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1.4. MATERIALS AND METHODS 

1.4.1. Plant Material: 

The experimental plant of the present investigation was chayote (Sechium ediile 

Sw.) a climbing plant of the family Cucurbitaceae. After varietal screening of the species, 

it was found that the varietal type (C) available in Mirik was much superior to other with 

respect of general vigour and yield of fruits. Thus, the chayote fruits of this particular 

variety were procured from an authentic supplier of local Mirik market and used as 

experimental material. 

The hilly plant species, chayote is perennial; the above ground parts die in winter 

but the tuberous roots thrive and new sprouts arises in the next season. The above ground 

part of chayote is monocarpic in nature and the leafy plant survives more than five months. 

Vegetative phase continues more than two months and fruiting phase persists for three . 

months. The underground tuberous part is fully viable and rich with carbohydrates. The 

chayote plant grows all over the Darjeeling hills ranging from 500 to 2200m altitude but 

the plants growing in areas, between the altitudinal range from 1000 to 1500m, are vigorous 

in vegetative growth and superior in crop yield. Varieties growing in various altitudes of 

Darjeeling hills were recorded and altogather ten varietal types were identified and named 

alphabatically (A to J) on the basis of morphologidal characters of the fruits (Table-1.2). 

Important events during the life cycle of the chayote plant were determined from the 

average data of three planting seasons (Table -1.3). 

1.4.2. Soil Preparation and Method of Sowing : 

All the field experiments of this investigation were performed in the experimental 

fields of Botany Department, Darjeeling Government College, and at Ramji Busty, Sukhia 

Pokhri, Darjeeling using the varietal type C (Vide table 1.2) of chayote. 

The large experimental field in Sukhia Pokhri was divided into subplots, each having 

an area of 3x3m. The land was ploughed 3-4 times to prepare for sowing. After adding 

adequate amount of cowdung and organic compost plots were prepared in terrace land. 
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About 70% of the plot soil was garden soil and rest 30% of the composition was cowdung 

and compost manures. The sprouted mature healthy fruits were sown at the distance of 

1.5m (plant-to-plant and row-to-row). Each sprouted fruit was sown at the depth of 15 

cm into the soil in a slight oblique manner placing the sprouted part towards the upperside. 

Propagules were watered at five-day intervals until seedlings developed. 

1.4.3. Meteorological Data : 

Meteorological data viz., temperature, relative humidity and rainfall during the 

experimental years of 1992, 1993 and 1994 monthwise at Darjeeliiig were procured 

from the Principal Office of Agriculture, Govt, of West Bengal, Darjeeling and St. Joseph's 

College, Darjeeling and presented in Table -1.4,1.5,1.6. 

1.4.4. Design of Experiments : 

In this investigation, experiments were designed under the following directions to 

analyse the effects of three growth retardants like Na-dikegulac (DK), Chlormequat 

(CCC) and maleic hydrazide (MH) and three growth promoters like lAA, kinetin and 

GA, on chayote plant: 

i. Analyses of the effects of whole fruit treatment with growth retardants on growth, 

metabolism and crop yield. 

ii. Analyses of the effects of growth retardants, treated at sapling stage, on growth, 

metabolism and crop yield. 

iii. Analyses of the effects of growth retardants treated at preflowering stage followed 

by growth promoters treated at flowering stage on grwoth, metabolism and crop 

yield. 

1.4.4.1. Analyses of the effects of whole fruit treatment with growth retardants 

on growth, metabolism and crop yield : 

Healthy, viable sprouted fruits of chayote were thoroughly sterilised by 0.1 % HgCl 
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for 60 seconds and the fruits were presoaked with aqueous solutions of 1000 and 2000 

pg/ml Na-dikegulac, 2000 and 4000 pg/ml Chlormequat and 250 and 500 |jg/ml of Maleic 

hydrazide for 24h and then dried back to original weight. Fruits with distilled water 

treatment served as a control set. After this the treated fruits of each treatment were 

sown in the experimental plot in the month of February. 

1.4.4.1.1. Phenological analyses : 

Important events during the life cycle of chayote plant were determined from the 

average data recorded in 3 planting seasons of the years 1992, 1993 and 1994 (Table 

1.3). The phases recorded include : field emergence phase, first leaf emergence phase, 

seedling phase, sapling phase, flower initiation phase, fruit formation phase, senescence 

phase and death phase. 

1.4.4.1.2. Growth analyses : 

For study of growth attributes of the plants, raised from pretreated fruits, 

investigation was carried out from the date of sowing with the first field emergence as the 

initial phase of life cycle. Growth parameters like vine length and stem circumference 

(cm) of plants were recorded from each plot-grown plants of different ages (days, d) at 

specific stages viz. seedling stage (20-d), sapling stage (40-d), preflowering stage (60-

d), fruiting stage (80-d) and senile stage (140-d). Data were recorded from the mean 

values of 5 uniformly grown plants, developed from the 5 uniformly sprouted fruits for 

each treatment. Stem circumference was recorded from the 10th, 11th and 12th internods 

of each plant. Further, the data on number of days (plant age) required for the inception 

of leaf senescence of plants were recorded and the results were represented with yield 

data. 

1.4.4.1.2 Phenological analyses : 

Days required for the inception of senescence and the total number of male and 

female flowers per plant were recorded with female and male flower ratio from 75-day-

old plant. 
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1.4.4.1.3. Biochemical analyses : 

Biochemcial analyses were also carried out at five important life phases of chayote 

plant, namely, at seedling, sapling, pre flowering, fruiting and senile stages taking samples 

from the leaves of plants raised from the pretreated fruits. 

1.4.4.1.3.1. Clilorophyll: 

To determine the chlorophyll level, the leaf tissues (100 mg) were taken in 5 ml 

methanol in test-tubes and kept in dark under laboratory conditions for 48h. The 

supernatant was decanted off and leaf samples were rinsed repeatedly with little amount 

of methanol. The supernatant and washing material were pooled together to make the 

final volume to 10 ml. Subsequently, the absorbance of the chlorophyll extracts were 

measured at 650nm, for total chlorophyll. Total chlorophyll content was estimated 

following Arnon's principle (1949). 

1.4.4.1.3.2. Carbohydrate: 

Carbohydrate levels (soluble and insoluble fractions) were determined following 

the method of McCready er«/. (1950) with slight modifications. Hundred miligram (mg) 

of sampels from the fresh and thoroughly cleaned leaves excluding midribs and veins 

were homogenised with boiling 80% ethanol and centrifuged at 6000g for 10 min. The 

supernatant was taken in a watch glass. This was repeated thrice, and the pooled 

supernatant was then evaporated to drynees. Trace of chlorophyll, if any, adhering on the 

surface of the watch glass was carefully removed using solvent ether repeatedly. The 

remaining material in the watch glass was taken in a test tube by using and washing it 

several times with 80% methanol and the volume was made up to 10ml. This was kept as 

a source of soluble carbohydrate. For the analyses of insoluble carbohdyrate, the residue 

after centrifugation of the sample was digested with 5ml 25% H^SO^ at 80°C in a water 

bath for 30 min. The extracted material after suitable dilution was taken a source of 

insoluble carbohdyrate. 
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For analyses and quantitative measurement of both the carbohydrate fractions, 1ml 

of the source sample from each was taken in a test tube and to it added 4ml freshly 

prepared, precooled, 0.2% anthorne reagent (200 mg anthrone in 10 ml analar sulphuric 

acid). After 30 min the intensity of the green color was measured by spectrophotometer 

at 620 nm. Actual contents were determined from the standard curve prepared by using 

different concentrations of glucose solutions. 

1.4.4.1.3.3. Protein 

The chlorophyll free leaf samples (100 mg wet tissue wt) were crushed with 80% 

ethanol and centrifuted at 6000g for 10 mins. to make the pellet phenol-free, it was 

washed successively with 10% (w/v) cold trichloroacetic acid (twice), ethanol (once), 

ethanol: chloroform (3:1, v/v, twice), ethanol: ether (3:1, v/v, once) and finally with 

ether (once) following the methoddescribed by Kar and Mishra (1976). The pellet was 

evaporated to dryness. Protein was extracted from the pellet by digestion with 0.5M 

NaOH at 80°C for Ih and estimated by Folin-Phenol reagent measuring the O.D. value 

at 650nm in the spectrophotometer according to the method of Lowry et. al. (1951). 

The quantitative determination was made by comparing the O.D. values of a standard 

curve previously prepared using bovine serum albumin (BSA fraction-V-powder, Sigma 

chemical Co., USA). 

1.4.4.1.3.4. Nucleic acids : 

Extraction of nucleic acids (DNA and RNA) was made from 100'mg fresh (wet 

tissue weight) leaves following the method described by Cherry (1962). The leavels of 

DNA and RNA were estimated from a common stock employing the method of Markham 

(1955) modified by Choudhuri and Chatterjee( 1970). 

RNA : For the estimation of RNA, 3ml of diluted nucleic acid extract in a test tube 

was treated with an equal volume of freshly prepared orcinol reagent (Ig AR grade oricinol 

dissolved in 100 ml of concentrated HCl containing 100 mg 0.1% FeCl,, 6H2O), and 

boiled in a water bath for 20min with a glass marble at the top of the test tube. The 

mixture was then cooled, and the intensity of the blue green color was measured at 
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VOOnm in the spectrophotometer. The blank used contained a mixture of 3ml distilled 

water and 3ml orcinol reagent which were treated in an identical manner. RNA level was 

calculated from the O.D. values from a standard curve prepared with yeast RNA. 

DNA : For the estimation of DNA 1ml of the nucleic acid extract in a test tube was 

mixed with 5ml. freshly prepared diphenylamine reagent (100ml glacial acetic acid 

BDH,AR + 2.7ml H^SO^ + Ig AR grade diphenylamine). The mixture was boiled in a 

water bath for 30 min with a glass marble at the top. After cooling, intensity of the bluish 

color was measured at 610 nm in the spectrophotometer. DNA content was quantified 

from the O.D. values of a standard curve prepared with herring sperm DNA. 

1.4.4.1.3.5. Catalase activity : 

Leaf tissues (200mg) of each treatment were homogenised with 8ml of chilled 0. Im 

phosphate (Na^HPO/NaH^PO^) buffer (pH6.8). The homogenate was centrifuged in the 

cold at 3000g for 15min followed by 10,000g for 20min. The volume of the supernatant 

was made up to 10ml with the same buffer, and this was assayed following the method of 

Snell and Snell (1971) modified by Biswas andChoudhuri (1978). The reaction mixture 

for catalase consisted of 1ml of the above extract and Iml of H^O^ (0.0025M), incubated 

together at 37°C for 2min. The reaction was stopped by adding 2ml 0.1 % titanium sulphate 

in 25% HjSO^ (v/v), and the mixture was centrifuged at 6000g for 15min. The intensity 

of the yellow color was measured at 420nm. The blank was prepared by inactivating the 

enzyme with the addition of titanium sulphate prior to H^O^ addition. 

1.4.4.1.3.6. Peroxidase activity : 

For assay of peroxidase 100 mg leaf tissues were homogenised in cold 0.05 M 

sodium phosphate buffer (pH 6.5). The homogenate was centrifused at 10,000g for 10 

min. The pigments were removed from the supernatant by adsorbing with activated 

charcoal and filtered. The filtrate was used as enzyme source.. 

Activity of this enzyme was assayed following the method of Kar and Mishra (1976) 

with slight modifications. Five ml of the assay mixture containing 300 pM of sodium 
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phosphate buffer (pH 6.8), 50 pM H^O ,̂ 50 |iM catechol and 1ml of crude enzyme 

extract. After incubation at 25°C for 5min, the reaction was stopped with the addition of 

1ml of 10% HjSO^. The color was read at 430 nmin the spectrophotometer. 

1.4.4.1.3.7. lAA-oxidase activity : 

Extration of this enzyme was made from 1 OOmg leaf tissue with 12ml of cold 0.2M 

sodium phosphate (pH 6.1). The activity of lAA-oxidase was assayed following the 

method of Gordon and Weber (1951) as modified by Ramadas (1968). The reaction 

mixture contained 1ml (ImM) of 2,4-dichlorophenoI, 1ml of MnCl, (ImM), 6ml of 0.03M 

sodium citrate buffer (pH 4.5) and 1ml of enzyme extract. This was incubated for 50 min 

at room temperature and then the reaction was stopped by pouring 1ml of 20% HCIO^ to 

the mixture. One ml of the assay mixture was reacted with 3ml of Salkowski reagent 

(50ml of 35% HCIO^ + 1ml 0.5 N FeCl3), and the reading was taken at 525 nm in the 

spectrophotometer. 

1.4.4.1.3.8. RNase activity : 

Fresh leaves (100 mg) were homogenized with 5ml of O.IM sodium phosphate 

buffer (pH 6.4) at 0°C and centrifuged at 10,000g for 20 min. The supernatant was 

made up to 10ml with the same buffer solution and this was used as crude enzyme source. 

Assay was made as per the method described by Biswas and Choudhuri (1978). 

The reaction mixture for RNase consisted of 1ml of the enzyme.extract and 1ml of 

yeast RNA (Img/ml) dissolved in O.IM sodium phosphate buffer (pH 5.7). The mixture 

was then incubated for 30 min at 37°C, and the reaction was stopped by adding 0.2ml. 

perchloric acid (70%). After centrifugation at 6000g, the supernatant was mixed with 

5ml of BSA (0.5|jg/ml) dissolved in 0. IM sodium acetate buffer (pH 4.0). After 5 min 

the turbidity developed was stabilised with 2ml of 0.1% gelatine and measured at 420 

nm. Activity of this enzyme was expressed following the principle of Fick and Qualset 

(1975). 

In each case of enzyme assay, value at zero time was taken as blank, and the activity 
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of each enzyme was expressed as (txv), where A is the absorbance of the sample after 

incubation minus the absorbance at zero time, Tv is the total volume of the filtrate, t is the 

time (min), of incubation with substrate and V is the total volume of the filtrate taken for 

incubation (Bhattacharjee 1984). The activity of each enzyme was expresed as unit/g/h. 

1.4.4.1.4. Yield analyses : 

After senile stage, yield data were analysed in terms of the production of fruits and 

underground tuberous roots and yield attributes included : total number of mature fruits 

per plant,total weight (kg) of fruits per plant and total weight (kg) of tuberous roots per 

plant. 

1.4.4.2. Analyses of the effect of growth retardants, treated at sapling stage on 

growth metabolism and crop yield. 

Foliar application with aqueous solutions of Na-dikegulac (1000 and 2000 pg/ml), 

CCC (2000 and 4000 pg/ml) and MH (250 and 500 \ig/m\) containing Tween-20 

(surfactant) were given at the sftpling stage of 30-day-old plants which attained trailing 

habit with 7-10 leaves and rudimentary tendrils for three consecutive days. 

1.4.4.2.1. Growth analyses : 

After foliar application with the growth retardants Na-dikegulac (1000 and 2000 

pg/ml), CCC (2000 and 4000 pg/ml) and MH(250 and 500 |Jg/ml). Growth data, measured 

in terms of vine length and stem circumference, were recorded at sapling, preflowering, 

fruiting and senile stages of the plant. Like whole fruit treatment data were analysed from 

the mean values of 5 uniformly growing plants and here also days to onset of leaf senescence 

were counted. 

1.4.4.2.2. Biochemical analyses : 

For biochemical analyses samples were taken from leaves which received foliarly 

treatment. Chlorophyll, protein, carbohydrate, and nucleic acids (RNA and DNA) levels 
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were analyed as per the methods described in sections 1.4.4.1.3.1. to 1.4.4.1.3.4. 

Methods of extraction and estimation of the enzyme catalase, peroxidase, RNase, lAA-

oxidase were described in sections 1.4.4.1.3.5. to 1.4.4.1.3.8. 

1.4.4.2.3. Yield analyses : 

As mentioned earlier that the of yield components analysed include : total number 

of fruitSjtotal fruit weight (kg) per plant and total weight of tuberous root per plant were 

considered. 

1.4.4.3. Analyses of effect of growth retardants and growth promoters treated at 
o 

preflowring stage follftved by grov 

growth, metabolism and crop yield. 

o 
preflowring stage follftved by growth promoters treated at flowering stage on 

Foliar treatment of plant growth retardants like Na-dikegulac (1000 and 2000 \ig/ 

ml), CCC (2000and 4000 pg/ml), and MH (250 and 500 pg/ml) were given at the pre-

flowering stage of 60-day-old plants for three consecutive days. Again, another treatment 

was given on the same plants at flowering stage (70-day-old plants) with growth promoters 

(100 pg/ml lAA, 100 pg/ml kinetin and 100 |ag/ml GA,), for 3 consecutive days. Thus, in 

this experiment, plants received a combined treatment with growth retardants and growth 

promoters but the treatments were separated by time. 

l.'4.4.3.1. Growth analyses : 

Growth data recorded in this experiment were the same as done in case of whole 

fruit and sapling treatemnts. In addition reproductive growth measured in terms of number 

of male and female flowers per plant were carefully counted and presented in a separate 

table. However, here growth data were recorded at two stages of plant development 

i.e., fruiting and senile stages. 

1.4.4.3.2. Biochemical analyses : 

Biochemical parameters analysed were also the same as done in whole fruit and 
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sapling treatments. Methods of extraction and estimation of the components were 

described earl«ir. Data were recorded in fruiting and senile stages of plant development. 

1.4.4.3.3. Yield analyses : 

In this experiment, flowering, fruiting and crop productivity were analysed laying 

emphasis on the combined effect of retardant and promoter induced changes on the yield 

attributs as done earlier. 

1.4.5. Statistical analysis : 

All the growth, phenological, biochemical, and yield data recorded in this 

investigation, were statistically analysed at the treatment and replication levels. In tables 

LSD (least significant difference) values at 95.% confidence limits were incorporated (Panse 

andSukhatme, 1967). 


