC2 interacted non-significantly (P≤ 0.05) in the case of invertase activity. 

Peroxidase activity was decreased by salinity and CaC2, however, the decrease was low in 

case of lower level of CaC2 as compared to higher concentrations (Fig. 4.16b). The effect 

of salinity, and CaC2 x salinity interaction was non-significant (P> 0.05). Maximum 

peroxidase activity (0.35 units g FW-1) was observed in the control and minimum (0.19 
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units g FW-1) was in the treatment with highest salinity along with 30 mg CaC2 kg-1 soil. 

Acid phosphatase activity was enhanced significantly (P≤ 0.05) by salinity and CaC2. 

Increase in acid phosphatase activity due to salinity was less sharp as compared to CaC2 

(Fig. 4.17a). Addition of CaC2 increased its activity very quickly irrespective of salinity 

treatment. Maximum activity (166.9 µg g-1 h-1 P-NP) was noted in the treatment with 30 

mg CaC2 along with 2000 mg NaCl kg-1 soil and minimum (73.48 µg g-1 h-1 P-NP) in the 

control. The impact of salinity × CaC2 interaction on acid phosphatase activity was non-

significant (P> 0.05). The CaC2 reduced alkaline phosphatase activity at lower 

concentration and increased significantly (P≤ 0.05) when applied at higher rates; 

however, the impact of salinity was consistent (Fig. 4.17b). Maximum (46.79 µg g-1 h-1 P-

NP) activity of alkaline phosphatase was observed in the treatment receiving highest 

salinity and CaC2 concentration and minimum was in the treatment having 15 mg CaC2 

kg-1 soil in the absence of salinity.  

Salinity as well as CaC2 increased catalase activity significantly (P≤ 0.05). 

Maximum catalase activity (2288.25 unit g-1 FW) was recorded in the treatment with 

highest salinity and CaC2 and minimum (411.38 unit g-1 FW) in the control (Fig. 4.18a). 

Interaction between salinity and CaC2 was significant (P≤ 0.05). Same trend in the 

activity of dehydrogenase was observed and both treatments increased its activity 

significantly (P≤ 0.05) (Fig. 4.18b). More increase in activity was recorded under salinity 

stress in the presence of CaC2. Maximum dehydrogenase activity (123.44 µg g-1 d-1 TPF) 

was observed in the treatment with highest salinity and CaC2 and minimum (58.24 µg g-1 

d-1 TPF) was in the absence of salinity and CaC2. Protease activity was increased  
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a) Invertase 

 

 
 

b) Peroxidase 

 

 

 

Fig. 4.16. The effect of calcium carbide on invertase and peroxidase activity of wheat 

seedlings under salinity stress. Vertical bars are standard error means.   
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a) Acidic phosphatase 

 

 

b) Alkaline phosphatase 

 

 

Fig. 4.17. The effect of calcium carbide on acid and alkaline phosphatase activity of 

wheat seedlings under salinity stress. Vertical bars are standard error means.    
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a) Catalase 

 
b) Dehydrogenase 

 

c) Protease 

 

Fig. 4.18. Effect of calcium carbide on catalase, dehydrogenase and protease activity of 

wheat seedlings under salinity stress. Vertical bars are standard error means.   
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significantly by the treatments (P≤ 0.05). Maximum protease activity (250.40 µg g-1 2h-1 

tyr) was noted in the treatment with 2000 mg NaCl and 30 mg CaC2 kg-1 soil and 

minimum (130.80 µg g-1 2h-1 tyr) was in the absence of salinity and CaC2 (Fig. 4.19c). 

Salinity × CaC2 interaction was non-significant (P> 0.05). 

B) Cotton 

The effect of salinity and CaC2 was significant (P≤ 0.05) while salinity × CaC2 

interaction was non-significant on invertase activity. Maximum invertase activity (0.73 

µg sugars produced µg-1 fresh wt.) was observed in the treatment having highest level of 

salinity and 15 mg CaC2 kg-1 soil and minimum activity (0.53µg sugars produced µg-1 

fresh wt.) was in the control treatment (Fig. 4.19a). Peroxidase activity was decreased by 

salinity and CaC2 significantly (P≤ 0.05), however, decrease was higher at higher 

concentrations of CaC2 as compared to lower concentration (Fig. 4.19b). Maximum 

peroxidase activity was observed in control and minimum in the treatment with highest 

salinity (NaCl at 2000 mg kg-1 soil) along with 30 mg CaC2 kg-1 soil. In the case of 

peroxidase salinity × CaC2 interaction was significant (P≤ 0.05). Acid phosphatase 

activity was enhanced significantly (P≤ 0.05) by salinity. Maximum activity (114.98 µg 

g-1 h-1 P-NP) was observed in the treatment with 15 mg CaC2 along with 2000 mg NaCl 

kg-1 soil and minimum (40.77 µg g-1 h-1 P-NP) was in the control (Fig. 4.20a). Increase in 

acid phosphatase activity was significant (P≤ 0.05). Unlike acid phosphatase activity 

CaC2 decreased alkaline phosphatase activity significantly (P≤ 0.05). However, salinity 

increased it significantly (P≤ 0.05) (Fig. 4.20b). Maximum alkaline phosphatase activity 

(55.23 µg g-1 h-1 P-NP) was observed in the treatment receiving highest salinity and CaC2 

concentration and minimum (7.67 µg g-1 h-1 P-NP) was in the absence of salinity and 
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CaC2 (control). The effect of salinity as well as CaC2 on catalase activity was significant 

(P≤ 0.05). Maximum catalase activity was recorded (1285.41 unit g-1 FW) in the 

treatment with highest salinity and 30 mg CaC2 kg-1 soil and minimum (419.67 unit g-1 

FW) was in the control (Fig. 4.21a). Salinity showed a non-significant (P> 0.05) 

interaction with CaC2 in this case. Activity of dehydrogenase was increased by salinity 

and CaC2 significantly (P≤ 0.05). The maximum (112.82 µg g-1 d-1 TPF) dehydrogenase 

activity was observed in the treatment having 30 mg NaCl and 30 mg CaC2 kg-1 soil and 

minimum (57.51 µg g-1 d-1 TPF) was in the control treatment (Fig. 4.21b). In the absence 

of salinity 15 mg CaC2 increased protease activity non-significantly (P≤ 0.05) while 

under salinity stress increase due to CaC2 at15 and 30 mg kg-1 soil was at par with each 

other (Fig. 4.21c). Maximum protease activity (223.55 µg g-1 2h-1 tyr) was observed in 

the treatment with 2000 mg NaCl and 30 mg CaC2 and minimum (177.31 µg g-1 2h-1 tyr) 

was in the treatment having no salinity and CaC2. In case of protease activity salinity × 

CaC2 interaction was significant (P≤ 0.05).  

Plant enzymes may or may not be a good indicator of plant activities under 

environmental stress (Kim et al., 1988). Nevertheless, because of their role in the 

biochemical cycling of nutrient elements, extensive information is available on the effect 

of stress on plant enzymatic activities (Gianfreda et al., 1995; Rajguru et al., 1999). In the 

present study, CaC2 was found to have a positive effect on almost all enzymes studied 

except peroxidase. The positive effect increased with the rate of CaC2 to a certain level 

thereafter decreased. Invertase activity (IA) was increased with salinity levels up to 9% 

and 11% as compared to control. Invertase is involved in the synthesis of Suc (Stitt and  
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a) Invertase 

 

b) Peroxidase 

 

 

 

Fig. 4.19. The impact of calcium carbide on invertase and peroxidase activity of cotton 
seedlings under salinity stress. Vertical bars are standard error means.    
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a) Acid phosphatase 
 

 

b) Alkaline Phosphatase 

 

 

 
Fig. 4.20. The impact of calcium carbide on acid and alkaline phosphatase activity of 

cotton seedlings under salinity stress. Vertical bars are standard error means.         
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a) Catalase 

 
b) Dehydrogenase 
 

 
c) Protease 
 

 
 
Fig. 4.21. Effect of calcium carbide on catalase, dehydrogenase and protease activity of    

cotton seedlings under salinity stress. Vertical bars are standard error means.   
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important functions, including acting as the major carbohydrate transport form, as a 

storage compound, and as an osmoprotectant (Eschrich, 1989; Frommer and Sonnewald, 

1995; Ruan and Patrick, 1995; Stitt and Sonnewald, 1995). Peroxidase is reported to 

increase the growth of aspen plants up to 25% over control (Kawaoka et al., 2003). Here a 

decrease in peroxidase activity pleads the reduction in plant height. Peroxidases (EC 

1.11.1.7, donor: hydrogen peroxide oxidoreductase) are widely found in plants, and 

microbes and oxidize a vast array of compounds (electron donors) in the presence of 

hydrogen peroxide (H2O2). Forty-two expected sequence tags encoding different 

peroxidase isoenzymes are found in rice (Oryza sativa; Hiraga et al., 2001). Hoyle (1977) 

found 42 isoenzymes and/or isoforms in commercial preparations of horseradish 

(Armoracia rusticana) peroxidase (HRP).  

Phosphatases are enzymes, which catalyze the liberation of orthophosphate from 

complex organic phosphorus compounds and an organic moiety and are thus believed to 

have an essential function in the nutrient dynamics of most of the ecological niches. 

These enzymes maintain phosphorus balance in the plant field (Meenakshi, 2007). It is 

known that acid phosphatase plays an important role in the detoxification process of toxic 

compounds entering the body (Zheng et al., 2007). The increase of alkaline or acid 

phosphatase is owing to increase the permeability of plasma membrane (Lopez et al., 

2007). Activity of acid phosphatase was increased by salinity up to 90% and up to 88% 

by CaC2 over control, respectively. Sharma et al. (2004) reported increased activity of 

acidic and alkaline phosphatase activity in sorghum under salinity stress. The CaC2 

increased catalase activity up to 245% when 15 mg of it kg-1 was applied; however, 

increase due to salinity was up to 11% over control (Rajguru et al., 1999). In plants, 
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catalase is primarily located in peroxisomes and is involved in the detoxification of active 

oxygen species, which are generated during cellular processes such as photorespiration 

and beta-oxidation of fatty acids or by different environmental stresses (Scandalios, 1990; 

Foyer and Harbinson, 1994). A recent report that catalase activity is inhibited by salicylic 

acid also indicates its involvement in systemic acquired resistance to pathogens (Chen et 

al., 1993). 

 Dehydrogenase and protease activities were also increased by salinity up to 11% 

and 16% over control respectively and due to CaC2 up to 69% and 9% over control, 

respectively. Increase in glutamate dehydrogenase (GDH; EC 1.4.1.2) activity has been 

observed under conditions of carbohydrate starvation, as well as excess ammonia (Athwal 

et al., 1997). Salinity creates the starvation of carbohydrates and excess of ammonia. 

Protease is the vacuolar processing enzyme (VPE) and is essential for a virus-induced 

hypersensitive response that involves programmed cell death (PCD). VPE deficiency 

prevented virus-induced hypersensitive cell death in tobacco plants. VPE is structurally 

unrelated to caspases, although VPE has a caspase-1 activity. Thus, plants have evolved a 

regulated cellular suicide strategy that, unlike PCD of animals, is mediated by VPE and 

the cellular vacuole (Hatsugai et al., 2004).   

 In case of wheat seedlings similar trends were observed. Invertase activity was 

increased by salinity up to 39% and by CaC2 up to 22% and treatments were positively 

correlated (r = 0.9, n = 9). Peroxidase activity was decreased by salinity and CaC2 up to 

6% and 38% over control respectively. Acid phosphatase activities were also increased up 

to 9% by salinity and up to 111% by CaC2 over control. Alkaline phosphatase activity 

was enhanced by CaC2 up to 382% and increase due to salinity was up to 58% over 
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control. Treatments were positively correlated in acid and alkaline phosphatase activity (r 

= 0.99 and r = 0.62, n = 9). Treatment of 30 mg CaC2 kg-1 soil increased catalase activity 

up to 234% over control and increase due to salinity was up to 66%. It was further 

observed that in cotton seedlings 15 mg CaC2 kg-1 soil generated best results while in case 

of wheat seedlings 30 mg CaC2 kg-1 caused maximum increase in catalase activity. 

Dehydrogenase activity was also increased by the treatments. The CaC2 increased it up to 

51% and increase due to salinity was up to 36% over control.  

Similar results have been reported by many researchers. Salt stress enhanced the 

catalase activity in seedlings of chickpea (El-Kady et al., 1982). Other studies showed a 

positive correlation between the activity of antioxodative enzymes and strees tolerance 

under salt stress in onion (Abd El-Baky et al., 2003). However several salt stresses 

resulted in an inhibition of the antioxidative enzyme catalase and peroxidase.  The effects 

of C2H4 on different enzymes have been reviewed by Abeles et al. (1992); and both 

positive and negative effects were reported. Decreased activity of peroxidase may be 

attributed to the fact that C2H4 may inhibit it (Lee and Lin, 1996) and thus help mitigate 

the negative effects of stresses like salinity and drought on cell elongation. Enhancement 

in root proliferation by humic compounds (Malik and Azam, 1985) has also been 

attributed to an inhibition of peroxidase (Vaughan and Malcolm, 1979).  
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4.3. Field studies 

4.3.1. Response of wheat and cotton to soil applied calcium carbide in field 

experiment under salinity stress 

 

The effect of salinity and CaC2 was non-significant (P> 0.05) on plant height (Fig. 

4.22a). Maximum plant height (62.63 cm) was recorded in the control treatment followed 

by the treatment receiving 1250 mg NaCl kg-1 soil in the absence of CaC2. Minimum 

height (40.97 cm) was recorded in the treatment where 2000 mg NaCl and 30 mg CaC2 

kg-1 soil was applied. Over all decrease in plant height due to salinity was up to 14 and 

22% due to 15 and 30 mg CaC2 kg-1 soil over control. Maximum spike length (12.59 cm) 

was recorded in the treatment receiving 15 mg CaC2 in the absence of salinity and 

minimum (7.34 cm) was in the treatment having 2000 mg NaCl kg-1 soil in the absence of 

CaC2 (Fig. 4.22b). 

Non-significant (P> 0.05) effect of CaC2 on tillering was recorded in wheat (Fig. 

4.23a). The CaC2 increased number of productive tillers up to 12 and 4% when applied 

at15 and 30 mg kg-1 soil. Maximum number of fertile tillers (298.99 m-2) was observed in 

the treatment receiving 15 mg CaC2 kg-1 soil in the absence of salinity and minimum 

(199.36 m-2) was observed in the treatment receiving 2000 mg NaCl kg-1 soil in the 

absence of salinity. Maximum (3.78 g) 100 grain weight was recorded in the treatment 

receiving 15 mg CaC2 in the absence of salinity and minimum (2.46 g) was observed in 

the treatment receiving 2000 mg NaCl kg-1 in the absence of salinity (Fig. 4.23b). Yield 

of wheat grains was increased by CaC2 up to 13 and 20% over control while salinity 

decreased yield of grains up to 16% when applied at 2000 mg kg-1 soil. Maximum yield 

(2947.63 kg ha-1) was observed in the treatment having 30 mg CaC2 kg-1 soil in the  
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a) 

 

 

b)                    

 

 
Fig. 4.22. Effect of calcium carbide on plant height and length of spike (cm) in a field 

study under salinity stress. Vertical bars are standard error means.  
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a) 

 

 

b) 

 

 
Fig. 4.23. Effect of calcium carbide on number of productive tiller and 100 grain weight 

of wheat in a field study under salinity stress. Vertical bars are standard error 
means. 
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a) 

 

 

b)                    

 

 
Fig. 4.24. Effect of calcium carbide on grain yield and harvest index (HI) of wheat in a 

field study under salinity stress. Vertical bars are standard error means. 
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absence of salinity and minimum yield (2019.08 kg ha-1) was recorded in the treatment 

receiving NaCl at 2000 mg kg-1 soil in the absence of CaC2 (Fig. 4.24a). Treatment with 

highest yield showed maximum (48.18%) harvest index and minimum HI (38.81%) was 

recorded in the treatment receiving 2000 mg NaCl kg-1 soil in the absence of CaC2 (Fig. 

4.24b).  

The various attributes of yield of wheat were affected by CaC2. There was 9-14% 

reduction in plant height due to CaC2 over control and salinity reduced plant height up to 

24% over control. Clark et al (1999) and Cook et al (1983) reported that ethylene/CaC2 

promoted bellow ground (root) growth and suppressed above ground growth (shoot). 

There was a positive correlation between plant height observed with CaC2 applied and 

salinity (r = 0.94, n = 9). Increase in spike length due to CaC2 was up to 22% over control 

and salinity reduced it up to 23%. The effect of salinity and CaC2 was negatively 

correlated in the case of spike length (r = -0.27, n = 9). Application of CaC2 increased 

number of tillers over control up to 12%. It was also noted that higher levels of CaC2 did 

not promote tillering as compared to lower concentrations. Correlation between the tillers 

observed with CaC2 and treatments was positive (r = 0.88, n = 9). The CaC2 increased 

100 grain weight up to 3% decrease due to salinity was up to 31%. Yield of grain and HI 

was increased by CaC2 under salinity stress. The CaC2 at 30 mg kg-1 soil increased yield 

up to 20% and HI up to 11%. Similar results were reported by Chhonkar et al. (2002). 

They reported highest dry matter content and yield by CaC2. Keerthisinghe et al. (1996) 

and Randall et al. (2001) reported increased yield of wheat, cotton, maize and rice in 

response to soil applied CaC2. Similarly Rajala and Pettonen–Sainio (2000) reported that 

ethephon tended to increase tillers grain yield, total grain yield per plant and harvest 
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index compared to control at maturity. Woodwards and Marshal (1987 & 1988) reported 

improved tillering as a consequence of availability of more photoassimilates for tiller 

growth following retarded growth and reduced activity of the main shoot. Ethylene 

induces inhibition of auxin biosynthesis and movement and is responsible for reduced 

shoot (Lyon, 1970). 

B) Response of cotton to soil applied calcium carbide in field experiment under 

salinity stress  

Plant height was reduced by the application of CaC2. Maximum plant height 

(78.09 cm) was observed in the treatment where no salinity and no CaC2 were applied and 

minimum (55.33 cm) was in the treatment where 30 mg calcium carbide along with 2000 

mg NaCl kg-1 soil was applied (Fig. 4.25a). Over all decrease in plant height due to CaC2 

was up to 12% and due to salinity up to 20% over control. The effect of CaC2, salinity 

and CaC2 x salinity was non-significant on number of sympodial branches (P≤ 0.05) 

under different salinity concentrations. Maximum number of sympodial branches (261.57 

plot-1) was recorded in the treatment receiving 30 mg CaC2 kg-1 soil without salinity and 

minimum (112 plot-1) was in the treatment with highest level of NaCl (2000 mg kg-1 soil) 

in the absence of CaC2 (Fig. 4.25b). The CaC2 increased number of sympodial branches 

up to 27% over control when applied at30 mg kg-1 soil. The effect of CaC2, salinity and 

CaC2 x salinity on number of monopodial branches was non-significant (P≤ 0.05. 

Maximum number (51.23 plot-1) was recorded in the treatment having 30 mg CaC2 kg-1 

soil in the absence of salinity and minimum (18.67 plot-1) was observed in the treatment 

receiving 30 mg CaC2 kg-1 soil along with NaCl at 2000 mg kg-1 soil (Fig. 4.26a). Over 

all increase in number of monopodial branches due to CaC2 was up to 10 and 38% over  
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Fig. 4.25. Effect of calcium carbide on plant height (cm) and number of sympodial 

branches in a field study under salinity stress. Vertical bars are standard error 
means.  
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Fig. 4.26. Effect of calcium carbide on number of monopodial branches and shoot dry 

biomass in field study under salinity stress. Vertical bars are standard error 
means. 
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control with 15 and 30 mg CaC2 kg-1 soil, respectively. 

The CaC2 increased the shoot and root dry biomass by the CaC2. Shoot dry 

biomass was increased by 10 and 16% over control with 15 and 30 mg kg-1 soil CaC2. 

Maximum shoot dry biomass (1476.27 g plot-1) was recorded in the treatment having 30 

mg CaC2 kg-1 soil in the absence of salinity and minimum (987.45 g plot-1) in the 

treatment receiving 2000 mg NaCl in the absence of CaC2 (Fig. 4.26b). Similar results 

were reported in the case of root dry biomass and up to 45 and 68% increase in root dry 

biomass was observed by the application of CaC2 when applied at15 and 30 mg kg-1 soil 

(Fig. 4.27a). The effect of salinity and CaC2 on seed cotton yield was non-significant (P> 

0.05). The maximum yield (4989.40 kg ha-1) was observed in the treatment having CaC2 

at30 mg kg-1 soil in the absence of salinity and minimum yield (2159.67 kg ha-1) was 

recorded in the treatment receiving  NaCl at2000 kg-1 soil in the absence of CaC2 (Fig. 

4.27b). Seed cotton yield was increased up to 24% when CaC2 at30 mg kg-1 soil was 

applied. Similar results were obtained regarding impact of CaC2 on HI of cotton. Salinity 

decreased HI up to 26% (NaCl at2000 mg kg-1
 soil) and CaC2 increased it up to 9% with 

30 mg kg-1 soil and 26% with 30 mg kg-1 soil, over control (Fig. 2.27c).  

Growth and yield parameters of cotton were improved by CaC2 application. 

Reduction in plant height and increase in yield, HI, number of sympodial and monopodial 

branches was observed in CaC2 amended soil in the presence of salinity. These positive 

effects of CaC2 may be due to more availability of N from the soil due to less N losses 

particularly as NO3
 -N because of inhibitory effects of CaC2 on nitrification (Aulakh et 

al., 2001). Additionally, the formation of plant hormone C2H4 might have also  
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Fig. 4.27. Effect of calcium carbide on root dry biomass, seed cotton yield and harvest 

index in a field study under salinity stress. Vertical bars are standard error 
means. 
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contributed in promoting the growth and yield of treated plants. Abeles et al. (1992), 

Arshad and Frankenberger (2002) have reported C2H4 as a potent plant growth regulator. 

It has been postulated that small amounts of C2H4 in the rhizosphere could be 

physiologically active in influencing the growth and development of plants (Muromtsev 

et al., 1991). The results of laboratory studies regarding inhibitory effects of CaC2 on 

nitrification and formation of C2H4 from C2H2 released from CaC2 further support this 

premise. Thus formulation of CaC2 which leads to slow and gradual release of C2H2/ 

C2H4 might be useful for improving the nutrient use efficiency as well as growth and 

yields of crops. Chhonkar et al. (2002) reported highest dry matter content and yield by 

the application of CaC2. Woodwards and Marshal (1987, 1988) reported increased 

availability of photoassimilates which control activity of main shoot. Coated CaC2 

increased root/shoot ratio in winter wheat (Cook et al., 1983). Keerthisinghe et al. (1996) 

and Randall et al. (2001) reported increased yield of wheat and cotton in response to soil 

applied CaC2. A strong correlation (r = 0.911, n = 9) exists between sympodial and 

monopodial branches. 

 The application of encapsulated CaC2 enhanced the yield of seed cotton that 

could also be attributed to improved uptake of NPK (Ahmad et al., 2004; Yaseen et al., 

2006). In addition to increased availability of nutrients, CaC2 may also lead to changes in 

the form of available nutrients like N (Chaiwankupt et al., 1996). It is well-known now 

that presence of both NH4 and NO3 is more beneficial as a source of plant N rather than 

the either available alone (Spratt, 1974); CaC2 may help create this situation. One of the 

products of CaC2 decomposition i.e., acetylene, is inhibitory to nitrification. Therefore, a 

part of the fertilizer N will remain in NH4-form over extended period of time resulting in 
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the plant availability of both NO3 and NH4. Nitrification inhibitors have indeed been 

reported to improve crop yields by decreasing the losses of N through denitrification and 

NO3 leaching (Hazzrika and Sarkar, 1996). In addition, CaC2 may also serve as a source 

of Ca which is useful for plant growth (Sharma and Yadav, 1996).  

4.4. Conclusion 

Results reported have shown that ECC based ethylene has enhanced salinity and 

drought tolerance in wheat and cotton. Ayers and Westcot (1985) reported that an ECC of 

4.5 dSm-1 decreased yield of wheat up to 10% and an EC of 10 dS m-1 decreased yield of 

cotton up to 10%. In the present study, the salinity created was equivalent to 9.0 dS m-1 

and 16.0 dS m-1, which decreased yield of both crops up to 70%. However, ECC 

increased the yield of wheat and cotton up to 18 and 40% respectively, under greenhouse 

conditions. Similar results were obtained under drought stress and up to 17 and 40% 

increase in yield of wheat and cotton was recorded, respectively. The ECC impacted 

positively under field conditions and an increase of 20 and 24% in yield was observed in 

wheat and cotton respectively. This enhanced tolerance of wheat and cotton to salinity 

and drought due to ECC is attributed to: 

1- Physiologically active concentration of C2H4 which has regulatory effect on 

growth of crops under stress. Ethylene may act on stomatal aperture with a 

subsequent effect on Pn through a change in permeability of the guard cells 

membranes which alters ion and/or water efflux. 

2-  Enhanced uptake of N as C2H2 produced from ECC might have served as 

nitrification inhibitor. Nitrogen (NH4) on assimilation into amino acids which are 

subsequently incorporated into proteins and nucleic acids. Proteins provide the 
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framework for chloroplasts, mitochondria, and other structures in which most 

biochemical reactions occur. Most of the enzymes that control these reactions are 

proteins in nature. N is an integral part of chlorophyll, which is the primary 

absorber of light energy needed for photosynthesis. N supply is also related to 

carbohydrate utilization. Under N deficiency, carbohydrates are deposited in the 

vegetative cells and under sufficient N supply proteins are formed from the 

manufactured carbohydrates. Fewer carbohydrates are deposited in the vegetative 

portion; more protoplasm is formed and, because protoplasm is more hydrated so 

it could have helped maintain cell water potential under stress. 

3- Enhanced uptake of K which is responsible for enzymes activation that are 

responsible for grain filling in wheat (starch synthetase) or it could have played a 

role in osmotic regulation by providing osmotic pull that draws water into plant 

roots or it could have decreased water loss from plant body by closing the stomata 

or it could have increased internal CO2 that assimilates into sugars during 

photosynthesis. Once CO2 is assimilated into sugars, the sugars are transported to 

plant organs, where they are stored or used for growth. Translocation of sugars 

requires energy in the form of ATP, which is synthesized by K. Potassium also 

helps in the uptake of N and synthesis of proteins and amino acids. The beneficial 

effects of K on increased yield of winter wheat are due to higher kernel weight. 

This effect results from increasing either the photosynthetic capacity or the 

productive life of flag leaf, which accounts for up to 80% of grain-filling.  
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4- Availability of Ca as CaC2 on its decomposition releases Ca to soil which could 

also have played its role in the structure and permeability of cell membranes. Ca 

could also have enhanced K uptake and suppressed Na uptake.  

5- Enhanced production of enzymes, like invertase, catalase, phosphatase, 

dehydrogenase and protease could have played their role in alleviating the drastic 

effects of salinity and drought stress because of their role in the biochemical 

cycling of nutrient elements. Increased invertase activity (IA) could have the 

synthesis of Suc. Suc is the predominant sugar it serves several important 

functions, including acting as the major carbohydrate transportor, storage 

compound, and osmoprotectant Peroxidase is reported to increase the growth of 

aspen plants up to 25% over control. Here a decrease in peroxidase activity pleads 

the reduction in plant height. Peroxidases are widely found in plants, and oxidize a 

vast array of compounds (electron donors) in the presence of hydrogen peroxide 

(H2O2). Increased production of Phosphatases is suggestive of the fact that it could 

have played its function in the nutrient dynamics of most of the ecological niches 

and could have maintained phosphorus balance in the plant field. Acid 

phosphatase (APase) could have played an important role in the detoxification 

process of toxic compounds entering the body. The increase of alkaline or acid 

phosphatase is owing to increase the permeability of plasma membrane which 

could have helped plant to mitigate the negative effects of salinity and drought. 

Increased production of catalase by ECC is suggestive of the fact that it might 

have been involved in the detoxification of active oxygen species, which are 

generated during cellular processes such as photorespiration and beta-oxidation of 
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fatty acids or by different environmental stresses. Increased dehydrogenase 

activity could have enhanced microbial activity and changes in its activity could 

have improved useful index of changes in soil quality and rhizodeposits. 
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CHAPTER 5 

                                                               SUMMARY 
 

Plant growth regulators have recently emerged as an important class of 

agrochemicals used to increase agricultural productivity under both normal and stressed 

situations. It is now well established that plant growth and development are controlled by 

PGRs produced by plants itself or made available from extraneous sources. Their role in 

plant physiology has been documented extensively. A positive response of plants or plant 

parts to exogenous application of PGRs suggests that endogenous production of these 

chemicals is impaired partially or completely. Benefits of inoculating soil with plant 

growth promoting rhizobacteria are also derived from the release of PGRs by these 

organisms suggesting that exogenous application may indeed be useful. The important 

role of PGRs in regulating plant growth and productivity is suggestive of the fact that 

inhibitory effect of environmental stress may be expressed at least partially through sub-

optimal synthesis of these substances. This contention is further supported by increased 

production of hormones under stress situations leading to mitigation of negative effects. It 

is logical to assume, therefore, that under stress situations, exogenous application of 

PGRs will be useful.  

A series of experiments were conducted to evaluate encapsulated calcium carbide 

(ECC) as, i) potent source of acetylene (C2H2) and ethylene (C2H4) gases in soil ii) effect 

of ECC on growth and yield of wheat (Triticum aestivum L.) and cotton (Gossipium 

hirsutam).  Laboratory experiments were conducted to monitor the release of C2H2 and its 
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conversion into C2H2 over intervals in sterile and non-sterile conditions over a period of 

60 days.  

 The CaC2 has emerged as a very good source of C2H2 which upon its reduction is 

converted to C2H4 by micro biota in the soil. To exploit this potential of CaC2 it was 

encapsulated in a polyethylene matrix to make it less reactive in the soil. The formulation 

thus obtained was tested on GC-FID and the results revealed that the formulations 

produced C2H2 over a period of 60 days. Consequently, the C2H2 produced was reduced 

to C2H4. Studies were also carried out to evaluate the role of microorganisms on the 

release of C2H2 and C2H4. The results revealed that under non-sterilized conditions C2H2 

production was quicker as compared to sterilized conditions. Ethylene production was 

only observed under non-sterilized conditions. These results are due to the fact that under 

non sterilized conditions soil microbes caused quick decay of the formulation due to its 

composition. Presence of starch and wheat straw attracted microbes and the release of gas 

was quicker. Under sterilized conditions the decay of the formulation was very slow so 

the release of C2H2 was also prolonged.   

Seed germination of wheat and cotton was enhanced by encapsulated CaC2 at 

lower concentrations. It was observed that more than 30 mg of ECC kg-1 imparted an 

inhibitory effect on seed germination. There was an appearance of callus on seeds in 15 

and 30 mg CaC2 level that most probably might contribute to certain roots modifications 

in cotton plant. Results also revealed that encapsulated CaC2 at the rate of either 30 mg 

kg-1 soil or 15 mg kg-1 soil had significant stimulatory effect on the growth and yield of 

wheat and cotton. Plant height was decreased by the application of ECC; however, weight 

of spike, grains per spike and number of tillers was increased in wheat. These positive 
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effects of CaC2 could be attributed to the physiologically active concentration of plant 

hormone C2H4 as well as higher availability of N in the rhizosphere. A gradual formation 

of physiologically active concentration of C2H4 from the microbial reduction of C2H2 

might have also contributed in root growth promotion, which subsequently resulted in 

better shoot growth and yield of treated plants due to reduction in height and increased 

resistance to lodging. In wheat, greenness, spike weight, N, P, K uptake and 100 grain 

weight was enhanced by the application of encapsulated CaC2 and Cl and Na 

concentration was reduced. The chlorophyll florescence (PS-II) remained unchanged at 

all concentrations of salinity and CaC2, however, net photosynthesis was increased but 

transpiration rate and stomatal conductance were decreased significantly in salinity stress. 

In drought stress all these parameters were increased. In cotton ECC increased number of 

branches, number of bolls plant-1 which lead to increased yield and harvest index. Net 

photosynthesis and uptake of N, P & K fertilizers, was increased and plant height, 

stomatal conductance, transpiration rate, Na, and Cl content was decreased. Application 

of CaC2 or salinity did not change chlorophyll florescence; however relative leaf water 

content was improved by CaC2 non-significantly in both crops. 

The results also indicated that application of CaC2 after two weeks of cotton 

germination gave promising results as ethylene released from CaC2 could stimulate root 

growth at early stages, consequently improve shoot growth. Similarly in wheat, C2H4 

stimulated root growth of seedlings and if applied at anthesis it caused sterility and 

decrease in yield. In these studies it has stimulated yield and growth of wheat because it 

was applied long before an-thesis.   
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 Results of the experiment also increased enzymatic activity of germinating 

seedlings. All enzymes studied in wheat, showed significant increase due to the 

application of CaC2 except peroxidase whose activity was decreased by CaC2 and 

salinity. This premise is supported by the fact that ethylene inhibits peroxidase activity 

and thus helps mitigate the negative effects of stresses like salinity and drought on cell 

elongation. Protein contents of wheat and cotton leaves were also increased due to ECC 

application under salinity stress. Roots exudation was increased by the application of 

ECC. Significant increases in root adhering soil (RAS) and organic carbon content in 

RAS were reported, which implies enhanced biological activity in the rhizosphere. Under 

drought stress application of CaC2 significantly increased growth and yield of wheat crop, 

net photosynthesis, transpiration rate and stomatal conductance were increased. This is 

attributed to the fact that ethylene maintains the turgor of the cell and enables the plant to 

perform better under drought stress. 

 Finally, it is concluded from the results of experiments that ECC proved to be a 

better source of acetylene and ethylene which increased germination, growth and yield of 

wheat and cotton under salinity and drought stress. It also gave better N, P and K fertilizer 

recovery thereby, reducing NO3
- hazards in ground water and on the other hand good 

solid source of ethylene for plants to tolerate the drastic effects of salinity and drought. 

Application of ECC increased wheat grain yield and yield of seed cotton under salinity 

and drought stress up to 35% over control. Therefore, it can be used as a non conventional 

approach to increase wheat and cotton yield under salinity and drought stress.  

Future Recommendations  

i) Findings of this research will contribute a lot towards knowledge in future.  
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ii) The use of ECC based formulation will be a new and innovative approach to 

develop cost effective technology for enhancing yield of crops on problem 

soils.  

iii) This technology could increase seed germination under salinity stress and will 

help plants to combat drought and salinity by inducing molecular changes. 
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