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1.0 SUMMARY 

Chayote (Sechium edule Sw., Cucurbitaceae), a lesser-known member of the gourd 

family, is gaining popularity and importance as a promising vegetable crop worldwide. In 

Darjeeling hills of Eastern Indiathis plant species,is profusely grown without proper care 

and scientific management. In this investigation, a detailed study was carried out on some 

physiological aspects of the crop but emphasis was laid on analysing the negative yield 

attributing characters of the plant and on improvement of crop yield. 

Different germplasms of chayote were collected and ten varietal types (named 

alphabetically A to J) were recorded after a thorough exploration of different chayote 

growing altitudinal regions of Darjeeling hills. Varietal type C producing yellow green 

fruits with evenly distributed hairs, was found to be highly productive and superior variety 

over others and this was used as the experimental plant material for detailed investigation. 

Unlike other cucurbits the above ground leafy plant is annual and underground tuberous 

part of the plant is perennial and all parts e.g. tuberous roots, fruits and tender shoots are 

used as human food. Phenological studies showed that the leafy plant survives around 

160 days and within its life span it shows some distinct developmental phases which 

include: field emergence phase, first leaf emergence phase, seedling phase, sapling phase, 

flower initiation phase, fruit formation phase, senescence phase and death phase. Each 

phase is clearly distinguished by a few key features. Plantation of different varietal types 

of chayote starts from February, vigorous vegetative growth and fruiting takes place during 

the monsoon months of June and July and harvesting of fruits is completed by October 

each year. 

Three plant growth retardants namely, Na-dikegulac (2,3:456-di-0-ispropylidene-

a-L-xylo-2 ho^ofuranosate), chlormequat [(2-chloroethyl) trimethylammonium chloride] 

and maleic hydrazide were applied at three different stages of chayote plant viz., at 

sprouting stage of fruits (whole fruit treatment), at sapling stage and at preflowering stage. 

The chemical-induced changes on growth, metabolism and yield were analysed at different 

developmental stages of the plant. 

Whole fruit treatment at sprouting stage : Treatment of sprouting fruits with Na-



dikegulac (1000 and 2000 |ig/ml), chlormequat (2000 and 4000 |ig/ml) and maleic 

hydrazide (250 and 500 |jg/ml) resulted in significant increase of chlorophyll and protein 

contents in leaves at the seedling and sapling stages only, and subsequent changes recorded 

at preflowering/ruiting and senile stages were statistically insignificant. Almost an identical 

trend of changes were noted when soluble carbohydrate, insoluble carbohydrate, RNA 

and DNA levels in leaves were analysed at different developmental stages. Corresponding 

changes in the activities of peroxidase and catalase enzymes in leaves were recorded. 

The growth retardants, irrespective of their concentrations, enhanced the activities of 

these two enzymes at the two initial observation periods i.e., at seedling and sapling 

stages, and thereafter the chemical effect was nullified. Conversely, activities of lAA-

oxidase and RNase enzymes were inhibited by the retardants at the seedling stage only, 

and this inhibitory action did not persist at subsequent analyses done at sapling, 

preflowering, fruiting and senile stages. 

Retardant-induced biochemical changes in leaves were associated with the changes 

of growth parameters like vine length and stem circumference. Regardless of their 

concentrations Na-dikegulac, chlormequat and maleic hydrazide retarded vine length and 

increased stem circumference, and the effects were found significant up to sapling stage 

only. 

Yield attributes recorded in terms of fruit number, fruit weight andtuberous root 

weight as well as days to onset of plant senescence remained unchanged by retardant 

treatment at the sprouting stage of fruits. 

, Thus, in case of whole fruit treatment the retardants could render only a transient 

effect on the growth and metabolism of chayote plants and such changes were not reflected 

in yield attributes. 

Foliar treatment at sapling stage : Foliar application with the same concentrations of 

growth retardants at the sapling stage (30-day-oId plants) caused significant reduction of 

chlorophyll, protein, insoluble carbohydrate and RNA levels in leaves at the initial 

observation period of sapling stage on 40-day-old plant. The inhibitory effects were 

found transient and the chemicals subsequently augmented the levels of these cellular 



components. Soluble carbohydrate level was increased and DNA level was decreased in 

retardant treated leaf samples analysed at sapling stage only; all subsequent changes 

were found insignificant. 

Activities of the enzymes peroxidase and catalase were declined shortly after foliar 

application of the retardants but this retardation effect was not only alleviated quickly 

but the activities were found even higher at all the chemical-treated samples analysed at 

preflowering, fruiting and senile stages. A reverse change in the activities of 1 AA-oxidase 

and RNase was recorded where a transient retardant-induced increase in the enzyme 

activities were followed by a consistent decrease till senile stage. Unlike the retardant-

induced differential biochemical changes with respect to growth stages of the plant, vine 

length was retarded and stem circumference was increased by the chemicals and such 

retardation or enhancement effects were found to be maintained throughout the observation 

periods. 

Growth retardants showed a tendency towards deferring senescence of chayote 

plants but among all the treatments, only Na-dikegulac (2000 pg/ml) showed a significant 

senescence deferral effect. Again a significant increase of yield components like fruit 

number, fruit weight and tuberous root weight per plant was recorded in Na-dikegulac 

and chlormequat-treated plants. 

Thus, unlike whole fruit treatment, effect of foliar treatment with the growth 

retardants was found to fairly persist till senile stage and the changes of the growth and 

biochemical parameters were associated with a substantial increase of yield components 

at least in treatments with Na-dikegulac and chlormequat. 

Foliar treatments with growth retardants at preflowering stage and retardant 

followed by hormone treatment at flowering stage : Growth retardants, irrespective 

of their concentrations, resulted in increase of chlorophyll, protein, soluble carbohydrate 

insoluble carbohydrate, RNA and DNA levels in leaves of chayote plants at both fruiting 

and senile stages. Except the changes of DNA level by Na-dikegulac and chlormequat 

(2000 |ig/ml) recorded at the fruiting stage all other changes attained statistical significance. 

However, retardant-induced increases were further augmented by lAA and kinetin 

treatments at flowering stage. 



Like the changes of the above biochemial parameters, almost identical changes 

were recorded in peroxidase and catalase activities, and lAA-as well as kinetin-induced 

additive effect was found to be very prominent. Changes of lAA-oxidase and RNase 

activities were found to be reverse to that of peroxidase and catalase. Here, retardant-

induced decrease of lAA-oxidase and RNase activities were reduced to a further extent 

in supplementary treatments with lAA and kinetin. 

Retardant-induced reduction of vine length was overcome to some extent by the 

second treatment with lAA' and kinetin but still the vine lengths at all the treatments (single 

or combined) were found significantly less than control value. On the other hand, 

retardants increased stem circumference and the effect was found additive in supplementary 

treatments with lAA and kinetin. The retardants showed a tendency towards deferring of 

leaf senescence but senescence deferral effect was found significant in the single treatment 

with Na-dikegulac (2000 |Jg/ml) and in all combined treatments. Yield attributes like fruit 

number, fruit weight and tuberous root weight were augmented by all the retardant 

treatments and this augmentation was much more remarkable in combined treatments 

with lAA and kinetin. The retardants, however, failed to increase the number of female 

and male flowers per plant while combined treatments with lAA, kinetin and GA, 

remarkably increased both female and male flowers. Again, the combined treatment with 

retardants and GA^ exerted the best respone on increasing female flowers. 

Regulatory action of the growth retarding chemicals and their promising role on 

augmentation of crop yield are discussed. 
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1.1. INTRODUCTION 

Chayote (Sechium edule. Swartz, Fam. Cucurbitaceae, tribe : Sicyoideae) is a 

squash like vegetable crop. It is locally (in Darjeeling hills of Eastern India) known as 

'Eskush' among Nepali speaking people and the word 'Eskush' is the deformation of 

English word 'squash' which is the misnomer for chayote. Chayote is the derivative of 

Aztec word 'Chayotle' meaning with throns (Cook, 1901). It is named variously in various 

parts of the world as christopine, mirlinton, choko or chocho, suqash, tayote (Cook, 

1901; Aung er.fl/., 19^0; 1991; MacLeod, 1990; Lama* 1995, Dolui and Jana, 1988). 

The native home of this species is the tropical and subtropical regions of Central 

New World and gradually its cultivation is extended in other warmer parts of the globe. 

The first European document on account of the chayote was the work of Francisco 

Hernandez in the later period of sixteenth century (Cook, 1901). According to Cook 

(1901), the first introduction of the plant in India was in between the late 19th century to 

the beginning of the 20th century from Kew Garden, England. The hilly regions of Eastern 

and Western Himalayas of Meghalaya, Sikkim, Uttar Pradesh, West Bengal, Karnataka 

and Maharastra states are the main chayote growing areas in India (Chakraborty, 1973). 

The crop can be grown with relative ease due to its adaptibility to a wide range of 

climatic conditions. Aunger. al. (1990) reported that it can be cultivated from sea level 

to regions with altitudes of 1300-2000m. The whole plant has immense food value which 

is lucidly described elsewhere (Aung et. al., 1990; Lama, et al., 1994). 

One of the most distinctive characteristics of chayote among the gourd family is 

that the fruit bears a single large seed with viviparous germination capacity (Cook 1901; 
and 

DeyjJana, 1988; Aung 1990; 1994). Lamaetal. (1994) described the varietal differences 

of Sechium edule growing in various altitudinal zones of Darjeeling hills and the differences 

were made on the basis of morphological characters of mature fruits (Vide Table 1.2). 

Engels (1983) recorded eleven varietal types of Sechium edule based on fruit characters 

from Central American countries of Costa Rica, Hondurus, Guatemala, and Mexico. 

The plant gives three edible items in a year i.e., the young shoot with tendrils 



colloquially known as 'Munta' in summer, the fruit (dana) during rainy season to winter 

and root (Jara) between the winter and spring (Sharma, 1993; Haque and Lama, 1996). 

The plant plays an important role in the hill economy of Darjeeling region. Various parts 

of the chayote are used variously viz.; 

a) The fruit of chayote as human food, b) the young shoot with tendrils as green 

vegetable, c) fruits and leaves as fodder, d) flower as delicious fried table item, e) vines 

for forage and fibre, f) the tuberous root as delicious human food, g) leaves as medicines, 

h) the chayote flower for bee keeping and above all, i) plants as ornaments (Cook, 1901). 

In spite of its high nutritive value, wide range of adaptibility in different climates 

and commercial potentialities cultivators and researchers have not yet been successful 

for popularizing its wide scale cultivation. Thus, keeping in mind the plus points and 

economic potential of this hilly vegetable crop, an attempt was made in this investigation 

to sort out the problems and negative points for its wide scale acceptance as profitable 

cash crop after thorough consultation with the local crop growers along with 

comprehensive surveying of existing agricultural practices. From this preliminary ground 

work, the present investigator pinpointed several deleterious features of the crop which 

cause to impair yield of fruits and tuberous roots. These include : 1. unwanted excessive 

vegetative growth of plants reducing their reproductive potential; 2. production of large 

number of male flowers than female ones minimising the fruit production, and 3. early 

senescence of assimilate supplying contributory leaves causing nonfulfilment of optimum 

sink demand. 

Hence, a strategy was devised to enhance crop yield by attempting to produce a 

desired model plant type and manipulating source-sink relationship with a few chemical 

instruments-the plant growth retardants and growth promoters. 

Thus, in this investigation emphasis was given to obviate or at least to partially 

alleviate some negative yield attributing characters of the chayote plant by (a) scaling the 

plant to desired length and vigour, (b) enhancing plant potential during fruiting phase, (c) 

increasing female flower production, and (d) by deferring early senesence of the plant, 

using growth retarding chemicals along with some growth promoters. 
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1.2. LITERATURE REVIEW 

As the present dissertation mainly focuses on two aspects i.e. biology of Sechium 

edule and influence of plant growth regulators on growth, metabolism and yield, the review 

is prepared with the available literature on the biological aspect of the experimental plant 

as well as with that on the regulatory aspect of a few plant growth regulators, particularly 

growth retarding chemicals. Hence this review is dealt under two major captions : 1. Biology 

of chayote (Sechium edule Sw.) - a brief historical overview and 2. Plant growth 

retardants-their regulatory actions on growth, metabolism and yield. 

1.2.1. : Biology of chayote (Sechium edule Sw.) - a brief historical overview : 

As chayote is a minor vegetable crop and less known to the scientific world, hence, 

a brief introduction of this plant with respect to its botany, propagation method, varieties, 

chemical and nutritional composition are included in the present review. A sustantial 

volume of literature is now available with this minor vegetable crop and these are 

contributed by some workers in diverse fields of research (Cook, 1901; Chakraborty, 

1973, Aung, 1976; ZinsoueM/. 1983; 1985; Zinsou and Vansuyt, 1985; Lorenziet al, 

1988; Aung era/., 1996; DiGregovio etal., 1997; Piaggesi, 1997). 

1.2.1.1. : A short botanical account of the plant: 

The plant is a climbing herb with extra-axillary, single or branched tendrils, 

monoecious. The above ground part is annual and die in winter but underground part i.e., 

tuberous roots, is perennial. The vegetative plant (vine) is large and grow vigorously. 

Angular stem of vines bear strongly tri-angled or lobed leaf with broadly cordate base 

having four sharp corners. Vines, longitudinally furrowed and covered sparsely with 

trichomes, and axillary borne male and female flowers. The male flowers borne on peduncle 

in clusters ranging from 20-25 flowers in each cluster. Female flowers develop solitary 

or in pairs, often in the same axil of the male flowers. The young fruit is mainly pubescent 

and with maturity it becomes spiny in some varieties. The mature fruit is compressed and 

pear-shaped with large single flat seed (Chakrafearty, 1973; Engles, 1983), but shape 

vary with varieties. The surface of the fruit is usually more or less uneven with several 

deep longitudinal grooves or channels. 



1.2.1.2.: Propagation of the plant: 

The chayote plants propagate by the entire fruit with single flat and large seed. 

Unlike other cucurbits having multiple seeded fruit, chayote bears single seeded fruit and 

shows viviparous germination. The chayote seed is cordate, flat, and is embedded centrally 

in the mature fruit. The seed-coat is obsolate, before germination; the seed grows in such 

manner that the apex of the cotyledon moves towards the base of the fruit and hypocotyl 

emerges from the apex and gives rise to several rootlets. In the middle of the outer faces 

of the cotyledons, there is a considerable area which presumably absorb the nutritional 

materials from the fruit and supply to the growing seedling (Cook, 1901). It is also observed 

that chayote propagation can be done by both vegetative and reproductive means. The 

storing of moisture and food in the form of tuberous root assist in carrying the young 

plant through periods of drought or adverse condition. After sprouting fruits send out 

several feet long healthy vine to make connection with the soil without the seed making 

possible way of existance where the ground is covered with tangled masses of vegetation. 

1.2.1.3. : Varieties of Ciiayote : 

Cook (1901) and others reported the existence of two distinct varieties of Sechium 

edule, the first with green coloured fruit and other is white. Cook (1901) found that in 

Porto Rico, there were five varieties of the plant and one of the white kinds being as 

small as any of the green variety. Two varieties grown in Madeira, the cream coloured or 

white variety was larger in size. Engels (1983) reported eleven varieties of chayote from 

Central America. And the present worker reported ten varieties of chayote from Darjeeling 

hills (LamaeM/., 1994). 

1.2.1.4.: Chemical and nutritional composition : 

The most ancient literature on chemical composition of chayote plant as searched 

by the present worker is the work of Cook (1901) who analysed the composition of 

edible storage tuberous roots of chayote. In 100 parts of the tuber he estimated 71% 

water, 20% starch, 0.20% ether soluble resinous material, 0.32% sugars, 0.43% albumen, 

5.60% cellulose, 2.25% minerals. Aunget al., (1976; 1990; 1991; 1992) found that the 



storage roots of a light-green type of chayote contain 0.6% soluble sugars aitd 13.6% 

starch on wet weight basis. Thus the ratio of starch : sugar in the tuberous root is 23:1. 

Again, they found 0.3% soluble sugar and 0.7% .strach in young apical shoots. Analysis 

of the chayote fruit flesh showed 3.3% soluble sugar and 0.2% strach; in the seed 4.2% 

soluble sugar and 1.9% strach was found on wet weight basis. They observed that fruit 

contains 15 and 25 times more soluble sugar than tuberous root and apical shoots 

respectively whereas strach content is very much less. Aung and his associates (1976; 

1978; 1990; 1991; 1992) further recorded that the carbohydrates in chayote consist of 

fructose, glucose, sucrose, sorbitol, raffinose, stachyose and strach. In the vegetative 

shoot, the fructose content was four times and glucose content was two times greater 

than sucrose or sorbitol. In the male flower, 79% of the soluble sugars consisting of 

fructose and glucose were found in the floral disc and nectaries. In the androecium, sucrose 

content was 1.2 times greater than fructose or glucose. The fruitlet was found to contain 

six times more fructose and glucose than sucrose. In the immature fruit, the strach content 

was higher in the seeds (85 ng.mg"' dry wt.) than the flesh (75 \ig. mg'' dry wt). Lamaer 

al. (1994) reported that among the three chayote types growing in three different altitudinal 

zones of Darjeeling hills, the type growing in Mirik was superior in all respects, particularly 

in yield attributes. As compared to young fruits, protein and insoluble carbohydrate levels 

were found high in mature fruits. But soluble carbohydrates remained at low level in 

mature fruits. On the other hand, catalase, dehydrogenase, and a-amylase showed 

maximum activities in mature fruits. Flicker al. (1978) reported that chayote fruit contain 

high moisture and low nitrogen and about 0.4% crude fibre on the whole fruit. The seed 

of the chayote was considerably higher in all 18 amino acids than the flesh. Methionine 

was detectable in seed but not in the flesh. Of the total nitipogen 59.9% was protein 

nitrogen. The activities of differnet enzymes like ATPase, F-1,6-Dipase, G-6-Pase and 

G-l-Pase were observed in chayote. ATPase and G-l-Pase showed highest and lowest 

in seed and flesh respectively. ATP substrate introduction accelerated phosphatase 

activities more than Glucose-1-6-phosphate. The other activities decreased in the following 

order : F-l-6-diPase,a-glycerol phosphatase, G-6-Pase andphytase. Skin of the fruit 

showed maximum phosphatase activities than the seed. 

Apart from the work ofAung,Ceccarelli and Lorenzi( 1982, 1983, 1990, 1992) 

variously documented the endogenous hormonal regulation on chayote seed and its 
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germination. Ogawa (1966) reported the first existance of 'water soluble' gibberellin -

like substances in developing chayote seeds. Albone et al. (1984) reported the presence 

and localization of gibberellin catabolites in the testa. It is reported that the immature 

fruits of chayote contained very high levels of growth regulators, particularly gibberellins 

and cytokinins (Lorenzi, 1988; Ceccarelli, 1992). A thorough investigation of Ceccarelli 
\,p\retr>zi 

aR^1992) on the endogenous gibberellins and cytokinins in chayote seed revealed that 

the endosperm tissues of the chayote seed contained maximum gibberellins than other 

plant parts. The distribution of gibberellins among different tissues of the seed showed 

different in qualitative and quantitative ways and gibberellins content of endosperm does 

not change qualitatively in all the cases of seeds while quantitative increase was observed 

in more mature seeds. It has been demonstrated that endosperm and cotyledons 

synthesized gibberellins simulteneously in the seed which can be directly proved by the 

work with cell-free systems. Endosperm and cotyledons of Sechium edule at different 

stages of seed development were found to contain three novel GA conjugates namely a 

glucoside of 16-17 dihydro-16-hydroxy-GA,j, the 3-propyl-or 3-acetayl-GA^, the 3-

propyl or 3-acetyl-GA^. The function of these conjugates are not well understood. The 

S. edule GA glucoside is biologically active in the lettuce and rice bioassy. In GA glucoside, 

the aglycone resulting eventually from enzymatic hydrolysis would not bear structural 

characteristics assuring biological activity. Thus it seems reasonable to hypothesize that 

the observed biological activity would result from its further metabolism. This suggested 

that GA conjij^ates act as a transporter or storage form of 5. edule. The endosperm of 

. chayote contains high amount of GAs both free and conjugated in vivo. The lower ABA 

concentration in pollinated ovules than unpollinated ones suggested that the pollination 

accelerated the ovule growth in faster rate which caused dilution of ABA level continuously. 

Apart from these two hormones, gibberellins and ABA, S. edule seeds contain significant 

amount of cytokinins like zeatin, riboside, ribotide and 0-glucoside. Vansuyt and Zinsou 

(1986) reported that the agmatine, the immediate decarboxylation product of L-arginine 

in floral buds and apical part of the leaves accumulated more agmatine than basal part. 

The accumulation of agmatine during the flowering stage considered as a good biochemical 

marker for cell division in chayote. Vozari-Hampe et al. (1992) suggested that the exudate 

of 5. edule fruit contained lectin which was rich in glycine, leucine, asparagine/aspartic 

acid, glutamine/glutamic acid and serine residue, without detectable amount of methionine 

and hydroxyproline. The purified chayote lectins were non-specific towards human 



erythrocytes of A,B or O groups. Besides the above mentioned chemical compositioin of 

chayote, MacLeod (1990) reported different volatile components of chayote. A total of 

61 components were identified and four were partially characterized. 

Table : 1.1 Volatile components of the chayote : (DBS column GC-MS) 

Components Rt . , Kovats %RA 
(mini 

index (relative 

abundance) 

Odour 

Butanedione 

(i.e., diacetyl) 

Hexane 

2-metiiyIbutan-2-ol 

3-methylbutan-al 

Cyclohexane 

2-methylbutanal 

Pent-I-en-3-ol 

Pentane-2, 3-dione 

Pyridine 

2,4-Dimethylhexane 

Toluene 

3-methylheptane 

A dimethylcyclohexane 

Octane 

Hexanal 

2-Furaldehyde/furfural 

(E)-Hex-2-ena] 

(Z)-Hex-3-en-l-al 

Hexari-l-ol 

Benzaldehyde 

Oct-l-en-3-ol 

2-Pentylfuran 

(E,E)-Hepta-2, 4-dinal 

7.43 575 

7.71 600 

9.77 -

10.64 649 

11.08 677 

11.24 651 

12.33 673 

13.25 681 

17.05 695 

18.79 -

19.12 765 

19.44 -

19.99 -

21.83 800 

21.94 780 

24.82 815 

26.89 832 

27.16 847 

28.25 858 

37.18 947 

38.46 968 

39.71 983 

41.39 989 

0.1 

6.1 

0.1 

0.7 

0.2 

0.3 

0.3 

0.2 

0.4 

0.1 

tr. 

0.6 

0.3 

0.6 

1.3 

tr. 

0.1 

10.1 

I.I 

tr. 

10.4 

0.2 

0.1 

Sweet, creamy, buttery. 

fresh green, fragrant, chemical solvent, 

stale green, chemical solvent, 

sweet, rotting fruit, 

green, buttery, 

buttery, caramel, toffee, 

stale grass,chemical solvent 

chemical solvent. 

sap-like, fragrant. 

oily/fatty, sweety, rancid. 

green,grassy.fragrant, oily/fatty. 

oily/fatty,caramel, roasted. 

green, grassy, beany, fragrant. 

fresh cut grass,green 

green, grassy, fragrant, earthy, oily. 

nutty, almonds. 

green,grassy,earthy, musty, 

mouldy, cucumber like. 

green, hay, rubbery • 

oily/fatty,putty,green, cucumber-like 

Contd. 
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4-iso Propyl-1 

methylbenzene (i.e.-p-

cymemne) Limonene 

Phenyiacetaldehyde 

Decan-2-one 

Napthaiene 

Benzothiazole 

2-Methoxy-4-vinylphenol 

(i.e.,p-vinylguaiacol) 

1 -methylnaphthalene 

2-vinylnaphthalene 

Diethyl phthalate 

Tetradecanoic acid 

Octadecane 

Phenanthrene 

Di(2-methylpropyl) 

phthalate 

Nonadecane-1-ene 

Nonadecane 

Hexadecanoic acid 

Eicos-1-ene 

Dibutyl phthalate 

Eicosane 

An aliphatic acid 

Heneicosane 

Octadeca-9, dienoic acid 

(i.e. linoleic acid) 

Docos-1-ene 

Docosane 

Tricosane 

Tricosane 

Tetracosane 

Pentacos-1-ene 

Pentacosane 

Dioctyl phthalate 

42.30 1020 

43.24 1022 

44.65 1024 

56.72 1176 

57.30 1172 

60.31 1202 

66.60 

67.10 1298 

71.82 

85.78 1565 

94.97 

97.14 1800 

98.33 

102.14' 

102.30 

103.22 1900 

108.12 

108.66 

109.09 1922 

110.99 2000 

113.39 

121.15 2100 

127.84 16.4 

134.63 1.1 

138.49 2200 

147.45 

153.21 2300 

178.37 2400 

212.87 

227.05 2500 

234.66 

tr. 

3.0 

0.1 

0.1 

ir. 

tr. 

0.2 

tr. 

0.1 

0.1 

1.4 

0.6 

tr. 

0.9 

2.2 

1.3 

7.2 

0.3 

8.2 

2.5 

2.0 

1.1 

10.9 

0.6 

1.8 

1.2 

0.9 

0.8 

0.5 

fragrant 

sweet,fragrant,lemongrass 

floral,fragrant,roses, hyacinth. 

fragrant,caramel. 

fragrant, camphoraceous 

stale,musty,cooked beans,cloves. 

roasted cereal,hay like. 

sweet, fragrant. 

slightly oily.waxy. 

musty/mouldy,cereal like. 

fragrant 

musty/mouldy.leathery. 

sweet 

• 

Adopted from "Volatile components of chayote" by G.MacLeod, 1990. 
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1.2.2. Plant growth retardants - Their regulatory actions on growth, metabolism 

and yield : 

Manipulation of growth and development of plants for agricultural and horticultural 

practices is an absorbing interest to the plant physiologists. Prehistoric people were able 

to check the unwanted excessive vegetative growth of some crop plants by simple method 

of grafting, detopping or by imposing artificial starvation treatment. It is with the gradual 

scientfic and technical developments, scientists are able to understand the internal history 

of life through a window called hormonal mechanism. We are now quite aware of the fact 

that growth, development and yield of the crop plants are regulated by different plant 

growth regulators. 

Cathey (1964) in his excellent review termed "growth retarding chemicals" or 

"growth retardants" to a new class of organic chemicals which can retard or defer plant 

growth and development. He defined that the growth retardants are the chemicals which 

can suppress the overall growth and metabolism of plants by slowing down cell division 

and cell elongation without altering their gross morphology. 

Growth retardants can substitute manual prunning, grafting or any mechanical means 

for controlling vegetative growth. Agriculturists and horticulturists of the present day 

recommend these chemicals to utilize as efficient tools for modifying plant type to some 

desirable direction without any formative effects. The growth retardants have broad 

spectrum of utilization. At higher concentrations the retardants can check unwanted and 

excessive vegetative growth in respect of length, size, mass etc. and thus save labour 

(Nightingle, 1970), make plants lodging resistant (Weaver, 1972; Rogers-Lewis and Jarvis, 

1976), low temperature resistant (Irving, 1969; Marth, 1965), less susceptible to disease 

development (Sinha^ .. . 1964; EL-Fouly, 1966). They have significant importance for 

having deferral property of senescence of monocarpic crops causing des-irable growth, 

metabolism and yield of plants (Gill et al, 191 A; Guardia, 1974). 

Late forty is the first introductory period of the growth retardants. There are four 

important groups of retardants so far discovered. They are : i) nitotiniums, ii) quaternary 

ammonium carbamates, iii) phosphonium and iv) hydrazines. Among these four, nicotinium 

compounds were first discovered in 1949 by Mitchell et al where the most active 
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compound was 2,4-dichlorobenzyl nicotinium chloride (2,4-DNC) and later on Wirwille 

and Mitchell (1949) reported another type of chemical having retarding property and 

called it as "quaternary ammonium carbamates". AMO 1618 is the most active compounds 

from this quaternary ammonium carbanates group of retardants. Existance of phosphonium 

compounds was reported in 1955 (Anonymous) and a year later Preston and Link (1958) 

established the retarding property of several phosphonium compounds. Phosphon 

(chemically known as 2,4-dichIorobenzyl tributyl phosphonium chloride) is the most active 

phosphonium retardant. In 1960, Tolbert established a new group of growth retardants 

designated as quaternary ammonium compounds. Chlorocholine chloride, abbreviated to 

CCC, falls under this group. Riddle et al. (1962) reported that substituted maleamic and 

succinamic acid in foliar application retarded the growth of legumes, vine crops, potato 

and ornamental plants. The compound most frequently in use is the N-dimethylamino 

succinamic acid, designated differently as Alar or B^^^ or B^ or SADH. The hydrazines 

constitute the fourth group of retardant and BOH was the first of several compounds of 

this group capable for inducing pine apple to flower (Gowing and Leeper, 1955). In 

1975, Bocionetal. introduced a new chemical which in many ways mimics morphactins, 

a potent growth suppressor. It is physiologically active as a growth regulator. It is 

monosaccharide in nature bearing trade name Atrinal, common name dikegulac-sodium, 

chemical name, 2,3:4, 6-di-0-isopropylidene-alpha-L-xylo-2-hexalofuranosate. It is 

produced as an intermediate product in the commercial synthesis of L-ascorbic acid. 

Various physiological responses induced by this chemical on a wide range of plants caused 

to establish it as a growth hormone of retardant class. The pinching property of this 

chemical evokes great attention of horticulturists and agriculturists in various parts of the 

globe (Arzee ef a/. 1977; Bhattacharjeeeffl/., 1986). . 

Mechanism of action of growth retardants is still not conclusively established. The 

property of retardants lies on its different types of action on different plant species or in 

the same species at different cellular levels. It is found that the retardants usually exert 

influence through the interference of GA-biosynthesis(Baldev, etal. 1965; Westing 1965). 

Hence, these are also called "antigibberellins" by many authors as they can suppress 

GA-induced growth and also reduce endogenous GA-level. However, Tolbert (1960) 

opined that the retardants are GA antagonists rather than antigibberellins because no 

structural similarity exists between retardants and gibberellins, and thus no competitive 
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inhibition is possible. But the works of Halevy and Wittwer (1965); Halevy and Shilo 

(1970) and Sebanek and Hink (1966) established that some retardants could enhance 

the endogeneous GA-level and cause promotion of growth. Again, retardants are able to 

reduce the growth of Avena coleoptile sections (Kuraj^hi and Muir, 1963), sunflower 

hypocotyl sections (KnypI, 1964; 1966), wheat seedling growth (Norris, 1966) and Avena 

leaf sections (Cleland, 1965). They cause retardation of leaf senescence (Richmond and 

Lang, 1957; Osborne, 1967). According to Lockhart (1962) retardants should be 

considered as antimetabolites rather than antigibberelins and antiauxins. Recently, 

Grossmann (1990) stated that plant growth and differentiation are regulated by 

phytohormones that presumably exert their influence on particular metabolic reactions in 

the target tissue via receptor molecules. Dicks (1980) pointed out two types of phenomena 

during the application of growth retardants on appropriate concentration, such as, i) 

inhibition of shoot growth (plant height, internode elongation, leaf area) with unchanged 

number of internodes and leaves along with intensified green leaf pigmentation and ii) 

maintenance or slight promotion of root growth (Kuchenbuck, et al. 1988). Apart from 

morphological effects of growth retardants, there are numerous reports on physiological 

alterations along with yield improvement in various crops (Grossmann, 1990). 

Recent studiesof Rademacher (1990) established the idea of economic importance 

of the growth retardants. The widespread use of the retardants by agriculturists and 

horticulturists seemed prospective for yield improvement. Application of the retardants 

on crop plants could induce some desirid characters which include: i) improving lodging 

resistanceandcanopy structure of plants (Gill, e/fl/. 1974; Hassan, era/. 1975). ii) 

reducing excessive vegetative growth of plants and favouring reproduction efficiancy, iii) 

controlling the growth of trees, bushes, hedges and amenity grasses, (iv) improving the 

quality of the seedlings for mechanical transplantation, (v) retention of seed vigour and 

viability for longer duration (Bhattacharjee, 1984; Bhattacharjee ef al, 1986). During 

the last four decades or more numerous contributions have been accumulated with the 

growth retarding chemicals. Now-a-days, many researchers from the different parts of 

the world are concentrating their field of work on higher productivity of the agricultural 

and horticultural crops using growth retardants. There are a lot of reports on extensive 

works done with conventional retardants like CCC, SADH, AMO 1618, 2,4-DNC, 

Phosfon-D, etc. but work wkh dikegulac is rather sc^pl^n the literature. Bocion,Sachs, 

sssagai &ti=sv««is48)i 2 3 2 2 0 9 
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Purohit, Bhattacherjee and some others contributed variously working on this less 

explored retardant. 

1.2.2.1.: Seedling growth and metabolism : 

It was reported that the combined treatment of GA., and MH enhanced the seedling 

growth with stimulation of catalase, peroxidase, polyphenol oxidase activities (Sangeeta 

and Varshney, 19$'l). They further added that the higher concentrations of MH considerably 

decreased catalase activity, stimulating lAA-oxidase thereby resulting in poor germination 

and seedling growth. Sircar (1987) observed that MH treatment inhibited growth in Oryza 

sativa. Bhattacharjee (1984) also showed that MH treatment exhibited the same 

inhibitory effect on Helianthus annuus. Ram et al. (1977) observed that morphactin 

(100 ppm) inhibited growth of seedlings of Phaseolus radiatus L. Increase in peroxidase 

activity by morphactin treatment was accompanied by inhibition in the quantity of reducing 

sugar, sulphydryl, chlorophylls, and carotenoids and inhibition in a-amylase activity (Ram 

et al. 1977). Morphactin reduced the hypocotyl and radicle length as well as the dry 

weight of whole seedlings of Trigonella foenum-graecum (Balasimha et al., 1978). 

Significant inhibition of plant height, reduction of leaf number and stem circumference 

were observed at 5000 |ig/ml CCC treatment in sunflower seedlings (Bhattacherjee et 

al. 1984). Dorrel (1973) reported that CCC application during germination of sunflower 

had no effect on final height but application at lag phase of growth caused reduction in 

height at all concentration used but application at log phase of growth caused reduction 

in height at high concentrations only. Pretreatment of seeds with CCC prior to forced 

aging treatment slowed down the fall of germination and field emergence as well as 

checked the loss of DNA and RNA levels and that of activities of dehydrogenase and 

catalase enzymes during storage deterioration (Rai et al. 1992; 1995; Chhetri, et al. 

1993). Enhanced production of insoluble and soluble carbohydrate over initial level was 

also noted during the earlier phases of sunflower seedlings growth (Bhattacharjee 1984). 

Reduction in growth of cauliflower seedling by CCC application was observed by Knypl 

et al. (197.9). Balboa (1980) confirmed the supporting observation of CCC-induced 

inhibitory effect on root and hypocotyl growth of seedling of Lactuca sativa. GA, 

overcame the inhibition induced by CCC or AMO-1618 only in the hypocotyl. While, 

Kamp and Nightingle (1979) found that SADH and CCC-induced inhibition was 
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insignificant in Zinnia elegans, and the germination of seeds was not also affected by the 

two retardants. CCC arrested chlorophyll synthesis in cotyledons of many plants like 

Hirschfeldia incana (Negbi and Rushkin, 1966), cucumber, pumpkin (Knypl, 1969), 

lettuce (Knypl and Chylinska, 1972), barley (Berry and Smith 1970) etc. Knypl(1969) 

in his observation cited that CCC, B-nine, Phosfon-D reduced the content of chlorophyll 

by 50%. However, CCC, Phosfon -D and Coumarin, in spite of their small effect on the 

growth of pumpkin cotyledons, inhibited accumulation of chlorophyll by about two-thirds 

of the control value. And GA^ and BA could successfully reverse the inhibitory effects of 

the retardants brought about in cucumber, but neither GA^ or BA effectively reduced the 

inhibition of chlorophyll synthesis in pumpkin. He noted that the synthesis of protein was 

inhibited up to 50% by CCC, SADH and Phosfon-D and also to a lower extent by AMO-

1618. Potassium salts completely reversed the inhibitory effects of CCC on the synthesis 

of chlorophyll and protein. Khan and Faust (1966) found that some growth retardants 

enhanced protein synthesis as found in young barley seedlings. 

Na-dikegulac is reported to induce retardation of seedling growth of a number of 

plants. Arzee et.al.{\977) showed that overall seedling growth of zinnia, sunflower and 

chrysanthemum was affected with regard to the shortening of internode, abnormal growth 

of leaves and disruption of apical dominance. Axillary shoots were developed as a result 

of 750 |ig/ml dikegulac application in zinnia and intervascular chlorosis of leaves was 

apparent. But, later on,.the leaves got revived and regreening occurred. In their 

investigation they also showed, by whole plant autoradiography, that dikegulac rapidly 

moved towards acropetal direction and triggered its physiological action from the shoot 

tips, Shemy (1978) reported that 0.3(jg dikegulac per seed treatment of Citrus elongated 

the seedling growth by 20% more than control seedlings. He stated that the concentration 

more than 10"̂  M dikegulac expressed distinct inhibitory effect. However, he found some 

gibberellin like activity at low concentration of dikegulac in rice, lettuce and cucumber 

seedlings. In sunflower (Purohit 1979; 1980a; 1980b). Avena sativa (Purohit and 

Chandra, l980),Brassica compestris (Purohit, 1980c), sunflower, safflower, soybean, 

gram (Rai, etal. 1995) dikegulac showed inhibitory effect on seed and seedling growth 

and metabolism at different concentrations. Purohit (1980a, 1980b), observed that in 

Helianthus annuus and Brassica compestris, the inhibitory effects were more 

pronounced in respect of radicle and hypocotyl length and the reduction was found 
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concentration dependent. The radicle turned brown and became curved, stunted and 
Chandm. 

swollen (Purohit,cm£li/.1981). Such inhibitory action of dikegulac on seedling growth 

might be presumed to be a consequence of its effect on protein and nucleic acid metabolism 

as well as on the level of various endogenous hormones known to regulate several facets 

of growth and development (Porohit, 1981). Purohit and Chandra (1980) found that 

dikegulac causes negative geotropic responses in many crop plants like Helianthus 

annuus, Brassica campestris, Glycine max, Zea mays and Allium cepa. Exogenous 

supply of lAA to dikegulac-treated roots could reverse the negative geotropic response 

(Purohit, 1980). He further reported that dikegulac adversely affected chlorophyll 

biosynthesis, reduced protein and sugar contents, inhibited the growth of primary as well 

as lateral roots. GA^ treatment could effectively overcome inhibition of growth and 

chlorophyll synthesis inAvena. 

Findings ofBhattacharjee and his associates (1985; 1986; 1989; 1992; 1993; 1995; 

1998; 1999) established wide spectrum of dikegulac uses. Bhattacharjee and Gupta 

(19'81a) reported that dikegulac effect on retardation of plant growth was transient as 

the inhibitory effects erased sooner or later. But persistance of the chemical effect was 

quite apparent when it was foliarly applied at the log phase of plant growth. Bhattacharjee 

and Gupta (1984) reported that dikegulac showed differential respones on modifications 

of some growth and metabolism in dwarf sunflower cultivar. The pretreatment of Oryza 

sativa. L cultivar Ratna seeds with the chemical reduced the leaching of soluble 

carbohydrates and the loss of RNA during accelerated aging. Further, the chemical 

pretreatment to gram, soyabean, sunflower, safflower (Rai, et al. 1995), french bean, 

pea, lentil, and millet (Chettri, etal, 1993) seeds, significantly arrested the leakage of 

soluble substances and checked the declining of the levels of some vital cellular 

components such as carbohydrate, protein, RNA, chlorophyll content, and total 

dehydrogenase enzyme and also of the percentage of TTC-stained seeds. However, there 

is still much to be learned about this least explored chemical on various other physiological 

roles and their mode of action on various facets of plant growth and metabolism. 

1.2.2.2.: Plant growth and metabolism 

There are well established documents on the role of growth retarding chemicals on 

the modification of plant growth and development (Cathey, 1964; Krishnamoorthy, 1981). 
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The dicot species are more sensitive towards growth retardants than monocots and their 

pronounced effect is on the suppression of the stem elongation. Different methods of 

application are practiable on different plant types to ensure the effectiveness of growth 

retardants for desired growth modification. Application by injection method is the well 

experienced process (Sterrett, 1979) and seems more suitable for some plants. However, 

the mode of treatment, time of treatment specific concentrations and also treatment at a 

particular growth stage of plant species by different retardants exhibit different results 

and plays vital role on modification of grwoth, metabolism and yield of plants 

(Bhattacharjee, 1984). 

The shortening of shoots under the influence of growth retardants are directly related 

to the activity of meristematic areas of the stems. Dicks (1980) however, found that the 

activity of the apical meristem, which leads to the formation of new internodes and leaves, 

was slightly changed. Sachs and his associates (1960;1964;1975) were able to 

demonstrate on stems of chrysanthemum that after treatment with growth retardant, the 

number of mitotic figures decreased and cell division activity in subapical meristems was 

diminished. Graebe (1987) and Rademacher (1990) observed the most striking results 

of growth retardant application in plants. Firstly, the compounds reduce the content of 

biologically active gibberellins particularly in young growing plant. Secondly, the growth 

retardant induced action can be substantially compensated by addition of gibberellin. 

Thirdly, in cell free systems of gibberellic acids biosynthesis the oxidative steps from ent-

kaurene to ent-kaurenoic acid are specially blocked. These reactions are catalysed by a 

cytochrome P-450 containing monoxygenase, the kaurene oxygenase. Finally growth 

retardants can directly influence the cell elogation and cell division processes in shoot 

growth depending on the concentration of the chemical. Grossmann (1990) stated that 

the main action of the growth retardants on plant species is to inhibit the gibberellin 

biosynthesis. He proposed a model on inhibition of gibberellin biosynthesis. 
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CELL DIVISION CELL ELONGATION f 

ETHYLENE SYNTHESIS 

POLYAMINES 

OXYGENASES OF 

OTHER PATHWAYS 

MEMBRANE 

STEROL SYNTHESIS 

CYTOKININS 

> 10' 

TETCYCLAfilS 

PERMIABILITY 

GIBBERELLIN 

SYNTHESIS 

<10-'mol.r' 

ABSCISICACID 

(Adopted from the mini review of Klaus Grossmann on Plant Growth Retardants as tools 

in Physiological Research, 1990). 

Cathey and Stuart (1974) reported that the foliar spray or as a soil drench application 

of CCC reduced the internode length of chrysanthemum for eleven weeks. Samen (1970) 

described that soil drench application of CCC was more effective than foliar application. 

Observation of Lovett and Orchard (1974; 1976) pointed out that when sunflower 

plants were treated with CCC at the two leaf stage showed a significant reduction in 

height three weeks after spraying but the effect dissappeared at maturity. CCC was 

shown to be a potent inhibitor ofGA synthesis (Ninnemanera/., 1964; Lockhert, 1962). 

GA and CCC have opposite action on anthocyanin synthesis in raddish seedlings (Jain 

and Yadava, 1981). They found that anthocyanin synthesis in the raddish seedlings was 

enhanced by 10"* - 10'' M CCC while the presence of GA32.9xlO"^M decreased the 

anthocyanin synthesis. The total free amino acid level showed a large increase in the 

seedlings after CCC treatment. GA^ reduced the amino acid level. Chromatographic 

observation revealed that CCC treatment.enhanced the level of phenylalanine. However, 

they also reproted that CCC treatment caused inhibition of carbohydrate level. CCC 

remarkably influence the growth in cereals and the effect reflects on the crop yield (Roger-
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Lewis and Jarvis, 1976). Caldicott (1966) supported this by demonstrating that there 

were reduction of growth in straw of wheat by an average of 15% while crop yield was 

increased. Again, Clark and Fedak (1977) revealed that treatment of CCC at three to 

five leaves stages of barley, oats and wheat reduced the height most. There are, however, 

reports that CCC even positively influence plant growth and flowering (Halevy and Shilo, 

1970). Spraying of chloromequat after 65 days of sowing of wheat plant exhibited 

significant shortening of the lower intemode and uppermost intemodes (Sh^herbina, 1977). 

Foliar spray was shown more effective than seed treatment (Hassan, 1975). During 

flowering, the retardants prolonged the duration of anthesis in the summer wheat (Stamp 

and Geisler, 1976). Ganashan and Wittington (1975) observed that CCC reduced plant 

height and increased tiller number in both tall and dwarf rice varieties tested, but it delayed 

flowering. The combined application of CCC and ethephon remarkably reduced the straw 

length of winter and sumemr rye (Kuehn and Linser, 1977). Majority of the plant roots 

are less susceptible than shoots towards retardants. Plaut et al, (1964) reported that 

spray or soil drench application of CCC, phosfon-D, phosfon-S and B̂ ^̂  within the range 

of optimum concentration resulted in an increased dry weight of plant roots. Cherry plant 

exhibited deeper root system with CCC treatment (Kolesnikov, et al., 1977). CCC-

induced stimulation of potato tuber growth was observed by Choudhuri etal. (1976), 

GoleniowskieraZ. (1980) demonstrated that CCC applied to the root of potato plants 

grown under continuous light, seems to stimulate the synthesis of endogenous gibberellins 

at the beginning of stolonization without modifying the stoloniferous growth of the treated 

plants (Dasgupta, 1976). Tuber growth of Dahlia pinnata was also increased by CCC 

and SADH treatments both CCC and SADH significantly promoted the tuberization 

process and thus enhanced drymatter.(Read et al., 1972). Morphactin influenced in the 

control of growth, metabolism and redox potential in the germinating seeds of Phaseolus 

{Ram etal. 1977). Higher concentrations of MH inhibited the catalase, peroxidase and 

polyphenoloxidase activities in Avena plant and it enhanced the lAA-oxidase activity 

(Sangeeta, 19^1). 

Na-dikegulac showed a significant influence on plant growth and development of 

different plant species (De Silva era/. 1976; Hield, 1978^hattacharjeeerfl/., 1986). 

Heursel (1975) and De Silva et al. (1976) reported a loss of apical dominance and 

stimulation of axillary shoot production on various azalea species after treatment of 
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dikegulac-Na. Purohit (1980) established that concentration of 0.05% and above of 

dikegulac inhibits the terminal buds. Malstrom and McMeans (1977) reported increased 

number of axillary shoots when dikegulac was applied to pecan trees. Inhibition of shoot 

elongation and axillary bud break by dikegulac application was recorded in various plants 

like Thuja occidentalis, Rhododendron simsii, Berberis thunberji, Carpinus hetiilus, 

Helianthus annuus, Callistemon citrimus, Xylosma congestrum, Pyracantha coccinea, 

Cotoneaster pannosa and Nerium oleander.kvzttet al (1917) observed that dikegulac 

caused distortion of leaves in Zinnia, Helianthus and Chrysanthemum. Purohit (1980) 

found that 50 to 100 ppm concentrations of dikegulac were sufficient to cause chlorolic 

effects in cotyledonary leaves of Helianthus annuus seedlings. He, further, observed 

that the spray of dikegulac on the seedlings caused the younger leaves to get distorted 

with a convoluted blade which did not expand evenly. A rosette appearance of distored 

leaves were observed at the tip of the shoot. All leaves continued to expand, but the 

lamina became yellow and developed an intervascular chlorosis. The venation, however, 

remained green leading to a mosaic appearance. In a few plants chlorotic and distored 

leaves senesced. At higher concentration (500 mg/L to 1000 mg/L) the leaves became 

dark brown and dry. However, as growth proceeded the chlorotic leaves regreened. 

Sanderson and Martin (1977) reported that in varieties of Rhododendron spp. dikegulac 

at the concentration range of 3000 to 6000 ppm inhibited shoot elongation, produced 

more lateral shoots than untreated plants, but the number of flowers did not increase. 

Treated leaves reduced in size and also malformed a little. However, three months after 

application, normal size as well as appearance were restored, and plant looked more 

compact and green. Sachs et. al. (1975) have shown that dikegulac inhibits elongation of 

internodes in a number of woody plants. Bocion and DeSilva (1976) demonstrated that 

aqueous solution of dikegulac was very effective as a pinching agent on azalea. They 

observed that one to two weeks after application of dikegulac slight chlorotic, sometimes 

necrotic spots appeared on the upper leaves of the shoots. The chlorosis began to 

disappear and the foliage regained its dark color about 8 weeks after treatment. 

Bhattacharjee et. al. (1984) reported that in lQ-day-o\dHelianthus annuus plants height 

was significantly reduced at all the concentrations of dikegulac used (100 to 750 pg/ml). 

However, leaf area was decreased at the two higher concentrations and 100 pg/ml 

dikegulac did not influence much change in laminar area. Change in stem circumference 

was found inversely correlated with plant height because it was increased irrespective of 
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the concentrations of dikegulac used. Inhibition of DNA synthesis by dikegulac was noted 

in Spirodela and plastidial RNA was found to be more susceptible to dikegulac than 

cytoplasmic RNA. Dikegulac delayed the time of commencement of some important events 

namely, head intiation, ray floret opening, head yellowing and harvest of a dwarf sunflower 

cultivar (Bhattacharjee, 1984). However, such effect was apparent when application 

was made at the preheading stage, and seed and seedling treatment were found to be 

insignificant in this regard. The chemical, when applied at the preheading stage enhanced 

dry matter, chlorophyll and protein contents and also activity of catalase enzyme of the 

contributory leaves after an initial decrease noted at head development stage. 

Phospon-D, Bg, CCC, AMO-1618 retarded degradation of chlorophyll in the leaf 

discs of Rumex obtusifolius (Harada, 1968). CCC and Bĝ ^ v/ere noted to preserve 

chlorophyll and protein in bean leaf as kinetin did (Kessler, 1967). CCC delayed 

chlorophyll, RNA and protein loss in senescing leaf discs of nasturtium; SADH at lower 

concentrations reduced the rate of degradation of RNA and protein but at higher 

concentrations the leaves tured yellow earlier than those in water control, the RNA and 

protein also reduced. Knypl (1967d) andMichniewiez (1968), reported that coumarin, 

phosfon-D and CCC were active in preserving the chlorophyll. Foilar application of 500 

ppm CCC on wheat plants enhanced the RNA, chlorophyll and protein content in Avena 

leaves (Gill and Singh 1978). Deb and Mazumdar (1976) found the increment of 

chlorophyll and RNA in litchi plants. A reduction of chlorophyll content after CCC and 

ethrel application increased carbohydrate content gradually both in leaf and fruit of 

Abelmoschus esculentus (Bhatnagar, 1979). Purohit and Chandra (1980; 1981) 

observed inhibition of linear growth of primary leaf mAvena sativa when the seedlings 

were kept in solutions of different concentrations of dikegulac (10 to 60 mg/L). GA, 

application overcame*, the inhibitory effects. They also osberved, while studying dikegulac 

kinetin interaction, that chlorophyllase activity was increased in detached leaves ofAvena 

sativa after dikegulac treatment. On the basis of all the available literature on dikegulac 

action on degradation/inhibition of chlorophyll biosynthesis in leaves, Purohit and Chandra 

(1980) proposed a model. The model suggests that dikegulac acts either by inhibiting 

endogenous hormonal (GA, lA A and cytokinin) activity or by interacting with hormonal 

biosynthesis or by supressing rRNA incorporation into plastidial nucleic acid and its 

synthesis or by inhibiting GA-dependent DNA biosynthesis which decreased protein 
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content necessary for chlorophyll biosynthesis and in addition by its direct involvement in 

increasing chlorophyllase synthesis. 
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Bhattacharjee (1984) observed that dry matter, chlorophyll and protein contents 

as well as activity of the enzyme catalase of contributory leaves of sunflower were 

remarkably reduced at 500 and 750 pg/ml dikegulac treatment. Effects of dikegulac and 

GAj on potato sprouting revealed that dikegulac delayed sprouting emergence and inhibits 

further growth of shoots while GA3 has hastened the same (Purohit, 1980). Such delay 

caused by dikegulac may be due to antagonostic GA level which consequently inhibits 

growth activities by GA,. 

1.2.2.3. Senescence and crop yield : 

Plant senescence is the deteriorative process which leads to the death of whole 

plant, organ, tissue or a single cell. This process is genetically controlled mechanism 
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supported by environmental factors. Senescence process influences different plant organs 

under different circumstances with variable effectiveness. Generally, it is found that old 

and basal leaves of a plant may be senescent while the young and more apical structures 

are actively growing. It is now well documented that senescence is directly associated to 

decrease of chlorophyll and protein or increase of their degration (Beevers, 1976; 

Osborne, 1967; Shaw et al., 1965; Woolhouse, 1978). Apart from the cytokinin 

stimulation in inhibition of senescence mechanism, plant growth retardants play a significant 

role in inhibition process of both isolated and intact leaves of many plants (Dey and Jana, 

1988). Weaver (1972) observed that plant growth retardants performed more efficiently 

than cytokinin in delaying senescence as observed by Mothes (1959). Biswas et al. 

(1990) observed that ABA accelerated senescence of foliar and reproductive organs, 

while kinitin delayd senescence of leaf only in Ophioglossum vulgatum. Tezuka et al. 

(1980) reported that spraying of CCC on "kyoho" grapes maintained higher 

pliotosynthetic activity in leaves and both chlorophyll -a and -b contents were remarkably 

increased which indicated that CCC strongly potentiated the grape plants by retaining 

the vital physiological processes. Niimi (1974) speculated that CCC might regulate the 

activity of ribulose-1, 5-bisphosphate carboxylase. CCC treated plants produced higher 

content of chlorophyll per unit leaf area deferring senescence in leaves producing higher 

amount of cytokinin (Skene, 1968; 1969). Coombe (1967) and Purohit (1981) found 

darker green leaves in Vitis vinifera and Helianthus annus, after CCC-treatment. 

Shedding of flowers and berry drops in grape plants could be inhibited by CCC treatment 

(Coombe, 1967; Tezuka, 1981; Naito, 1972) which enhanced berry set percentage and 

decreasing of berry size. CCC caused a substantial alleviation of localised senescence 

i.e. abscission. In "kalyan-sona-227" variety of wheat CCC maintained higher levels of 

chlorophyll, nucleic acid and protein as well as potential of whole plants and these reflected 

in the well being of the yield contributing components (Gill, 1978). 

Bocion et al. (1975) established that dikegulac treatment induced petiole abscission 

in number of plant species. The chemical plays a prominent role in arrestation of senescence 

as evidenced by higher levels of dry matter, chlorophyll and protein contents and the 

activity of catalase enzymes of contributory leaves which are the main assimilate transporter 

leaves. Dalai and Jana (1988) observed that the different concentrations of dikegulac on 

Canna indica and Coccinia cordifolia under detached condition increased Hill reaction 
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activity, chlorophyll and protein contents, dry matter percentage in biomass and decreased 

tissue permiability over control. At the concentration of 1000 |jg/ml in Carina and 500 

fjg/ml in Coccinia pronounced maximum inhibition of senescence, while above 1500 pg/ 

ml stimulated senescence indicating that dikegulac at low concentrations is a potent 

inhibitor of leaf senescence. 

So far the experimental plant, Sechium edule, is concerned, no reports are available 

on different physiological parameters. However, there are few reports on the senescence 

on Sechium edule by antioxidant and phytohoromones. Dey and Jana (1988) observed 

that application of antioxidants like ABA, Ferrous sulphate and mercaptoethanol 

significantly retarded the senescence of leases Sechium edule in detached condition under 

dark condition. The increment in the levels of chlorophyll and protein and the activity of 

DCPIP-Hill reaction and dry weight was noticeable with antioxi dant treatment. Further, 

Lama (1988) observed that the treatment with phytohonriones on the detached leaves of 

the plant Sechium edule during senescence caused significant increase of soluble, insoluble 

and total carbohydrate contents, while RNA, dry weight and the activities of catalase 

and alkaline pyrophosphatase were decreased. The induction of senescence was checked 

temporarily in presence of kinetin, lAA and GA, whereas ethrel enhanced senescence. 

There are variable reports on retardant-induced changes of crop yield. Lovett and 

Kirby (1971) observed that CCC treated plants exhibited no effect on yield. However, 

Hassan et al. (1975) demonstrated that CCC in all doses caused retardation of plant 

height and increased grain yield per plot (10-15%) in a wheat cultivar. Zeidan and El-

Fouly (1976) observed that both early and late CCC treatments increased grain yield 

and number of spikes/M^ of Egyptian and Mexican wheat. Spraying with 500 to 1000 

ppm CCC increased the number of umbels and seeds upto 23% of Pimpinella anisum. 

El-Fouly (1977) reprotedthat treatment of CCC, B-995 and AMO-1618 on cotton 

plants increased the balls per plant and the effect was found to be most pronounced at 

B-995. Appelby et al. (1966) reported that seed treatment with CCC on a wheat variety 

showed positive response on crop yield. Higher crude protein, reducing, non-reducing 

and total sugar contents found mAvena grains with CCC treatment suggested the influence 

of the chemcial on seed yield and grain weight. As dikegulac is a potent height shortening 

agent of plants (Bocion et al., 1975) the efficacy of this chemcial on alleviation of 
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undersired height was tested by Bhattacharajee (1984) on a tall and a dwarf sunflower 

cultivar during moonsoon period when maximum incidence of lodging occurs. He showed 

that dikegulac regardless of its concentrations used reduced the severity of head lodging 

in both the cultivars. Dikegulac was most successful on the tall variety with respect to 

arrestation of lodging and consequently of improvement of the yield attributes like percent 

filled seeds and average yield per plant. However, such effect of dikegulac on the lodging 

behaviour and yield attributes of sunflower was noted only when application of this chemical 

was made at the log phase of the sunflower i.e., at the preheading stage, and no such 

effect was apparent when dikegulac application was made at seed and seedling stage. 

Bhattacharjee and his associates stated that the prolongation of seed filling period in 

conjuction with arrestationof leaf senescence in sunflower cultivar cumulatively caused 

yield improvement (Bhattacharjee, 1984; Bhattacharjee ef a/., 1984, Bhattacharjee e/ 

al., 1986). They also reported that some growth retardants including Na-dikegulac could 

efficiently defer seed senescence also under storage and thus maintain storage potential 

of a number of agriculturally important seed species (Bhattacharjee and Gupta, 1985; 

Bhattacharjee and Choudhuri, 1986; Bhattacharjee and Bhattacharyya, 1989; Chhetrier 

al., 1993; Raiera/. , 1995 Bhattacharjee er«/., 1999). 

Information collected from the literature cited above, it is concluded that the plant 

growth retardants efficiently induce various modifications on growth, metabolism and 

yield of different plant species. Depending upon the concentrations of growth retiianding 

chem;^icals and their applications at various growth stages of plants the responses often 

become defferential. However, chemical manipulation of plant growth and development 

using plant growth regulators is an improtant field of research which needs to be thoroughly 

explored keeping in mind the productivity of crops. In many crop plants growth retardants 

efficiently obviate or alleviate negative yield attributing factors. From biochemical point 

of view retardants are also found to be desirable chemical manipulants for maintaining 

higher metabolic sfetus and plant potential for a longer period which consequently result 

in enhancement of crop yield. Hence, during the present days strategy is being made by 

agriculturists to obtain higher productivity by utilizing growth retarding chemicals in many 

plants in addition to conventional field practices as well as amending crop plants with 

chemical and organic fertilizers. 

Now, it is a challenge to the modern reserachers to devise better strategies for 

efficient utilization of this chemical group keeping in mind the cost-effective aspect of 

productivity. 
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1.3. AIMS AND OBJECTIVES OF THE PRESENT WORK : 

Chayote {Sechium edule Sw), is a highly nutritive and promising green vegetable 

crop to the hilly people of India. Economically, chayote is important as all parts of the 

plant are consumed by human beings as different table items. The fruit is very rich in 

carbohydrate, protein and some essential amino acids. The underground tuberous part is 

delicious and is a good source of strach-rich carbohydrate and some vitamins. The young 

shoots including the tendrils are rich source of vitamin A and C. (The Wealth of India, 

1972) Besides its economic values for a number of yield attributes, it has also some 

agricultural plus points for cultivation which include : 

1. Minimum cost of maintenance in the field. It is often called a zero management 

crop. 

2. Least susceptibility towards fatal diseases and high resistance capacity against some 

animal pests which appear during flowering. Cook (1901) mentioned that chayote 

is an exceptionally safe crop. 

3. Considerably higher productivity even in fallow land, 

4. Considerable food value in all plant parts (fruits, tuberous roots and leafy young 

shoots). 

5. Higher storage potential of fruits at ambient storage conditions for a long period, 

6. Insignificant dormancy and negligible storage deterioration of fruits and tuberous 

roots even under adverse climatic conditions. 

7. Higher adaptibility of the plant towards various clin^ic hazards like extremely high 

relative humidity, temperature fhictiiWion and frosty weather of Darjeeling hills. 

In spite of many positive points for its cultivation there are some problems which 

impair higher productivity of this plant. Firstly, strong apical dominance and excesive 

plant vigour cause to induce maximum vegetative growth resulting in impairment of 

reproductive growth and crop yield. Secondly, in all the varieties, higher number of male 

flowers than the female ones per plant cause to lower the number of fruits for plant. 

Thirdly, in many varieties early senescence of contributory leaves results in reduction of 

assimilate supply to the reproductive sinks i.e., growing fruits at their final maturation 

phase and the consequence is the production of small sized of fruits as well as reduction 

of crop yield. 
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Considering the above mentioned problems, in the present investigation an attempt 

was made to overcome these deleterious features of the crop by using some plant growth 

regulators of the retardant class and the promoter class namely, chlormequat or 

chlorocholine chloride (CCC), Na-dikegulac (trade names Atrinal), maleic hydrazide 

(MH), kinetin, gibberellin (GA )̂ and indole acetic acid (lAA). Strategies to obviate the 

deleterious features also include selection of the optimum concentrations of the chemical 

manipulative agents as well.as selection of the ideal stage of the plant development for 

application of the chemicals for obtaining the most covetable response. 

To get rid of the first deleterious feature of the plant, i.e. undesired profuse vegetative 

growth, the selected growth retardants like CCC, Na-dikegulac and MH are supposed 

to act as the preferred instrument. There are a:mple reports in the literature that a number 

of growth retarding chemicals (including the present ones) can successfully check 

unwanted excess plant vigour causing subdued plant growth (Knypl, 1979; Monselise, 

1974; Bhattacharjee, 1984). The efficacy of the retardants on lowering plant vigour was 

determined by analysing the growth and metabolic status of the chayote plant. 

For obviation of the second problem, i.e. occurrence of exceptionally high male : 

female flowers per plant, an attempt was made to increase the number of female flowers 

per plant by foliar application of kinetin, GA, and lAA which are supposed to have some 

role on flowering as well as on sex expression in many cucurbits (Leopold and Kriedemann, 

1975',Ghosh and Basu, 1983). 

The third deleterious-feature, i.e. the onset of earlier sonescence of the active 

assimilate transporter leaves, was tried to overcome by using senescence deferral agents 

like IA A, kinetin, and growth retardants which are reported to keep the foliage green 

even before preharvest stage of many monocarpic crops (Halevy, 1975; Bocion et al., 

1975,*'Nooden and Leopold, 1978). The efficacy of these chemical manipulants was 

analysed through several established and reliable physiological and biochemical senescence 

evaluation indices. Thus, the prime objective of the present investigation was to obtain 

an ideotypic chayote plant after possible obviation of the deleterious features, as 

mentioned, by chemical manipulative methods. 
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Before undertaking the detailed studies of this investigation, a preliminary survey 

was made to get acquintance with the different varieties of chayote plant available in 

Darjeeling hills and their characteristic features. Subsequently, a selected variety of the 

plant was grown on experimental field (type C, vide table-1.2) and the phenology of this 

particular variety was studied to determine the important phases of plant development as 

well as duration of the individual phases in the entire life cycle of the plant. Table 1.3) 

Using this plant type as the experimental material for further investigation, the following 

studies have been undertaken : 

a) Analyses of the effects of growth retardants, treated at sprouting fruit, sapling and 

preflowering, stages of chayote, on the modification of plant metabolism determined 

by changes of a number of biochemcial parameters. 

b) Analyses of the effects of growth retardants, treated at sprouting fruit, sapling and 

preflowering, stages of chayote, on modification of plant growth and vigour. 

c) Analyses of the effects of growth retardants, treated at sprouting fruit, sapling and 

prefloweringjStages of chayote, on modification of crop yield and other yield 

attributes. 

d) Analyses of the effects of growth retardants treated at sprouting fruit, sapling and 

prefloweringjStages on the changes in onset of leaf senescence (Days of plant age). 

r 
e) Analyses of the effects of combined doses of growth ret^ants , treated at a 

preflowering stage, and growth promoters, treated at flowering stage on modification 

of growth, metabolism, flowering, senescence and crop yield of chayote plant. 

Thus, the thorough investigation and detailed observation on the aspects mentioned 

above could permit to judge the practical feasibility of using the plant growth regulators 

on achieving our objective towards desirable modification of growth, metabolism and 

yield of the himalayan vegetable crop. Results obtained from this investigation, could 

also point out some newer avenues of research in this field. 
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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 



33 

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). 
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1.5. RESULTS 

Table 1.2 shows varietal differences of Sechium edule growing in various altitudes 

of Darjeeling hills. Altogether 10 varietal types have been established on the basis of 

morphological characters of mature fruits viz., length, breadth, girth, weight and colour 

of fruits as well as on the basis of density, length and mode of distribution of hairs on the 

surface of fruits. Among the categories the types A,B and J produce hairless fruits and 

the type H produce fruits with scanty hairs. Other varietal types yield fruits with hairs of 

specific nature and they show specific mode of distribution on fruit surface. 

Important events during the life cycle of the experimental chayote plant (type C in 

table 1.2) have been depicted in table 1.3. The leafy above ground part of chayote is 

monocarpic in nature and the data reveal that the plant survives more than 5 months with 

prolonged duration of log phase and stationaay phase of growth. The under ground 

tuberous part is perennial and survives for several years. Meteorological data at the 

experimental station (Darjeeling) during the experimental years of 1992, 1993 and 1994 

(monthwise) are represented in table 1.4,1.5 and 1.6 respectively. As planting of chayote 

starts from late February, maximum vegetative growth takes place during the months of 

April, May and June, and harvesting of fruits is completed by October each year, it 

seems apparent that during plantation comparatively low temperature, low relative humidity 

and low rainfall are ideal climatic factors. Vigorous plant growth and fruit maturation 

takes place during the monsoon months of June and July when maximum rainfall, fairly 

high relative humidity and moderate temperature are recorded. 

5.1 Whole fruit treatment at sprouting stage 

5.1.1. Changes in chlorophyll and protein levels (Table 1.7) 

Data revealed that whole fruit treatment with Na-dikegulac (1000 and 2000 }ig/ml) 

chlormequat (2000 and 4000 ng/ml) and maleic hydrazide (250 and 500 pg/ml), 

irrespective of their concentrations, resulted in significant increase of both chlorophyll 

and protein levels in leaves of chayote plant when data were recorded at the seedling and 

sapling stages of plant development. However, the chemical-induced enhancement of the 

level of these two biochemical parameters were not found during the subsequent analyses 
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at preflowering, fruiting and senile stages. All the changes recorded beyond sapling stage 

failed to attain statistical significance and thus the initial promotive effect seemed to be 
s. 

transient and nonpe^stent. 

5.1.2. Changes in soluble and insoluble carbohydrate levels (Table 1.8) 

As regards the chemical-induced changes of soluble and insoluble carbohydrate 

levels in leaves of chayote plant almost an identical trend of result was obtained. All the 

three growth retardants at both their concentrations caused to enhance soluble and 

insoluble carbohydrate contents in leaves at least up to the sapling stage of 40 days of 

plant age, although in case of maleic hydrazide the increse of insoluble carbohydrate 

level was insignificant at seedling stage. Subsequent changes of soluble and insoluble 

carbohydrate levels recorded at preflowering, fruiting and senile stages were statistically 

insignificant. Thus, whole fruit treatment with Na-dikegulac, CCC and maleic hydrazide 

resulted in a temporary increase of the two carbohydrate levels. 

5.1.3. Changes in RNA and DNA levels (Table 1.9) : 

Whole fruit treatment with Na-dikegulac, chlormequat and maleic hydrazide also enhanced 

the nucleic acid levels at the two initial stages of analyses i.e. at seedling stage and sapling 

stage. However, the changes of DNA level remained insignificant even at the sapling 

stage. In preflowering, fruiting and senile stages the chemical-induced changes of both 

RNA and DNA levels were statistically identical with that of the control ones. 

5.1.4. Changes in peroxidase and catalase activities (Table 1.10 ) : 

Concomitant with the changes of chlorophyll, protein, soluble carbohydrate, insoluble 

carbohydrate, RNA and DNA contents in leaves during different developmental stages 

of chayote plant, the chemicals, regardless of their concentrations, enhanced the activities 

of both peroxidase and catalase enzymes when data were analysed at seedling and sapling 

stages. The chemical-induced enhanced activities of these two enzymes were not found 

at the subsequent periods of observations i.e. at preflowering, fruiting and senile stages. 
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5.1.5. Changes in lAA-oxidase and RNase activities (Table 1.11) 

Unlike the stimulatory action of the chemicals on peroxidase and catalase activities 

at the seedling and sapling stages, RNase and lAA-oxidase activities in leaves of chayote 

plant were significantly reduced at the initial observation period i.e. at seedling stage 

only. Such inhibitory effect was clearly nullified thereafer and the chemicals failed to 

induce any significant change in the activities of the enzymes during the subsequent analyses 

recorded at sapling, preflowering, fruiting and senile stages. 

5.1.6. Changes in vine length and stem circumference (Table 1.12) 

Biochemical changes in leaves were found to be associated with the changes of 

growth parameters like vine length and stem circumference of chayote plant as a result of 

treatment of the whole fruits with Na-dikegulac, chlormequat and maleic hydrazide. Results 

showed that vine length was significantly reduced at seeding and sapling stages by all the 

chemicals irrespective of their concentrations used. On the other hand, stem circumference 

was increased by the pretreating chemicals and this increasing trend was maintained up 

to the sapling stage only. Changes in vine length and stem circumference, recorded at the 

subsequent stages of plant development i.e. at preflowering, fruiting and senile stages, 

were found statistically insignificant. 

5.1.7. Changes in number of days required for inception of plant senescence, fruit 

number, fruit weight and root weight per plant (Table 1.13) 

The chemical-induced transient changes of growth and biochemical parameters did 

not alter yield attributes, recorded in terms of total fruit number, fruit weight and tuberous 

root weight per plant and the time (days) for onset of plant senescence, determined by 

observing the yellowing of leaves. All the changes were insignificant. 

Thus, the summarized result of whole fruit treatment with the growth retardants 

stands as such: 

The chemicals could induce a transient effect on the growth and biochemical 
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parameters analysed. Crop yield was not at all affected and onset of plant senesence 

(days of plant age) remained unaltered. 

5.2. Foliar treatment at sapling stage 

5.2.1. Changes in chlorophyll and protein levels (Table 1.14) 

Foliar application withNa-dikegulac (1000 and 2000 pg/ml), CCC (2000 and 4000 

|ig/ml) and MH(250 and 500 |ag/ml) for three consecutive days at the sapling stage of 

chayote plant resulted in a significant reduction of chlorophyll and protein levels in leaves 

of all the samples analysed at sapling stage only. However, this retardant-induced inhibitory 

effect was not only found to overcome subsequently, but the chlorophyll and protein 

contents were high in comparison to the control values. Unlike whole fruit treatment this 

increase was not merely transient but this was maintained during the subsequent analyses 

at preflowering, fruiting and senile stages of plant development. However, relative efficacy 

of the three growth retardants on changing these two parameters was not apparent from 

the result although higher concentratinos of Na-dikegulac and CCC rendered a strong 

inhibitory effect at the sapling stage as evident from much higher reduction of chlorophyll 

content. • 

5.2.2. Changes in soluble and insoluble carbobydrate levels (Table 1.15) 

The growth retardants, irrespective of their concentrations, increased soluble 

carbohydrate levels in leaves when data were recorded at the sapling stage. However, in 

subsequent analyses at preflowering, fruiting and senile stages the changes of soluble 

carbohydrate contents were found to be insignificant. It is noteworthy that during fruiting 

stage of 80-day-old plants the levels were low in all the samples analysed. On the other 

hand, insoluble carbohydrate contents in leaves were found significantly low in all the 

chemical-treated plants at the observation period of sapling stage only. During 

preflowering stage, the chemical-induced inhibitory effect was overcome in all the samples 

analysed, and at fruiting and senile stages the insoluble carbohydrate contents were found 

much higher than the control values. Results also revealed that with the progress of plant 

ageing insoluble carbohydrate levels started declining right from the sapling stage. 
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5.2.3. Changes in RNA and DNA levels (Table 1.16) 

Results of this table revealed thai the growth retardants, regardless of their 

concentrations used, significantly reduced the level of RNA at the sapling stage only. 

During the subsequent observation periods at the preflowering, fruiting and senile stages 

RNA content was remarkably increased in leaves of all the chemical-treated plants and 

the chemicals were found to be almost equally efficient in this regard. 

As regards the changes of DNA content it was found that the chemicals caused to 

reduce the level of DNA at the initial observation period of sapling stage only. Subsequent 

chemical-induced changes recorded at the preflowering, fruiting and senile stages failed 

to attain statistical significance. Data of this table thus showed, that the effect of growth 

retardants was merely transient in case of DNA but perpetuating in case of RNA. 

5.2.4.Changes in peroxidase and catalase activities (Table 1.17) 

The chemical-induced changes of chlorophyll, protein, carbohydrate fractions and 

nucleic acids were associated with the changes in the activities of the enzymes peroxidase 

and catalase in leaves. Activities of both the enzymes were suppressed by all the 

concentrations of the chemicals used when data were recorded at the sapling stage. This 

retardation effect was erased quickly as subsequent analyses at the preflowering, fruiting 

and senile stages revealed significantly higher activities of these two enzymes when 

compared with the enzyme activities in leaves of distilled water treated control plants. 

5.2.5.Changes in lAA-oxidase and RNase activities (Table 1.18) 

Unlike the changes in the activities of peroxidase and catalase enzymes, a reverse 

trend of changes in that of lAA-oxidase and RNase were recorded. Data of this table 

clearly revealed that the growth retardants significantly increased the activities of both 

lAA-oxidase and RNase enzymes at the sapling stage only and this increasing trend was 

not found perpetuating. When the chemical-induced changes were recorded during the 

sampling periods at the preflowering, fruiting and senile stages a consistent decrease in 

the activities of these two enzymes were found. 
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5.2.6.Changes in vine length and stem circumference (Table 1.19) 

Concomitant with the biochemical changes in leaves of chayote plant, the growth 

retarding chemicals affected the vegetative growth of the plants, simply measured in terms 

of vine length and stem circumference. Results showed that the chemicals significantly 

reduced the length of vine at all the concentrations. And this inhibitory effect of the 

chemicals was found throughout the observation periods at the sapling, pre flowering, 

fruiting and senile stages. On the other hand, stem circumference was found to increase 

in all the plants treated with the growth retarding chemicals, regardless of their 

concentrations used and developmental stages of the plant. 

5.2.7. Changes in number of days required for inception of plant senescence, 

fruit number, fruit weight and root weight per plant (Table 1.20) 

Results of this table revealed the senescence delaying effect and changes of yield 

attributes of chayote plants by the growth retarding chemicals. Na-dikegulac, CCC and 

MH, regardless of their concentrations, tended to increase the number of days (plant 

age) required for inception of plant senescence but the senescence delaying effect was 

found to be marginally significant only in case of Na-dikegulac (2000 pg/ml) and the 

effect was insignificant in other treatments. 

As regards the changes of yield attributes, measured in terms of fruit number, fruit 

weight and tuberous root weight per plant, it was found that the chemicals, particularly 

Na-dikegulac and CCC increased fruit number, total fruit and tuberous root weight per 

plant, although this increasing effect was not found to be fairly significant. On the other 

hand, MH-induced increase of the three yield attributes failed to attain statistical 

significance. The results of this table, thus, showed that the growth retardants tended to 

delay plant senescence and increase crop yield. 

Thus, the precised result of the sapling treatment with growth retardants stands as 

such: 

The retardant-induced changes in chlorophyll, protein, insoluble carbohydrate, RNA, 
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peroxidase and catalase levels were inhibitory at the initial observation period (sapling 

stage). Subsequent changes were promotive after a quick revival, and the effect persisted 

up to senile stage. Retardants reduced vine length and increased stem circumference 

throughout the observation periods. Increase in crop yield by the retardants was marginally 

significant or insignificant in MH and their senescence delaying effect was insignificant 

except in Na-dikegulac (2000 pg/ml) treated plants. 

5.3. Foliar treatment with growth retardants at preflowering stage and retardant 

followed by hormone treatment at flowering stage 

5.3.1. Changes in chlorophyll and protein levels (Table 1.21) 

Foliar treatment with Na-dikegulae, CCC and MH at preflowering stage resulted 

in significant increase of chlorophyll and protein levels when observation was made at 

the fruiting and senile stages of plant development. However, the retardant-induced 

increase of chlorophyll and protein contents were found to be enhanced to a further 

extent when the retardant-treated plants experienced foliar treatment with growth 

promoters like lAA and kinetin. And this supplemented stimulatory action of lAA and 

kinetin over the retardant-induced increase of the macromolecules was found in all the 

combined doses analysed at both the developmental stages. 

5.3.2. Changes in soluble and insoluble carbohydrate Ievels.(Table 1.22) 

All the growth retardants, regardless of their concentrations, significantly increased 

both soluble and insoluble carbohydrate levels at the fruiting and senile stages of chayote 

plant. In this case also, foliar application of lAA and kinetin on the retardant-pretreated 

plants showed an additive action as evident from the much higher soluble and insoluble 

carbohydrate levels in the leaves of the plants which underwent hormone treatment at 

flowering stage in addition to retardant treatment at preflowering stage. 

5.3.3 Changes in RNA and DNA levels (Table 1.23) 

Results of this table revealed that foliar application of growth retardants significantly 

increased RNA levels in leaves irrespective of their concentrations used and plant stages 
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analysed. Here also, a second treatment with lAA and kinetin at the flowering stage, on 

the retardant pretreated plants further enhanced the RNA contents over the retardant-

induced increase of RNA levels, and this effect was true at both fruiting and senile stages 

of plant development. 

However, the retardant-induced increase of DNA level was not significant at least 

in treatments with Na-dikegulac and CCC (2000 |ag/ml) at the fruiting stage. But combined 

treatments with retardants followed by hormones significantly increased the level of DNA 

in all the samples analysed at both fruiting and senile stages of plant development. 

5.3.4. Changes in peroxidase and catalase activities (Table 1.24) 

Like sapling treatments, treatment of plants with growth retardants at the 

preflowering stage resulted in parallel changes in the activities of peroxidase and catalase 

enzymes. Data revealed that all the chemicals at both their concentrations significantly 

increased the activities of these two enzymes at the fruiting and senile stages. The 

retardant-induced increase in the activities of the enzymes were found to be stimulated 

further by foliar application of lAA and kinetin on the retardant pretreated plants at 

preflowering stage. 

5.3.5. Changes in lAA-oxidase and RNase activities (Table 1.25) 

A reverse picture was noted when the changes in the activities of lAA-oxidase and 

RNase enzymes were compared with that of peroxidase and catalase enzymes. Here the 

activities of both lAA-oxidase and RNase enzymes were found to be reduced significantly 

in the leaves of plants which received foliar application of the growth retardants at the 

preflowering stage. The chemical-induced reduction in the activities of these two enzymes 

in leaves of chayote plant were found to be reduced to a further degree when lAA and 

kinetin were sprayed foliarly at flowering stage of the plants which received prior treatment 

with the growth retardants at the preflowering stage. 
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5.3.6. Changes in vine length and stem circumference (Table 1.26) 

Results of this table showed that the chemical-induced biochemical changes in leaves 

were associated with the changes of two growth parameters recorded in this study. The 

growth retarding chemicals reduced the length of vine irrespective of their concentrations 

used and growth stages analysed. However, retardant-induced inhibition of vine length 

was overcome by foliar treatment with lAA and kinetin on the chayote plants which 

underwent prior treatment with the growth retardants at the preflowering stage. On the 

other hand, stem circumference was found to increase significantly as a result of foliar 

application with the growth retardants. The growth promoters lAA and kinetin showed 

additive effect, with respect to increase of stem circumference of the plants, with the 

growth retarding chemicals as the retardant-induced increase of stem circumference was 

further increased when plants were subsequently treated with the growth promoters. 

5.3.7. Changes in number of days required for inception of plant senescence, 

fruit number, fruit weight and root weight per plant (Table 1.27) 

Results presented in the table 1.27 clearly showed that Na-dikegulac, CCC and 

MH at all their concentrations tended to delay senescence of the chayote plants but the 

effect was found insignificant at all the treatments with growth the retardants except at 

Na-dikegulac (2000 |ig/ml). On the other hand, all combined treatments with growth 

retardants at the preflowering stage and hormonal (lAA and Kinetin) treatment at the 

flowering stage significantly delayed the onset of plant senescence. A corresponding 

change in fruit number, fruit weight and root weight per plant was recorded alongwith the 

chemical-induced deferment of leaf senescence. Yield data showed that all the treatments 

(single or combined) increased total fruit number, fruit weight and tuberous root weight 

per plant. However, combined treatments with retardant followed by hormone were found 

to be much more efficient in this regard. Again, foliar application of chayote plant with 

Na-dikegulac at preflowering stage followed by application of lAA and kinetin at the 

flowering stage exerted the best response particularly on increasing fruit number per plant. 
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5.3.8. Changes in the number of female and male flowers per plant (Table 1.28) 

Results on the effect of single treatment with growth retardants as well as combined 

treatment with retardants and hormones (lAA. kinetin and GA,) in successive manner on 

changes in the number of female and male flowers per plant were recorded in this 

experiment. Growth retardants, irrespective of their concentrations, failed to induce any 

significant effect on the changes in the total number of female and male flowers per plant. 

But when retardant-treated plants experienced a second treatment with lAA. kinetin and 

GA, at the flowering stage, number of female flowers were significantly increased. 

Interestingly, combined treatment with all the three referdants plus GA, was found to be 

most effective among all the samples analysed. Concomitant with this, number of male 

flowers were also increased in the combined treatments only. However, in treatments 

like CCC 2000+IAAlOO, CCC4000+ kinetin 100 and MH 250+kinetin 100 the increasing 

effect was found to be statistically insignificant. 

Thus, the summary result of the combined treatment with retardants followed by 

hormones at preflowering and flowering stages respectively, stands as such : 

The retardant and hormone (single or combined doses)-induced changes perpetuated 

till senile phase. The chemicals applied in combined doses were much more effective on 

changing the growth and biochemical parameters analysed. Retardant-induced increase 

in crop yield was supplemented by the hormone treatments, and concomitantly deferment 

of plant senescence was more remarkable in combined doses of retardants followed by 

hormone applications. 
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1.6. DISCUSSION 

Many cucurbitaceous vegetable crop plants growing in India suffer from the 

drawback of having undesired excessive vegetative growth which often cause serious 

impairment of crop yield and thus in many occasions vigourous plant growth and higher 

productivity becomes inversely correlated (Shil, 1990). The present experimental plant 

chayote was also not found to be an exceptional species showing this generalized behaviour 

of cucurbits. Keeping in mind this prime negative yield attributing characters of chayote 

plant an attempt was made to increase crop yield simply by restraining the undue vigour 

using some growth retarding chemicals which had been established as potent suppressor 

of vegetative growth of many agricultural and horticultural plants. In fact, growth retardants 

exert their physiological action by slowing down cell division and cell elongation without 

altering their gross morphology and causing any drastic adverse effects (Cathey, 1964; 

Bhattacharjeeer al. 1986). We are now quite aware of the fact that yield impairment is 

resulted in many crop plants owing to their unwanted excess vigour which consequently 

deprive the reproductive sinks of their optimum need of assimilates (Weaver, 1972; 

Bhattacharjeeera/., 1984; Milthrope and Moorby, 1988). 

In the present investigation, three growth retarding chemicals namely Na-dikegulac, 

chlormequat and maleic hydrazide were used as the test chemicals with a view to obtaining 

the desired modification of growth, metabolism and yield of a less explored promising 

hilly cucurbit chayote {Sechium edule). After initial screening of a suitable varietal type 

(type C, vide table 1.2), determining the discrete phases in the life cycle of this species 

and selecting of optimum .concentration range of the growth retardants suitable for this 

plant, applications were timed at three different developmental stages of the plant viz., 

sprouting stage of fruits, sapling stage and preflowering stage of the plant. The retardant-

induced changes of some growth and biochemical parameters were analysed at different 

developmental stages of the plant and reflection of such changes on yield attributes were 

recorded. Again, combined treatments with retardants followed by plant hormones like 

lAA, kinetin and GA^ were given at the flowering stage of plant growth and changes in 

modification of growth, metabolism and yield were analysed. The results obtained in this 

investigation were discussed at length from the available literature in this field and allr§,ed 

fields of research. 
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The present investigator and his associates after a thorough exploration in the chayote 

growing regions of Darjeeling hills, reported the existance often varietal types which 

somewhat differ among themselves with respect to their productivity, morphological 

characters of mature fruits, vine length and branching pattern (Lama et al.. 1984). The 

type C (table 1.2) was found superior in all respects. Important events in the life cycle of 

this varietal type were analysed and found that vigorous vegetative growth starts around 

50 days of plant age and continue up to active fruiting phase and this was determined as 

the log phase of plant growth (table 1.2 and figure 1). 

Results on whole fruit treatment with Na-dikegulac, chlormequat and maleic 

. hydrazide revealed that the chemicals, irrespective of their concentrations, failed to induce 

any permanent effect on modification of growth, metabolism and yield of chayote plant. 

Data on biochemical changes in leaves showed that the retardant-induced increase in 

chlorophyll and protein (table 1.7), soluble and insoluble carbohydrate (table 1.8), RNA 

and DNA (table 1.9) levels were recorded at the seedling and sapling stages of plant 

development and subsequent changes were found to be statistically at par with that of 

control values. Likewise, activities of peroxidase and catalase enzymes (table 1.10) 

remained subdued in the retardant-treated samples only up to sapling phase and activities 

of the catabolic enzymes lAA-oxidase and RNase (table 1.11) remained unchanged almost 

throughout the observation periods after a transient decrease at seedling stage. Growth 

parameters like vine length was reduced and stem circumference was increased (table 

1.12) by the retardant treatments up to sapling stage and thereafter all changes were 

found insignificant. 

Such results are indicative of the fact that the retardants possibly hindered the 

biosynthetic processes of the macromolecules which actively occur at the early stage of 

plant development, but with the progress of plant age the inhibitory effects were nullified 

because of diminished action of the retardants and consequent revival of the biosynthetic 

machinery of the cellular components. The resultant biochemical changes were 

correspondingly reflected in the plant growth as evident from the reduced vine length and 

enhanced stem circumference recorded at seedling and sapling stages only. 
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Reports exist in the literature that growth retardants temporarily exert inhibitory 

effects on seedling growth and metabolism (Knypl and Chylinska, 1972; Ben-Gad et al., 

I979;Bhattacharjee, 1984;Bhattacharjeee/fl/., 1986). Ben-Gad era/(1979) observed 

that elongation of Citrus seedlings was initially retarded by SADH treatment but vigorous 

growth was resumed thereafter. Similar retardant-induced transient inhibition followed 

by rapid growth was also observed by Monseliseer«/.(1966), Sachs and Mock (1975), 

Bhattacharjee (1984) and many others who reported such effect using conventional 

retardants like CCC, SADH, 2,4- DNC, AMO 1618, MH morphactin etc. but reports 

with Na-dikegulac are rather uncommon. Since first reporting and establishment of Na-

dikegulac as a potent growth suppressor by Bocion era/. (1975), a considerable volume 

of work has been accumulated. 

There are reports in the literature that Na-dikegulac affect seedling growth and 

metabolismof a good number of plant species (BocionandDe Silva, 1976; Arzee etal., 

1977; Purohit, 1979; 1980a,b,c; Bhattacharjee and Gupta 198la,b; Bhattacharjee er 

al., 1986). Arzeeetal. (1977) showed that the overall seedling growth of zinnia, sunflower 

and chrysanthemum was affected with regard to the shortening of internodes, abnormal 

growth of leaves and disruption of apical dominance. Several reports revealed that Na-

dikegulac reduced the seedling growth of sunflower (Purohit, 1979, 1980 a,b), Ave?ia 

sativa (Purohit and Chandra, 19S0), Brassica campestris (Purohit, 1980c) or: Glycine 

max (Purohit and Chandra, 1981) and the effect was found to be concentration dependent. 

Purohit (1979, 1980 a,b) also reported that concomitant with the reduction of seedling 

growth, Na-dikegulac adversely affected chlorophyll biosynthesis and reduced protein 

as well as sugar contents. 

The results of this investigation was thus in conformity with the reported observations 

with growth retardants on some other plants. Initial retzirdation of growth and metabolism 

in chayote plant followed by alleviation of such inhibitory effects might be explained 

considering the proposition made by Ben-Gad era/. (1979). From their experiments on 

the distribution of 14̂  labelled assimilates in SADH-treated plants, the authors concluded 

that assimilates and growth substances accumulated during the period of inhibition. Such 

accumulated materials and growth hormones were utilized fully during the subsequent 

periods when normal growth and metabolism and consequent rejuvenation of the plants 
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resumed. In fact, such accumulation of growth substances during the periods of inhibition 

by growth retardants was also found in.several studies (Frydman and Wareing, 1974;-

Kuo and Pharis, 1975; Fillipovich and Rowe, 1977). Arzee et al (1977) using Na-

dikegulac showed that overall seedling growth of zinnia, sunflower and chrysanthemum 

was affected with regard to the shortening of internodes, abnormal growth of leaves, 

disruption of apical dominance, inhibition of DNA synthesis and chlorosis of leaves. In 

their investigation, the authors showed by whole plant autoradiography that the chemical 

moved towards acropetal direction and triggered its physiological action from the shoot-

tips. They further reported that the adverse effects were later overcome and in all the 

three species convoluted and chlorotic leaves were regreened after a transient degeening. 

The temporary inhibitory effect, as observed in the present study, as a result of 

whole fruit treatment at the sprouting stage, might therefore be the effect of the growth 

retardants in the arrestation of the activities of overall biochemical machinery within the 

plant tissue and these cumulatively resulted in subdued plant metabolism and consequent 

shortening of vine length as well as increased radial growth of stem. 

Results of the retardant-induced whole fruit treatment at the sprouting stage also 

revealed that yield components of chayote, recorded in terms of fruit number, fruit weight 

and tuberous root weight per plant as well as days for inception of plant senescence 

(table 1.13) remained unchanged at all the concentrations of the chemicals. This result 

can be substantiated from the normal behaviour of growth and metabolism as well as 

unchanged potential of the plants during flowering, fruiting and senile stages after a transient 

initial adverse effect. In fact, as yield components and senescence inception time were 

recorded at the advanced stage in the life cycle of the plant, the initial adverse effects of 

the retardants were totally nullified leaving their no residual influence on modulating the 

yield components and senescence. 

The present observation on the futile effect of the growth retardants on modifying 

yield attributes can be corroborated from the findings of Lovett and Orchard (1976) 

who reported that CCC could augment yield alongwith inducing morphological and 

anatomical changes of sunflower when appli*ied at log phase of plant growth only, and its 

application at lag phase was ineffective. Similar observation was recorded by Dorrel 
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(1973). In sunflower Bhattacharjee (1984) reported that seed treatment or early seedling 

treatment with some growth retardants neither impaired or stimulated productivity. In the 

present study with chayote the results thus accord with reports of previous workers. 

In the present investigation, results on foliar treatment with Na-dikeguJac, 

chlormequat and maleic hydrazide at the sapling stage (30-day-old plants) revealed that 

the retardant-induced changes in chlorophyll and protein (table 1.14), soluble and insoluble 

insoluble carbohydrate (table 1.15), RNA and DNA (table 1.16) levels as well as activities 

of peroxidase and catalase (table 1.17) enzymes in leaves were inhibitory only at the 

initial observation pcmd of 40-day-old plants. Such inhibitory effects were erased shortly, 

and the levels of the biochemical variables were higher than control values that persisted 

till the senile stage of the plant. In case of soluble carbohydrate (table 1.15) and DNA 

(table 1.16) the retardant-induced changes recorded at preflowering, fruiting and senile 

stages were insignificant after a transient increase of soluble carbohydrate and a decrease 

of DNA levels at the initial observation period (sapling stage). Again after a fleeting 

increase of lAA-oxidase and RNase (table 1.18) activities, a consistent decrease in the 

activities of the enzymes were recorded till senile stage of the plant. Retardant-induced 

shortening of vine length and increase of stem circumference (table 1.19) were however 

recorded throughout the observation periods. 

Results of foliar application of the retardants at the sapling stage of 40-day-old 

plants thus indicate that higher levels of chlorophyll, protein, insoluble carbohydrate and 

RNA as well as enhanced activities of the anabolic enzymes like catalase and peroxidase 

in retardant-treated plants maintained vital functional life of the plant for longer duration. 

Thus, after experiencing a transient set-back with respect to potential performance of 

the species at sapling stage, all the retardant-treated plants revealed higher metabolic 

status and showed enhanced plant potential throughout its life span. However, the initial 

inhibitory effect may be justified by an immediate strong retardation action rendered the 

chemicals on plant metabolism which started relinquishing with the progress of plant age. 

The adverse effects thus did not at all persist for a longer duration. A perpetuating 

retardation action of the chemicals at later stages of plant development was clearly reflected 

on the overall growth of the chayote plant as evident from the reduction of vine length 

and enhancement of radial growth of stem which persisted till the senile stage of plant 
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growth. 

Retardant-induced reduction in plant height is amply documented (Cathey, 1964; 

Lovett and Campbell, 1973; Guardiae/a/., 1974; Clark and Fedak, 1977;Knypl, 1979; 

Bhattacharjee, 1984; Bhattacharjee and Gupta, 1984). Cathey (1964) in his excellent 

review lucidly reported the work of many workers on various physiological roles of growth 

retardants and the very common and significant visible effect of the chemicals is the 

shortening of plant height. Whitehead (1965) showed that both shortening and 

xeromorphism could be induced in sunflowarthrough CCC application. Guardia et al 

(1974)'observed that CCC and SADH efficiently reduced plant height and produced 

thicker as well as stronger stem in sunflower. Bhattacharjee (1984) reported that in 

sunflower shortening of plant height and increase of stem circumference were associated 

with profuse development mechanical tissues and enhanced lignificantion in stem. Effect 

of Na-dikegulac on the alteration of plant growth and metabolism was studied by a number 

of workers (Bocion et al. 1975; De Silva et al. 1976; Hield et al. 1978; Orson and 

K.ofranek, 1978; Bhattacharjee and Gupta, 1984: Bhattacharjee era/., Mattia, 1984). 

Bocion et al. (1975) reported that Na-dikegulac retarded the growth of a wide range of 

plant species which included cereals, cultivated as well as weed grasses and woody plants. 

Na-dikegulac-induced inhibition of growth was observed by Shulmann and Lavee (1983) 

in grapevine and olive shoots. A number of reports exist in the literature that Na-dikegulac 

like other conventional growth retardants exert influence on plant metabolism (Bocion 

and De Silva, 1976; Gressel and Cohen, 1977; Zilkah and Gressel, 1978; 1979; 1980; 

Purohit and Chandra, 1981; Bhattacharjee and Gupta, 1981a,b and 1984). Inhibition of 

chlorophyll biosynthesis has been studied inZinnia, Chrysanthemum andHelianthus 

(Arzee etal. 1971), Azalea (Bocion and De Silva, 1977a) inHelianthus annuus (Purohit, 

1979). 

The existing literature pertaining to the retardant-induced effects on the changes in 

growth and metabolism thus, corroborate the overall findings of this investigation done 

with a different plant species. 

In this study, growth retardants like Na-dikegulac and chlormequat resulted in a 

significant increase of yield components like fruit number, fruit weight as well as tuberous 

root weight per plant. The retardants also showed a tendency towards deferring plant 
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senescence (table 1.20). Increased crop yield by the two retardants as well as significant 

senescence delaying effect of Na-dikeguiac (2000 |Jg/ml) and above all a general tendency 

for delaying of senescence and enhancement of yield can be substantiated from the 

enhanced plant potential as evident from the biochemical analyses of this investigation. 

Unlike sprouting whole fruit treatment, foliar treatment with the growth retardants at the 

sapling stage enhanced the levels of vital cellular components like chlorophyll, protein, 

insoluble carbohydrate, RNA as well as the activities of the scavenger enzyme catalase 

and peroxidase particularly at the fruiting and senile stages of the plant. During active 

fruiting phase or grain-filling phase of plants developing fruits or grains function as 

reproductive sinks which show a strong sink demand and thus accumulate assimilates 

from the source leaves or contributory leaves (Bhattacharjee et al, 1984; Milthrope and 

Moorby, 1988). Prolonged assimilate transport due to strong sink demand enhance plants 

capital, and delaying of the senescence of plants cause augmentation of yield in many 

plants (Bhattacharjee 1984; Bhattacharjee era/. 1986; Kumar and Purohit, 1997; Biswas 

and Ghosh 1999). In the present investigation, it seems apparent that increased crop 

yield in chayote is possible due to maintenance of vital functional life of the source leaves 

by delaying of senescence which in turn efficiently transported assimilates for a longer 

duration. 

Whatever might be the mechanism of senescence in this monocorpic vegetable crop, 

it seems quite likely that enhanced plant potential, deferred plant senescence, desired 

plant type modification and possibly prolonged assimitate transportation during fruit 

development cumulatively resulted in a substantial enhancement of yield at least in two 

retardant treated plants. Some authors critically analysed scientific crop production as 

well as source-sink relationship in various crop plants including a few vegetable crops 

and came to the conclusion that a balanced source-sink relationship is an important 

determinant for crop yield (Thakur, 1975; Milthrope and Moorby, 1988; Biswas and 

Ghosh, 1999). Retardants, in general, delay the onset of senescence in plants (Orchard 

and Lovett, 1976; Weaver, 1972; Bhattacharjee, 1984; Bhattacharjee et al; 1986). 

Retardant-induced delaying of seed senescence and consequent enhancement of seed 

potential in some species have been established (Bhattacharjee and Gupta, 1985; 

Bhattacharjee and Choudhuri, 1986; Chhetri^f«/., 1993; Basu, 1994; Rai era/. 1995; 

Bhattacharjee era/., 1999; Maityefa/. 1999). Deferral of senescence in vegetables, cut 

flowers and even in mushroom and the resultant longevity have also been documented 
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(Halevy, and Wittwer, 1966). While studying the processes of monocarpic senescence 

Nooden et al (1979) concluded that the prevention of the internally programmed 

degeneration might open a way to yield improvement. In the present study thus the 

augmented yield in the treated plants can be justified from the reported observatins with 

respect to manipulation of source-sink, senescence as well as plant type. 

Experiment on foliar treatment with growth retardants at preflowering stage and 

retardant followed by hormone treatment at the flowering stage seemed to be more 

interesting. In this experiment, all the three growth retardants, regardless of their 

concentrations, caused to increase the levels of chlorophyll and protein (table 1.21) soluble 

and insoluble carbohydrates (table 1.22), RNA and DNA (table 1.23) as well as the 

activities of peroxidase and catalase (table 1.24) enzymes. Such increases were further 

enhanced as a result of lAA and kinetin application at flowering stage. Again, retardant-

induced decrease in lAA-oxidase and RNase activities (table 1.25) decreased to a further 

extent in the lAA-and kinetin-treated sampels. Biochemical changes in leaves were 

associated with the changes in vine length and stem circumference (table 1.26). While 

the retardant-induced reduction of vine length was substantially overcome in combined 

treatments with lAA and kinetin, stem circumference in the chemical treated plants was 

found to increase steadily throughout the observation periods in lAA and kiUetin-treated 

plants and thus combined treatments were found more effective. 

Unlike the results of foliar treatment of the retardants at sapling stage, the consistent 

increase of chlorophyll, protein, soluble and insoluble carbohydrate, RNA and DNA 

levels as well as the activities of catalase and peroxidase enzymes indicate that their 

application at the preflowering stage of active log phase of growth resulted in a steady 

and unfailing enhancement of plant potential which persisted till senile stage. Further 

potentiation of the retardant-treated plants by lAA and kinetin as evident from the 

biochemical changes and rejuvenated plant growth is indicative of the fact the plants 

under combined treatment could successfully defer the inevitable internally programmed 

degeneration occurring during senescence. The data of this investigation thus prove the 

senescence deferral property of the chemicals. 
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In the physiology of plant senescence, it is now well established that senescence is 

accompanied by the decrease of chlorophyll and protein levels and/or increase of their 

degradation (Osborne, 1967; Leopold and Kriedemann, 1975; Beevers, 1976; Van 

Stadcn et al. 1988; Biswas and Ghosh, 1999). There are reports that the activities of 

enzymes like protease and lAA-oxidase increase and catalase activity decrease during 

senescence (Biswas, 1978; Bhattacharjee, 1984) and alteration of such senescence indices 

by growth retardants indicate their senescence deferral action. While studying the 

processes of monocarpic senescence in soybean Nooden e! al (1979) concluded that 

prevention of the internally programmed degeneration might open a way for strengthening 

plant potential and consequent enhancement of yield. Whatever might be the mechanisms 

of senescence (Thomas and Stoddart, 1980; Thimann, 1980; Biswas and Choudhuri, 

1981; Roy and Choudhuri, 1981; Choudhuri and Mondal 1988; Choudhuri, 1988; Nooden 

and Leopold, 1988; Engvild, 1989; Nooden et al., 1997) it is now well documented that 

deferral of plant senescence results in an ehnanced plant vigour and such invigouration in 

many occasions is associated with enhanced productivity (Biswas and Choudhuri 1978; 

Nooden et al. 1979; Bhattacharjee et al. 1984; Biswas and Ghosh 1999). 

Results of yield analysis alongwith senescence of plants (table 1.27) and flower 

productivity (table 1.28) using growth retardants and growth promoters respectively at 

preflowering and flowering stages, as observed in the present investigation, seemed to 

be more encouraging. Strong senescence deferral action in conjunction with higher 

productivity particularly in combined treatments can be explained by the enhanced 

potential of the plants by growth retardants and effective utilization of the potentiated 

vigour by stimulating the sink demand using lAA and kinetin at the appropriate stage i.e. 

flowering stage of plant development. Again, a significant increase of flower numbers 

(table 1.28), particularly female flowers, in combined treatments, showed an additive 

effect to the enhanced productivity. In fact, higher number of female flowers resulted in 

corresponding increase of fruit numbers and consequent increase of total yield of fruits 

per plant. Now the question arises why tuberous root weight and also weight of fruits per 

plant increased both in single (with retardants only) and in combined treatments although 

the increase was distinctly differential in single and combined treatments. This observation 

can be well explained from the available literature on source-sink and translocation system 

relationship of plants and particularly that of monocarpic plants where a balancee 
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relationship of source, sink and translocation system plays a crucial role for optimum 

productivity. 

In crop plants physiological basis of yield was demonstrated and it was shown that 

enhanced plant potential becomes futile if plants fail to exploit vigour by efficiently drawing 

assimilates to the reproductive sinks during fruiting (Evans, 1975; Bhattacharjee, 1984; 

Bhattacharjee et al. 1984; Milthrope and Moorhy, 1988). In the present investigation at 

least two systems were vitahzed i.e. source and sink, while translocation system remained 

unexplored. Potentiation of source system was well documented in this work where the 

treated plants got rejuvenated as evident even by visual appearance and this was 

biochemically substantiated by analysing some senescence variables like enhancement of, 

chlorophyll, protein, carbohydrate, nucleic acids as well as activities of catalase and 

peroxidase enzymes and suppression of deleterious enzymes like lAA-oxidase and RNase 

during active fruit development and senile stages. Efficiency of the reproductive sinks 

was supposed to be enhanced by the hormonal (lAA and kinetin) treatments during 

flowering stage where endogenous hormone-induced sink stimulation was further 

augmented by exogenous application of the hormones at the appropriate assimilate fiUing 

stage. 

Hormone-direc]^ translocation of assimilates is an well established phenomenon 

(Audus, 1959; Davies and Wareing, 1965; Patrick, 1979; Mulligan and Patrick, 1979; 

Thomas, 1985,'Taiz and Zeiger, 1998). It is generally accepted that actively growing 

meristems and reproductive organs are the potential sinks for photosynthetically produced 

assimilates, and that activation or repression of apical sink and/or reproductive sinks 

may result in corresponding changes in growth and yield of plants (Moorby, 1977; Wareing 

and Patrick, 1975). Growth retardants generally act through suppressing the apical sinks 

by reducing the hormonal levels therein and consequently by hindering the acropetal 

mobilization of assimilates (Cathey, 1964; Monselise and Luckwill, 1974; Hoad and 

Monselise, 1976; Ben-Gad et al., 1979). Bhattacharjee (1984) using "P showed that 

feeding of-̂ P̂ through contributory leaves of sunflower of some retardant treated plants 

resulted in a strong hindrance of "P mobilization to the upper leaves and reproductive 

sinks of the capitulum. He further observed that concomitant with such hindered 

mobilization of-'-P at the apical region basipetal mobilization was stimulated in the 
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retardant treated plants. Lovett and Orchard (1976) from their experiment with radioactive 

carbon reported that in sunflower photosynthetic rate as well as assimilate translocation 

were reduced by CCC treatment in the upper leaves and greater accumulation in CCC-

treated plants was noted in roots. Monselise and Luclcwill (1974) demonstrated that 

acropetal translocation of assimilates was hindered by SADH beginning almost immediately 

after treatment. 

Thus, from all the reported observations, it seems likely that in this investigation the 

retardants induced positive factors of productivity like suppression of excess vigour and 

invigouration of plants but induced a negative factor for fruit production in chayote i.e. 

lowering of acropetal mobilization. And the negative factor i.e. reduced acropetal 

mobilization of assimilates was overcome by exogenous application of lAA and kinetin 

which possibly compensated or even enhanced sink demand. So, enhanced plant vigour 

in conjunction with activated reproductive sink resulted in a substantial increase of fruit 

yield. Again, enhanced yield of tuberous roots can be explained by the reported observation 

that during retardant-induced basipetal mobilization the tuberous roots acted as the 

alternate potential sinks at least till the growth promoters are applied at the flowering 

stage of the plant causing diversion of assimilates to the reproductive sinks. In the present 

investigation, thus, the retardants alone caused to enhance root yield, and combined 

treatments with growth retardants followed by growth promoters caused to improve fruit 

yield. It has been demonstrated by many workers (Lorenzi et al. 1988, Ceccarelli and 

Lorenzi, 1990; DiGregorioera/., 1995; Piaggesiera/., 1997; DiGregorioera/., 1997) 

that in chayote plant hormones like lAA, cytokinin and GA, appear during fruiting, and 

developing fruits yield a considerable amount of the hormones. Thus, enhancement of the 

levels of these hormones by their exogenous application, as done in the present experiment, 

resulted in a remarkable enhancement of fruit yield. 

Hormonal regulation of sex expression as well as flowering and fruit'development 

in many plants including some cucurbits are well documented (Bose and Nitsch, 1970; 

Ghosh and Basu, 1982; 1983; 1984; Banerjee and Basu. 1991; 1992). Banerjee and 

Basu (1992) reported that GA, and ethrel enhance female flower production, stimulate 

fruit setting and fruit development in a monoecious cucurbit, A/omor^/zca charantia. 

Enhancement of both male and female flowers per plant by GA, application was 
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demonstrated by Prakash (1977) in the same cucurbit. GA,, lAA and HMO-an oxidation 

product of lAA promoted female flowers in Momordica which resulted in yield 

improvement (Ghosh and Basu. 1983). Influence of Na-dikegulac and lAA in increasing 

female flower production, decreasing the percentage of abortive female flowers and 

consequent augmentationof fruit yield was reported by Banerjee and Basu (1991). 

In our observation with a different cucurbit {Sechium edule) masculinizing and 

feminizing effect of GA,,IAA and kinetin and corresponding enhancement of fruit yield is 

thus in agreement with reported results. In this investigation this floral stimulation property 

of the growth promoters was efficiently utilized after modifying plant growth and 

potentiating the chayote plants by prior application of growth retardants like Na-dikegulac, 

CCC and MH. Thus retardant- and promoter-induced selective dual action on the plants 

caused significant augmentation of crop yield in this study. 

Thus, it is concluded that selective concentrations of some growth retardants might 

be used with a view to increasing crop yield of chayote plant, but selection of the optimum 

stage of the chemical application and exploitation of the imposed higher vigour through 

hormonal manipulation at a critical stage of plant growth are the important determinants 

for obtaining the most covetable result. 
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A number of photographs (Plates 1 to 15) have been inserted here and these represent some 

botanical aspects of the plant or plant parts. A short account of the photographs, taken from the 

experimental variety (type C, vide table 1.2). is given here. 

"̂  

Plate 1 : It shows a mature fruit in sprouting condition. Fruits are pear-shaped, narrower 

near the point of attachment and broader towards the apex. Spines are scattered throughout 

the surface of the fruits. The fruit surface is more or less uneven, and has, in addition, 

several deep longitudinal grooves or channels, more pronounced towards the ends. A 

centimeter scale placed by the side of the fruit, indicates the approximate length (cm) of 

mature fruit of the experimental plant variety. 

Plate 2 : A longitudinal section of sprouting fruit with distally located single seed 

(dissected into 2 halves) is shown in this plate. Unlike other cucurbits, which bear multiple-

seeded fruits and are propagated by seeds only, chayote bears a single large seed and is 

propagated by the entire fruit and this is evident from this plate that sprouting occurs 

from the single seed at the distal part of the fruit. The fruit is distinctly fleshy. 





Plate 3 : This plate shows a germinating fruit producing a tuft of roots and lender 

shoots which arise from the sprouting point located at the distal end of the fruit. 

Due to its germination and emergence of root and shoot under lahoralory condition 

in diffuse light the shoot looks etiolated with long slender internodes. Sufficient 

reserve food in the fruits keeps the propagating fruit almsot intact for a long time. 

Plate 4: This plate shows a noncultivated chayote plant growing wildly around the 

trunk of a common road-side tree {Cryptomaria japonica) with the support of its 

tendrils. 
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Plate 5 : A chayote vine is seen growing over a man-made scaffold (macchan). 

On such scaffold the chayote plants form a large canopy for better light harvesting. 

fruit setting and fruit development. 

Plate 6 : A distant view of a well-grown chayote vine growing on hill slope over 

a scaffold. 





Plate 7 : It shows an actively growing young shoot of chayote with extra-axillary 

tendrils and such young shoots are good source of green vegetables. 

Plate 8 : A young twig of chayoie showing branched and highly coiling nature of 

tendrils. A tendrillar stalk is seen to give rise 3-5 tendrillar branches which are sulcate 

and glabrous. 
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Plate 9 : This plate shows axillary female flowers with inferior ovary surmounted by 

calyx and corolla. Calyx-tube is hemispherical with 5 lobes, corolla rotate, deeply 5-

partite, lobes ovate-lanceolate. Flowers whitish in colour, small, female flowers grown 

singly from leaf axils. A cluster of male flower buds is seen to grow from the same 

leaf axil: the peduncle of male (lower is not fully grown. 

Plate 10 : This plate reveals a freak of nature where two fruits originate from a 

single flower and the fruits seem to be almost united at their base. Branched and 

coily nature of tendrils very prominent in this plate. 
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Plate 11 : It shows tuberous underground storage root which is unique in chayote 

unlike other cucurbits. Two-year-old roots are seen to dug-up from the soil and such 

roots are most precious item among other yield components of chayote. 

Plate 12 : Tuberous roots of one-year-old plants are seen here and such roots are in 

the process of tuberization as evidenced by their slender growth. 





Plate 13 : This plate shows \arious morphological appearances of mature tuberous 

storage roots which are rich in casy-digestable starch and are used as delicious 

table items. 

Plate 14 : Distal view of a mature fruit showing longitudinal grooves and initiation 

of sprouting to give rise tender roots. 

file:///arious
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Plate 15 : It shows a sprouted fruit emerging a young healthy shoot with suppressed 

growth of roots. 
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Table 1.2. Varietal differences of Sechium edule of Darjeeling hills on the basis of morphological characteristics of mature 

fruits. 

Data were recorded from 10 mature fruits of each varietal type and the average values were incorporated in the Table. 

Varietal 

type 

A 

B 

*C 

D 

E 

F 

G 

H 

I 

J 

LSD 

(P=0.05) 

Length 

(cm) 

12.2 

15.5 

14.0 

8.7 

7.4 

10.9 

11.8 

9.1 

H.9 

10.0 

1.02 

Breadth 

(cm) 

8.6 

8.9 

8.2 

7.2 

4.5 

7.0 

6.8-

5.8 

8.8 

8.9 

0.68 

Girth 

(cm) 

19.0 

22.8 

20.9 

14.8 

11.2 

15.9 

16.0 

14.0 

19.0 

17.7 

1.28 

Weight 

(g) 

469.5 

570.8 

425.0 

208.9 

105.7 

292.9 

327.7 

• 140.5 

370.2 

290.5 

14.0! 

Colour 

Greenish white 

Green 

Yellow green 

Yellow green 

Yellow green 

Yellow green 

Yellow green 

Greenish white 

Whitish green 

Yellow green 

Hair 

Density 

(per cm) 

0 

0 

10 

22 

6 

12 

4 

Very few 

4 

0 

0.35 

Hair 

Length 

(mm) 

-

-

3 

5 

3 

4 

2 

2 

2 

-

0.19 

Pattern of distribution/remarks 

Hairless fruits 

Hairless fruits 

Evenly distributed on the whole surface. 

Hairs coarse, uniformly distributed. 

Arranged on the longitudinal surface of the fruit. 

Randomly scattered over the whole 

Arranged around the vertical notches. 

Evenly distributed around the apical notch. 

Sparsely distributed over the whole body. 

Hairless fruits 

*C : Experimental plant material of this investigation 
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Table 1.3. Important phases occurring in the life cycle of Sechium edule. Data were 
recorded from 5 uniformly grown plants, developed from 5 uniformly sprouted 
fruits. 

Phases in life cycle 

Field emergence phase 

First leaf emergence phase 

Seedling phase 

Sapling phase 

Flower initiation phase 

Fruit formation phase 

Log phase of growth 

Stationary phase of growth 

Senescence phase 

Death phase 

Days 
required 

after sowing 

15±5 

21±3 

15-30±5 

30-40±5 

68±7 

77 ±7 

50-90±10 

90-130±10 

135 ±8 

160 ±8 

Remarks 

Sprouting takes place from the apical 
notches of the propagating fruit. 
First leaf emerges from the tip of the 
tender epicotyl without tendrillar 
initiation. 
Leaves 2irise alternately with distinct 
reticulate palmate divergent venation, 
rudimentary tendrils initiate. 
Branched tendrils appear, plants start 
climbing holding a support. 
Male and female flowers appear at leaf 
axils; female flower solitary (or 
sometimes in pairs) per node with short 
pedicle; male flowers (20-25 Nos.) appear 
on long peduncle. 
Single fruit with apical notch and vertical 
crevices appear in nodes; surface hairs 
prominent. 
Active and indeterminate growth of shoot 
tip results in vigorous vegetative growth. 
Active apical growth retarded; fruit 
formation maximum. 
Leaf yellowing starts, overall vigour 
reduced, underground tubers actively 
develop. 
Above ground part dies, underground part 
remains fully viable with abundant strachy 
storage. 
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Table 1.4. Meteorological data recorded during the year 1992 at Darjeeling. 

MONTH 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

AVERAGE 

TEMPERATURE (°C) 

MEAN 
MIN. 

7.11 

8.96 

9.72 

14.28 

19.70 

20.70 

20.34 

19.50 

20.00 

19.35 

14.78 

9.23 

15.30 

MEAN 
MAX. 

9.28 

11.72 

12.78 

18.77 

20.08 

22.00 

22.85 

20.80 

23.34 

20.00 

17.67 

11.78 

17.58 

RELATIVE HUMIDITY (%) 

8.30 HRS. 17.30 HRS. 

83.71 85.27 

85.88 89.21 

72.81 75.75 

82.11 83.87 

83.11 85.57 

86.47 87.83 

94.78 97.17 

96.66 99.28 

93.28 95.70 

85.70 87.44 

84.03 • 85.91 

80.78 . 82.98 

- 85.77 87.16 

TOTAL 
RAINFALL 

(mm) 

NIL 

43.0 

54.0 

132.0 

252.6 

607.10 

859.0 

423.5 

309^2 

84.0 

NIL 

NIL 

T=2704.40 
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Table 1.5. Meteorological data recorded during the year 1993 at Darjeeling. 

MONTH 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER" 

AVERAGE 

TEMPERATURE (°C) 

MEAN 
MIN. 

MEAN 
MAX. 

7.07 . 7.07 

8.78 12.98 

13.48 17.22 

17.17 19.20 

19.15 20.88 

18.77 19.88 

20.78 21.74 

20.58 22.44 

20.95 21.75 

17.75 19.28 

15.19 17.00 

10.01 12.78 

15.80 17.68 

RELATIVE HUMIDITY (%) 

8.30 HRS. 

83.78 

85.21 

72.11 

80.12 

84.88 

86.77 

93.77 

96.77 

94.22 

85.70 

82.17 

80.11 

85.46 

17.30 HRS. 

84.50 

86.71 

73.25 

81.23 

84.90 

90.11 

97.11 

98.38 

95.71 

86.29 

83.21 

82.28 

86.97 

TOTAL 
RAINFALL 

(mm) 

48.0 

6.0 

25.5 

39.0 

281.0 

587.0 

594.0 

651.4 • 

532.5 

2.0 

NIL 

9.0 

T=2775.4 ' 
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Table 1.6. Meteorological data recorded during the year 1994 at Darjeeling. 

MONTH 

-

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

AVERAGE 

TEMPERATURE °C 

MEAN 
MIN. 

6.14 

7.01 

10.11 

15.35 

16.78 

18.84 

20.18 

21.15 

20.98 

17.17 

13.18 

10.00 

14.74 

MEAN 
MAX. 

10.17 

13.18 

16.44 

21.19 

23.12 

24.19 

24.78 

25.00 

25.15 

21.78 

18.77 

12.33 

19.67 

RELATIVE HUMIDITY (%) 

8.30 HRS. 

73.44 

78.71 

75.81 

80.88 

84.55 

86.17 

94.27 

96.88 

92.11 

84.22 

82.12 

77.11 

83.85 

17.30 HRS. 

75.81 

79.71 

76.71 

83.73 

86.93 

89.90 

96.39 

98.22 

94.17 

85.15 

83.11 

80.01 

85.82 

TOTAL 
RAINFALL 

Mm 

' NIL 

28.5 

NIL 

95.0 

109.5 

313.9 

725.5 

517.5 

288.0 

68.0 

NIL 

3.4 

T=2149.3 
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Table : 1.7 Effect of whole fruit treatment with Na-dikegulac (DK, 1000 and 2000 
Mg/mi), chlormequat (CCC, 2000 and 4000 ng/ml) and maleic hydrazide (MH, 250 
and 500 ng/ml) on changes of total chlorophyll (Chi., mg/g fresh weight) and protein 
(Pr., mg/g fresh weight) contents in leaves of chayote plant. 

Sprouting fruits were pretreated with the test solutions or distilled water for 24 h and then sown in 
experimental field. Data were recorded at 5 developmental stages i.e. seedling stage, sapling stage, 
preflowering stage, fruiting stage and senile stage which correspond to 20-, 40-, 60-, 80-, and 140- days of 
plant age respectively. 

Treatments 
(pg/ml) 

Control 

DK 1000 

DK 2000 

CCC 2000 

CCC 4000 

MH 250 

MH 500 

LSD 
(P=0.05) 

Seedling 

Chi. . 

2.76 

3.73 

3.15 

3.87 

3.84 

3^59 

3.20 

0.35 

Pr. 

26.63 

40.61 

42.88 

44.35 

"41.64 

40.20 

39.26 

4.86 

D e V e 1 0 p m e r 
Sapling 

Chi. 

3.44 

4.37 

4.57 

4.73 

4.58 

4.82 

4.22 

0.30 

Pr. 

71.3 

83.21 

86.94 

84.06 

83.70 

78.87 

81.92 

6.80 

1 t a 1 
Preflowering 

Chi. 

3.80 

4.00 

3.94 

3.92 

3.83 

3.82 

3.92 

NS 

Pr. 

74.41 

79.75 

68.64 

69.32 

68.96 

73.69 

67.96 

NS 

s t a I g e s 
Fruiting 

Chi. 

3.09 

3.16 

3.14 

3.17 

3.07 

3.07 

3.15 

NS 

Pr. 

69.66 

64.97 

64.26 

67.64 

67.87 

66.14 

66.71 

NS 

Senile 

Chi. 

0.28 

0.30 

0.26 

0.29 

0.28 

0.28 

0.31 

NS 

Pr. 

29.89 

30.75 

29.09 

29.50 

27.86 

31.21 

29.61 

NS 

NS = Not significant 
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Table : 1.8. Effect of whole fruit treatment with Na-dikegulac (DK, 1000 and 2000 
^g/ml), chlormequat (CCC, 2000 and 4000 Mg/ml) and maleic hydrazide (MH, 250 
and 500 ^g/ml) on changes in soluble (Sol., mg/g fresh weight) and insoluble (Insol., 
mg/g fresh weight) carbohydrate contents in the leaves of chayote plant. 

Sprouting fruits were pretreated with the test solutions or distilled water for 24 h and then sown in 
experimental field. Data were recorded at 5 developmental stages i.e. seedling stage, sapling stage, 
preflowering stage, fruiting stage and senile stage which correspond t9 20-, 40-, 60-, 80-, and 140- days of 
plant age respectively.. 

Treatments 
(|ug/ml) 

Control 

DK 1000 

DK 2000 

CCC 2000 

CCC 4000 

MH 250 

MH 500" 

LSD 
(P=0.05) 

Seedling 

Sol. 

6.50 

8.51 

9.54 

9.72 

10.02 

8.87 

8.68 

0.62 

Insol. 

65.05 

74.90 

73.01 

78.50 

77.90 

69.53 

67.75 

6.01 

D e V e 1 0 

Sapling 

Sol. 

8.20 

10.24 

11.02 

12.44 

12.24 

11.51 

10.96 

0.85 

Insol. 

81.36 

92.35 

91.21 

101.01 

93.27 

110.25 

109.21 

8.10 

p m e n t a 1 
Preflowering 

Sol. 

11.95 

12.05 

11.98 

12.08 

12.01 

11.90 

12.15 

NS 

Insol. 

85.51 

88.25 

89.05 

90.20 

87.05 

92.01 

91.15 

NS 

s t a g e s 
Fruiting 

Sol. 

8.25 

8.21 

7.99 

8.51 

8.05 

7.98 

7.91 

NS 

Insol. 

55.40 

56.19 

58.32 

54.77 

55.90 

54.25 

56.66 

NS 

Senile 

Sol. 

12.98 

12.50 

12.55 

13.01 

13.01 

12.69 

12.75 

NS 

Insol. 

32.50 

33.45 

34.01 

34.05 

33.28 

32.90 

32.65 

NS 

NS = Not significant 
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Table 1.9. Effect of whole fruit treatment with Na-dikegulac (DK, 1000 and 2000 
Mg/ml), chlormequat (CCC, 2000 and 4000 Mg/ml) and maleic hydrazide (MH, 250 
and 500 |ng/ml) on changes of RNA (ng/g fresh weight) and DNA (̂ lg/g fresh weight) 
contents in the leaves of the chayote plant. 

Sprouting fruits were pretreated with the test solutions or distilled water for 24 h and then sown in 
experimental field. Data were recorded at 5 developmental stages i.e. seedling stage, sapling stage, 
preflowering stage, fruiting stage and senile stage which correspond to 20-, 40-, 60-, 80-, and 140- days of 
plant age respectively. 

Treatments 
(ug/ml) 

Control 

DK 1000 

DK 2000 

CCC 2000 

CCC 4000 

MH 250 

MH 500 

LSD 
(P=0.05) 

Seedling 

RNA 

498.23 

577.58 

556.41 

539.04 

523.83 

544.06 

539.53 

30.45 

DNA 

76.23 

87.29 

90.66 

85.50 

85.79 

90.79 

92.17 

6.98 

D e v e l o p m e 
Sapling 

EINA 

570.25 

650.10 

658.51 

670.90 

649.25 

638.85 

650,17 

49.45 

DNA 

78.70 

82.50 

83.69 

79.25 

83.30 

84.10 

82.50 

NS 

n t a 1 
Preflowering 

RNA 

542.86 

531.68 

549.74 

547.64 

539.44 

540.99 

548.03 

NS 

DNA 

68.53 

67.42 

66.84 

69.50 

71.77 

70.99 

64.72 

NS 

s t a g e s 
Fruiting 

RNA 

512.02 

519.84 

512.91 

522.82 

516.77 

509.30 

508.40 

NS 

DNA 

53.94 

50.32 

59.50 

59.02 

54.88 

56.70 

56.55 

NS 

Senile 

RNA 1 

307.54 

307.85 

306.84 

307.41 

307.40 

304.94 

315.29 

NS 

DNA 

46.69 

49.35 

45.68 

45.29 

46.99 

47.27 

47.90 

•NS 

NS = Not significant 
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Table : 1.10. Effect of whole fruit treatment with Na-dikegulac (DK, 1000 and 2000 
Mg/ml), chlormequat (CCC, 2000 and 4000 Mg/ml) and maleic hydrazide (MH, 250 
and 500 ^g/nll) on changes of catalase (Cat, unit/g fresh weight/h) and peroxidase 
(Per., unit/g fresh weight/h) activities in leaves of chayote plant. 

Sprouting fruits were pretreated with the test solutions or distilled water for 24 h and then sown in 
experimental field. Data were recorded at 5 developmental stages i.e. seedling stage, sapling stage, 
preflowering stage, fruiting stage and senile stage which correspond to 20-, 40-, 60-, 80-, and 140- days of 
plant age respectively. 

Treatments 
(Mg/ml) 

Control 

DK 1000 

DK 2000 

CCC 2000 

CCC 4000 

MH 250 

MH 500 

LSD 
(P=0.05) 

Seedling 

Per. 

34.60 

51.04 

56.80 

59.44 

55.24 

'58.56 

58.55 

5.05 

Cat. 

127.36 

152.32 

155.20 

144.28 

145.60 

143.48 

145.48 

12.95 

D e V e l o p m e n t a l 
Sapling 

Per. 

85.52 

95.56 

97.00. 

92.48 

93.24 

90.44 

91.32 • 

8.05 

Cat. 

144.56 

170.48 

172.72 

178.00 

176.52 

168.96 

161.12 

14.08 

Preflowering 

Per. 

88.28 

89.48 

87.84 

95.64 

. 94.72 

92.24 

96.52 

NS 

Cat. 

115.64 

110.72 

117.24 

112.08 

114.20 

105.84 

111.60 

NS 

s t a g e s 
Fruiting 

Per. 

102.32 

103.84 

100.08 

101.24 

97.88 

93.16 

93.36 

NS 

Cat. 

134.39 

130.88 

124.60 

130.16 

132.44 

125.08 

125.52 

NS 

Senile 

Per. 

34.16 

35.48 

33.84 

32.44 

32.08 

34.52 

33.08 

NS 

Cat. 

64.08 

66.52 

66.28 

62.04 

67.28 

67.52 

64.40 

NS 

NS = Not significant 
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Table : 1.11. Effect of whole fruit treatment with Na-dikegulac (DK, 1000 and 2000 
^g/ml), chlormequat (CCC, 2000 and 4000 Mg/ml) and maleic hydrazide (MH, 250 
Mg/ml) on changes of RNase (unit/g fresh weight/h) and lAA-oxidase (lAA-Ox., 
unit/g fresh weight/h) activities in the leaves of chayote plant. 

Sprouting fruits were pretreated wilh the test solutions or distilled water for 24 h and then sown in 
experimental field. Data were recorded at 5 developmental stages i.e. seedling stage, sapling stage, 
preflowering stage, fruiting stage and senile stage which correspond to 20-, 40-, 60-, 80-, and 140- days of 
plant age respectively. 

Treatments 
(Mg/ml) 

Control 

DK 1000 

DK 2000 

CCC 2000 

CCC 4000 

MH250 

MH500 

LSD 
(P=0.05) 

Seedling 

lAA-
Ox. 

26.80 

16.92 

24.20 

. 20.29 

20.08 

15.48 

14.00 

1.50 

RNase 

84.24 

60.12 

61.84 

62.72 

62.40 

66.88 

63.20 

6.98 

D e V e 1 0 
Sapling 

lAA-
Ox. 

29.80 

30.40 

28.48 

27.32 

29.88 

30.28 

30.44 

NS 

RNase 

93.36 

90.92 

92.72 

89.44 

93.68 

92.44 

88.86 

NS 

p m e n t a 1 
Preflowering 

lAA-
Ox. 

82.00 

89.12 

82.84 

81.32 

80.04 

88.56 

88.88 

NS 

RNase 

224.92 

215.64 

219.96 

222.28 

227.36 

227.60 

222.60 

NS 

s t a 1 g e s 
Fruiting 

lAA-
Ox. 

82.56 

85.00 

81.60 

80.88 

84.64 

82.68 

80.12 

NS 

RNase 

218.39 

217.62 

214.78 

214.17 

214.72 

217.92 

201.21 

NS 

Senile 

lAA-
Ox. 

96.40 

98.40 

91.08 

99.96 

95.20 

93.04 

91.92 

NS 

RNase 

337.32 

338.27 

334.70 

340.90 

336.39 

335.72 

338.77 

NS 

NS = Not significant 



Table : 1.12. Effect of whole fruit treatment with Na-dikegulac (DK, 1000 and 2000 
^g/ml), chlormequat (CCC, 2000 and 4000 Mg/ml) and maleic hydrazide (MH, 250 
and 500 Mg/ml) on changes in vine length (V. L., cm) and stem circumference (S.C., 
cm) of the chayote plant. 

Sprouting fruits were pretreated with the test solutions or distilled water for 24 h and then sown in 
experimental field. Data were recorded at 5 developmental stages i.e. seedling stage, sapling stage, 
preflowering stage, fruiting stage and senile stage which correspond to 20-, 40-, 60-, 80-, and 140- days of 
plant age respectively. 

Treatments 
(ug/ml) 

Control 

DK 1000 

DK 2000 

CCC 2000 

CCC 4000 

MH 250 

MH 500 

LSD 
(P=0.05) 

Seedling 

V.L. 

48.2 

40.2 

39.5 

42.5 

40.5 

40.5 

38.2 

3.95 

S.C. 

0.97 

1.59 

1.60 

1.58 

1.59 

1.59 

1.61 

0.19 

D e V 
Sap] 

V.L. 

121.5 

101.2 

.105.5 

107.5 

94.2 

105.2 

95.2 

8.40 

e 1 0 
ing 

S.C. 

1.95 

2.76 

2.77 

2.76 

2.76 

2.77 

2.77 

0.18 

o m e n t a l 
Preflowering 

V.L. 

178.2 

184.0 

182.5 

177.0 

185.5 

180.5 

177.5 

NS 

S.C. 

3.74 

3.65 

3.66 

3.64 

3.75 

3.75 

3.76 

NS-

s t a g e s 
Fruiting 

V.L. 

374.5 

373.3 

372.5 

383.2 

374.5 

383.5 

371.5 

NS 

S.C. 

5.62 

5.73 

5.72 

5.72 

5.82 

5.75 

5.72 

NS 

Senile 

V.L. 

452.5 

441.5 

442.0 

441.5 

445.5 

448.5 

440.5 

NS 

S.C 

5.80 

5.90 

5.90 

5.88 

5.81 

5.86 

5.80 

NS 

NS = Not significant 
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Table 1.13. Effect of whole fruit treatment with Na-dikegulac (DK, 1000 and 

2000 Mg/ml), chlormequat(CCC, 2000 and 4000 Mg/ml) and maleic hydrazide (MH, 

250 and 500 Mg/ml) on changes in number of days required to onset of leaf 

senescence (Senes. days), fruit number per plant (Fruit No.), fruit weight per plant 

(Fruit wt.) and tuberous root weight per plant (Root wt.) of chayote plants. 

Sprouting fruits were pretreated with the test solutions or distilled water for 24h and then sown in 

the experimental field. Data were recorded from 5 uniformly grown plants of each treatment. 

Treatments 

(jug/ml) 

Control 

DKIOOO 

DK2000 

GCC2000 

CCC4000 

MH250 

MH500 

LSD(P=0.05) 

Senes. days 

142 

145 

147 

140 

145 

148 

149 

NS 

Fruit No. 

488 

500 

502 

508 . 

495 

509 

506 

NS 

Fruit wt. 

(kg) 

197.5 

207.5 

209.9 

210.6 

203.8 

207.2 

203.9 

NS 

Root wt. 

(kg) 

13.00 

12.80 

13.05 

12.78 

12.97 

13.01 

12.59 

NS 

NS = Not significant 
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Table: 1.14. Effect of Na-dikegulac (DK, 1000 and 2000 Mg/ml), chlormequat 
(CCC, 2000 and 4000 jig/ml) and maleic hydrazide (MH, 250 and 500 Mg/ml) on 
changes in total chlorophyll (Chi., mg/g fresh weight) and protein (Pr., mg/g fresh 
weight) contents in leaves of chayote plant. 

Thirty-day-old field grown saplings were given foliar application with the chemicals or distilled water for 
three consecutive days. Data were recorded at 4 developmental stages i.e. sapling stage, preflowering stage, 
fruiting stage, and senile stage which correspond to 40-, 60-, 80- and 140- days of plant age respectively. 

Treatment 
(Mg/ml) 

Control 

DK 1000 

DK 2000 

CCC 2000 

CCC 4000 . 

MH 250 

MH 500 

LSD 
(P=0.05) 

D e V e 1 
Sapling 

Chi. 

3.50 

2.77 

2.14 

2.77 

2.07 

2.30 

2.97 

0.30 

Pr. 

68.60 

57.55 

56.55 

58.68 

56.49 

61.09 

57.35 

5.28 

o p m ( 
Pre flowering 

Chi. 

3.78 

4.20 

4.16 

4.78 

4.78 

4.70 

4,51 

0.31 

Pr. 

74.50 

83.61 

88.45 

85.53 

83.55 

81.87 

81.47 

5.28 

; n t a 1 s t a g 
Fruiting 

Chi. 

3.00 

3.69 

3.89 

3.83 

3.86 

3.59 

3.51 

0.29 

Pr. 

65.86 

96.33 

96.33 

95.51 

93.07 

94.18 

92.89 

7.50 

e s 
Senile 

Chi. 

0.25 

0.53 

0.58 

0.58 

0.54 

0.51 

0.54 

0.03 

Pr. 

30.71 

42.45 

41.65 

40.53 

39.53 

44.71 

39.53 

3.05 
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Table 1.15. Effect of Na-dikegulac (DK, 1000 and 2000 \ig/m\), chlormequat 
(CCC, 2000 and 4000 Mg/ml) and maleic hydrazide (MH, 250 and 500 pg/ml) on 
changes in soluble (Sol., mg/g fresh weight) and insoluble (Insol., mg/g fresh weight) 
contents in leaves of chayote plant. 

Thirty-day-old field grown saplings were given foliar application with the chemicals or distilled water for 
three consecutive days. Data were recorded at 4 developmental stages i.e. sapling stage, preflowering stage, 
fruiting stage, and senile stage which correspond to 40-, 60-, 80- and 140- days of plant age respectively. 

Treatment 
(Mg/ml) 

Control 

DK 1000 

DK 2000 

CCC 2000 

CCC 4000 

MH 250 

MH 500 

LSD 
(P=0.05) 

D 
Sapling 

Sol. 

7.72 

10.02 

9.83 

9.91 

9.21 

10.12 

9.73 

0.75 

Insol. 

91.70 

78.90 

42.23 

85.73 

78.92 

58.31 

32.78 

4.50 

e V e 1 0 p m e 
Preflowering 

Sol. 

12.65 

13.85 

12.04 

12.05 

13.05 

13.25 

11.98 

NS 

Insol. 

83.20 

93.90 

91.70 

90.78 

91.92 

98.20 

95.48 

8.85 

n t a 1 s t a g 
Fruiting 

Sol. 

8.02 

7.92 

7.93 

8.01 

8.11 

7.70 

7.79 

NS 

Insol. 

52.27 

88.01 

70.31 

82.31 

78.52 

77.97-

81.01 

6.58 

e s 
Senile 

Sol. 

13.23 

12.83 

12.85 

12.93 

13.97 

14.09 

12.85 

NS 

Insol. 

31.01 

61.73 

67.97 

69.01 

68.70 

54.70 

62.63 

5.90 

N S = Not significant 
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Table: 1.16. Effect of Na-dikegulac (DK, 1000 and 2000 Mg/ml), chlormequat 
(CCC, 2000 and 4000 Mg/ml) and maleic hydrazide (MH, 250 and 500 Mg/ml) on 
changes in RNA (mg/g fresh weight) and DNA (mg/g fresh weight) contents in leaves 
of chayote plant. 

Thirty-day-old field grown saplings were given foliar application with the chemicals or distilled water for 
three consecutive days. Data were recorded at 4 developmental stages i.e. sapling stage, preflowering stage, 
fruiting stage, and senile stage which correspond to 40-, 60-, 80- and 140- days of plant age respectively. 

Treatment 
(|jg/ml) 

Control 

DK 1000 

DK 2000 

CCC 2000 

CCC 4000 

MH250 

MH500 

LSD 
(P=0.05) 

Sapl 

RNA 

580.50 

428.30 

415.81 

497.46 

418.48 

467.78 

419.70 

42.05 

D e V e 1 
ing 

DNA 

75.10 

52.87 

49.25 

51.76 

50.54 

52.20 

49.45 

8.80 

o p m e 
Preflowering 

RNA 

583.11 

693.21 

680.01 

642.11 

630.21 

665.11 

650.91 

50.08 

DNA 

65.30 

71.48 

69.16 

70.95 

72.35 

73.27 

68.92 

NS 

n t a 1 s t a g 
Fruiting 

RNA 

528.15 

611.16 

601.78 

620.72 

615.70 

616.23 

609.24 

49.05 

DNA 

48.20 

46.20 

46.73 

46.73 

41.56 

44.12 

43.50 

NS 

e s 
Senile 

RNA 

298.50 

428.70 

401.70 

465.60 

456.70 

468.00 

465.21 

32.20 

DNA 

38.43 

39.34 

34.12 

38.08 

41.66 

38.16 

40.02 

NS 

NS = Not significant 
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Table : 1.17. Effect of Na-dikegulac (DK, 1000 and 2000 |ng/ml), chlormequat 
(CCC, 2000 and 4000 pg/ml) and maleic hydrazide (MH, 250 and 500 jig/ml) on 
changes in peroxidase (Per., unit/g fresh weight/h) and catalase (Cat., unit/g fresh 
weight/h) activities in leaves of chayote plant. 

Thirty-day-old field grown saplings were given foliar application with the chemicals or distilled water for 
three consecutive days. Data were recorded at 4 developmental stages i.e. sapling stage, preflowering stage, 
fruiting stage, and senile stage which correspond to 40-, 60-, 80- and 140- days of plant age respectively. 

Treatment 
(|ag/ml) 

Control 

DK 1000 

DK2000 

CCC 2000 

CCC 4000 

MH250 

MH500 

LSD 
(P=0.05) 

D 
Sapling 

Per. 

85.52 

68.00 

72.35 

59.99 

61.83 

60.47 

65.59 

5.25 

Cat. 

146.96 

101.12 

98.36 

105.04 

104.36 

102.28 

99.80 

9.23 

e V e 1 o p m e 
Preflowering 

Per. 

86.47 

102.63 

105.24 

90.20 

99.28 

97.99 

150.52 

10.38 

Cat. 

115.20 

148.48 

147.36 

149.47 

152.80 

151.36 

148.60 

13.05 

n t a I s t a g 
Fruiting 

Per. , 

110.00 

161.71 

166.99 

128.00 

133.00 

123.00 

128.25 

11.25 

Cat. 

140.68 

184.48 

184.16 

190.00 

192.88 

192.00 

190.00 

16.05 

e s 
Senile 

Per. 

32.15 

55.75 

58.79 

51.11 

56.59 

47.91 

52.96 

5.10 

Cat. 

68.20 

128.56 

129.76 

132.56 

129.12 

127.88 

128.64 

9.50 
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Table: 1.18. Effect of Na-dikegulac (DK, 1000 and 2000 Mg/ml), chlormequat 
(CCC, 2000 and 4000 pg/ml) and maleic hydrazide (MH, 250 and 500 pg/ml) on 
changes in lAA-oxidase (lAA-Ox., unit/g fresh weight/h) and RNase (unit/g fresh 
weight/h) activities in leaves of chayote plant. 

Thirty-day-old field grown saplings were given foliar application with the chemicals or distilled water for 
three consecutive days. Data were recorded at 4 developmental stages i.e. sapling stage, preflowering stage, 
fruiting stage, and senile stage which correspond to 40-, 60-, 80- and 140- days of plant age respectively. 

Treatment 
(|ig/ml) 

Control 

DK 1000 

DK 2000 

CCC 2000 

CCC 4000 

MH250 

MH500 

LSD 
(P=0.05) 

D 
Sapling 

lAA-
Ox. 

26.82 

31.72 

36.78 

36.78 

37.24 

35.11 

38.53 

3.29 

RNase 

95.92 

135.87 

128.72 

132.15 

129.07 

124.01 

121.16 

9.28 

e V e 1 0 p m e 
Preflowering 

lAA-
Ox. 

86.88 

62.22 

68.22 

62.23 

66.06 

59.59 

61.97 

5.28 

RNase 

220.87 

182.64 

151.71 

162.27 

199.27 

195.60 

186.71 

15.97 

n t a 1 s t a g 
• Fruiting 

lAA-
Ox. 

84.00 

70.46 

77.18 

70.17 

72.89 

71.84 

74.53 

6.08 . 

RNase 

232.11 

200.91 

171.24 

184.83 

193.03 

203.16 

196.91 

19.50 

e s 
Senile 

lAA-
Ox. 

94.40 

58.28 

60.01 

57.02 

58.09 

54.94 

57.01 

6.55 

Rnase 

326.36 

230.20 

224.71 

224.08 

220.55 

227.95 

226.71 

25.08 
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Table : 1.19. Effect of Na-dikcgulac (DK, 1000 and 2000 ng/ml), chlormequat (CCC, 2000 
and 4000 ^g/ml) and maleic hydrazide (MH, 250 and 500 fig/ml) on changes in vine length 
(V. L., cm) and stem circumference (S. C, cm) of chayote plant. 

Thirty-day-old field grown saplings were given foliar application with the chemicals or distilled water for 
three consecutive days. Data were recorded at 4 developmental stages i.e. sapling stage, preflowering stage, 
fruiting stage, and senile stage which correspond to 40-, 60-, 80- and 140- days of plant age respectively. 

Treatment 
(Hg/ml) 

Control 

DK 1000 

DK 2000 

CCC 2000 

CCC 4000 

MH 250 

MH500 

LSD 
(P=0.05) 

D e V e I 
Sapling 

V.L. 

120.5 

78.6 

80.4 

108.1 

95.9 

105.1 

70.8 

9.28 

S.C. 

1.86 

2.51 

2.78 

2.08 

2.28 

2.35 

2.48 

0.20 

o p m € 
Preflowering 

V.L. 

180.9 

130.8 

126.7 

158.9 

170.8 

118.5 

155.8 

20.28 

S.C. 

3.78 

6.28 

6.71 

5.94 

5.51 

5.81 

6.01 

0.50 

! n t a 1 s t a g 
Fruiting 

V.L. 

371.0 

303.2 

304.5 

329.0 

322.1 

322.9 

305.5 

25.07 

S.C. 

5.62 

7.01 

7.10 

6.89 

6.95 

6.91 

6.94 

0.58 

e s 
Senile 

V.L. 

476.1 

422.3 

421.5 

429.8 

421.5 

429.6 

420.5 

41.50 

S.C. 

5.70 

7.53 

7.55 

6.99 

7.02 

6.98 

6.98 

0.50 
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Table 1.20 . Effect of Na-dikegulac (DK, 1000 and 2000 Mg/ml), chlormequat 

(CCC, 2000 and 4000 pg/ml) and maleic hydrazide (MH, 250 and 500 Mg/ml) on 

days required to onset of plant senescence (Senes. days), fruit number per plant 

(Fruit No.), fruit weight per plant (Fruit wt.) and tuberous root weight per plant 

(Root wt.) of chayote plant. 

Thirty-day-old field grown saplings were given foliar application with the chemicals or distilled 

water for three consecutive days. Data were recorded from 5 uniformly grown plants of each treatment. 

Treatments 

(Mg/ml) 

Control 

DK 1000 

DK 2000 

CCC 2000 

CCC 4000 

MH250 

MH500 

LSD(P=0.05) 

Senes. days 

142 

149 

155 

152 

152 

147 

152 

11.05 

Fruit No. 

485 

534 

542 

536 

538 

498 

509 

45.18 

Fruit wt. 

(kg) 

198.3 

218.4 

221.6 

219.2 

225.4 

213.6 

214.5 

17.8 

Root wt. 

(kg) 

12.80 

13.90 

14.05 

13.58 

13.65 

13.15 

13.20 

1.05 
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Table : 1.21. Effect of Na-dikegulac (DK, 1000 and 2000 Mg/ml), chlormequat 
(CCC, 2000 and 4000 jig/ml) and maieic hydrazide (MH, 250 and 500 Mg/ml) and 
their combined doses each with lAA (100 yig/ml) and kinetin (KIN, 100 ^g/ml) on 
changes in total chlorophyll (Chi., mg/g fresh weight) and protein (Pr., mg/g fresh 
weight) contents in leaves of chayote plants. 

Field grown plants were given foliar application with the growth retardants for 3 consecutive days at prc-
flowering stage (60-day-old) followed by the hormone application at flowering stage (70-day-oId) for 3 
consecutive days. Data were recorded at fruiting stage and senile stage which correspond to 80-and 140-
days of plant age respectively. 

Treatments 
(Mg/ml) 

Control 

DK 1000 
DKiooo+IAAioo 
DKiooo+KINioo 

DK 2000 
DK2000+IAA100 
DK2000+KIN100 

CCC 2000 
CCC2000+IAA100 
CCC2000+KIN100 

CCC 4000 
CCC4000+IAA100 
CCC4OOO+KIN1QO 

MH 250 
MH250+IAA100 
MH25o+KIN,oo 

MH 500 
MH500+IAA100 
MHsoo+KE^ 100 

LSD (P=0.05) 

D e V e 1 0 p m ( 
Fruiting 

Chi. 

3.11 

3.72 
4.74 
4.69 

3.95 
4.81 
4.35 

3.88 
4.36 
4.10 

3.90 
4.81 
4.52 

3.60 
4.75 
4.21 

3.65 
4.56 
4.26 

0.30 

Pr. 

69.92 

98.80 
134.73 
130.09 

96.30 
139.51 
130.61 

97.50 
138.83 
139.06 

93.09 
143.70 
142.65 

95.71 
121.76 
121.64 

93.66 
122.60 
120.93 

7.70 

B n t a l s t a g e s 
Senile 

Chi. 

0.27 

0.55 
1.29 
1.22 

0.62 
1.28 
1.20 

0.59 
1.37 
1.27 

0.58 
1.23 
1.21 

0.48 
1.25 
1.22 

0.52 
1.28 
1.26 

0.04 

Pr. 

28.09 

39.90 
50.57 
59.82 

42.05 
58.39 
51.94 

42.10 
59.28 
51.11 

39.66 
56.93 
50.59 

46.51 
51.76 
51.64 

42.52 
52.62 
50.93 

3.15 
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Table 1.22. Effect of Na-dikegulac (DK, 1000 and 2000 ng/ml), chlormequat 
(CCC, 2000 and 4000 \ig/mi) and maleic hydrazide (MH, 250 and 500 Mg/ml) and 
their combined doses each with lAA (100 pg/ml) and kinetin (KIN, 100 fig/ml) on 
changes in soluble carbohydrate (Sol., mg/g fresh weight) and insoluble 
carbohydrate (Insol., mg/g fresh weight) contents in leaves of chayote plants. 

Field grown plants were given foliar application of the growth retardants for 3 consecutive days at pre-
flowering stage (60-day-old) followed by the hormone application at flowering stage (70-day-old) for 3 
consecutive days. Data were recorded at fruiting stage and senile stage which correspond to 80-and 140-
days of plant age respectively. 

Treatments 
(|ig/ml) 

Control 

DK 1000 
DKiooo+IAAioo 
DKiooo+KINioo 

DK 2000 
DK2000+IAA100 
DK2000+KIN100 

CCC 2000 
CCC2ooo+IAA,oo 
CCC2000+KIN100 

CCC 4000 
CCC4000+IA A100 

CCC4000+KIN100 

MH 250 
MH250+IAA100 

MH250+KIN100 

MH 500 
MH500+IAA100 
MH500+KIN100 

LSD (P=0.05) 

D e y e 1 0 p m 
Fruiting 

Sol. 

8.25 

11.75 
31.80 
31.60 

12.01 
31.45 
31.49 

12.70 
32.42 
30.47 

12.50 
32.32 
30.89 

11.75 
29.36 
29.95 

11.70 
29.37 
28.08 

1.15 

Insol. 

54.01 

85.74 
98.05 
96.60 

78.75 
94.55 
94.90 

85.06 
93.20 
92.70 

80.50 
94.20 
91.50 

75.50 
92.45 
92.55 

79.15 
90.50 
90.35 

6.80 

e n t a l s t a g e s 
Senile 

Sol. 

12.50 

14.25 
17.31 
19.97 

14.31 
19.05 
18.45 

15.50 
19.35 
19.19 

15.90 
21.39 
20.84 

14.66 
16.54 
17.96 

15.05 
17.96 
17.90 

1.08 

Insol. 

32.05 

58.75 
73.55 
72.90 

65.50 
72.40 
71.99 

. 66.19 
71.01 
73.75 

62.60 
72.92 
73.00 

59.52 
71.75 
71.92 

54.17 
72.09 
71.01 

4.50 
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Table 1.24. Effect of Na-dikegulac (DK, 1000 and 2000 lug/ml), chlormequat 
(CCC, 2000 and 4000 Mg/ml) and maleic hydrazide (MH, 250 and 500 Mg/ml) and 
their combined doses each with lAA (100 Mg/ml) and kinetin (KIN, 100 Mg/ml) on 
changes in peroxidase (Per., unit/g fresh weight/h) and cataiase (Cat., unit/g fresh 
weight/h) activities in leaves of chayote plants. 

Field grown plants were given foliar application with the growth relardants for 3 consecutive days at pre-
flowering stage (60-day-old) followed by the hormone application at flowering stage (70-day-old) for 3 
consecutive days. Data were recorded at fruiting stage and senile stage which correspond to 80-and 140-
days of plant age respectively. 

Treatments 
(Mg/ml) 

Control 

DK 1000 
DKiooo+IAAioo 
DKiooo+KINioo 

DK 2000 
DK2000+IAA100 
DK2000+KIN100 

CCC 2000 
CCC2000+IAA100 
CCC2000+KIN100 

CCC 4000 
CCC4000+IA A100 

CCC4000+KIN100 

MH 250 
MH250+IAA100 
MH250+KIN100 

MH 500 
MHsoo+IAAioo 
MH500+KIN100 

LSD (P=0.05) 

D e V e I 0 p m ( 
Fruiting 

Per. 

102.51 

132.40 
151.88 
154.52 

135.10 
163.96 
157.48 . 

129.90 
155.96 
158.60 

136.15 
155.52 
147.64 

133.24 
148.40 
144.04 

136.10 
149.27 
148.76 

12.88 

Cat. 

135.12 

154.82 
186.52 
189.92 

157.50 
184.52 
188.52 

149.50 
180.76 
183.36 

153.95 
187.64 
188.84 

148.75 
178.40 
181.76 

155.50 
177.76 
180.00 

14.95 

e n t a l s t a g e s 
Senile 

Per. 

31.04 

42.90 
65.76 
66.80 

44.85 
65.36 
69.04 

45.28 
65.04 
64.52 

45.20 
67.64 
68.52 

41.98 
66.96 
67.32 

43.25 
61.76 
67.00 

4.82 

Cat. 

67.72 

125.20 
154.14 
155.32 

130.01 
154.12 
150.40 

122.50 
154.40 
155.32 

125.50 
154.52 
155.80 

123.98 
151.72 
150.76 

127.50 
151.04 
150.36 

10.58 
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Table 1.23. Effect of Na-dikegulac (DK, 1000 and 2000 Mg/ml), chlormequat 
(CCC, 2000 and 4000 Mg/ml) and maleic hydrazide (MH, 250 and 500 Mg/ml) and 
their combined doses each with lAA (100 Mg/ml) and kinetin (KIN, 100 Mg/ml) on 
changes in RNA (Mg/g fresh weight) and DNA (Mg/g fresh weight) contents in leaves 
of chayote plants. 

Field grown plants were given foliar application with the growth retardants for 3 consecutive days at pre-
flowering stage (60-day-old) followed by the hormone application at flowering stage (70-day-old) for 3 
consecutive days. Data were recorded at fruiting stage and senile stage which correspond to 80-and 140-
days of plant age respectively. 

Treatments 
(Mg/ml) 

Control 

DK 1000 
DKiooo+IAAioo 
DKiooo+KINioo 

DK 2000 
DK2000+IAA100 
DK2000+KIN100 

CCC 200{) 
CCC2000+IAA100 
CCC2000+KIN100 

CCC 4000 
CCC4000+IA A100 

CCC4ooo+KIN,oo 

MH 250 
MH250+IAA100 
MH250+KIN100 

MH 500 
MH500+IAA100 

MH500+KIN100 

LSD (P=0.05) 

D e V e 1 0 p m ( 
Fruiting 

RNA 

476.84 

541.64 
591.64 
584.24 

535.40 
580.62 
582.65 

530.10 
583.95 
584.24 

532.80 
587.28 
583.37 

529.10 
579.46 
582.79 

536.60 
581.13 
583.55 

40.15 

DNA 

52.82 

57.50 
67.76 
67.36 

56.98 
66.49 
67.63 

57.50 
65.63 
65.60 

58.80 
65.76 
68.91 

57.90 
65.44 
62.90 

59.05 
60.01 
60.02 

4.98 

e n t a 1 s t s J g e s 
Senile 

RNA 

289.88 

38L70 
465.37 
463.64 

395.55 
464.81 
467.27 

387^20 
465.10 
468.43 

392.51 
463.07 
468.14 

380.75 
462 J 1 
464.81 

383.54 
466.40 
464.43 

35.98 

DNA 

40.72 

50.10 
60.12 
62.80 

49.25 
60.23 
60.66 

51.15 
61.75 
58.04 

48.20 
57.85 
55.58 

47.35 
57.61 
55.15 

46.95 
51.15 
55.79 

5.08 
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Table 1.25. Effect of Na-dikegulac (DK, 1000 and 2000 ng/ml), chlormequat 
(CCC, 2000 and 4000 Mg/ml) and maleic hydrazide (MH, 250 and 500 ng/ml) and 
their combined doses each with lAA (100 Mg/ml) and kinetin (KIN, 100 pg/ml) on 
changes in lAA-oxidase (lAA-Ox., unit/g fresh weight/h) and RNase (unit/g fresh 
weight/h) activities in leaves of chayote plants. 

Field grown plants were given foliar application with the growth retardants for 3 consecutive days at prc-
flowering stage (60-day-old) followed by the hormone application at flowering stage (70-day-old) for 3 
consecutive days. Data were recorded at fruiting stage and senile stage which correspond to 80-and 140-
days of plant age respectively. 

Treatments 
(Mg/ml) 

Control 

DK 1000 
DKiooo+IAAioo 
DKiooo+KINioo 

DK 2000 
DK2000+IAA100 

DK2000+KIN100 

CCC 2000 
CCC2000+IAA100 
CCC2000+KIN100 

CCC 4000 
CCC4000+IAA100 
CCC4000+KIN100 

MH 250 
MH250+IAA100 

MH250+KIN100 

MH 500 
MH500+IAA, 00 

MH500+KIN100 

LSD (P=0.05) 

D e V e 1 0 p m 
Fruiting 

lAA-Ox. 

98.80 

85.40 
70.42 
61.40 

87.01 
63.40 
63.32 

83.91 
60.36 
65.44 

84.06 
64.92 
64.80 . 

85.54 
70.12 . 
70.76 

84.19 
74.92 
76.88 

7.50 

RNase 

224.87 

194.01 
104.71 
115.16 

175.90 
111.76 
109.76 

185.10 
199.01 
195.78 

201.15 
101.01 
104.71 

194.30 
195.11 
191.21 

191.90 
191.71 
195.04 

12.68 

e n t a 1 s t a g e s 
Senile 

lAA-Ox. 

97.76 

62.80 
58.28 
55.60 

66.10 
59.28 
56.04 

63.21 
53.24 
52.20 

64.40 
59.08 
58.04 

58.31 
55.32 
54.56 

60.01 
53.60 
53.04 

4.35 

RNase 

332.98 

241.10 
139.71 
138.17 

231.40 
141.71 
145.07 

228.11 
140.65 
143.70 

230.91 
141.08 
138.52 

236.50 
137.64 
135.09 

229.14 
138.16 
137.12 

14.80 
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Table 1.26. Effect of Na-dikeguiac (DK, 1000 and 2000 îg/ml), chlormequat 
(CCC, 2000 and 4000 Mg/ml) and maleic hydrazide (MH, 250 and 500 pg/ml) and 
their combined doses each with lAA (100 pg/ml) and kinetin (KIN, 100 Mg/ml) on 
changes in vine length (V. L., cm) and stem circumference' (S.C, cm) of chayote 
plants. 

Field grown plants were given foliar application with the growth rctardants for 3 consecutive days at pre-
flowering stage (60-day-old) followed by the hormone application at ilowering stage (70-day-old) for 3 
consecutive days. Data were recorded at fruiting stage and senile stage which correspond to 80-and 140-
days of plant age respectively. 

Treatments 
(|ig/ml) 

Control 

DK 1000 
DKiooo+IAAioo 
DKiooo+KINioo 

DK 2000 
DK2000+IAA100 
.DK2000+KIN100 

CCC 2000 
CCC2ooo+IAA,oo 
CCCzooo+KINioo 

CCC 4000 
CCC4000+IA A100 
CCC4000+KIN100 

MH 250 
MH250+IAA1 00 
MH250+KIN100 

MH 500 
MH500+IAA100 
MH500+KIN100 

LSD (P=0.05) 

D e V e I 0 p m 
Fruiting 

V.L. 

390.4 

310.4 
353.6 
357.8 

304.5 
361.2 
362.9 

329.0 
361.0 
353.6 

325.8 
359.7 
358.1 

318.9 
350.8 . 
357.5 

305.1 
347.1 
355.7 

28.75 

S.C. 

5.60 

6.95 
7.12 
7.19 

7.05 
7.20 
7.15 

6.94 
7.11 
7.13 

7.15 
7.09 
7.13 

6.87 
7.11 
7.14 

6.90 
7.17 
7.17 

0.49 

e n t a I s t 2 I g e s 
Senile 

V.L. 

510.5 

430.6 
468.4 
465.6 

428.2 
463.1 
479.5 

436.5 
460.2 
465.7 

425.1 
453.8 
456.3 

432.7 
469.2 
466.9 

418.9 
455.8 
454.5 

32.07 

S.C. 

5.81 

7.45 
7.80 
7.79 

7.50 • 
7.78 
7.79 

6.95 
7.80 
7.83 

7.20 
7.82 
7.81 

6.89 
7.82 
7.80 

7.02 
7.80 
7.81 

0.51 
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Table 1.27. Effect of Na-dikegulac (DK, 1000 and 2000 ng/ml), chlormequat 
(CCC, 2000 and 4000 Mg/ml) and maleic hydrazide (MH, 250 and 500 Mg/ml) and 
their combined doses each with lAA (100 |iig/ml) and kinetin (KIN, 100 ^g/ml) on 
changes in number of days required to onset of plant senescence (Senes. days), fruit 
number per plant (Fruit No.) and tuberous root weight per plant (Root wt., kg) of 
chayote plants. 

Field grown plants were given foliar application with the growth retardants for 3 consecutive days at prc-
flowering stage (60-day-old) followed by the hormone application at flowering stage (70-day-old) for 3 
consecutive days. Data were i-ecorded from 5 uniformly grown plants of each treatment. 

Treatments 
(Mg/ml) 

Control 

DK 1000 
DKiooo+IAAioo 
DKiooo+KINioo 

DK 2000 
DK2000+IAA100 
DK2000+KIN100 

CCC 2000 
CCCzooo+IAAioo 
CCC2000+KIN100 

CCC 4000 
CCC4000+IA A100 
CCC4000+KIN100 

MH 250 
MH250+IAA100 

MH25P+KIN100 

MH 500 
MH500+IAA100 
MH500+KIN100 

LSD (P=0.05) 

Senes. 
days 

142 

153 
166 
171 

157 
175 
180 

150 
169 
173 

152 
171 
175 

149 
160 
165 

151 
158 
161 

11.87 

Fruit No. 

482 

542 
719 
732 

551 
680 
693 

562 
628 
641 

571 
654 
615 

515 
598 
587 

510 
537 
524 

45.25 

Fruit 
wt(kg) 

196.2 

220.6 
275.1 
286.4 

224.0 
263.9 
268.8 

232.7 
259.5 
264.8 

231.8 
272.0 
250.3 

218.6 
244.5 
234.9 

214.5 
226.7 
215.8 

18.2 

Root wt(kg) 

12.55 

14.70 
27.50 
20.00 

15.05 
24.75 
20.75 

14.01 
21.00 
21.65 

14.98 
20.55 
18.50 

13.75 
19.37 
15.00 

13.82 
16.25 
15.50 

1.25 



9S 

Table 1.28. Effect of Na-dikegulac (DK, 1000 and 2000 ng/ml), chiormequat 
(CCC, 2000 and 4000 iig/ml) and maleic hydrazide (MH, 250 and 500 Mg/ml) and 
their combined doses each with lAA (100 ng/ml), kinetin (KIN, 100 ^ig/ml) and GA3 
(100 ^g/ml) on changes in total number femaFe flowers and male flowers per plant. 

Field grown plants were given foliar application with the growth relardants for 3 consecutive days at prc-
flowering stage (60-day-old) followed by the hormone application at flowering stage (70-day-old) for 3 
consecutive days. Data were recorded from 100-day-old plants. 

Treatments (Mg/ml) 
Control 

DK 1000 
DKiooo + lAAioo 
DKiooo+KINioo 
DK.ooo+GAalOO 

DK2000 
DK2000 + lAAioo 

DK2000+ KIN 100 
DK2000+GA3 100 

CCC 2000 
CCC2000 + lAAioo 

CCC2000+ KIN 100 
CCC2000+GA3IOO 

CCC 4000 
CCC4000 + lAAioo 
CCC4000+ KIN 100 
CCC4000+GA3 100 

MH250 
MH250 + lAAioo 
MH250+KIN100 
MH250 + GA3 100 

MH500 
MH500 + lAAioo 
MH500+KIN100 
MH500+GA3IOO 

LSD (P = 0.05) 

*No. of female flowers per plant 
590 

585 

861 
872 
995 

588 
796 
819 
885 

619 
758 

771 
823 

599 
784 

745 
842 

601 
702 
713 
795 

580 
732 
704 
785 

62.05 

*No. of male flowers per plant 
14160 

14090 

.18942 
19184 

19900 

13985 
17512 
18018 
16815 

14580 

15160 

16119 
15637 

14609 
15680 
14900 
15998 

14010 
15444 
15686 
16695-

13860 
16836' 
16192 
17270 

1395 

*In this varietal type production of both male and female flowers is maximum while shedding (abortive) of 
female flowers is minimum and that of male flowers is maximum (70 to 90%). The data represented total 
flowers including the sheeded ones. 
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2.0. SUMMARY 

Under the different stages of growth and development of Sechium edule. Sw. plant, 

it was revealed that the enzyme acid phosphatases (EC. 3.1.3.2) showed high activity in 

the feeding roots, vines and mature leaves whereas alkaline phophatases (EC. 3.1.3.1) 

was only dominant in feeding roots. Maximum activity of L-my«-inositol-l-phosphate 

synthase (EC. 5.5.1.4) in female flowers and tuberous roots as well as in 72-d old 

germinating seeds of the plant indicated the probability of this phosphorylated sugar-

alcohal as the substrate of L-/nyo-in'ositol-l-phosphate dehydrogenese. Furthermore, 

12-d stage of seed maturation established higher L-myo-inositol-1-P- synthase activity 

to generate L-m}'o-inositol-l-Phosphate which on step-wise phosphorylation could 

synthesize phytic acid like other seeds. Photosynthetic fructose-1-6-bisphosphatase (EC 

3.1.3.11), a Calvin cycle enzyme, was partially purified from the isolated chloroplasts of 

the plant leaves following low speed contrifugation, streptomycin sulphate precipitation, 

ammonium sulphate fractionation, anion-exchange chromatography (DEAE-Cellulose) and 

gel-filtration through Sephadex-G-200. Maximum enzyme activity was recorded with 

respect to protein concentration of about 135/ug and with respect to time 90 minutes at 

temp, optima of 30°C. The apparent Km value of this enzyme was 1.11 X 10""* m with 

respect to its specific substrate D-fructose-l,6,-bisphosphate apparent Vmax was 

calculated as 57.6 X 10"* m. The enzyme was appreciably operative between a pH range 

of 7.5 to 9.0 having an optima at pH8. Among the divalent cation tested, Mg""* could 

enhance the activity maximally. The monovalent cations, under experimental concentration, 

had no significant effect. Heavy metal e.g. Hg++ and high cone, of EDTA strongly inhibited 

the enzymic activity. The FruP^ase activity obtained from isolated chloroplasts of 30-d 

old plai\t kept under alternate,light/dark conditions was much more higher in comparison 

with the control where the plant was kept under complete darkness for the same period. 

Thus, light-activation of this enzyme could be established. 
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2.1. INTRODUCTION 

Life is characterised by the enormous number of complex, although magnificently 

co-ordinated, chemical reactions which are constantly going on within the individual cells 

of an organism. It is astonishing that inspite of the many kinds of reactions taking place at 

any given moment, there is no molecular collision. Instead, cells contain means for regulating 

the diverse physico-chemical processes. The compounds regulating this metabolism are 

called enzymes. 

Growth and development of a living organism are dependent upon many factors 

among which hormones and enzymes are the major ones. The role of different plant growth 

substances on growth and development of an important crop plant, Sechium edule.Svf. 

has been dealt in the first part of this thesis. The subsequent part is centred upon the 

function of some enzymes namely acid and alkaline phosphatases, L-myo-inositol-l-

phosphate synthase and fructose-1, 6-bisphosphatase during growth and development 

of the experimental plant. These enzymes have immense importance in connection with 

some prime metabolic pathways. 

Again, growth and development of any biological system is characteristically 

associated with the production and utilisation of several sugar moieties as sugar(s) serves 

as a very important source of energy required for the various metabolic activities of the 

living organisms; the energy being derived as a result of their degradation. The sugar or, 

to be more significantly, glucose status of a living organism is reamarkably controlled by 

a number of enzymes directly or indirectly, among which fructose-1,6-bisphosphatase is 

a prime one. In biological systems, this enzyme is available in two isoenzymic forms viz., 

soluble (gluconeogenic) and particulate (photosynthetic).' In this connection, it is needless 

to mention that the occurrence of the particulate form is only confined to green plants. 

Therefore, in an angiosperm,Sec/i/M/n edule, studies on the particulate form of this enzyme 

may be considered as an important one from the biochemical as well as physiological 

stand points where there is a question of interrelationship between glucose metabolism 

and crop productivity. 
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2.2. LITERATURE REVIEW 

2.2.1. Occurrence and Distribution of Acid Phosphatase(s) in Plants : 

Among the several phosphomonoesterases, acid phosphatase is cosmopolitan in 

distribution. The activity of this enzyme has been recorded from the unicellular micro

organisms to higher plants and animals. However, this review will principally be confined 

to microorganisms and plants only. 

Acid Phospliatase of Bacterial Origin : 

In bacteria, the activity of acid phosphatase has been documented and studied 

from a number of sources. Among these the studies on acid phosphatase from Escherichia 

coli (Kozoreva et al., 1984), Streptomyces hygroscopicus (Ozegosski and Mueller, 

1984), Rhodotorulla glutinis (Leelasart and Bonally, 1988), Pseudomonas aeruginosa 

(Garrido et al., 1988), Zymononas mobilis (Pond et al., 1984), Halomonas elongata 

(Byhand et ah, 1980), Rhizobium meliloti., (Luecheini et al., 1990) are of special 

importance. 

Acid Phosphatase of Algal Origin : 

In algae, the activity of acid phosphatase has been detected, and biochemically 

studied from different members like Nostoc sp. (Dubois et al., 1984), Chlorella 

vulgaris., (Gilberto, 1988), Gigartina teedii., and Chondria lenuissima (Teskos and 

Schenpf, 1991) etc. 

Acid Phosphatase of Fungal Origin : 

Fungal specimens have got immense importance with respect to several biochemical 

and biotechnological studies centred around acid phosphatase. The activity of this enzyme 

has been marked from a wide number of fungi having polyphylogenetic diversity. Among 

these, Saccharomyces cerevisiae (Linnenans et al., 1977; Mizunaga, 1980; etc.), 

Puccinia graminis tritici (Bossanyi and Olah, 1974), Pythium paroccandrum, Botrytis 

cincrea, Rhizoctonia solani (Haenssler et al., 1917), Aspergillus niger (Komano, 1976; 
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Samusal and Sheota, 1977, etc), Ustilago violacea (Batcho and Cardon, 1980), 

Claviceps purpurea (Vorison, 1977), and in many ectomycorrhizal fungi (Korchlere/ 

al., 1988), Penicillium punicatosum (Yoshida e/ «/., 1989), Penicillium 

brevicompactum (Krupyankoef a/., 1990), Phytophthora erythro-septica (Lucas and 

Pitt., 1975), P5a//iora^/5'/7ora(Panzica and Viglietti, 1975) etc. 

Acid Phosphatase of Bryophytic Origin : 

Studies on acid phosphatase in bryophytes are very inadequate. In this connection, 

two reports may be pointed out. Haenssler (1977) has shown that SO,, in higher 

concentration, inhibits the activity of acid phosphatase in some mosses. And, two 

monoecious members under the order Marchantiales viz., Plagiochasma rupestre and 

Mannia androgyna possess polymorphic forms of this enzyme (Boisslier and Blischler, 

1988). In Sphagnum pulchrum isozymes of acid phosphatase have been reported 

(Daniels, 1982). 

Acid Phosphatase from Gymnospermic Origin : 

In gymmnosperms, too, the distribution and localization of acid phosphatase have 

not yet been studied in details. Jonson and Blomquist (1976) reported the presence of 

this enzyme in two isozymic forms from the needle leaves of Pinus sylvestris. In P. 

banksiana, the enzyme has also been detected from the seedlings (Zumzek and Shay, 

1988). 

Acid Phosphatase from Angiospermic Origin: 

The enzymic activity, localization, several physiological role and biochemical 

regulations of acid phosphatase have well been studied from a large number of angiosperms 

since the last fifty years. The enzyme is operative in almost all the angiosperms with 

variable forms in relation with various physiological significance. A brief account of these 

may be cited here. 

Acid phosphatases have been detected fromZea mays (Nagahashi and Kumosinski, 
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1988, etc.), Nicotiana tabacum (Kumar and Naherchandani, 1988, etc.), Oryza sativa 

(Ohtsuka and Saka, 1988, etc.), Cicer arietinum (Angosto et al., 1988 etc.), Morus 

niger (Lai and Jaiswal, 1988, etc.), Coccinia grandis (Gulati, 1989; etc.), Arachnis 

sp. (Hew et al., 1989), Datura innoxia (Sangwan et al., 1989), Phoenix dactylifera 

(Chandrasekhar and Demason, 19S9), Musa paradisiaca (Kanellise/a/., 1989), Vigna 

radiata (Kundu and Banerjee, 1990), Dioscorea alata, D. bulbifera, D. esculanta 

(Twyford et al., 1990), Lycopercicum esculentum (Tanaka et al., 1990), Brassica 

juncea (Tong and Shiru, 1990), Solatium tuberosum (Bingham <?/a/., \916), Hordeum 

vulgare (Bailey et al., 1976), Poa pratensis (Lorence et al., 1975), Drosera 

rotundifolia (Claney and Coffey, 1977), Pisum sativum (Weeden and Mark, 1984), 

Zamia floridana (Zavada, 1983), Acer platanoides (Szczotka, 1984), Kalanchoe 

blossfeldiana of Crassulaceae (Eckhardt and Engelmann, 1984), Triticum vulgare 

(Mashlowski et al., 1978), Glycine soja and Glycine max (Kiang et al., 1985), Carica 

papaya (Carreno and Harvey, 1982), Annona squamosa (Vinthanage, 1984), 

Rhododendron arboreum, R. barbatum, R. lepidolum, R. anthopogen and R. 

campanulatum (Bhadulae/a/., 1981) etc. 

2.2.2. Distribution of Alkaline Phosphatase ( s ) : 

Among the several phosphomonoesterases, alkaline phosphatase is almost 

cosmopolitan in distribution. The activity of this enzyme has been recorded from the 

unicellular microorganisms to higher plants and animals. 

In bacteria, the activity of alkaline phosphatase has been documented and 

principally studied from Escherichia coli (Garen and Levinthal, 1960 and Klibanover 

al, 1983). The same enzyme has been detected fromRhizobium leguminosarum (WU 

235) by Glenn and Dilworth (1980). 

In fungi, the occurrence of alkaline phosphatase has been reported from yeast 

{Saccharomyces cerevisiae) in different isozymic forms (Mitchell et al., 1981; Kaneko 

et al, 1987). Adler (1976) detected the enzyme in the halotolerant yeast {Debasyomyces 

hansenii). Multiple forms of alkaline phosphatases have been documented mAspergillus 

oryzae (Sakuraief a/., 1981), and mAspergillus niger (Rokosu et al., 1982). Cultures 
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of Aspergillus nidulans also exhibit alkaline phosphatase activity (Isaas and Gokhale, 

1982). InNeurospora crassa, under various growth conditions, the activity of alkaline 

phosphatase has been reported by many workers (Nahas et al., 1982; Auda et ai, 

1988; Hasunuma and Ishikawa, 1977, etc.). 

In algae, there are seveal reports of alkaline phosphatase activity covering various 

divisions of this group. Vincent (1981) demonstrated the enzymic activity mScenedesmus 

quadricauda, Monoraphidium contortum, Anabaena fles-aquae, Melesira qiiamilata. 

Konopka (1982) obtained the enzymatic activity in a Cyanophycean alga, OsciUatoria 

rubescens. enzymic activity has also been documented in an unicellular Chlorophycean 

alga, Chlamydomonas reinhardii (Olsen et al, 1983). In slime mold {Dictyostelium 

discoideum) this enzymic activity has been observed by Atryzek (1976). Alkaline 

phosphatase activity has also been detected from marine dinoflagellates like Amphidinium 

carterae, Ceratium tripus, Prorocentrum minimum and Scrippsiella trochoidea. 

Occurrence of the same enzyme in the red-tide dinoflagellate, Ptychodiscus brevis has 

also been confirmed by Vargo and Shannby (1985). 

Alkaline phosphatase activity has been detected from a large number of 

angiosperms since the last fifty years. Recently the enzymic activity has been studied 

from some economically important plants like Cucumis sativus (Yamaha and Matsumoto, 

1981), Cucumis melo (Bansalera/., 1981). There js a significant negative correlation 

between the alkaline phosphatase activity and extractable total phosphates in leaves of 

five aquatic plants, namely Phragmites australis, Typha angustifolia, Stratiotes 

aloides, Nymphaea alba and Nuphar luteum (Kufel, 1982). In melon seedlings, alkaline 

phosphatase activity has been documented by Naguib and Kalil (1989). Activity of the 

same enzyme has been detected in three different species of Cuscuta, a stem parasite 

(Mattoo andMattoo, 1974). 

In animals, activity of alkaline phosphatase has been recorded from a good number 

of sources. In higher animals, intestine is the principal locale of alkaline phosphatase. 

Alkaline phosphatase is commercially available in purified form from bovine intestinal 

mucosa, calf intestinal mucosa and from intestines of chicken, rabbit, dog, horse, sheep, 

pigion, porcine, eel, trout, guinea-pig, cat etc. (Sigma Catalogue, 1991). 
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2.2.3. Distribution of L-mjo-inositol-l-phosphate synthase : 

Streptomyces griseus, the microorganism producing the antibiotic streptomycin 

and mutant strains of this species that cannot synthesize streptomycin, possess L-myo-

inositol-1 -phosphate synthase activity. The enzyme isolated from this organism is extremely 

unstable in vitro and requires a divalent metal ion for its activity and this is the first 

instance that an enzyme of this specificity is found in a prokaryotic organism (Pittnere/ 

al., 1979). 

In algae, L-myo-inositol-1-phosphate has been detected from a number of genera, 

namely, Euglena gracilis, Chlorella vulgaris, Spirogyra maxima and Microspora 

willeana. E. gracilis exhibits maximum synthase activity from a 7-day old culture 

(Dasguptaera/., 1984; Dasguptaand Adhikari, 1983). 

In fungi, appreciable L-mjo-inositol-l-phosphate synthease activity was recorded 

in Saccharomyces cerevisiae (Donahue and Henry, 1981), Neurospora crassa (Pina et 

al., 1978). Polyporus anthelminticus, Ganoderma lucidum, Irpex flavus 

(Polyporaceae), Agaricus campestris, Schizophyllum commune, Lentinus subnudus 

(Agaricaceae) arid Scleroderma sp. (Sclerodermataceae) (Dasgupta era/., 1984). Among 

these members, Sccharomyces cerevisiae is considered as a remarkable source of this 

enzyme from the class of Ascomycetes (Donahue and Henry, 1981) and from the class of 

Basidiomycetes, Scleroderma sp. exhibits highest and Irpex flavus bears the lowest 

specific activity of myo-inositol synthase (Dasguptaef al., 1984). 

In bryopliytes, varying degrees of m^o-inositol synthase activity, usually higher 

than those found in green algae, were recorded with some of the bryophytes, e.g. 

Lunularia sp., Targionia sp. Marchantia polymorpha, Dumortiera sp., all of the order 

Marchantiales, although the enzyme was not detectable in Plagiochasma sp. of the same 

order, or PeIlia epiphylla of the order Jungermanniales. Interestingly, in Marchantia 

polymorpha, the synthase activity was found to be associated with the development of 

the reproductive structures. The presence of myo-inositol synthesizing activity in algae, 

fungi and bryophytes, suggests and more ubiquitous occurrence of this cyclitol and a 

more general physiological significance in the lower plant groups (Dasgupta er al, 1984). 
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In Gymnosperms, the activity of L-myo-inositol-1-phosphate synthase was 

recorded from the pollen grains oiPinus ponderosa (Cumber «/a/., 1984). 

In angiosperms, L-myo-inositol-l-phosphate synthase activity has been detected 

from a wide number of genera viz., Vigna radiata (Majumder and Biswas, 1973, Adhikari 

and Majumder, 19S3), Acerpseudoplatenus (Loewus and Loewus, 1911),Lemma gibba 

(Ogunyemiera/., \ 97S), Lilium longiflorum (Schuermannera/., 1981) etc. 

The activity of L-/?2_yo-inositol-l-phosphate synthase of these above plant origin is 

of soluble or cytosolic in nature. In green plant chloroplast, about 10% of the membrane 

phospholipids consist of phosphoinositides (Imhoff and Bourdu, 1973) which require an 

endogenous pool of mjo-inositol for their synthesis. Impermeability of the chloroplast 

membrane to the cyclitol (Wang and Nobel, 1971), casts doubt as to the cytoplasmic 

origin of the chloroplastic inositol and suggests that the plastid is a site for synthesis of 

m}'o-inositol. Support for the view is found in the report that labelled glucose is 

enzymatically incorporated into myo-inositol by acetone-treated chloroplast preparation 

from peas (Imhoff and Bourdu, 1973). Loewus ef a/., (1980) have also found inositol 

synthase activity present in both soluble and chloroplastic fractions ofEuglena gracilis 

Z. Adhikari et al., (1987) have shown that the chloroplasts from 5-to 7-day-old Vigna 

radiata seedling, grown under alternate light/dark conditions or from green Euglena 

gracilis Z. cells harbour L-myo-inositol-l-phosphate synthase activity. In contrast, dark 

grown Vigna radiata seedling, or streptomycin-bleached Euglena cells exhibit either 

reduced or no enzyme activity. An apparent enhancement of the choloroplastic inositol 

synthase by growth in presence of light is observed. According to them, the fundamental 

difference between the cytosolic and plastidial inositol synthase (s) is associated with 

this light-dependence. The cytosolic enzyme is not activated or inhibited by light, however, 

the plastidial one is remarkably light-activated. 

Like various microbial and plant systems, the distribution of L-znjo-inositol-l-

phophate in animal systems of a wide phylogenetic diversity has been documented by 

several workers. L-mjo-inositol-1-phosphate synthase activity has been monitored in 

the brain of Periplaneta americana (insect), Channa punctatus (fish), Bufo 

melanostictus (amphibia), Calotes versicolor (reptile), Columba livia (bird), Rattus 
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rattus (adult mammal), Womojapien J (fetal mammal) by Biswas era/., (1981). The 

activity for the same enzyme has also been reported from rat testis (Majumdar and 

Eisenberg, Jr., 1977), beef testis (Pittner and Hoffmann-Ostenhof, 1979), bovine testis 

and in rat mammary gland (Naccaratoe/o/., 1975). 

2.2.4. Fructose-1, 6-bisphosphatase ( s ) : 

Early in the 20th century a number of workers observed that plant and animal tissues 

contain enzymes that split phosphoric acid from various phosphate esters (Suzuki e? al., 

1907; McCoIlum and Hart, 1908; Grosser and Husler, 1912). These enzymes are, in 

general, called phosphatases. So, phosphatases are defined as enzymes that catalyze the 

hydrolysis of phosphoric acid esters. Phosphatases belong to the enzyme class of 

Hydrolases. Of the different series of phosphoric esters, representatives of only two the 

phosphomonesters and the phosphodiesters - are so far known as constituents of cells. 

The formation of orthophosphate from a given phosphodiester involves at least two 

cleavage steps usually catalyzed by different enzymes : A phosphodiesterase liberates 

one of the alcohol groups, and a phosphomonoesterase hydrolyzes the phosphomonoester 

obtained, with formation of orthophosphate. The pronounced specificity of the hydrolases 

of phosphoryl compounds towards polyphosphates, phosphomonoesters and 

phosphodiesters contrasts sharply with lack of specificity shown by some 

phosphomonoesterases towards various phosphomonoesters. Therefore, the numerous 

individual phosphomonoesterases may be allotted in 2 large groups : nonspecific and 

specific. The nonspecific phosphomonoesterases are further divided into 2 sub-groups 

namely alkaline phosphomonoesterases or simply alkaline phosphatases-and acid 

phosphatases. 

Fructose-1,6-bisphosphatase is considered as a specific phosphatase. This enzyme 

when first described by Gomori (1943) was termed a specific hexose diphosphatase. 

Later on, for about 30 years, it was known as Fructose-1, 6-diphosphatase. Gomori's 

preparations from kidney or liver had litle or no activity on glycerophosphate, phenyl 

phosphate, pyrophosphate etc., whereas hexose diphosphate was rapidly split. Although 

other sugar phosphates were not tested by Gomori (1943) as possible substrates, later 

workers showed the enzyme to be, indeed, markedly specific for fructose-1, 6-
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diphosphate (McGilvery, 1955; Mokrasch and McGilvery, 1956). Thus glucose-1-

phosphate, glucose-6-phosphate, fructose-6-phosphate, L-sorbose-i-phosphate and 

phbsphoglycerate are not hydrolyzed. Fructose-1-phosphate and L-sorbose-1, 6-

diphosphate are hydrolyzed at rates of 0.009 and 0.03, respectively, the rate of fructose 

diphosphate. As shown by Hers er a/., (1953b), the purified liver enzyme decomposes 

fructose-1, 6-diphosphate as follows : 

Fructose-1, 6, diphosphate + H^O > Fructose-6-phosphate + P.. 

Among the general properties that can be mentioned for the catalysis of the above 

reaction by the specific hydrolase are an optimum pH of about 9.3 to 9.7, activation of 

the enzyme by Mn̂ '*' or Mg^* or both, inhibition by fructose-6-phosphate but not by 

fructose-1-phosphate, and inhibition by fluoride. The enzyme appears to be a sulfhydryl 

enzyme as evidenced by the fact that its activity is inhibited by paramercuribenzoate, and 

purified preparations require mercaptan such as cysteine for activity. 

Liver fructose-1, 6-diphosphatase has also been shown to be much more sensitive 

to quinones than some of the phosphomonoesterases that.do not depend on free-SH 

groups for activity (Walsh and Walsh, 1948). Complete inhibition of the enzyme by 10" 

^M benzoquinone may be caused by interactioin of an essential-SH group on the enzyme 

with the quinone to form a thioether addition product (Snell and Weissberger, 1930). 

Therefore, separation of this substrate-specific alkaline phosphatase also present in kidney 

is necessary before accurate assessment of fructose-1, 6-diphosphatase activity can be 

made. 

In plants, the enzyme fructose-1,6-diphosphatase (presently known as fructose-1, 

6-bisphosphatase) plays some essential role in the Calvin cycle (and also in Hatch-Slack 

pathway) of photosynthesis as detected first from the plant tissues by Racker and 

Schroeder (1958). This enzyme has been purified and extensively characterized from 

some plant sources (Racker and Schroeder, 1958; Chakrabarty et al, 1959; App and 

Jagendrof, 1964; Buchanan e/a/., 1967; Scala era/., 1968; etc.). Scala et al. (1968) 

have characterized two diferent activities of fructose-1, 6-bisphosphatases from 

gerniinated and ungerminated castor beans. The differences are based on the pH optima. 
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substrate specificity and sensitivity to inhibition by AMP. Among these fructose-1, 6-

bisphosphatases, the enzyme isolated from ungerminated castor beans was found to be 

inhibited by AMP. During germination a second activity appeared which was specific 

towards both fructose-1, 6-bisphosphate and ribulose-I, 5-bisphosphate, and this enzyme 

was not inhibited by AMP (Scala et al., 1968). Fructose-1, 6-bisphosphatase may 

function in non-photosynthetic metabolism in higher plants. In the germinating caster bean 

acetate is utilized for the synthesis of sucrose (Kornberg and Beevers. 1957; Canvin and 

Beevers, 1961). The change in patterns of this enzyme in response to changes in 

physiological conditions suggest a gluconeogenic role for this enzyme (Bianchetti and 

Satirana, 1967). 

Biochemical Reaction Catalyzed by Fructose-l, 6-bisphosphatase : 

D-fructose-1, 6-bisphosphate is irrevarisbly hydrolyzed to D-fructose-6-phosphate 

and inorganic phosphate by a substrate-specific phosphatase, Fructose-l , 6-

bisphosphatase (D-fructose-1, 6-bisphosphate 1-phosphohydrolase; FruP,ase; EC 

3.1.3.11). The specificity regarding the organic portion of the ester molecule is very 

high. When H^O is the only phosphate acceptor, analysis of this phosphatase reaction 

mixture reveals a stoichiometric release of orthophosphate and the organic sugar moiety 

containing the single phosphate group at C-6. 

There are two principal forms of this enzyme so far detected. Between these two 

isozymic forms, one is associated with gluconeogenic pathway and localized in cytosol, 

whereas the second form is confined within chloroplpt and has been considered as a 

major enzyme of Calvin cycle. 

The gluconeogenic FruP^ase is an allosteric enzyme; it is strongly inhibited by the 

negative modulator AMP and stimulated by 3-phosphoglycerate and citrate. The enzyme 

has at least three binding sites for AMP, which are distinct from the substrate binding 

site(s). It contains four or more subunits. The enzyme is maximally active and thus favours 

formation of glucose when the concentration of certain glucose precursors is high and the 

AMP concentration is low, i.e., when the energy charge is high. FruP,ase of the liver has 

other properties related to the regulation of gluconeogenesis. It is converted by lysosemal 
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proteases into a form having a more alkaline optimum pH; this change appears to be the 

result of endocrine regulation. The unequivocal demonstration of FruP^ase in mammalian 

brain (Majumder and Eisenberg Jr.; 1977) has been confirmed by others (Hevor and 

Gayet, 1978). In an attempt to assign a physiological explanation for the existence of this 

enzyme in brain, a non-gluconeogenic organ, Majumder and Eisenberg, Jr. (1976) 

speculated that this activity may be vital for regulating the glucose-6-phosphate level in 

this organ for synthesis ofmyo-inositol by/n^'o-inositol-l-phosphate synthase reaction. 

Free glucose inhibits this gluconeogenic FruP^ase. 

The photosynthetic FruP^ase, on the other hand, is not inhibited by AMP or glucose. 

However, this plastidial enzyme is remarkably activated by light. 

The biochemical reaction which is catalyzed by FruP^ase, either gluconeogenic or 

photosynthetic, is presented in Figure 2.1. Figure 2.2. and Figure 2.3. depict the specific 

sequence of operation of gluconeogenic and photosynthetic FruP,ase(s) respectively. 

Distribution of Fructose-1, 6-bisphosphatase in Living Organisms: 

It has been revealed from a number of studies by several workers that the enzyme, 

Fructose-1, 6-bisphosphatase, either gluconeogenic or photosynthetic, or both, is 

distributed almost in all living organisms. 

In animal systems, the activity of the cytosolic enzyme has been documented from 

a number of mammalian and non-mammalian systems. However, most of the experiments 

were made in the liver, muscle and brain tissues (Pontremoli and Horecker, 1971; 

Majumder and Eisenberg, Jr. 1976; Biswas et al., 1981, etc). In the present review, 

FruP^ase of animal origin will not be accounted for practical reasons. Therefore, it will 

be centered around microbial and plant systems only. Studies on microbial and plant 

FruP^ase (s) have been started to proliferate since the last twenty five years or so. These 

may be focused from the present chapter in somewhereelse. 
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Figure 2.3 - Schematic presentation of the Gluconeogenic Pathway during conversion of 
pyruvate to glucose indicating the specific stage of operation of Fructose-1, 
6-bisphosphatase (PA = Pyruvic acid; OAA=Oxaloacetic acid; MA=Malic 
acid; A=Pyruvate kinase; B=Pyruvate carboxylase; C=Malate dehydrogenase, 
D=Malate dehydrogenase; E=Phosphoenolpyruvate carboxykinase). 
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Scala and Semersky (1971) have found an induced fructose-1, 6-bisphosphatase 

activity from Acer pseudoplatanus in suspension culture cells on a medium with glycerol 

as the carbon source. The enzyme exhibits a neutral pH optimum, insensitive towards 

AMP and inhibition by EDTA. 

Gancedo and Gancedo( 1971) have observed that the activity of FruP,ase in yeast 

can be repressed while the microorganism is grown in sugar medium. 

Smith era/., (1978) detected appreciable activity of FruP^ase in germinating seeds 

of Sida spinosa. 

Li and Ross (1988) have shown that FruP^ase activity can be detected from the 

cotyledons of Corylus avellana. They have also found that the change in the total enzyme 

activity is monitored at low temperature and moisture. 

Kumar and Selvaraj (1990) have stated that maximum activity of FruP^ase is 

associated with the ripening of mango {Mangifera indica) fruit. This is activated by 

citrate and inhibited by AMP and Zn}*. They have also suggested that this FruP^ase is a 

regulatory enzyme in mango. 

Recently Botha and Turpin (1990) detected FruP^ase in the green alga, Selenastrum 

minutum. Two iso-forms of this enzyme can be separated by ion-exchange 

chromatography or acid precipitation. The stability of the two isozymes differ largely. 

The acid insoluble enzyme exhibits alkaline pH optima in the absence of reductant, a 

lower affinity for substrate, strong inhibition by phosphate and a low sensitivity to fructose-

2, 6-bisphosphate and AMP like the higher plant plastidial enzyme. The second form 

exhibits high affinity for substrate, sensitivity towards fructose-2, 6-bisphosphate and 

AMP, but is absolutely dependent on a reductant for stability and activity. 

Fructose-1, 6-bisphosphatase in Connection with Gluconeogenesis : 

Kobr and Beevers (1971).have shown that the control points of the EMP-pathway 

in germinating Ricinus communis endosperms are sought in two ways : by measuring the 
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amounts of various glycolytic intermediates at intervals during the germination, by 

determining the cross-over points appearing during anoxia. A significant departure from 

thermodynamic equilibrium between substrates and products is found at the level of 

Fructose-1, 6-bisphosphatase and phosphofructokinase. A definite shift of this ratio is 

observed at the onset of active gluconeogenesis. The concentrations of phosphoenol

pyruvate and 3-phosphoglyceric acid increase at the same time. Another departure from 

the expected equilibrium is also observed at the level of the pyruvate kinase. The irhposition 

of anoxia on 5-day-old endosperms reveals two crossover points, at the level of the 

same enzymes. It is concluded, therefore, that they regulate the glycolytic flow. The maximal 

glycolytic flow, is however only 1/10 of the gluconeogenic one. The account for this high 

gluconeogenic efficiency, it is postulated that gluconeogenesis and glycolysis occur in 

separate intracellular regions. The consistent departure from equilibrium between 

adenylates observed during the early stages of anoxia supports the concepts that the 

pools of glycolytic and gluconeogenic intermediates are indeed compartmented and that 

the two processes are independently regulated. 

The locations of the enzymes that convert phosphoenol-pyruvate to fructose-6-

phosphate during gluconeogenesis in fatty seeds was determined by Aprees et al. (1975). 

Cotyledons of 5-day-old dark-grown seedlings of Cucurbita pepo were used as 

experimental material. Cytoledons were separated into palisade and mesophyll tissue. 

Extracts of the two tissues had comparable activities of gluconeogenic enzymes. Extracts 

were fractionated by density gradient centrifugation to yield mitochondria and 

glyoxysomes, and by gel filtration to yield proplastides. The isolated organelles retained 

characteristic ultrastructure and appreciable amounts of marker enzymes. The proportions 

of the total activities of phosphoglyceromutase and fructose-1, 6-bisphosphatase 

recovered in the mitochondrial and glyoxysomal preparations were insignificant. The same 

was true for the activities of phosphoglyceromutase and phosphopyruvate hydratase found 

in the proplastid preparations. Extracts of a number of other gluconeogenic plant tissues 

were centrifuged at 2500g to yield particulate preparations. None of the preparations 

contained a significant proportions of the total activity of phosphoglyceromutase. 

Therefore, gluconeogenesis from phosphoenolpyruvate in plants probably occurs in the 

cytoplasm. 
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The activity of FruP.ase was determined in wild type Saccharomyces cerevisiae x 

2180 grown in the presence of the glycolytic carbon sources, glucose, fructose and 

galactose by Roy and Bhattacharyya (1977). The activities of phosphofructokinase, a 

glycolytic enzyme and phosphoglucoisomerase, an enzyme functioning in glycolysis and 

gluconeogenesis, were determined for purposes of comparison. A measurable activity of 

FruP ase was present in 20-h-old cells grown with moderate shaking in glucose nutrient 

or minimal medium. This activity increased significandy in 40-h and 60-h-old cells. Similar 

level of FruP^ase activity was present in 20-h, 40-h, 60-h-old cells grown in 1 % fructose 

nutrient medium. A higher level of FruP^ase activity was present in 20-h-old cells grown 

in 1 % galactose nutrient medium than in 20-h-old cells grown in 1 % glucose or 1 % fructose 

nutrient medium. The FruP^ase activity in glucose or fructose grown cells was higher than 

the corresponding activity in cells grown under similar conditions for 40-h and 60-h in 

the presence of ethanol, a gluconeogenic carbon source. The phosphofructokinase activity 

was significantly less in galactose and ethanol grown cells. The phosphoglucoisomerase 

activity was relatively constant in 20-h, 40-h and 60-h-old cells grown in the presence of 

glucose, fructose and glactose, but this activity was reduced approximately 50% in ethanol-

grown cells. Depending upon the concentration of carbon source and the time of 

incubation, FruP^ase, a strictly gluconeogenic enzyme, is apparently synthesized by 5. 

cerevisiae grown in the presence of glycolytic carbon sources. 

The regulatory steps of which the conversion of oxaloacetate to G-6-P during 

gluconeogenesis in the cotyledons of 5-day-old seedlings of Cucurbita pepo was 

investigated by.Leegood and Aprees (1975). The maximum catalytic activities of all the 

enzymes in this sequence and the amounts of their substrates present in vivo were 

estimated. The results show that the reactions catalyzed by FruP ase and PEP-

carboxykinase are the only ones in the sequence that are substantially displaced from 

equilibrium in vivo. The effect of 3-mercapto-picolinic acid, an inhibitor of 

gluconeogenesis, on the amounts of the gluconeogenic intermediates present in vivo were 

determined. It has been shown that the enzyme systems, FruP^ase : 2PKase, and the 

system PEP-carboxykinase: PEP-carboxylase make major contributions to the regulation 

of gluconeogenesis in the cotyledons. 
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Hofmann and Polnisch (1990) have found that the activities of FruP.ase, MDH and 

PEP-carboxykinase from Candida matlosa were different on the growth medium between 

ethanol and glucose. The highest activities of the enzymes were measured in the early log 

phase of growth on ethanol and the lowest in the early log phase of growth on glucose. 

They suggested that catabolic repression did not play an essential role in the control of 

gluconeogenesis in Candida maltosa. 

Fructose-l, 6rbisphosphatase in Connection with Photosynthesis : 

In the so-called "dark phase" or "light-independent" phase of photosynthesis, the 

enzyme, FruP^ase, plays a pivotal role in Ĉ  and C^ plants. Basshamera/., (1970) have 

found that addition of FruP^ase plus Mg^^ in increasing concentrations causes stimulation 

and then inhibition of photosynthesis in isolated spinach chloroplasts. Thus, the enzyme 

appears to be exerting its effect through some function other than as an FruP^ase. It is 

suggested that this other function is in the selective diffusion of metabolites out through 

the chloroplast outer membrane. lAWsyetal. (1974) have proposed that Mg-*, PP. and a 

protein fraction which exhibits FruP^ase activity may interact to regulate photosynthesis 

by isolated spinach chloroplasts. 

Schuermann and Buchana (1975) have stated that the reduced ferredoxin and a 

protein factor are required for activation of plastidial FruP^ase in spinach. The FruP,ase 

is considered as a regulatory enzyme whose activity in chloroplasts is controlled via 

ferredoxin by light. It has also been observed that the chloroplasts isolated from spinach 

leaves previously held in darkness contained no fructose-l, 6-bisphosphatase activity 

measured at pH 7.5 or 7.9, although high activity at pH 8.8 can be detected. Following 

illumination of these chloroplasts for 7 min, enzyme activity at pH 7.9 was detected, and 

after 24 min illumination was equal to 36% of the pH 8.8 activity, at this time activity at 

pH 7.5 also became apparent. The activity at pH 8.8 was not affected by illumination 

(Kelly era/. 1976). Wangerera/. (1978) are of opinion that the reduced thioredoxins 

from microbial and plant cells, both of cytoplasmic or chloroplastic origin, are 

interchangeable in stimulating diverse enzyme activity of FruP^ase isolated from spinach. 

Reduced thioredoxins may be nonspecific, multifunctional cellular proteins while in contrast 

the oxidized forms require specific enzymes for their reduction. Inhibitor experiments 
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(Anderson et al. 1979) indicate that light effect mediator which is reductively activated 

by transfer of electrons from the photosynthetic electron transport system at or beyond 

ferredoxin is involved in activation by light of FruP^ase in Pisum sativum. Activation 

proceed optimally when the pH is low and Mg-'' is 10 mM. Huber (1979) has observed 

that millimolar concentrations of Mĝ "̂  inhibited CO^-dependent O, evolution by barly 

{Hordeum vulgare) choroplasts and also prevented the activation of FruP^ase by light in 

intact chloroplasts. Strong reducing agents such as dithiothreitol (DDT), NADH or 

Na^SjO^ could all activate chloroplast FruP^ase, oxidizing agents such as cystine, NAD, 

FMN and Vitamin K̂  could all inhibit the activity of the activated FruP^ase almost 

completely. The degree of activation was strictly dependent on pH (Jing et al. 1980). 

Leegood and Walker (1980) have described the mechanism of dark inactivation of 

FruP^ase in isolated intact chloroplasts of Triticum aestivum. Dark inactivation of the 

enzyme, which is rapid under aerobic conditions, was prevented under anaerobic 

conditions when chloroplasts were incubated in the absence of an electron acceptor. 

Electron acceptor like oxaloacetate readily brought about inactivation under anaerobic 

conditions where chloroplasts were illuminated or in the dark. Inactivation of the enzyme 

occurred if illuminated on darkened anaerobic chloroplasts were exposed to O,. 

Pyocyanine, which catalyzed a cyclic electron flow around Photosystem I, caused 

inactivation of the enzyme in illuminated, anaerobic chloroplasts. The activity of FruP^ase 

may be regulated by the availability of electrons and by electron acceptors; dark 

inactivation may occur by a direct reversal of the activation process. Treatment of spinach 

chloroplast FruP^ase with subtilisin resulted in a partial loss of enzyme activity measured 

at pH 8.3 due to a shift of the pH optimum of the enzyme to a more alkaline pH. Although 

plastidial FruP^ase was considered an enzyme very distinct from gluconeogenic FruP^ase, 

a resemblance was seen in their behaviour towards subtilisin (Marcusef al. 1980). Herting 

and Wolosiuk (1980) have stated that calcium plays a dual effect on plastidial FruP^ase 

activation, while the light activatiion of photosynthesis was investigated in spinach by 

Still et al. (1980), it was suggested that FruP^ase might limit flux in the Calvin cycle 

during induction. Charles and Halliwell (1980) were of opinion that the thiol-treated 

spinach chloroplast FruP^ase was severely inhibited by H^O^ which could be reversed by 

dithiothreitol, indicating essential thiol groups were oxidized during H^O^ inactivation. 
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The molecular properties of chloroplastic thioredoxin and the photoregulation of 

the activity of FruPjase have been elaborately studied by Soulie et al. (1981). They 

isolated and purified thioredoxin to homogeneity from spinach chloroplasts. The protein 

is a dimer which dissociates in two apparently identical halves when ionic strength is 

raised. The dimer has a MW of 16,000. In its oxidized state, chloroplastic thioredoxin 

has no sulfhydril group directly available, even after denaturation of the protein. When 

reduced by dithiothreitol, 4-SH groups become available on the dimer. Therefore, it can 

be anticipated there exists one disulfide bridge per monomer. Reduction by dithiothreitol 

results in the breaking of 2 disulfide bridges and the appearence of 4 sulfhydril groups. 

Monomeric thioredoxin does not result in a significant activation of FruP,ase. Full 

activation is obtained in the presence of the dimeric protein. This is, thus, understandable 

since activation of FruP^ase necessitates reduction of 2 disulphide bridges of the enzyme. 

Full activation of FruP^ase is obtained in the presence of either an excess of dimeric 

thioredoxin or in the presence of dithiothreitol. A large excess of oxidised thioredoxin 

desctivates FruP^ase. These results suggest that there exists an equilibrium. 

FruP.ase > TH + FruP.ase, where TH and TH reduced thioredoxin and Ca-^, 
2 r 2 ' r 0 ' 

especially in the pH range 7.8 - 8.3. 

The light activation of FruP,ase was inhibited in isolated intact chloroplasts of spinach 

{Spinacia oleracea) while exposed to reduced osmotic potentials. Decreases in the 

velocity and magnitude of light activation correlated with the overall reduction in CO^-

fixation rates. Responses of osmotically stressed chloroplast's enzyme was variable under 

pH and concentrations of dihydroxyacetone phosphate or S-pho'sphoglycerate (Boag 

and Portis, Jr., 1984). 

Etiolated spinach seedlings show a residual photosynthetic FruP^ase activity, which 

sharply rises under illumination. This increase in activity is due to a light induced rfe novo 

synthesis; it has been demonstrated by enzyme labelling experiments with ^H^O and -̂ Ŝ 

methionine. The rise of bisphosphatase activity under illumination is strongly inhibited by 

cyclohexamide, but not by the 70s ribosome inhibitor, lincocin, which shows the nuclear 

origin of this plastidial enzyme (Chuecaera/. 1984). 
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Gonteroera/. (1984) studied the slow pH-induced conformational transition of 

chloroplast FruP^ase and the control of the Calvin cycle! A slow conformation change of 

chlofoplastic reduced FruP.ase was detected on raising the pH 7.0 to 8.0 or on lowering 

the pH from 8.0 to 7.0. Stand for reduced and oxidized thioredoxin FruP^ase and 

^FruP^ase for oxidized and reduced FruP^ase. This equilibrium must be stroungly shifted 

towards the left. NaDPH in the presence of NADP^-reductase may reduce thioredoxin, 

and conversely reduced thioredoxin may reduce NADP^ if the reductase is present. These 

results together with the existence of the above equilibrium provides a tentative scheme 

of FruP^ase inactivation in vivo in dark when the light has been turned off, electrons are 

transferred from thioredoxin to NADP"" via NADP^'-reductase. Thioredoxin becomes 

oxidized and then deactivates FruP^ase. Schuermann et al. (1981) isolated and purified 

three isomers of thioredoxin (mb, mc, f). Among these, FruP,ase is activated by thioredoxin 

f exclusively. 

Cseke et al. (1982) have discovered a new compound, fructose-2, 6-bisphosphate, 

in green leaves. FruP^ase is completely inhibited by this compound. 

Hutcheson and Buchanan (1983) identified FruP,ase from the crassulacean acid 

metabolism (CAM) plant. Kalanchoe daigremontiana, having a MW of 180,000 and 

exhibitd immunological cross-reactivity with their counterparts from chloroplasts of C, 

(spinach) and C^ (corn) plants. Kalanchoe FruP^ase could be activated by thioredoxin f, 

Mg^* at concentrations greater than 10 mM, however, such activation was considerably 

less than that observed in the presence of EDTA. These conformation change was fully 

reversible. Since illumination brought about a pH rise of chloroplastic stroma from 7.0 to 

8.0, the results suggested that light activation of FriiP,ase was at least in part due to a 

slow conformation change of this enzyme. 

Marques and Anderson (1985) studied the changing kinetic properties of FruP^ase 

from Pisum sativum chloroplasts during photosynthetic induction. After dark-light 

transitions, there was a delay in photosynthetic CO^-fixation by isolated pea chloroplasts 

in the range of some minutes. To assess the physiological significance of light modulation 

of enzyme activity in thecontrol of induction estimates were made of the kinetic parameters 

of FruP^ase immediately upon release from pea chloroplasts in the dark and after 
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illumination for various time periods. The Michaelis constant for fructose-1, 6-

bisphosphate decreased and maximal velocities increased during induction. Light activation 

of this enzyme might be one of the factors contributing to the overcoming of the lag 

period in photosynthetic COj-fixation. 

The activity of FruP^ase was assayed in the etiolated cotyledons of Brassica sp. 

after red light or far red light stimulation. There seemed to be a light senshivity phase in 

the course of germination as indicated by the response of leaves to light. During this 

phase red light stimulated the synthesis of FruP,ase. This effect of red light could be 

reversed by far red light. Therefore, the initiation of the synthesis of FruP,ase was mediated 

by phytochrome. The amount of enzyme synthesized was not concerned with the number 

of light quanta. Phytochrome is only involved in the initiation of the synthesis of FruP^ase, 

but whether the synthesis will proceed, it depends on many other factors like the availability 

of substrate, energy etc. (Wu etai, 1987). 

Huppa and Buchanan (1989) detected a chloroplast type FruP^ase from 

Chlamydomonas reinhardii. Unlike its counterpart from spinach chloroplasts, the 

unicellular algal FruP^ase showed a strict requirement for a dithiol reductant irrespective 

of Mĝ "̂  concentration. 

Sibley and Anderson (1989) observed that the light modulation of barley chloroplast 

FruPjase exhibited a complex response to leaf development status. Light stimulation of 

FruP^ase activity increased progressively during leaf development at pH 8.0. On the 

other hand, acid fructose-1, 6-bisphosphatase activity (at pH 6.0) was inhibited by light, 

and this light inhibition was greater in the base of the leaf than in the tip of the leaf. 

Metabolic Regulations of Fructose-1, 6-bisphosphatase in Microorganisms : 

The metabolic regulatory aspects of FruP^ase have been studied at length in several 

microbial, plant and animal systems. However, most of the investigations were made in 

microbial systems in connection with the gluconeogenic enzyme. 

The hydrolysis of gIucose-6-phosphate and fructose-1, 6-bisphosphate by their 



138 

respective enzymes present in the cell free preparation was significantly inhibited by cycle 

3'-5' AMP and 5'-AMP. Cyclic 2'-3'-AMP, 3'-AMP, d5"-AMP, 5'-UMP or 5'GMP could 

not prevent the hydrolysis of G-6-P and FruP^; but ATP, ADP and PP. did when used at 

10 mM concentration, d AMP, GTP CTP, UTP, orthophosphate and citrate were all 

inactive. Among all the nucleotides tested, only 5'-AMP was capable of inhibiting the 

hydrolysis of FruP^ by purified FruP^ase. The hydrolysis of FruP^ was inhibited by ATP, 

ADP and PP. when cell-free extract or high-speed supernatant fraction was used as the 

source of FruP^ase but not when purified FruP^ase was used instead (Sarkar, 1969). 

Fructose-1, 6-bisphosphatase was depressed in Saccharomyces cerevisiae by 

incubation in media containing non-sugar carbon sources. Addition of glucose to a 

derepressed culture led to a rapid loss of the measurable activity of the enzyme. Fructose 

and mannose also produced inactivation, but 2-deoxyglucose was ineffective. Experiments 

with cyclohexamide indicated that the inactivation did not require protein synthesis. It 

was also found that the process was not energy dependent. The reappearence of the 

enzyme was dependent on an energy source and was prevented by cyclohexamide. These 

results suggested (Gancedo, 1971) thatFruP^ase inactivation was irreversible and that 

reappearence of enzyme activity replied Je novo synthesis. Screening of different genera 

of yeast had shown that the inactivation of FruPjEse was a relatively widespread 

phenomenon. 

Van de Poll et al. (1974) isolated a mutant oiSccharomyces cerevisiae which did 

not grow on glucose, fructose, mannose, or sucrose; which had shown long-term 

adaptation to maltose, but which could grow normally on glactose, ethanol or glycerol. 

In the mutant, FruP^ase was not inactivated after the addition of glucose, fructose or 

mannose to the medium, resulting in the simultaneous presence of FruP^ase and 

phosphofructokinase (PFK) activity. Under these conditions, a cycle is probably catalyzed 

between FruP^ and F-6-P, resulting in the non-consumption of ATP and on immediate 

stop of protein synthesis. 

Roy and Bhattacharyya (1978) investigated the mode of synthesis and the regulation 

of FruP^ase and PFK in Saccharomyces cerevisiae after growth in presence of different 

concentrations of glucose of vairious gluconeogenic carbon sources. The activity of 
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FruP^ase appeared in the cells after the complete disappearance of glucose from the 

growth medium with a concomitant increase of the pH and no significant change in the 

levels of accumulated ethanol. The appearance of FruP^ase activity following glucose 

depletion was dependent upon the synthesis of protein. The FruP,ase and PFK were 

present in glucose -, ethanol-, glycerol-, lactate- or pyruvate- grown cells; the time of 

appearance and the levels of both these enzymes varied. The FruP^ase activity was always 

higehr in 1 % glucose grown cells than in cells grown in the presence of gluconeogenic 

carbon sources. Addition of glucose to an FmP,ase and PFK synthesizing culture resulted 

in a complete loss, followed by a reappearance, a FruP,ase activity and an initial increse, 

followed by a decrease, of PFK activity. In the presence of cyclohexamide the 

disappearance of glucose and the changes in the levels of FruP^ase and PFK were 

decreased significantly. Apparently S. cerevisiae exhibits a more efficient synthesis of 

FruP^ase after the exhaustion of glucose compared to the activity present in cells grown 

in the presence of exogenous gluconeogenic carbon sources. Two metabolically 

antagonistic enzymes, FruP^ase and PFK, are present during the transition phase, but 

not during the exponential phase of growth. Decay or inactivation of these enzymes in 

vivo may be dependent upon a glucose-induced protease activity. Roy and Bhattacharyya 

(1981) also suggested a transcriptional regulation of FruP,ase in S. cerevisiae mutant 

strain A364A blocked in the transport of nuclear RNA at nonpermissive temperature. 

The level of PFK was reduced more than 25-fold under condition of high citrate 

accumulation in an aconitase-less, glutamate-requiring mutant strain M0-1-9B. There 

was a rapid decrease in the levels of ATP and Frup^at the end of log phase of culture 

growth when both FruP^ase and PFK is present in the cells simultaneously. The changes 

in the levels of key glycolytic intermediates, but not the changes in ATP, during the 

simultaneous presence of these two enzymes, can be explained without involving any 

futile cycling. 

Tortora et al. (1981) have shown that the addition of glucose to glucose-

derepressed yeast {Saccharomyces cerevisiae) cells causes disappearance of 60% of 

the activity of FruP^ase within 3-5 minutes. Reversibility of thiscatabolic inactivation 

reaction in a glucose-free medium is independent onde novo protein synthesis. The pH 

-optima of FruP^ase activity in gelfiltrated crude extracts were 8.25 for the enzyme from 

depressed cells and s.s. for the enzyme from cells treated with glucose for 4 min. In 
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Studies with'H-leucine labeled glucose-derepressed cells the protein cross-reacting with 

antibodies against FruP^ase did not disappear within the first 10 min. after addition of 

glucose. The glucose-induced rapid inactivation of the enzyme is the result of a covalent 

modification which decreases the FruP,ase activity and changes the pH-activity profile 

of the enzyme but does not change its immunological reactivity to antibodies. The covalent 

modification renders the enzyme susceptible to proteinases and initiates its selective 

proteolysis. 

Moson et al. (1982) have studied the incorporation of '-P into yeast 

{Saccharomyces cerevisiae) FruPjase occurred after addition of glucose to a cell 

suspension incubated with (̂ ^P) orthophosphoric acid. The-̂ ^P counts were coincident 

with the enzyme band when immunoprecipitates were subjected to SDS disc gel 

electrophoresis. The incorporation of phosphate was associated with a decrease in enzyme 

activity. Approximately 1 mole of phosphate was incorporated per mole of enzyme. The 

phosphate is bound to the enzyme in a phosphoester linkage with a serine residue. Release 

of-''^P-accompanying enzyme reactivation occurred in vivo and in cell free extracts. 

Durwin et al. (1982) observed in their m vivo experiments that concomitant with 

the glucose-induced inactivation of yeast FruP^ase, a phosphorylation of serine residues 

of the enzyme occurs. The incorporation of FruP^ase dependent on ATP, Mĝ "̂  and cAMP 

was demonstrated in a cell-free yeast extract suggesting the existence of a cAMP-

dependent FruP^ase kinase. When glucose is added to the intact yeast cells within 30 

seconds, the cAMP concentration increases from 7 to 3 n mol per gram wet weight. This 

suggests that upon addition of glucose to yeast cell cAMP functions as mediating signal 

for the protein kinase catalyzed phosphorylation of FruP^ase. 

Yoahino and Murakami (1985) have shown the physiological role of the inhibition 

of AMP deaminase by Pi in yeast permeabilized cells. FruP^ase was inhibited a little by 

AMP, which was readily degraded by AMP deaminase under the in situ condition. The 

addition of R which showed no direct effect on FruP^ase, effectively enhanced the inhibition 

on the enzyme by AMP increased through the inhibition of AMP deaminase. P. activated 

PFK and inhibited AMP deaminase activity. The AMP deaminase reaction can act as a 

control system of FruP^ase activity and gluconeogenesis/glycolysis through the change in 
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the AMP level. P. may contribute to the stimulation of glycolysis through the inhibition of 

FruP^ase by the increase in AMP in addition to the direct activation of PFK. 

Purified FruP^ase from Saccharomyces cerevisiae was phosphorylated /// vitro by 

purified yeast cAMP-dependent protein kinase (Pohling and Holzer, 1985). Maximal 

phosphorylation as accompanied by an inactivation of the enzyme by about 60 in Vitro 

phosphorylation caused changes in the kinetic properties of FruP,ase : (i) the ratio R 

(Mg^V Mn-"") of the enzyme activities measured at 10 mM Mg-'" and 2 mM Mn-"", 

respectively, decreased from 2.6 to 1.2; (ii) the ratio R (pH 7.0/9.0) of the activities 

measured at pH 7.0 and pH 9.0, respectively, decreased from 0.62 to 0.38, indicating a 

shift of the pH optimum to the alkaline range. However, the activity of the enzyme for its 

inhibitors fructose-2, 6-bisphosphate (Fru2, 6-P^) and AMP, expressed as the 

concentration (requied for 50% inhibition), was not changed. One maximum amount of 

phosphate incorporated into FruP^ase was 0.6-0.75 mol/mol of the 40-K Da subunit. 

Serine was identified as the phosphate-lavelled amino acid. The initial rate of m vitro 

phosphorylation of FruP^ase, obtained with a maximally cAMP-activated protein kinase, 

increased when Fru-2, 6-P^ and AMP, both protein inhibitors of the enzyme, were added. 

As Fru-2, 6-P2 and AMP did not affect the phosphorylation of histone by cAMP-

dependent protein kinase, the inhibitors must bind to FruP^ase in such a way that the 

enzyme becomes a better substrate for phosphorylation. Nevertheless, Fru-2, 6-F^ and 

AMP did not increase the maximum amount of phosphate incorporated into FruP,ase 

beyond that observed in the presence of cAMP alone. 

Toyoda et al. (1987) observed that the addition of 6-D-glucose (final cone. 50 

mM) to a cell suspension oiSaccharomyces cerevisiae in stationary phase caused a 

rapid 3-fold increase in the concentration of cAMP, while a 2-fold increase of .cAMP 

was observed by the addition of alpha-D-glucose. Beta-D-glucose was also more effective 

than alpha-D-glucose in the inactivation of FruP^ase. It has also been confirmed that 

cAMP-dependent protein kinase is implicated in the inactivation of FruP^ase. 

Doris and Holzer (1987) isolated and purified a protein phosphatase to homogeneity 

from Saccharomyces cerevisiae using reactivation of phosphorylated FruP^ase as assay. 

Pohling and Holzer (1985) previously observed the phosphorylation of FruP^ase with 
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cyclic AMP-dependent protein kinase from yeast was accompanied by a 50% decrease 

in the catalytic activity. Then upon incubation with phosphorylated FruP^ase, the purified 

protein phosphatase (Doris and Holzer, 1987) not only reverses the 50% inactivation 

caused by phosphorylation, but also the previously ob.served change in the pH optimum 

and in the ratio of activity with Mĝ "" of Mn̂ "̂ . The newly identified phosphatase is strongly 

inhibited by Heparin and fluroide L-carnitine, orthophosphate, pyrophosphate and 

succinate inhibit to 50% at concentrations from 1 to 10 mM. 

Rettenhouse et al. (1987) immunopurified labelled FruP,ase from yeast 

(Saccharomyces cerevisiae) cells that had been incubated in the presence of ("P) 

orthophosphate. Tryptic peptides from labelled enzyme were mapped by HPLC (high 

performance liquid chromatography). Most of the radioactivity was found to be associated 

with the peptide Arg' through Arg '̂*, the same peptide which has been previously shown 

to be phosphorylated in vitro by cAMP-dependent protein kinase (Rittenhouse et al., 

1984). The amino acid sequence analysis suggests that phosphorylation occurs at the 

same site, ser". They have also determined the extent of phosphorylation at ser" of 

FruP^ase in yeast cultures grown under various nutritional conditions by measuring the 

relative amounts of phosphorus. Significant levels of phosphorylation of the enzyme were 

found in yeast cultures grown under gluconeogenic conditions that varied from 0.15 to 

0.50 mol of phosphate per mol of enzyme subunit. However, phosphate incorporation 

rapidly increased to greater than 0.8 mol after addition of glucose to these cultures. 

Schaeferer (3/. (1987) designed a nice set of experiments. Immunoblotting was 

used to study whether proteolytic degradation of FruP,ase in yeast cells during catabolic 

inactivation occur intra-or extravacuolafly. The 40K Da subunits of both the 

phosphorylated and nonphosphorylated FruP,ase are rapidly degraded by an extract 

from isolated vacuoles to a 32K Da intermediate which accumulates and is then slowly 

further degraded. However, in the intact cells, neither the 32K Da nor any other 

intermediate reacting with the FruP^ase antibodies is observed following glucose-induced 

degradation of the enzyme. These observations are explained as evidence against 

intravascular degradation of FruP^ase during proteolytic catabolic inactivation. 
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Hofmann and Polnisch (1990) have observed that there are about 12 proteins 

phosphorylated in the presence of cAMP or of a catalytic subunit of cAMP-dependent 

protein kinase in crude extracts of Candida maltosa. A strongly labelled protein spot 

occured in the position of FruP^ase both after electrophoresis of crude extracts incubated 

with cAMP and of a partially purified FruP.ase incubated with a catalytic subunit of 

cAMP-dependent protein kinase. No phosphorylation of the cytoplasmic malate 

dehydrogenase could be detected by them. From these results it concluded that c AMP-

dependent phosphorylation plays an important role in the catabolic inactivation of FruP^ase 

in Candida maltosa as has been reported from other popular species of yeast, i.e.. 

Saccharomyces cerevisiae. The inactivation of cytoplasmic FruP^ase was'also found to 

occur after addition of glucose to methanol-grown cells of yeast (Hofmann and Polnisch, 

1991). 

Purification and Characteristics of the Fructose-1, 6-bisphosphatase ( s ) : 

Fructose-1, 6-bisphosphatase (s) has been purified and extensively characterized 

from a considerable number of animal, plant and microbial systems which includes both 

iso-forms, either gluconeogenic or photosynthetic in relevant cases. However, the present 

review will be centred around the microbial and plant systems excluding the reports from 

various mammalian and non-mammalian animal systems. 

Fructose-1, 6-bisphosphatase was partially purified and some of its properties 

investigated from a hactenum, Acinetobacter iwojfi by Mukkada and Bell (1971). They 

have found that the enzyme is constitutive for the organism and its level are not affected 

by the different growth substrates used. Time study experiments showed no appreciable 

fluctuations during the different growth phases in any medium. The enzyme requires a 

divalent cation like Mĝ + or Mn̂ "̂ , has a high affinity for the substrate, is stimulated by 

low concentrations of EDTA, has a pH optimum in the alkaline range and is inhibited by 

high substrate concentrations. The presence of EDTA, has a pH optimum in the alkaline 

range and is inhibited by high substrate concentration. The presence of EDTA in the. 

reaction mixture causes a small shift in the pH optimum in different buffers. The enzyme 

is strongly inhibited by ATP, ITP and UTP and to lesser extents by ADP, IDP and citrate 

but is relatively insensitive to AMP. A lowering of pH results in some enhancement of 



144 

AMP inhibition. The treatment of the enzyme with ATP and citrate probably results in an 

alteration of the protein leading to reduced affinity for the substrate and consequently 

reduced activity. At moderate concentrations, the inhibition caused by ATP and citrate 

together is additive. 

Opheim and Bernlohr (1975) purified FruP^ase from the spore forming bacterium 

Bacillus licheniformis to about 8Q0-fold (with a 20% yield of activity) by a procedure 

that included (NH )̂ ^SO^ precipitation, precipitation by MnCl^ and alumina gel absorption. 

Catalysis of the enzyme in vitro was sepcific for fructose-1, 6-bisphosphate (K_̂^ of 

approximately 20uH) and proceeded optimally at pH 8.0-8.5. This enzyme was rapidly 

inactivated by incubation in the presence of AMP or in the absence of Mn-"̂ . The AMP-

inactivation was prevented by adding phosphoenolpyruvate to the incubation mixture. 

The enzyme was slowly inactivated when incubated in the presence of stabilizing 

concentrations of Mn̂ "̂  (5 nm) at protein concentrations of less than 8 mg of protein/ml. 

An additional system is produced during sprulation which specifically inactivates FruP^ase 

in vitro. This system, which in ultimately different from the AMP inactivating system, can 

be blocked by phosphoenolpyruvate. This FruP^ase is strongly inhibited by AMP, exhibiting 

a K. of approximately 5' pM. This inhibition could be completely overcome by 

phosphoenolypyruvate. Phosphoenolpyruvate was also an activator of the enzyme and 

exhibited a K^ of approximately 2' pM. This activation was prevented in a competitive 

manner by AMP, exhibiting a K. of approximately 5 pM. No other effector of FruP,ase 

was identified in a extensive search. Immunoprecipitation studies indicate that no new 

species of FruP^ase is produced during gluconeogenic growth or sporulation. The enzyme 

extracted from cells under a variety of physiological conditions exhibited a molecular 

weight of about 5 x 10̂  as determined by sucrose density centrifugation. 

Fujita end Freese (1979) have purified and characterized the same enzyme. 

Fructose-1, 6-bisphosphatase, from another species of Bacillus i.e., B. subtilis. This 

enzyme is a constitutive and was purified 1000-fold (30% yield) to 80% purity as judged 

by SDS-PAGE, where it exhibits a band corresponding to 72,000 daltons. It sediments 

at 155 in sucrose density gradients, indicating a MW of 380,000, but apparently very 

asymetric. Its activity is irreversibly inactivated in the absence of Mn^^. The enzyme 

specifically catalyzes dephosphorylation of FruP^ with a pH optimum of 8.0. It has 40-
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60% of full activity in the absence of phosphoenolpyruvate, 60 mM phosphoenol pyravate 

activates it maximally. High concentrations of monovalent cations also activate, NH^ being 

most effective. Inhibitors fall into two groups. Nucleoside monophosphates, 

phosphorylated co-enzymes and polynucleotides inhibit competitively with 

phosphoenolpyruvate. The inhibition by nucleoside di - and triphosphates, PP. and highly 

phosphorylated nucleotides is not competed by phosphoenolpyruvate but is partially 

overcome by FruP^. 

Shukun (1989) has partially purified chloroplastic FruP^ase from a marine green 

macro alga Bryosis corticulans by employing DEAE-cellulose and Sephadex G-200 

steps. This enzyme exhibits a MW of 162,000 and it is highly unstable. Stability cannot 

be maintained by adding 2-mercaptoethanol only, but the same can be retained by adding 

Mn̂ "̂  and glycerol in addition to 2-mercaptoethanol. 

Purified FruP^ase from the cyanobacterium, Syncchococcus leopoliensis, was S-

carboxymethylated and cleaved with trypsin. The resulting peptides were purified by 

reversed phase high performance liquid chromatography and amino acid sequence of six 

of the purified peptide was determined by gas phase microsequencing. The results revealed 

sequence homology with other Frup^ases. The obtained sequence data provide information 

required for the design of oligonucleotide hybridization probes to screen existing libraries 

of cyanobacterial proteins may yield important information with the respect of the 

endosymbiotic theory of mutation (Marcus ef al, 1989). 

Fructose-1, 6-bisphosphatase was purified from Candida utilis by Traniollo et al. 

(1971). The enzyme is a tetramer of MW 130,000. The enzyme is dependent upon the 

presence of divalent cation for its appreciable activity. The same enzyme as purified from 

Saccharomyces cerevisiae (Funayama et al, 1979) to homogeneity. A MW of 115,000 

was obtained by gel filtration. The enzyme appears to be a dimer with identical subunits. 

The apparent K^ for FruP^ of FruP^ase varies with the Mĝ "̂  concentration of the enzyme 

being 1 x lO"* M at 10 mM Mĝ "" and 1 x lO'̂  M at 2 mM Mg^+. Other phosphorylated 

compounds cannot significantly hydrolyzed by the'enzyme. An optimum pH of 8.0 is 

exhibited by the enzyme. This optimum is not changed by addition of EDTA. AMP inhibits 

the enzyme with a K. of 8.0 x 10"̂  M at 25°C. The inhibition is temperature dependent. 
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the value of K. increasing with raising temperature. 2 Deoxy AMP is also inhibitory with 

a K. value at 25''C of 1.6 x IQ-̂ M. 

Rittenhousee/fl/. (1984) have purified FruP^ase homSaccharomyces cerevisiae 

and the subunit MW of the enzyme has come to about 40,000. Complete 

immunoprecipitation of specific antibody suggests that there is only one FruP,ase isozyme 

in S. cerevisiae. The MW of the purified enzyme determined by size exclusion HPLC 

suggests that it has a tetrameric structure of Frup.ases from a broad phylogenetic groups. 

Fructose-1, 6-bisphosphatase from the yeast Kluyveromycesfragilis was found 

to have an apparent Mw of 155,000 and to be composed of 4 MW = 35,000 subunits. 

The extent and rate of phosphorylation of FruP^ by yeast cAMP-dependent protein kinase 

were dependent on FruP^ inhibitors, 5'-AMP and fructose-2, 6-bisphosphate. In the 

absence of the inhibitor, the enzyme was slowly phosphorylated with a maximum 

incorporation of 1 mol of phosphate/mol of enzyme. The estimated sedimentation co

efficient of FruPj was lowered by 5'-AMP from 3.2-5.7 while Fru-2, 6-P, increased the 

S value to 3.5. The presence of either FruP, or Fru-2,6-P, prevented the 5'-AMP lowering 

of S value (Toyoda and Jose, 1984). 

Bystrykh and Trotsenko (1988) isolated, purified and characterized FruP^ase from 

the methylotrophic yeast, Candida boidinii. The enzyme was found to be homogenous 

according to grdient PAGE data. The enzyme was a tetramer with a molecular mass of 

209 KD. The MW of subunits (46 KD) was determined by SDS-PAGE. Upon gel filtration 

on Sepharose CL-6B, the tetramer dissociated into di-mers with MW of 115 KD. The 

enzyme-was catalytically active only in the presence of Mg^*. K is 2.5 a 10 •* M at pH 

8.5, the pH optimum of activity was at pPJ 7.5-8.5. The pH stability change was at 5.8 -

6.6. 

Two enzymes capable of hydrolyzing FruP^ have been isolated from the foliose 

lichen Pletigera refescens. These enzymes can be separated using Sephadex G-100 and 

DEAE-Sephacryl chromatography. One enzyme has a pH optimum of 6.5 and a substrate 

affinity of 228 micromolar FruPj. This enzyme does not require MgCl^ for activity, and is 

inhibited by AMP. The second enzyme has a pH optimum of 9.0, with no activity below 
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pH 7.5. This enzyme responds sigmoidally to Mg^*, with half saturation concentration of 

2.0 millimolar MgCl^ and demonstrates hyperbolic kinetics for FruP^ (K̂ ^̂  = 39 

micromolar). The enzyme is activated by 20 mM dithiothreitol, is inhibited by AMP, but 

is not affected by Fructose-2, 6-bisphosphate. It is hypothesized that the letter enzyme 

is involved in the photosynthetic process, while the former enzyme is a nonspecific acid 

phosphatase (Brown and Kershaw, 1986). 

Lopez and Mayor (1974) have purified FruP^ase from spinach leaves by heating 

(30 min at 60°C), 'salting out' with (NH )̂ ^SO^ (between 30-70% of saturation), filtration 

through Sephadex G-lOO and G-200, fractionation on DEAE-52 cellulose and preparative 

electrophoresis on polyacrylaniide gel. Filtration through DEAE-cellulose led to the 

isolation of two active fractions (Fractions I and II) with very close MWs. By 

electrophoresis on acrylamide gel, both fractions gave two active fractions (Fractions la 

- lb and Ila - lib). The fractions with low electrophoretic migration rate lb and lib are 

stable in acid and neutral pH, have a MW between 90,000 and 110,000 and constitute 

the native form of the photosynthetic enzyme. The fractions of faster migration rate la-

Ila originate from the corresponding fractions lb and lib under alkaline conditions, show 

half the MW of the respective fractions, and behave as subunits of the original dimer 

form. 

Lazaro et al. (1975) have purified photosynthetic FruP2ase fractions I and II, from 

spinach leaves, show a similar amino acid composition, with the exception of a higher' 

glutamic acid content in the latter. In both fractions glutamic and aspartic acids are the 

main amino acids-. pH activity profiles of fractions I and II are similar, with optimum at 

8.65 - 8.70, both showing a high specificity for FruP^. These twd fractions are Mg^* -

dependent for activity, with an optimum concentration of 10 mM in standard conditions,. 

which shifts to 5 mM when Mg^V EDTA ratio is increased to 10, Mn^* and Cô + are 

slightly active EDTA enhance FruP^ase activity slightly, with an optimum at 4-8 mM. 

Cysteine has no activating effect, and acts as an inhibitor above 10 mM. Both I and II 

have an optimum substrate concentration of 4 mM and the substrate inhibits at 

concentrations above this value. Kinetic velocity curves are sigmoidal, with the concave 

mode located in the range of physiological substrate concentrations (Hill co-efficient 1.75 

for both). This suggests a strong regulatory role of FruP^. K^ values are 1.4 x lO-'M 
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(Fraction II). The highest activity rate occurs at 60''C in accordance with the high 

thermostability of both factors. 

Baier and Latzko (1975) have purified chloroplastic FruP^ase from spinach. There 

was no cytosolic enzyme activity. The plastidial fraction was confined in stroma and was 

light activated. 

Zimmermann (1976) developed a relatively straight forward procedure for the 

purification of chloroplastPruP^ase from spinach leaves to apparent homogeneity and 

with 80% yield. The MW of the enzyme was about 160,000. Chloroplast FruP^ase consists 

of four possibly identical subunits and at pH 8.0 easily dissociates into equal halves with 

lowered activity. Sigmoid saturation curves with Hill co-efficients 3.0-3.7 were obtained 

for FruP^ and Mg^*. Incubation of the enzyme with 20 mM dithiothreitol slowly altered 

the response to pH from no activity at pH 7.5 and full activity at pH 3.8 to equal activity 

at each of these pH values; at the same time the number of freely available sulfhydryl 

groups increased from 4 to 12 per molecule. These properties are considered in the 

context of the observed activation of this enzyme following illumination of chloroplasts. 

Rao and Modi (1976) detected FruP^ase from umipc Mangifera indica fruit and 

they.separated two components of the proteins by (NH^) ̂ SÔ ^ fractionation, one active 

at pH 6.0 (acidic FruP^ase) and other at pH 8.5 (alkaline FruP^ase). The alkaline enzyme 

had a lower K^ (0.15 x 10"̂ M) than the acidic components (1.7 x 10"' M) towards FruP, 

and the allosteric inhibitor AMP. It also showed greater heat stability and higher activation 

in the presence of EDTA as compared to acidic FruP^ase. Both components showed a 

higher activation with Mn^* ions than with Mĝ "̂  ions. 

Yovle and Huang (1976) observed the activity of FruP^ase in the fatty endosperm 

of Ricinus communis increased 25-fold during germination and then declined. The enzyme 

at its peak of development was partially purified. It had an optimal activity at neutral pH 

(7.8 to 8.0). The apparent K^ value for FruP^ was 8.8 x 10"̂ M. The activity as inhibited 

by AMP allosterically with an apparent K value of 2.2 x lO'̂ M. The enzyme hydrolyzed 

FruPj and not ribulose-l, 5-bisphos-phate orsedoheptuIose-l, 7-bisphosphate. Treatment 

of the partially purified enzyme with acid caused to an 80% decrease in activity. The 
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remaining activity was insensitive to AMP and had optimal activity at pH 6.7 and a high 

apparent K_̂  value (2.5x1 Q-'M) for FruP^. 

Zimmermann et al. (1978) have purified a cytoplasmic FruP^ase from spinach leaves 

to apparent homogeneity. The enzyme is a tetramer of MW about 130,000. At pH 7.5, 

the K_̂  for the substrate, Frup^, of the enzyme is specific. 

Saturation is achieved with lower concentrations at pH 8.0 than at pH 7.0. AMP 

and high concentration of FruP^ inhibit enzyme activity. (NH^) ^SO^ relieve the latter 

inhibition but is itself inhibitory when substrate concentrations are low. Acetylation studies 

have demonstrated that the AMP regulatory site is distinct from the catalytic site. They 

suggested that this cytoplasmic FruP^ase may contribute to the regulation of sucrose 

biosynthesis in plant leaves. 

Wu et al. (1979) purified chloroplast FruP^ase from spinach leaves by (NH^) jSO^ 

fractionation, Sephadex G-lOO chromatography and DEAE-cellulose chromatography. 

Treatment of the spinach leaves with liquid nitrogen prior to homogenization facilitated 

the subsequent process. The optimal pH for FruP^ase activity was 8-9 and the enzyme 

was most stable at pH 6.0, under which it could be stored over several months without 

appreciable loss of activity. Acrylamide disc electrophoresis of the final enzyme fraction 

showed only one essential band. The two forms of FruP^ase, purified spinach chloroplast 

FruP^ase and that in freshly ruptured spinach chloroplast, behaved differently in some of 

their kinetic properties. Their activities depend throughout on the concentrations of Mĝ "̂ , 

but the K_̂  (Mg^*) were quite different. The K^ (Mg^*) of the purified enzyme was about 

6.0 mM that of FruP^ase in freshly ruptured chloroplasts was about 1.0 mM, which 

corresponded to the concentration of Mg^* in the stroma of illuminated chjoroplasts. 

Mg^* concentration was a limiting factor for the activity of purified FruP^ase. And the 

amount of Mg^* in the reaction mixture was lowered, the K_̂  and V_̂ ^̂  were both greatly 

changed. The shortage of Mg^* could not be compensated by increasing the substrate 

concentration. The purified FruP^ase was completely inhibited by 15 u mol EDTA in the 

reaction mixture whereas the FruPjase in freshly ruptured chloroplasts was inhibited only 

70% by 30-45 u mol EDTA, which was 2 - to 3- fold of the concentration sufficient to 

inhibit completely the activity of the purified enzyme. The former was more stable. Its 
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activity did not decline even after incubation for over 2 hours. The FruP^ase activity was 

higher in chloroplasts ruptured in 0.2% triton X-100 then that ruptured in water. This 

phenomenon suggests that this enzyme in vivo might be some way associated, at least 

partly, with chloroplast lamellae. 

Spinach photosynthetic FruP,ase was purified to homogeneity by employing affinity 

chromatography technique also (Pla and Lopez, 1981). Here affinity chromatography 

was designed on mercaptoethylamino-sepharose. 

Bhoo and Hahm (1989) purified and characterized chloroplast FruP,ase from Pisum 

sativum leaves. The approximate MW of the monomer was 40,000 as determined by 

SDS-PAGE the enzyme was inactive at pH 7.9 while it was activated by dithiothreitol or 

more alkaline pH, indicating that the purified FruP^ase was originated from chloroplast. 

The enzyme saturation curves with FruP2 and Mĝ "̂  showed sigmoidal shapes with almost 

same Hill co-efficients suggesting that the enzyme is composed of multimers. The substrate 

concentration required for half maximum activity was 40 um which was a comparable 

value (80.|uM) for spinach chloroplast enzyme. 

Marcus and Harrsch (1990) have determined the amino acid sequence of spinach 

chloroplast FruP^ase subunit. Placement of the 358 residues in the polypeptide chain 

was based on automated Edman degradation of the intact protein and of peptides obtained 

by enzymatic or chemical cleavage. The sequence of spinach chloroplast FruP^ase shows 

clear homology to gluconeogenic (mammalian, yeast, and Escherichia coli) Frup^ases 

and 80% homology with the wheat chloroplast enzyme. The two chloroplast enzymes 

show near the middle of the stracture an unique sequence insert probably involved in 

light-dependent regulation of the chloroplast FruP^ase enzyme activity. The sequence 

insert contains two cysteins separated by only 4 amino acid residues, a characteristic 

feature of some enzymes containing redox-active cystoines. The recent X-ray 

crystallographic resolution has allowed the endorcement of the sequence. 

Recently {Khayat et al, 1993) Cytosolic fructose-1, 6-bisphosphatase (FBPase) 

was purified 472-fold from sugarbeet {Beta vulgaris L.) leaves by ammonium sulfate 

fractionation anion-exchange chromatography (DEAE-Sepharose), cation-exchange 
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chromatography (S-Sepharose), gel fitration (Sephachyl S-300), and hydrophobic 

interaction chromatography (Pheoyl Sepharose). The dissociated polypeptide (molecular 

mass of 37 KD) was used to generate polyclonal antibodies. Western blot analysis revealed 

a single band that was identified as the cytosolic FBPase. Enzyme activity and protein 

and transcript levels were measured under various light and dark conditions in growth 

chamber-grown plants. FBPase protein level remained unchanged during a diurnal cycle, 

but enzyme activity and transcript levels were highest and lowest at the end of the light 

and dark periods, respectively. Light-dependent increase in the enzyme activity and 

transcript level was gradual, occurring sevral hours after the onset of light. At the end of 

an extended dark period (48 h), FBPase activity was negligible, protein level was 

unchanged, and transcript level and declined (but considerable amounts of transcript 

reasin). Neither activity nor protein and transcript were detected in etiolated leaves. 

Nearly 24 h of continuous exposed to light was required before the FBPase protein and 

activity reached maximal levels. Unlike the chloroplastic FBPase, which is light activated 

(direct regulation) changes in the cytosolic FBPase activity and transcription appear to 

be light dependent in an indirect manner. The data provide first evidence on the course 

control of this enzyme via a light-dependent modulation of transcription and post-

translational modification. 
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2.3. AIMS AND OBJECTIVES OF THE PRESENT STUDY 

The biological as well as the economic importance of chayote (Sechium edule 

Sw.) which is often considered as a major vegetable crop of Darjeeling Hill areas has 

been discussed at length in the first part of this present dissertation. As the growth and 

development of a plant are principally under the control of phytohormones, enzymes 

etc., the studies made in the first part have been principally confined within the role of 

different plant growth regulators. In this second part, an attempt is made to analyse the 

role of some enzymes namely acid and alkaline phosphatases, L-/«w-inositol synthase 

and fructose-1, 6-bisphosphatase on growth and development of Sechium edule on 

consideration of the following facts. 

1. Acid and alkaline phosphatases are the very important non-specific hydrolases which 

can provide the system with free inorganic phosphate as well as free sugars, 

nucleotides, etc. 

2. L-m^'o-inositol-l-phosphate synthase is the principal enzyme of mjo-inositol 

metabolism. 

3. Fructose-1,6-bisphosphatase (particulate) is an unavoidable enzyme of Calvin cycle 

related to photosynthetic efficiency and crop productivity of a plant. 



i 
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2.4. MATERIALS AND METHODS 

2.4.1. Materials : 

The experimental plant Sec/i/M/n edule Sw. was collected freshly from different 

spots in and around Darjeeling. 

D-fructose-1, 6-bisphosphate (trisodiumsalt), D-fructose-6-phosphate (disodium 

salt), D-glucose-6-phosphate (Disodium salt), D-ribulose-1, 5-bisphosphate (tetrasodium 

salt), bovine serum albumin (BSA), Tris (hydroxymethyl) amino methane (Tris), beta-

nicotinamide adenine dinucleotide (beta NAD), DEAE-cellulose (D-8382) were obtained 

from Sigma Chemical Company, St. Louis, Missouri, U.S.A. 2-Mercaptoethanol and 

beta-glycerophosphate (disodium salt) were purchased from E. Merck, Germany. 

Ammonium molybdate was purchased from BDH, England. All other chemicals used were 

the analytical and guaranted grade available, purchased from E. Merck, BDH, Ranboxy 

and Loba Chemical Company, India. 

2.4.2. Methods : 

2.4.2.1. Isolation of Alkaline Phosphatase : 

In order to search for the activity of alkaline phosphatase in different plant parts of 

Sechium edule, the enzyme was isolated following the method outlined below : 

All preparations of the enzyme from different samples were carried out at 4°C. 

The different samples were collected freshly, washed with cold distilled water and 

homogenized with a mortar and pestle in two volumes of a buffer of 20 mM Tris-HCl (pH 

8.0) containing 0.2 mM 2-mercaptoethanol in presence of quartz sand. 

The crude homogenate was centrifuged at 5,000g for 15 minutes in a Remi R8C 

centrifuge. The pellet was discarded and the supernatant fraction was collected. 

The supernatant fraction was dialyzed against 500 volumes of the same buffer used for 

homogenization for 3 to 4 hours. 
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On completion of dialysis, the fraction which was recovered from the dialysis bag 

was used as the enzyme source. 

2.4.2.2. Assay Procedure for Alkaline Phosphatase : 

The colorimetric assay procedure devised by Banerjee and Adhikari (1986) was 

used to assay alkaline phosphatase activity. 

Enzyme Incubation: 

The incubation mixture contained, in a total volume of 1.0 ml, the following 

components : 50 mM Tris-HCl (pH 8.0), 2 mM 2-mercaptoethanol, 5 mM beta-, 

glycerophosphate and an appropriate protein aliquot (200-300 ug). The reaction was 

started by addition of substrate (beta-glycerophosphate) immediately after the enzyme 

with proper mixing. Duplicate tubes were run along with an appropriate blank (without 

enzyme) and a zero minute control in which 0.25 ml of 20% chilled trichloroacetic acid 

(TCA) was added prior to the addition of the substrate. The enzyme incubation was 

carried out for one hour at 37°C; After one hour, the reaction was terminated according 

to the procedure applied for zero minute control. The denatured proteins were precipitated 

out by low speed centrifugation and the resulted supernatant was collected from each 

tube. Thus, in an assay set, there were four tubes i.e. one blank, one zero minute control 

and two experimental tubes. Now, the quantity of inorganic phosphate released from the 

substrate by the enzymic action was estimated according to the following procedure. 

Estimation of Inorganic Phospliate : 

Inorganic phosphate was measured by the method of Chen ef al. (1956). Phosphate 

release was quantitative and an inorganic phosphate standard curve was used. Then the 

enzyme dependent release of inorganic phosphate was measured by substracting the zero 

minute value from the average value of the experimental sets. 

As one mole of beta-glycerophosphate contains one mole of inorganic phosphate, 

mole number of inorganic phosphate estimated was equal to the number of beta-

glycerophosphate hydrolyzed. 



155 

Estimation of Protein : 

' Protein was estimated by the method of Lowry et al. (1951 )with slight modifications 

using bovine serum albumin (BSA) as standard. 

Specific Activity of Allcaline Pliosptiatase : 

# 

Specific activity of alkaline phosphatase is defined as n mole inorganic phosphate 

(Pi) released per hour per milligram protein, i.e., nmol Pi released (mg protein)"' h ' . 

2.4.2.3. Isolation of Acid Phosphatase : 

In order to trace the activity of acid phosphatase in different plant parts oiSechium 

edule, the enzyme was isolated according to the following method. 

All steps for isolation of the enzyme from different samples were carried out at 0° 

to 10°C. 

The plant materials were collected freshly, thoroughly washed with chilled distilled 

water and then homogenized with a mortar and pestle in double volumes of a buffer of 20 

mM Na-acetate (pH 6.5) having 0.2 mM 2-mercaptoethanol with the help of washed 

sand. 

The crude homogenate was measured and centrifuged at 5,000g for 15 minutes in 

a Remi R-24 centrifuge. The pellet was discarded and the supernatant portion was 

collected. 

The 5 K supernatant fraction was dialyzed against 500 volumes of 20 mM Na-

acetate (pH 6.5) containing 0.2 mM 2-mercaptoethanol for 3 hours. On completion of 

dialysis, the dialyzed fraction was recovered from the dialysis bag and used as the enzyme 

source for the preliminary experiment. 
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2.4.2.4. Assay Procedure for Acid Phosphatase: Enzyme Incubation : 

The colorimetric assay procedure designed by Banerjee and Adhikari (1986) was 
! 

used to assay acid phosphatase activity. 

The enzyme incubation mixture contained, in a total volume of 1.0 ml, the following 

components : 50 mM Na-acetate (pH 6.0), 2 mM 2-mercaptoethanol, 5 mM beta-

glycerophosphate and an appropriate protein aliquot (200-300 ug). The reaction was 

started by addition of beta-glycerophosphate (substrate) immediately after the enzyme 

with proper mixing with the help of a cyclomixer (Remi). Duplicate tubes were run along 

with an appropriate blank (minus enzyme) and a zero minute control in which 0.25 ml of 

20% chilled trichloroacetic acid (TCA) was added before the addition of substrate. The 

enzyme incubation was carried out for one hour at 3TC After one hour of incubation the 

reaction was stopped following the procedure applied for zero minute control. The 

denatured proteins were separated out by low-speed centrifugation and the resultant 

supernatant was collected from each assay tube to respective larger test tubes. Therefore, 

in an assay set, there were four tubes, i.e., one blank, one zero minute control, and two 

duplicate experimental tubes. Later on, the quantity of inorganic phosphate released on 

hydrolysis from the substrate by the enzymic action was estimated according to the 

following procedure: 

Estimation of Inorganic Phosphate : 

Inorganic phosphate was estimated by the method of Chen gf a/. (1956). Phosphate 

release was quantitative and an inorganic phosphate standard curve was used. Then the 

enzyme dependent release of inorganic phosphate was calculated by subtracting the zero 

minute value from the average value of the experimental sets. 

As one mole of beta-glycerophosphate contains one mole of inorganic phosphate, 

mole number of inorganic phosphate estimated was equal to the number of beta-

glycerophosphate hydrolized. 
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Estimation of Protein : 

Protein content was colorimetrically determined by the method of Lowry et al. 

(1951) with slight modification using BSA as standard. ' 

Specific Activity of Acid Phosptiatase : 

Specific activity of acid phosphatase was calculated and defined as nanomole 

inorganic phosphate (Pi) released per hour per milligram protein, i.e., nmol Pi released/ 

hr/mg protein. 

2.4.2.5. Isolation of L-m^^o-Inositol'1-phosptiate synthase : 

In order to find out the activity of L-wyo-inositol-1-phosphate synthase in different 

plant parts ofSechium edule Sw., the enzyme was isolated following the method outlined 

below: 

All preparations of the enzyme from different samples were carried out at 4°C. 

The different samples were collected freshly, washed with chilled distilled water 

and homogenized with a mortar and pestle in two volumes of a buffer of 20 mM Tris-HCl 

(pH 7.0) containing 0.2 mM 2-mercaptoethanol in presence of quartz sand. 

The crude homogenate was centrifuged at 10,000g for 20 minutes in a Remi R-24 

centrifuge. The pellet was discarded and the supernatant fraction was collected. 

The supernatant fraction was dialyzed against 500 volumes of the same buffer used 

for homogenization for 3 to 4 hours. 

On completion of dialysis, the fraction which was recovered from the dialysis bag 

was used as the enzyme source. 
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2.4.2.6. Assay Procedure of mj'o-lnositol-l-phosphate synthase : 

The colorimetric assay procedure devised by Barnett et al. (1970) was used to 

assay L-m^^o-inositol-1-phosphate synthase activity with slight modification (Adhikarief 

al. 1987). 

Enzyme Incubation : 

The incubation mixture contained, in a total volume of 0.5 ml, the following 

components : 50 mM Tris-acetate (pH 7.5), 14 mM NH^Cl, 5 mM 2-mercaptoethanol, 

0.8 mM NAD, 5 mM D-glucose-6-phosphate and an appropriate protein aliquot (100-

250 ug). The reaction was started by addition of substrate immediately after the enzyme 

with proper mixing. Duplicte tubes were run along with an appropriate blank (without 

enzyme) and a zero minute control in which 0.2 ml of 20% chilled TCA was added prior 

to the addition of the enzyme. The enzymatic incubation was carried out for one hour at 

37°C. After one hour the reaction was terminated according to the procedure applied for 

zero minute control. Two such sets (Set I-periodate; Set II nonperiodate) were done 

simultaneously i.e. each had one blank, one zero minute control and two experimental 

tubes. 

The quantity of the enzymatic product was estimated by periodate oxidation followed 

by estimation of inorganic phosphate. 

Oxidation with Sodium Metaperiodate : 

• After completion of enzyme incubation, the resultant supernatant was subjected to 

a treatment with 0.7 ml of 0.2 M NalO. and incubated for one hour at 37°C. Then 1.4 ml 
4 

of 1 M Na^SOj (prepared immediately before use) was added to destroy excess NalO^ 

(in case of Set I). In Set II, instead of NalO^andNa^SOj, H^O was added to maintain 

the volume equal with Set I. Inorganic phosphate was liberated frommjo-inositol-1-

phosphate during oxidation while cleavage of glucose-6-phosphate was very much minimal 

(2m moles of Pi are released per mole of glucose-6-phosphate) which could be subtracted 

considering blank or zero minute control from the experimental value in Set I. Hydrolysis 
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of phosphate from glucose-6-phosphate by contaminating phosphatase (if any) was 

measured by subtracting blank or zero minute control from the experimental value in Set 

II. Product specific cleavage of inorganic phosphate was estimated by subtracting the 

corrected value of Set II from Set I. 

Estimation of Inorganic Pliosphate : 

Inorganic phosphate was measured by the method of Chen et al. (1956). As one 

mole of/7i>'o-inositoI-l-phosphate contains one mole of inorganic phosphate, mole number 

of inorganic phosphate(s) estimated was equal to the number of myo-inositol-1 -phosphate 

produced. 

Estimation of Protein : 

Protein was estimated by the method of Lowry ef a/. (1951) with slight modifications 

using bovine serum albumin (BSA) as standard. 

Specific Activity of L-/njo-inositoI-l-phosphate syntliase : 

Specific activity of L-mjo-inositol-l-phosphate synthase is defined as nano mole 

L-myo-inositol-1-phosphate (I-I-P) produced per hour per milligram protein, i.e., n mole 

I-I-P produced (mg protein)' h ' . 

2.4.2.7._Isolation of Fructose-1, 6-bisphosphatase from leaves of Sechium edule: 

In order to trace the basic activity of Fructose-1, 6-bisphosphatase (FruP^ase) in 

leaves from Sechium edule the enzyme was isolated according to the following method. 

All steps for isolation of the enzyme were carried out at 0° to 10°C. 

The plant materials were collected freshly (unless otherwise treated for some 

experiments), thoroughly washed with chilled distilled water and then homogenized with 

a mortar and pestle in double volumes of a buffer of 50 mM Tris-HCl (pH 7.0) having 

0.2 mM 2-mercaptoethanol with the help of washed sand. 
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The volume of the crude homogenate was measured and centrifuged at 10,000g for 

15 minutes in a Remi R-24 centrifuge (unless otherwise stated in some experiments). The 

pellet was discarded and the supernatant was collected. 

The 10 K supernatant was dialyzed against 500 volumes of 50 mM Tris-HCl (pH 

7.5.) containing 0.2 mM 2-mercaptoethanol for 2 hours in order to remove free 

contaminating inorganic phosphate and other small molecular weight contaminants. On 

completion of dialysis, the dialyzed fraction was recovered from the dialysis bag and 

would be used as the enzyme source for the preliminary experiments. 

2.4.2.8. Assay Procedure for Fructose-1, 6-bisphosphatase : 

Fructose-1, 6-bisphosphatase (FruP^ase, EC 3.1.3.11) was assayed according to 

the procedure of Biswas etal. (19SI). 

Enzyme Incubation: 

The standard incubation mixture contained 100 mM Tris-HCl buffer (pH 7.5), 5 

mM MgCl^, 0.2 mM fructose-1, 6-bisphosphate (FruP^), 0.1 mM EDTA, and an 

appropriate protein aliquot (200-250 ug) in a total volume of 1.0 ml. 0.2 mM of fructose-

6-phosphate (F-6-P) substituted.FruP^ in each set of assay which served as control 

against non-specific phosphatases. Zero minute controls for both FruP^ and F-6-P where 

the protein of the incubation mixture was denatured by 0.25 ml of 20% ice-cold 

trichloroacetic acid (TCA) prior to the addition of substrate served as double check 

against interferring inorganic phosphate (if any). In addition to these sets, an appropriate 

blank (minus enzyme) was also maintained. The enzyme incubation was carrid out for 

one hour at 37°C. After one hour of incubation, the reaction was terminated following 

the procedure applied for zero minute control. The denatured proteins were separated 

out by low-speed centrifugation and the resultant supernatant was collected from each 

assay tube to respective larger test tube. Therefore, in an assay set, there were six tubes, 

i.e., one blank, one zero minute control and one experimental tube for each set. Later on, 

the quantity of inorganic phosphate released on hydrolysis from the substrate(s) by the 

enzymic action was estimated according to the following procedure. 
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Estimation of Inorganic Pliosphate : 

Inorganic phosphate was estimated by the method of Chen etal. [1956). A reagent 

(3.0 ml), prepared by adding (immediately before use) 1 volume of 6N H,SO_,, 1 volume 

of 10% (w/v) ascorbic acid, 1 volume of 2.5% (w/v) ammonium molybdate and 2 volumes 

of H^O, was added to the deproteinized supernatants with an additional volume of H^O 

i.e., 1.25 ml of deproteinized supernatant and 3.0 ml Pi reagent plus 3.0 ml H^O; T.V. of 

7.25 ml. This mixture was subjected to incubate for one hour at 37"C. The blue colour 

was read at 660 nm in a Systronic-105 spectrophotometer. Phosphate release was 

quantitative and an inorganic phosphate standard curve was used. Then the FruP^ase 

dependent release of inorganic phosphate was calculated by subtracting the second 

corrected value (experimental tube zero minus tube of F-6-P set) from the first corrected 

value (experimental tube - zero minute tube of FruP^ set). 

As one mole of inorganic phosphate was hydrolyzed from one mole of FruP,, mole 

number of inorganic phosphate estimated was equal to the number of FruP^ hydrolyzed 

a tC-1 . 

Estimation of Protein: 

Protein content was colorimetrically determined by the method of Lowry et al. 

(1951) with slight modifications using BSA as standard. A reagent (Reagent-A: 0.9 ml); 

prepared by adding (immediately before use) 100 volumes of 2% Na,CO, in 0.4% NaOH, 

1 volume of 1% CuSO^ and 1 volume of 2% Na"̂ K"̂  tartrate; was added to the protein 

aliquots (0.25 ml) and incubated at room temperature for 15 minutes. After the first 

incubation, another reagent (Reagent-B: 0.1 ml); prepared by commercially available 

Folin-phenol reagent with double dilution, was added to the previously incubated tubes. 

The tubes were kept at room temperature for 30 minutes. On completion of the second 

incubation, 5.0 ml H^O was added to it (i.e. total volume = 6.0 ml), mixed thoroughly 

and the blue colour was read at 620 nm in a Systronics-105 spectrophotometer. 
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Specific Activity of Fructose-1, 6-bisphosphatase : 

Specific activity of fructose-1, 6-bisphosphatase was calculated and defined as 

nano mole inorganic phosphate (Pi) released per hour per milligram protein, i.e. n mol Pi 

released/hr/mg protein. 

2.4.2.9. Isolation of chloroplasts from leaves of Sechiuin edule: 

2.4.2.9.1. Isolation procedure of chloroplasts : 

Chloroplastids of Sechium edule were homogenized in a mortar and pestle with 

double volumes of 20 mM Tris-acetate (pH 7.0) containing 0.35 M sucrose, 10 mM 

MgCl,, 100 mM KCl, 1 mM 2-mercaptoethanol, 10 mM Na-ascorbate and 2.0 ml of 

chicken egg albumin. Homogenization was carried out in presence of equilibrated (in 20 

mM Tris-acetate, pH 7.0) sand. The crude homogenate was centriguged at 500g for 5 

minutes in a Remi R-8C centrifuge. The pellet containing the unbroken cells, nuclei, other 

debris and sand was discarded. The supernatant obtained after centrifugation at 500g 

for 5 minutes, was spun at 2,500g for 15 minutes in a Remi R-8C centrifuge. The resultant 

chloroplast pellet was washed at least two times with the homogenizing medium. The 

final pellet was collected as chloroplasts and kept at 0°C until use. 

2.4.2.9.2. Identification of the purity of the chloroplasts : 

The purity of the isolated chloroplasts from Sechium edule could not be checked 

either by transmission electron microscopy or by radio-active enzyme assay of the marker 

chloroplastidial enzyme, ribulose-1, 5-bisphosphate carboxylage (EC4.1.1.39) as this 

laboratory was not equipped with such kinds of sophisticated instrumental facilities. 

Therefore, the fundarhental identification of the isolated chloroplasts was made under 

light-microscopic observation where almost uniform green-coloured bead-like structures 

could be seen. And the chloroplasts were further identified and characterized by the 

ability of the preparation to carry out characteristic Hill reaction using dichlorophenol-

indophenol (DCIP) as the electron acceptor along with the determination of the total 

chlorophyll content from the same batch of isolated chloroplasts. Identical experiments 

were also made with the 500g pellet and with the 2,500g supernatant. 
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The productin of reducing equivalents by isolated chloroplasts (Hill reaction ) : 

The synthesis of carbohydrate from H^O and CO^ involves two stages, known as 

the light and dark reactions of photosynthsis. The light reaction takes place in the visible 

radiation, which is absorbed by the green pigment chlorophyll present in the chloroplasts. 

Electrons in the chlorophyll are raised to a high energy level and return to the initial state 

through a series of reactions. ATP is generated during this electron transport. At the 

same time, reducing equivalents in the form of NADPH + H'̂  are also generated and O, 

is evolved. 

The photolysis of H^O by isolated chloroplasts was first demonstrated by Hill and 

is often known as the Hill reaction. In this experiment, illuminated chloroplasts from 

Sechium edule are shown to produce reducing equivalents by including an artificial 

hydrogen acceptor, 2, 6-dichlorophenol-indophenol (DCIP) in the mixture. Reduction of 

the blue dye does not take place in the dark. 

The isolated chloroplasts were suspended with the 20 mM Tris-acetate (pH 7.0) 

buffer to a considerable volume and 0.1 ml of this suspension was added to 9.9 ml of the 

DCIP (0.1 mol./litre) solution. Three such sets were prepared. The initial O.D. of these 

three tubes were recorded at 520 nm in a Systronics-105 colorimeter. Then, one of 

these three tubes was kept in the dark for the period of the experiment. The second tube 

to which several crystals of sodium dithionite had been added to completely decolorize 

the blue dye. And the third tube was placed under illumination of a fluorescent light for 2 

hours. The final O.D. at 520 nm of these tubes were recorded after the stipulated 

experimental p'eriod. In an experimental set, in addition to these three tubes, another 

control (without chloroplast suspension) tube was also maintained. The mode of 

experimentation was identical where 500g pellet and 2,500g supernatant were used. 

Estimation of chlorophyll content: 

The total content of chlorophyll was determined by the method of Arnon (1949) to 

account for its quantity in isolated chloroplasts of Sechium edule and other experimental 

fractions of the same species. 
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10.0 ml of 80% (v/v) acetone was added to 1.0 ml of the isolated chloroplast 

suspension (and also to the other fractions under experimentation, separately), shaked 

thoroughly and filtered through a Whatman No. I filter paper into a volumetric flask. 

Rinsed out the test tube with a further 5 ml of aqueous acetone and used this to wash the 

filter paper. The washing was repeated once more, and made up to the 25 ml mark with 

80% (v/v) acetone. The extinction was read at 652 nm in a Systronics -105 colorimeter 

against a solvent blank. 

Chlorophyll concentration (mg/ml) = Extinction at 652 nm x 5.8. 

2.4.2.10. Partial Purification of Photosynthetic (Chlor- opiastidial) Eructose-1, 

6-bisphosphatase from Sechium edule : 

The isolated chloroplasts were washed with chilled 50 mM Tris-HCl (pH 7.0) buffer 

containing 0.2 mM 2-mercaptoethanol and the partial purification of Fructose-1, 6-

bisphosphatase from these isolated chloroplasts was done following the method outlined 

below : 

All steps were carried out at 0° to 10°C. 

1. Homogenate : 

Buffer-washed isolated chloroplasts obtained from 100 gms of Sechium edule leaves 

was homogenized with a mortar and pestle in 3-volumes of 50 mMTris-HCl (pH 7.0) 

buffer containing 0.2 mM 2-mercaptoethanol in presence of a little amount of washed 

sand. 

2. Low-speed supernatant: 

The crude pastidial homogenate was centrifuged at 10,000g for 20 minutes in a 

Remi R-24 centrifuge. The pellet was discarded and the supernatant fraction was 

recovered from the centrifuge tubes. 
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3. Precipitation witli Streptomycin Sulfate : 

In order to remove chloroplastic nucleic acids, the 10 K supernatant was subjected 

to a treatment with streptomycin sulfate powder in a final concentration of 1 % (w/v) with 

constnt stirring. It was kept at 0°C for 10 minutes under cold condition and then it was 

centrifuged at lO.OOOg for 20 minutes. The pellet was discarded. 

4. Fractionation with Ammonium sulfate : 

The supernatant obtained from the previous step was then made 0-80% saturated 

with (NH^)2S0^by adding requisite amount (51.6 gms. in 100 ml) of solid salt slowly 

with constant stirring (by using Remi magnetic stirrer). It was kept in an ice-bucket at 

0°C for 15 to 20 minutes and then centrifuged at 10,000g for 15 minutes. The pellet 

obtained from 0-80% saturated (NH^)2S04 fraction was dissolved in minimal volume of 

50 mM Tris-HCI (pH 7.5) buffer having 0.2 mM 2-mercaptoethanol and dialyzed for a 

considerable period against the same buffer (500 volumes) for complete removal of 

(NH^),SO_j. On completion of dialysis, the 0-80% (NH^)2S0^ fraction was recovered 

from the dialysis bag. 

5. Anion-excliange Column Chromatography with DEAE-cellulose : 

The dialyzed 0-80% (NH4)2SO^ fraction was adsorbed in considerable quantity of 

DEAE-cellulose (commercially available ion-exchanger was immensely washed with 0.5N 

HCl, 0.5N NaOH water etc. accordingly and then equilibrated with 50 mM Tris-HCI, 

pH 7.5, containing 0.2 mM 2-mercaptoethanol) taking collectively in a small beaker and 

kept for 2 to 3 hours under refrigeration. Thereafter this preparation was loaded onto a 

column carefully with the help of a 5 ml pipette (column size ; 7.5 x 1.2 cm) and the 

effluent was collected. After collection of the effluent the column was washed with 2-bed 

volumes by the same buffer. Lastly, the adsorbed proteins were eluted from the column 

with a linear gradient of 0.0 to 0.5 M KCl prepared in 50 mM Tris-HCI (pH 7.5) having 

0.2 mM 2-mercaptoethanol. Fractions of 1.5 ml were collected at a flow rate of 45 

minutes per tube. 15 such fractions were collected and assayed for FruP^ase activity. 
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6. Gel-filtration of Sephadex G-200 : 

The pool of active DEAE-cellulose fraction, obtained from the previous step, was 

loaded on top of a column (column size : 8 x 1.2 cm) of Sephadex G-200 (before this 

experimentation, commercially available Sephadex G-200 was soaked in 300 volumes 

of glass-distilled water and kept in a water bath at 70"-80"C for 5 to 6 hours for complete 

swelling of gel-beads. The excess water was then decanted and the column material was 

equilibrated with 50 mM Tris-HCl, pH 7.5, containing 0.2 mM 2-mercaptoethanol). After 

collection of the effluent, the column was eluted with the same buffer, used for equilibration. 

Fractions of 0.75 ml were collected with a flow rate of 30 minutes per tube and 15 such 

fractions were collected. Each fraction and also the effluent were assayed for the FruP^ase 

activity. Active fractions were pooled and marked as the exact preparation of the partially 

purified enzyme. 
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2.5. RESULTS 

2.5.1. Distribution and Profile of Acid Phosphatase Activity from the Plant Parts 

of Different Developmental Stages of Sechium edule . 

It is understood from the literature review (section 2.2.) that although the enzymatic 

hydrolysis of phosphomonoesters by non-specific acid phosphatase has been documented 

from a wide range of living organisms, there is almost no information regarding the 

hydrolyzing machinery of phosphomonoesters by acid phosphatase m Sechium edule at 

different developmented stages. At the onset of the work an attempt has been made in 

this respect. 

Using dialyzed low-speed supernatant as the enzyme source (section 2.4.2.3.), 

acid phosphatase was assayed (section 2.4.2.4.). The results presented in Figure 2.4. 

show that the enzyme is functional in all developmental stages of the experimental plant. 

However, remarkable enzymic activity was recorded in feeding root, vine of plant and 

mature leaf of the plant. 

2.5.2. Distribution and Profile of Alkaline Phosphatase Activity from the Plant 

Parts of Different Developmental Stages of Sechium edule. 
« 

Like acid phosphatase, alkaline phosphatase was assayed (section 2.4.2.2.) in 

Sechium edule at different developmental stages using dialyzed low-speed supernatant 

as the enzyme source (section 2.4.2.5). The results are depicted in Figure 2.5. It has 

been revealed from the same figure that this enzymic activity is maximum in the feeding 

root part of the plant, although as considerable titre of the enzymic activity can easily be 

detected in other plant parts too with a less extent. 

2.5.3. Distribution and Profile of L-myo-inositol-1-phosphate synthase Activity 

from the Plant Parts of Different Developmental Stages of Sechium edule. 

The principal enzyme, responsible for the metabolism of m^/o-inositol in connection 

with various cellular events, i.e., L-mjo-inositol-l-phosphate synthase was isolated 
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(section 4.2.2,5) and assayed (section 4.2.2.6) from different plant parts in Sechium 

edule using dialyzed low-speed supernatant as the enzyme source. The results of such 

experimetns are presented in Figure 2.6. It can be read from the same figure that this 

enzymic activity is principally confined within the female flower and underground tuberous 

root. However, a basal activity of this enzyme is existing even in the male flower and in 

the mature fruit. 

2.5.4. L-znj'o-inositol-l-phosphate Synthase Activity from the Germinating Seeds 

of Sechium edule. 

It can be recalled from the previous experiment that there is a basal activity of L-

m}'o-inositol-1-phosphate synthase in the mature fruit which casts the possibility of it's 

function during seed germination of this experimental plant. 

In order to establish the realistic status of this probability, L-7?zyo-inositol-l-

phosphate synthase was isolated (section 4.2.2.5) and assayed (section 4.2.2.6) from 

plant samples of different germination hours viz. 0-h, 24-h, 48-h, 72-h, 96-h and 120-h. 

The results are presented in Figure 2.7. From this figure it is evident that this enzyme 

operates maximally at 72-h stage of germination. Sharp decline in catalytic activity was 

recorded either before or after 72-h stages of germination. 

2.5.5.L-/njo-inositol-l-phosphate Synthase Activity from the Seeds During 

Maturation from Sechium edule. 

Phytic acid (Câ "", Mĝ "" salt of m}'o-inositol hexaphosphate) is considered as the 

principal storage phosphate in seeds. It is evident from the "Inositol phosphate cycle" or 

"Biswas cycle" (De and Biswas, 1979) that the synthesis and metabolic utilization of this 

mjo-inositol hexaphosphate is possible through the successive operation of some enzymes 

namely myo-inositol-1-phosphate synthase, phosphoinositol kinase, IP^-ADP-

phosphotransferase, phytase and /M}'o-inositol-l-phosphate dehydrogenase during 

maturation followed by germination of seeds where the first enzyme is the principal rate 

regulating one during maturation of seeds in the metabolic cycle. Therefore, an attempt 

has been made to look after the profile of this enzyme (MIP synthase) during maturation 

of Sechium edule seeds. 
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L-mjo-inositoI-1-phosphate synthase was isolated (section 4.2.2.5) and assayed 

(section 4.2.2.6) at the interval of 4-days i.e. 0-d, 4-d,. 8-d, 12-d, 16-d and 24-d 

respectively from the flowering or fruiting stages with the inception of bud/fruit. 

Results of such experiments are depicted in Figure 2.8. It is evident that this enzyme 

operates maximally at 12-d stage of seed maturation. Sharp decline in enzymic activity 

was recorded either before or after 12-d stages of seed maturation. 

2.5.6. Detection of Fructose-1, 6-bisphosphatase Activity in the Leaves of Sechium 

edule. 

It will be apparent from the foregoing literature review that although enzymatic 

hydrolysis of fructose-1,6-bisphosphatase in connection with the photosynthetic function 

(during operation of the Calvin cycle), by the specific phosphohydrolase, fructose-1, 6-

bisphosphatase has been documented among varied members of the plant kingdom ranging 

from unicellular algae to angiosperms, detection of this enzymic activity as one of the 

important criteria of photosynthetic efficiency becomes obligatory while some one is 

interested to look after this in a specific plant grown under certain environmental condition. 

This is exactly what has been aimed at the onset of the experimental work with Sechium 

edule. 

Using dialyzed homogenate and low-speed supernatant separately from the leaves 

as a whole (section 2.4.2.7) and also from the isolated chloroplasts (section 2.4.2.9), 

the activity of FruP^ase was screened following the method as described in section 2.4.2.8. 

Table 2.1. depicts the results of such a survey. As evident from Table 2.1., the 

activity of FruP,ase was appreciable in both the sources. In case of the whole leaves, the 

specific activity of the homogenate fraction (total extract of leaves) was comparatively 

higher than the low-speed supernatant fraction (total cell-free extract of leaves) obtained 

from the same source. In contrast, greater FruP^ase activity was recorded in low-speed 

supernatant (total soluble extract of chloroplasts) fraction than the homogenate fraction 

(total extract of chloroplasts) while isolation followed by FruP,ase assay were confined 

on chloroplasts only as the source. 
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Table 2.1. Fructose-1, 6-bisphosphatase activity in juvenile leaves of Sechium 

edule. Specific activity defined as n mole P. released per hour per milligram protein 

Enzyme source Total protein Specific 

extracted activity 

Total extracts of leaves 1.874 (mg/g. fresh weight) 240.20 

Total cell-free extract of leaves 1.215 (mg/g fresh weight) 163.98 

Total extract of chioroplasts 0.762 (mg/ml chloroplast) 316.26 

Total soluble extract of 0.554 (mg/ml chloroplast) 384.25 

chioroplasts 

2.5.7. Identification of Isolated Chioroplasts from the Leaves of Sechium edule. 

As it had been revealed from the fundamental results of section 2.5.6. about the 

higher FruP^ase activity in homogenate fraction of the total leaves along with the evidence 

of lower FruP^ase activity in homogenate fraction of the isolated chioroplasts than its 

subsequent low-speed supernatant fraction. 

In a series of experiments the Hill activity was separately carried out with the isolated 

chloroplast suspension, suspension of 500g pellet and 2,500g supernatant, in order to 

find out the reality of major confinement of such activity in isolated chioroplasts only. 

Such experimental results are depicted in Table 2.2. Table 2.2. also shows the total 

content of chlorophyll which has been expressed in terms of milligram chlorophyll per 

gram fresh weight of leaves and also in terms of milligram chlorophyll per 0.1 ml suspension 

of the experimental fraction(s). 

A clear assessment can be made from Table 2.2. that notable Hill activity is only 

confined to isolated chloroplast preparation as evident from the reduction in dye colour 
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under illuminated condition only. However, the other two fractions (the suspension of 

500g pellet and the 2,500g supernatant) also exhibit a little amount of Hill activity which 

may be contributed by some phastidial green pigments during processing of isolation as 

contaminant an expected idea regarding the probable existance of a membrane - bound 

FruP^ase or more likely the occurrence of the chloroplastic FruP,ase in connexion with 

the photosynthetic function could be anticipated. Therefore, the identification of the isolated 

organelles as chloroplastswas launched. 

The purity of the preparation (isolated chloroplasts) was tested only on the basis of 

a fundamental observation under the compound light microscope. A homogenous mass 

of green - coloured bead-like strucures was found there (data not shown). In addition to 

it, the sanctity of identification of this preparation was principally relied on the efficiency 

of the preparation to carry out the characteristic Hill reaction along with the estimation of 

the total chlorophyll content from the same batch of isolated chloroplasts as described in 

section 2.4.2.9.2. 

The variation in degree of the total chlorophyll content in all experimental fractions 

does not protest the aim of such experiment. Therefore, the Hill activity and the total 

chlorophyll content of a specific fraction is directly proportional. 

2.5.8. Partial Purification of Photosynthetic Fructose-l, 6-bisphosphatase from 

the Isolated Chloroplasts of Sechium edule. 

Partial purification of photosynthetic Fructose-1, 6-bisphosphatase was made from 

the isolated chloroplasts of 5ec/j/M»i edule by the methods as described in section 2.4.2.10. 

Table 2.3 shows the outlines of the purification. As apparent, the enzyme could 

only be purified to about 16-fold over the homogenate. The yield or recovery of the 

enzyme based on total activity was about 15%, although based on protent content it was 

found to be 0.92% only. During the purification of Sechium edule photosynthetic FruP^ase, 

it has been revealed that the enzymic activity increases almost consistantly. 



Table - 2.2. Demonstration of Hill activity and the total content of chlorophylls in isolated chloroplasts, 500g pellet-suspension and 2,500g supernatant 
fractions of Schium edule. 

Fraction 

Isolated 
chloroplast 
suspension 

500g 
Pellet-

suspension 

2.500g 
Supernatant 

Tube 
No. 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

DCIP 
Solution 
(ml) 

9.9 
9.9 
9.9 
9.9 

9.9 
9.9 
9.9 
9.9 

9.9 
9.9 
9.9 
9.9 

Suspension 
of the 
expri mental 
fraction (ml) 

0.0 
O.I 
0.1 
0.1 

0.0 
0.1 
0.1 
0.1 

0.0 
0.1 
0.1 
0.1 

H2O 
(ml) 

0.1 
0.0 
0.0 
0.0 

0.1 
0.0 
0.0 
0.0 

O.I 
0.0 
0.0 
0.0 

Na-dithionite 
crystals 

-
-
-
+ 

. 
-
-
+ 

-
-
-
+ 

Experimental 
condition 

Light 
Dark 
Light 
Light 

Light 
Dark 
Light 
Light 

Light 
Dark 
Light 
Light 

Initial 
O.D. 
(520nm) 

0.54 
0.68 
0.71 
0.11 

0.52 
0.81 
0.80 
0.10 

0.55 
0.61 
0.64 
0.08 

Final 
O.D. 
(520nm) 

0.55 
0.64 
0.46 
0.10 

0.50 
0.76 
0.72 
0.14 

0.55 
0.58 
0.58 
0.10 

O.D. 
(520) 

0.00 
0.04 
0.25 
0.00 

0.02 
0.05 
0.08 
0.02 

0.00 
0.03 
0.06 
0.00 

Total chlorophyll 
content 

(mg) chl. 
0.1 ml 
.suspension) 

0.263 

0.067 

0.026 

(mg chl 
./gmf.w. 

2.63 

0.67 

0.26 
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Table 2.3. Partial purification of photosynthetic (chloroplastidial Fructose-1, 6-

bisphosphatase)froni isolated chloroplasts ofSechium edule 

Purification Total Protein Total Specific Total Yield Fold 

steps volume concen- protein activity activity C f̂) purifica-

(ml) tration (mg) (n mole P̂  (n mole P. tion 

(mg/ml) released/ released/ 

hr./mg hr.) 

protein) 

l.Homogenate 16.50 0.204 3.366 328.42 1105.46 100.00 1.00 

2. lOK supernatant 13.45 0.183 2.461 364.50 897.03 81.14 1.10 

3. Streptomycin 12.80 0.167 2.137 358.64 766.41 69.33 1.09 

sulfate fraction 

4.0-80% (NH^),SO^ 5.0 0.370 1.850 388.93 719.52 65.09 1.18 

fraction 

5. DEAE-cellulose 6.0 0.021 0.126 3111.44 392.04 35.46 9.47 

fraction 

6. Sephadex G-200 2.25 0.014 0.031 5247.34 162.66 14.71 15.97 

fraction 

The table represents a typical partial purification obtained from isolated chloroplasts 

(4.5 ml) of Sechium edule leaves (100 g). 

2.5.9.Fundamental Characteristics of Photosynthetic Fructose-1,6-bisphosphatase 

from Sechium edule : 

The active Sephadex CJ-200 fractions were pooled together and used for enzymatic 

characterization. 
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2.5.9.1. Stability : 

The chloroplastidial form of FruP^ase obtained fromSechium edule is appreciably 

stable in its catalytic activity. Stability varies with the enzyme preparation at different 

stages of purification. While the 10 K supernatant remains active for 10 to 15 days or so 

when stored at CC, the Sephadex G-200 fractions are found to be stable with insignificant 

loss of activity only upto 7 to 8 days. However, repeated freezing and thawing causes 

loss of activity. Addition of an enzyme stabilizer, 2-mercaptoethanol, clearly increases 

the stability of the enzyme. 

2.5.9.2. Requirements for Photosynthetic Fructose-l, 6-bisphosphatase of 

Sechium edule : 

Photosynthetic Sechium edule FruP^ase when assayed in presence of 100 mM 

Tris-HCl buffer (pH 7.5), 5 mM MgCl^, 0.2 mM FruP^, 0.1 mM EDTA and an appropriate 

protein aliquot referred to as the complete set recorded optimal activity (Table 2.4). In 

absence of the substrate (FruP^), no enzymatic activity was detected. About 50% of the 

activity was lost when the alkaline buffer was ommitted from the complete reaction 

mixture. Ommission of Mg"^ reduced the activity to about 24%. Lack of EDTA, in vitro, 

at a very low concentration (0.1 mM) was responsible for about 16% retardation in 

FruP^ase activity. No enzymic activity was recorded when a heat-killed enzyme replaced 

the active one (Table 2.4). 

Table 2.4.Requirement of Sechium edule photosynthetic Fructose- l , 6-

bisphosphatase activity. 

Assay 

Condition 

1. Complete set 

2. Minus FruP^ 

3. Minus buffer 

4. Minus MgCl^ 

5. Minus EDTA 

6. Heat killed enzyme 

Specific activity (n mole P. 

released/hr./mg protein) 

4936.52 

0.00 

2541.25 

3773.88 

4165.20 

0.00 

Percent 

activity 

100.00 

0.00 

51.47 

76.44 

84.37 

0.00 
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2.5.9.3. Effect of protein concentrations : 

Using increasing concentrations of particulate enzyme protein (27 to 216 ug), 

FruP^ase assay was carried out under optimal conditions as described in section 2.4.2.8. 

The results are presented in Figure 2.9. As evident, the enzyme activity increases linearly 

with respect to protein concentration of about 135 ug (Figure 2.9). 

2.5.9.4. Progress of enzymic reaction with time : 

Chloroplastic5ec/i/Mnie<iM/e Fructose-1, 6-bisphosphatase incubation was carried 

out for different time period under optimal assay conditions. It is observed that the 

biochemical reaction proceeds linearly with time up to 90 minutes (Figure 2.10). 

2.5.9.5. Temperature sensitivity: 

In order to find out the relative enzyme activity as a function of incubation 

temperature, the particulate form of the enzyme, FruP^ase, obtained from Sechium edule 

was incubated separately for one hour at temperature between the range of 0°C to 60°C 

at an interval of 10°C in presence of standard assay mixture. Results presented in Figure 

2.11 show that the activity of the photosynthetic FruP^ase was insignificant respectively 

at 0°C and 60°C - the two extremes. However, the enzyme was significantly active between 

the temperature range of 20PC to 40''C with a temperature optima at 30°C (Figure 2.11). 

2.5.9.6 Substrate specificity : 

The partially purified 5ec/»Mm edule photosynthetic FruP^ase has been found to 

specifically utilize D-fructose-1, 6-bisphosphate as the substrate for the production of 

D-fructose-6-phosphate and inorganic phosphate. Enzyme assay was carried out 

according to the procedure described in section 2.4.2.8. i.e., in all experimental sets the 

value of D-fructose-6-phosphate hydrolysis (if any by the presence of concomitant non

specific phosphatase) was corrected as control. In this experiment, among the other 

phosphate-esters of sugars, either pentose, hexose or triose, used in place of D-fructose-

1, 6-bisphosphate and at the same concentration, all were insignificantly effective as 

substrate for the photosynthetic FruP^ase (Table 2.5). 
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Table 2.5. Substrate specificity of photosyntlietic SecA/um edule Fructose-1, 6-

bisphosphatase activity 

Substrate Concentration Specific activity Percent 

(mM) (n mole P. released/ activity 

hr./mg protein) 

D-fructose-1, 

6-bisphosphate 

0.2 5043.50 100.00 

D-ribulose-1, 

5-bisphosphate 

0.2 103.67 2.05 

D-glucose-6-phosphate 0.2 45.18 0.89 

beta-glycero-phosphate 0.2 62.73 1.24 

2.5.9.7. Effect of substrate concentration on chloroplastidial form of Sechium 

edule Fructose-1, 6-bisphosphatase activity and determination of K_̂  and V̂ ^̂  

values : 

Between a concentration range of 0.0 to 1.0 mM of D-fructose-1, 6-bisphosphate 

(along with the control sets of identical concentrations of D-fructose-6-phosphate for 

correction of nonspecific phosphatase activity, if any), the activity of partially purified 

(active Sephadex G-200 fraction) chloroplasticSecftiwrn edule FruP^ase was found to 

increase with respect to FruP^ concentration up to 0.25 mM. Thereafter, the enzymic 

activity remained more or less unchanged up to 0.45 mM. However, the enzyme activity 

was considerably decreased at higher concentrations of FruP, (Figure 2.12). 

The apparent K^ for D-fructose-1, 6-bisphosphate of chloroplastic Sechium edule 

was calculated to be approximately 1.11 x 10'' M in accordance with the kinetic equation 

of Michaelis-Menton. The apparent V̂ ^̂  value was calculated as 57.6 x 10-*M under 

experimental condition. 
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2.5.9.8. Photosynthetic Fructose-1,6-bisphosphatase activity as function of pH : 

The activity of chloroplastidial form of Sechium edule FruP,ase was remarkably 

influenced by the pH variation even when the partially purified enzyme preparation has 

been used. This was determined under standard assay condition by using 100 mM Tris-

HCl buffer between the pH range 6.0 to 9.5 at an pH interval of 0.5.. 

From the results depicted in Figure 2.13 it is evident that the chloroplastic enzyme 

operates maximally at an alkaline pH range between 7.5 to 9.0, having an optima at pH 

8.0. Sharp decline in catalytic activity was recorded either below pH 7.5 or above pH 

9.0 (Figure 2.13). 

2.5.9.9. Effect of Monovalent Cations : 

The activity of partially purified chloroplstidial form of FruP^ase isolated from 

Sechium edule was not remarkable dependent upon addition of any monovalent cation 

tested at least up to 5 mM concentration. The enzyme activity as assayed in presence of 

three monovalent cations namely potassium, sodium and ammonium separately along with 

a control set. In this experiment, MgCl^, one of the ingredients of the standard assay 

mixture was eliminated during enzymic incubation. 

Using 5 mM concentration of these salts (with chloride anion), FruP2ase activity 

exhibited minor variations. Among these three, NH/ was partly inhibitory on this enzyme. 

The results are presented in Table 2.6. 

2.5.9.10. Effect of Divalent Cations and Heavy metals : 

Effect of some divalent cations and heavy metals were studied using 5 mM 

concentration of chloride salts of Mg"^, Mn+*, Ca+"̂ , Fe""*, Xn**, Cu"""̂  and Hg"̂ *. Partially 

purified chloroplastic form of Sechium edule FruP^ase was incubated in presence of 5 

mM concentration of individual divalent cations/heavy metals as mentioned, to the usual 

assay mixture components, keeping one control set without adding any divalent cation 

even the MgCl^ as one of the assay ingredients. 
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Table 2.6. Effect of Monovalent cations on Chloroplastidial form of Fructose-1, 

6-bisphosphatase activity obtained from Sechium edule. 

Cation 

Control 

Na^ 

K* 

N H / 
4 

Concentration 

(mM) 

0 

5 

5 

5 

Specific activity 

(n mole P. released/ 

hr./mg protein) ' 

4732.15 

4381.05 

4885.00 

3962.23 

Percent 

activity 

100.00 

92.58 

103.23 

83.73 

Table 2.7. Effect of Divalent cations and Heavy metals on Chloroplastidial form 

of Fructose-1, 6-bisphosphatase activity obtained from Sechium edule. 

Cation 

Control 

N g -

Mn^ 

Ca^ 

Fe^ 

Zn-*̂  

Cu^ 

Hg-

Concentration 

(mM) 

0 

5 

5 

5 

5 

5 

5 

5 

Specific activity 

(n mole P. released/ 

hr./mg protein) 

4732.15 

. 5402.50 

4816.27 

4864.92 

4566.50 

4109.00 

3450.73 

2813.46 

Percent 

activity 

100.00 

114.16 

101.77 

102.80 

96.49 

86.83 

72.92 

59.45 

Results presented in Table 2.7. exhibit different effects of divalent cations or heavy 

metals. Mn"̂ , Ca"̂ , Fe"̂  exhibited no significant effect on the enzymatic activity. However, 

Mg-̂  was a stimulator. Heavy metals had shown variable degrees of inhibition in enzymic 
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activity. Among these, Hg"̂ "̂  could be considered as the most powerful inhibitor (Table 

2.7.). 

2.5.9.11 Effect of EDTA : 

Chelating agent like ethylenediaminetetraacetic acid (EDTA) had a very significant 

role on chloroplastic form of Sechium edule FruP^ase activity. 

When tried between a concentration range of 0 to 100 mM, EDTA had a very 

significant role of inhibition on enzymic activity in a concentration dependent manner 

(Figure 2.14). 

2.5.10. Identification of chloroplastic Fructose-l, 6-bisphosphatase as a 

photosynthetic enzyme in Sechium edule : 

In plant systems, two types of FruP^ase, one with gluconeogenic function (confined 

in cytosol) and the other is associated with photosynthetic carbon assimilation process 

(confined in chloroplast) have been reported (Scalar? a/., 1968; Buchanan era/., 1967; 

Bianchetti and Satirana, 1967). It has been revealed from the results of Section 5.1. that 

the activity is appreciable in leaves of Sechium edule with higher titre in the homogenate 

fraction than the low-speed supernatant fraction while the total leaf-preparation is 

concerned, in contrast, notable greater FruP^ase activity is recorded in the low-speed 

supernatant than the homogenate, just opposite, while the enzyme has been experimented 

only from the isolated chloroplasts of the same plant leaves. From this observation, the 

existence of a membrane bound FruP^ase can be anticipated easily in relation with the 

photosynthetic function. However, conclusive identification of this enzyme as 

photosynthetic one has become essential. According to earlier reports (Buchanan, 1980; 

Lara et al., 1980), photosynthetic FruP^ase activity is enhanced by illumination, a 

condition without any effect on the gluconeogenic FruP^ase. Again, another condition, 

gluconeogenic FruP^ase activity is repressed by additional concentration of glucose which 

has no such significant effect on photosynthetic enzyme, established earlier by Bianchetti 

and Satirana (1967) etc. Thus, with these information as working hypotheses in our hand, 

attempts have been made to identify the plastidial enzyme with respect to its actual function 
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by exploiting two probes viz. using light/dark or dark growth conditions and by treatment 

of the plants with externally administered glucose. 

2.5.10.1. Plastidial Fructose-l, 6-bisphosphatase activity of Sechium edule : 

Effect of alternate light/dark and dark growth conditions. 

Two freshly collected 23-day old seedlings of Sechium edule were washed with 

distilled water thoroughly and then separately placed these in two conical flasks containing 

distilled water. One of these experimental sets was kept in presence of alternate light/ 

dark period of about 12 hours each (Temperature : 15-18°C). Sufficient fluorescent light 

was used to maintain the light period. The second experimental set was kept under 

continuous darkness (Temperature : 15-18°C). This treatment was done for 7 days. 

After 7 days of treatment, plastids were isolated separately from the green leaves 

(plants grown under alternate light/dark condition) and also from the etiolated (plants 

grown under complete darkness) leaves of the respective plants according to the 

procedure as described in section 2.4.2.9.2. Using dialyzed low-speed supernatant 

fractions of the respective plastids, FruP^ase assay was carried out according to the 

procedure described in section 2.4.2.8. The results are depicted in Table 2.8. It is observed 

that the FruP^ase activity in plastids isolated from the leaves of dark grown plant is 

remarkably inhibited in comparison to the plastids isolated from the leaves of plant which 

has been grown under alternate light/dark condition. 

Table 2.8. Chloroplastic Fructose-l, 6-bisphosphatase activity from Sechium edule 

grown under alternate light/dark and continuous dark conditions. 

Source of plastids Growth conditions Specific activity (n mole P. 

released/hr./mg protein) 

Leaves of 30-day old Alternate light/dark 294.58 

seedling (12 hours each) for 7 days 

Leaves of 30-day old Continuous darkness for 7 days 117.92 

seedling 
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2.5.10.2. Plastidial Fructose-1, 6-bisphosphatase activity of Sechium edule : 

Effect of externally administered glucose. 

Freshly collected 23-day old seedlings of Sechium edule were washed thoroughly 

with distilled water and then placed in three different conical flasks in presence of solutions 

containing 0.0% (control), 2.5% and 5.0% glucose. The experimental sets were kept 

under normal laboratory condition (Temperature : 15-1 Ŝ C) for 7 days. 

Table 2.9.Chloroplastic Fructose-1, 6-bisphosphatase activity from Sechium edule 

grown under different glucose concentrations. 

Source of 

plastids 

Growth 

conditions 

(Cone, of Glucose) 

Specific activity 

(n mole P. released/ 

hr./mg protein) 

Leaves of 30-day 

old seedlings 

Alternate light/dark (12 hours each) 306.24 

in 0.0% glucose (control) 

Leaves of 30-day 

old seedlings 

Alternate light/dark (12 hours each) 297.77 

in 2.5% glucose 

Leaves of 30-day 

old seedlings 

Alternate light/dark (12 hours each) 318.50 

in 5% glucose 

Chloroplasts from leaves of 30-day-old seedlings (under different growth conditions) 

were isolated as described in text. Isolated plastids were homogenized in 5 volumes of 

50 mM Tris-HCl buffer (pH 7.5) containing 0.2 mM 2-mercaptoethanol and the 

homogenate centrifuged at 10,000g for 15 minutes. The supernatant was assayed for the 

enzyme activity. 

After 7 days of treatment, plastids were isolated separately from the leaves of the 

respective plants following the method as described in section 2.4.2.9.2. Using dialyzed 
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low-speed supernatant fractions of the respective plastids, FruP,ase assay was carried 

out according to the procedure as given in section 2.4.2.8. The results are presented in 

Table 2.9. Results reveal that no significant change in FruP^ase activity is ob.served under 

the influence of increasing concentratin of glucose as the variable growth conditions for 

the experimental plants. 

Chloroplasts from leaves of 30-day-old seedlings (under different growth conditions) 

were isolated as described in text. Isolated plastids were homogenized in 5 volumes of 

50 mM Tris-HCl buffer (pH 7.5) containing 0.2 mM 2-mercaptoethanoi and the 

homogenate contrifuged at 10,000g for 15 minutes. The supernatant was assayed for the 

enzyme activity. 
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2.6 DISCUSSION 

Metabolism of a plant in connection with the growth and development is pivotally 

controlled by a large number of enzymes through its synthesis, activation, inactivation 

etc., at different phases of growth. In this present dissertation, an attempt has been made 

to look after the existence and activity of a few enzymes related to some important 

biochemical pathways/cycles at different stages of growth and development of a very 

important plant of Darjeeling district namely Sechium edule Sw. Therefore, the distribution 

and profile of activity of some enzymes viz. acid phosphatase (EC 3.1.3.2.), alkaline 

phosphatase (EC 3.1.3.1.), L-myo-inositol-l-phosphate synthase (EC 5.5.1.4.) and 

fructose -1,6- bisphosphatase (EC 3.1.3.11.) in various living organisms (section 2.2.) 

harbour an unavoidable curiosity to find out the occurrence and function of these enzymes 

in this experimental plant too. As to the question of distribution and titre of these enzymes 

of Sechium origin, studies have been made in section 2.5 of this present project report. 

Figure 2.4. attempts an answer where the function of acid phosphatase can be established. 

It has been revealed that the activity of acid phosphatase from the plant parts of different 

developmental stages of Sechium edule is very obvious. Appreciable enzymic activity 

with a high magnitude in feeding root, vein, and mature leaf of the plant indicates that 

these parts require much more quantity of phosphate-ffee metabolites and free inorganic 

phosphate together in comparison with other parts, particularly where such reguirement 

is dependent on enzymic hydrolysis of phosphorylated compounds under acidic condition. 

Figure 2.5 provides another interesting observation where the dephosphorylation 

mechanism under alkaline environment through alkaline phosphatase is maximally active 

within feeding root only. Evaluating the results depicted in Figure 2.6, as to the question 

of Twyo-inositol biosynthesis by h-myo inositol-1-phosphate synthase, it has been 

understood that the female flower and-the underground tuberous root are the principal 

locales where the high demand of either L-m}'o-inositol-l-phosphate (the actual product 

of this enzyme reaction) and/or free m>'o-inositol (can be obtained through 

dephosphorylation of L-myo-inositol-1-phosphate either by specific or non-specific 

phosphohydrolase) is clear. Presumably this requirement is connected with the operation 

of "Inositol-phosphate cycle" or "m>'o-ihositol oxidation pathway" (Loewus and Loewus, 

1980) of these plant parts. Maximum activity of L-m>'o-inositol-l-phosphate synthase at 

72-h stage of germination.(Figure 2.7) further indicates the probability of requirement of 
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this phosphorylated sugar-alcohol as the substrate of another enzyme (i.e. L-zwyfj-inositol-

1-phosphate dehydrogenase) of myo-inositol-phosphate cycle. As expected, maximum 

L-m^'o-inositol-l-phosphate synthase activity has been recorded at I2-d stage of seed 

maturation (Figure 2.8) due to which the product of this reaction can serve as the precursor 

(De and Biswas, 1979). 

Studies made in sections 2.5.6 to 2.5.10 deal with the fundamental characteristics 

of the chloroplastic Fructose-1,6-bisphosphatase (EC 3.1.3.11) isolated from the leaves 

of Sechium edule and its identification as an important photosynthetic enzyme. As to the 

question of expected occurrence of fructose-1, 6-bisphosphatase in leaves of Sechium 

edule. Table 2.1 confirms the positive answer. Although these experiments have been 

performed with relatively crude enzyme preparations, the striking activity of this enzyme 

provides a realistic picture of the occurrence of this enzyme in leaves of the experimental 

plant. It is from the results of Table 2.1, it has been revealed, sans any hesitation, that 

although the total leaf-extract exhibits appreciable FruP,ase specific activity than the 

total leaves as a whole. Therefore, it can easily be anticipated that the FruP, ase activity 

which has been detected from the whole leaves is principally contributed by the 

ultrastructural house of photosynthesis through its presence in the homogenate as well as 

in the low-speed supernatant fraction either in intact or in broken forms respectively. 

However, at least a part of this enzymic activity, of course in case of the total leaves, can 

also be.contributed by the cytosolic FruP^ase, in addition to the chloroplastic one (Khayat 

etal, 1993). Unfortunately, no attempt could be taken experimentally to evaluate this. 

Since notable FruP^ase activity has been detected from the isolated organelles, i.e. 

apparently chloroplasts, identification of the isolated organelles as chloroplasts appear 

to be obligatory. Principally on the basis of ability of this preparation to response by the 

diagnostic Hill reaction along with the total content of chlorophylls from the same batch 

of isolated chloroplasts, the authenticity of these organells was established (Table 2.2). 

Now, as a matter of fact to elucidate the actual regulatory aspects underlying a part 

of the Calvin cycle operation in Sechium edule by the participation of chloroplastic 

FruP2ase purification has been undertaken. 
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Purification of an enzyme at the level of homogeneity requires extensive 

standardization of several successive techniques. Such practice in a new system usually 

takes several years time along with the facilities of several sophisticated instrument and 

expensive chemicals. In our laboratory the enzyme was purified only partially relied on 

the steps namely homogenization, low-speed centrifugation, streptomycin sulfate 

precipitation, ammonium sulfate cut, anion-exchange chromatography with DEAE-

Cellulose and to a final molecular-sieve column chromatography through Sephadex G-

200. It has been revealed from the purification table (Table 2.3) that the introduction of 

streptomycin sulfate precipitation step can not enhance the fold-purification at all, instead 

of which there is an event of slight loss of activity. But the justification of employing this 

step is important for the next phase of purification. Because, it has been observed that 

the faint pellet after ammonium sulfate fractionation can not be obtained unless prior 

application of streptomycin sulfate. The same purification table indicates that the enzyme 

could only be purified to about 16-fold over the homogenate and the recovery of the 

enzyme on the basis of total activity was about 15%, however, on the basis of protein 

content the result was found to be about 0.92% only. 

As the enzyme was not homogeneous in purity [evident from the elution profile of 

the Sephadex G-200 column considering the match between enzyme-dependent hydrolysis 

of FruPj and the protein content in an individual active fraction(s). Figure 2.4A and 2.4B, 

no attempt had been taken to determine the molecular weight (MW) of this enzyme either 

by gel-filtration through Sephadex G-200 or by other techniques using some marker 

proteins of known MW. Naturally, there was no question to look after the sub-unit 

composition and their MW by means of SDS-PAGE etc. The routine experiments for the 

biochemical characterization of chloroplastic Sechium edule FruP^ase were performed 

using pooled fractions of Sephadex G-200 column having appreciable enzyme activity. 

In order to complete the experiments described in section 2.5.9, five batches of purification 

were required. 

The partially purified chlorophastic FruP^ase exhibited moderate status of stability 

whereas the same character from other sources indicated higher stability (section 2.2). 

No chloroplastic FruP^ase of Sechium edule exhibited a measurable activity in 
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absence of its specific substrate, i.e., FruP^. In absence of alkaline environment in reacting 

medium, the activity was dropped to about 50% while the same was inhibited by the 

elimination of Mg^+ and EDTA to about 24% & 16% respectively (Table 2.4). 

The chloroplastic Sechium edule FruP,ase has been found (Table 2.5) to accept 

specifically D-fructose-l, 6-bisphosphate as the only substrate like enzyme(s) obtained 

from other microbial and plant systems (section 2.2). 

The activity of the partially purified enzyme was found to be linear within a 

concentration range of about 27 to 216 ug protein (Figure 2.9). With respect to time 

course experiment, the linearity was maintained up to 90 minutes (Figure 2.10). The 

activity of this enzyme was maximum at 30°C (Figure 2.11) possibly suggested its 

preference to act in a colder temperature in comparison with other enzyme preparations 

obtained from different angiospermic sources (section 2.2). 

The specific activity of chloroplastic Sechium edule FruP^ase with respect to 

substrate concentration up to 0.45 mM was unaltered. However, higher substrate 

concentrations inhibited the activity to some extent (Figure 2.12). This was presumably 

due to negative cooperativity of the substrate at higher concentrations. Furthermore, the 

sigmoidal curve indicateed its probable allosteric nature. 

The apparent K^ for FruP^ of Sechium edule FruP^ase was calculated to be around 

1.11 X lO-̂ M as compared to 1.4X10-3Mand 1.1 X lO-'M of spinach enzyme, 0.15 X 

10"̂ M of mango enzyme, 3.8 X 10"*M of/?/cmM5 enzyme, etc. (section 2.2). 

The chloroplastic FruP^ase was operative within a pH range of 7.5 to 9.0 (Figure 

2.13) having an optima at pH 8.0. The plastidial FruP^ases from other sources recorded 

pH - sensitivity between the range 7.5 to 9.5 (section 2.7). 

Photosynthetic FruP^ase has variable effects under the influence of different 

monovalent and divalent cations depending upon the specific source. This present enzyme 

is greatly stimulated by Mg"-"- and inhibited by NH/, Zn-""", Cu^, Hg^ etc. (Tables 2.6 and 

2.7). 
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The activity of chloroplastic FruP^ase, partially purified from the leaves of Sechium 

edule, was enormously retarded in presence of higher concentrations of EDTA (Figure 

2.14) suggesting a metallo-protein form of this enzyme. EDTA had variable effects, 

inhibition or stimulation, on plastidial FruP^ases isolated from a number of plant systems 

(Section 2.7). 

Identification of the chloroplastic FruP^ase as photosynthetic in Sechium edule 

was accomplished by experiments performed in section 5.5 by consideration of two 

parameters i.e., effect of light/dark and dark periods and also by the effect of externally 

administered glucose (Tables 2.8 and 2.9). 

The present dissertation provides a preliminary idea about the regulatory aspects 

of photosynthetic FruPj isolated from the leaves of Sechium edule through its fundamental 

biochemical characterization followed by its photo-regulutory event. Many more problems 

remain to be answered regarding its biochemical as well as biophysical functions in this 

plant system. It is to be seen whether the homogeneous preparation of this enzyme does 

exhibit identical biochemical charaters or not. Secondly, how far down the properties of 

the cytosolic FruP^ase differ or resemble with that of chloroplastic enzyme of the same 

species, if present at all like Beta vulgaris leaves (Khayat era/., 1993). 

Thirdly, the molecular mechanism of photoregulation of photosynthetic FruP^ase of 

Sechium edule is to be worked out preferably on consideration of the role of reduced 

ferredoxin, thioredoxin and some other known factors responsible for photo-activation 

and inhibition. Along with these, spectral analysis of light in connection with the 

photoregulation will be an enchanting avenue of research in this direction. So, the present 

investigation should only be accounted as the first attempt towards elucidation of the 

physiological regulation of Photosynthetic fructose-1, 6-bisphosphatase in Sechium edule. 
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Figure 2.4.A. Elution profile of chloroplastidia1 

Sechium edule Fructose-1, 6-bisphosphatase from 

DEAE-cellulose column. Experimental details as 

described in text. ( -o-o- ) denotes FruP2- ase 

activity as n mole Pj released/hour/1.5 ml of 

fraction. ( -o-o- ) denotes protein content as 

expressed as mg/1.5 ml of fraction. 
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Figure: 2.4 Profile of Acid phosphatase activity from the plant parts . 
of different developmental stages of Sechium edule. Sw. 

Plant samples were collectly randomly at 3 developmental 
stages i.e.. Flowering st^ge (A,B,C,D & E),' Fruiting stage(F) 
and Senile stage (G) which correspond to 75-,106-, and 150-d 
of plant age respectively and considered for enzyme assay. 

A-Feeding root 
B-Vine of the plant 
C-Mature leaf of the plant 
D-Female flower 
E-Male flower 
F-Mature fruit 
G-Underground tuberous root. 
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Figure 2.5 Profile of Alkaline phosphatase activity from different 
plant parts of different develo^ental stages of Sechium 
edule. Sw. 

Plant samples were collected randomly at 3 developmental 
stages i.e., Flowering stage(A,B,C,D,& E), Fruiting stage(F) 
and senile stage (G) which correspond to 75-, 106- and 150-d 
of plant age respectively and considered for enzyme assay. 

A-Feeding root 
B-Vine of the plant 
C-Mature leaf of the plant 
D-Female flower 
E-Male flower 
F-Mature fruit 
G-Underground tuberous root 



15 

iOT 

! 

L„EU 
o U jy 

PLANT PARTS 

FIGURE : 2.6 

Figure 2.6 Profile of L-myo-Inositol-1-phosphate synthase 
activity from the plant parts of different 
developmental stages of Sechium edule. Sw. 

Plant samples were collected randomly at 3 development 
stages i.e. Flowering stage (I & II),Fruiting 
stage(III) and Senile stage(IV) which correspond to 75-
106- and 150-d of plant age respectively and considered 
for enzyme assay. 

I-Female flower 
II-Male flower 
Ill-Mature fruit 
IV-Underground tuberous root 
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2.7 Profile of L-myo Inositol-,l-phosphate 
synthase activity from the germinating seeds of 
Sachium edule. Sw. 

Plant samples were taken at the seedling stage 
from different time periods i . e . , 0-,24-,48-, 
72-, 96- and 120-h and l-myo - Inositol-1-
phosphate synthase ( o o ) was 
assayed. 
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Figure 2.8 Profile of 
synthase activity 
from Sechium edule. 

L-myo-Inositol-1-phosphate 
during maturation of seed 
Sw. 

L-myo-Ino sitol-1-phosphate synthase was assayed 
at the interval of 4-days i .e.,0-,4-,8-/12-, 
16-, and 20-d respectively from the flowering 
or fruiting stages with the inception of 
bud/fruit. 
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Varietal Screening, Developmental Stages and Some Physiological and Bio
chemical Parameters of Sechium edule Sw. of Darjeeling Hills 
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ALOKE B H A T T A C H A R J E E * 

Plant Physiology & Biochemistry Laboratory, PG Department of Botany 

Darjeeling Government College, Darjeeling 734101, India 

Abstract 
A survey shows that there exists at least 10 different varieties of chayote {Sechium edule Sw.). 

Vegetative phase continues for more than two months and fruiting phase for 3 months. The va
riety available in Mirik issuperior with respect to general vigor and yield of fruits to those avail
able in Sukhia Pokhri and Darjeeling town. Both dry and fresh weight of leaves was maximum 
in fully expanded mature leaves and minimum in young leaves. Chlorophyll, protein, insoluble 
carbohydrate and RNA contents were high in mature leaves followed by young and old leaves. 
But soluble carbohydrate level was maximum in old leaves. The protein and insoluble carbohy
drate contents were high in mature fruits, whereas soluble carbohydrate content was high in 
young fruits. Activities of catalase, total dehydrogenase nnd amylase were high in mature fruits 
than in young ones. 

Chayote {^Sechium edule Swartz.) belonging 
to the family cucurbitaceae is a squash-like 
vegetable. It is locally known as 'Eskush' 
among the Nepali speaking people, and the 
word 'Eskush' is a deformation of English 
word 'squash', which is a misnomer for cha
yote. Chayote is the derivative of the Aztec 
word 'Chayotr meaning with thorns (1). The 
species is known variously as colloquial names 
in diEferent parts of the world. In Louisiana, 
it is called mirliton ; In Florida, vegetable 
pear : and in Japan, cho-cho. 

In recent years, this species with a number 
of varieties has attracted researchers because 
it seems to be a highly promising dietary vege
table crop (2, 3). The underground part is 
delicious and is a good source for carbohy-

Present address : (/) Department of Zoo
logy, Darjeeling Government College, Darjeel
ing 734101, India; (2) Department of Botany, 
Hooghly Mohsin College, Chinsurah 712101, 
India. 

drate and some vitamins. The fruit contains 
carbohydrate, protein and some essential ami
no acids. The young shoots including the 
tendrils are rich source of vitamin A (4). The 
recent acceptance of this species by local cul
tivators as an ideal hilly vegetable crop are : 
minimum cost of maintenance in the field ; 
less susceptibility towards fatal diseases, ex
cept some animal pests which appear during 
flowering ; considerably higher productivity 
even in fallow land ; considerable food value 
in all plant fjarts ; higher storage potential of 
fruits and tubers at ambient conditions for a 
long period ; insignificant dormancy and mini
mum storage deterioration of propagules; 
and higher. adaptibility towards various cli
matic hazards. 

Considering the prospects of chayote culti

vation in Darjeeling hills, a comprehensive 

work was undertaken keeping in mind enhan

cement of crop produciivily. However, in this 

investigation attempts were made in the follo-

409 



LAMA ET AL 411 

Tablet. Varietal differences of Sechbtm edule on the basisof morphological characteristics of mature fruits. 
Data were recorded from 10 mature fruits of each variety and the average values were inrorporated in the 
Table. 

Variety 

A 

B 
C 

D 

B 

F 

G 

H 

I 

J 
LSD 
(P=0.0-) 

Length 

(cm) 

12.2 

15.5 
14.0 

8.7 

7.4 

10.9 

11.8 

9.1 

11.9 

10.0 

1.02 

Breadth 

(cm) 

8.6 

8.9 
8.2 

7.2 

4.5 

7.0 

6.8 

5.8 

8.8 

8.9 

0.68 

Oirth 

(cm) 

19.0 

22.8 
20.9 

14.8 

11.2 

15.9 • 

16.0 

14.0 

19.0 

17.7 

1.28 

Weight 

(8) 

469.5 

570.8 
425.0 

208.9 

105.7 

292.9 

327.7 

140.5 

370.2 

290.5 

14.0 

Color 

Greenish white 
Green 
Yellow green 

Yellow green 

Yellow green 

Yellow green 

Yellow green 

Greenish white 

Whitish green 

Yellow green 

Hair 
density 

(per cm) 

10 

22 

6 

12 

4 

Only a 
few per 

fruit 
4 

0 

0.35 

Hair 
length Pattern of 

(mm; 

3 

5 

3 

4 

2 

2 

2 

0.19 

\ distribution 

Evenly distributed 
on the whole 
surface 
hairs coarse, uni
formly distributed 
arranged on the lo-. 
ngitudinal surface 
of the fruit 
randomly scattered 
over the whole 
surface 
arranged around 
the vertical notches 
evenly distributed 
around the apical 
notch 
sparsely distributed 
over the whole 
surface 

separate altitudinal zones of Darjeeling hills. 
The type growing in Mirik was superior in 
all respects, particularly on yield of fruits. 

Data on fresh weight, dry weight, chloro
phyll, protein, soluble carbohydrate, insoluble 
carbohydrate and RNA levels of three catego
ries of leaves (young, mature and old) have 
been incorporated in Table 4. Maximum fre
sh weight and dry weight were noted in matu
re leaves which was followed by old and young 
leaves. Chlorophyll, protein, RNA and inso
luble carbohydrate contents were maximum in 
mature leaves and minimum in old leaves. But 

soluble carbohydrate content increased with 
the progress of leaf ageing, and the amount 
was found maximum in old leaves. 

Biochemical data of fruits have been repre
sented in Table 5. As compared to young fr
uits, protein and insoluble carbohydrate levels 
were found high in mature fruits. But soluble 
carbohydrate remained at low level in mature 
fruits. On the other hand, enzymes such as 
catalase, dehydrogenase and amylase showed 
their maximum activity in mature fruits. 

Discussion 
Data show that out of the 10 varieties avai-
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Table 2. Importani phases occurring in the life cycle 
grown plants, developed from five uniformly spiouted 

of 5. edule. Data v/ere recorded from five unifoimly 
fruits. 

Phases in life cycle 

Field emergence phase 

First leaf emergence phase 

Seedling phase 

Sapling phase 

Flower initiation phase 

Fruit formation phase 

Log phase of growth 

Stationary phase of growth 

Seuescence phase 

Death phase 

Days required 
after sowing 

15±5 

21±3 

15-30±5 

30-48±5 

68±7 

77±7 

55-90±I0 

90_130±10 

135±8 

160±8 

Remarks 

Sprouting takes place from the apical notches of the 
propagating fruit. 
First leaf emerges from the tip of the tender epi>:otyl 
without tendrillac initiation. 
Leaves arise alternately with distinct reticulate pal
mate divergent venation ; (railing habit noted, rudi
mentary tendrils may initiate. 
Branched tendrils appear, plants start climbing hold
ing a support. 
Male and female flowers appear at leaf axils; female 
flower solitary per node with short pedicel; male 
flowers (20-30) appear on long peduncle. 
Single fruit with apical notch and vertical crevices 
appear in nodes ; surface hairs prominent. 
Active and indeterminate growth of shoot tip results 
in vigorous vegetative growth. 
Active apical growth retarded; fruit production 
maximum. 
Leaf yellowing starts, overall vigour reduced, under
ground tubers maximally developed. 
Above ground part dies, underground part remains 
fully viable with abundant starchy storage. 

lable in Darjeeling hills, the variety B growing 
in Mirik zone is superior in respect to fruit 
size (Table 1) and some vegetative and repro
ductive characters including crop yield (Table 
3). It seems likely that in the past this exotic 
species of tropical America had been introdu
ced and not acclimatized in these hilly regions 

and subsequently experienced ecological varia
tions due to differential temperature, humidity 
photoperiod, and soil types at various altitu
des. These probably resulted in various eco-
types as observed in the present investigation 
after long years (Table 1). Phenological stu
dies (Table 2) reveal that during log phase and 

Table 3. Some vegetative and reproductive characteristics of three different varieties of 5'. edule collected 
from three different altitudinal places of Darjeeling hills. Data were recorded from.five uniformly grown ma
ture plants of each locality. 

Locality 

Mirik 
Sukhia Pokhri 
Darjeeling Town 
LSD (/'=0.05) 

Length of 
main vine 

(cm) 

965 
770 
550 

55.28 

Total number 
of leaves 
per plant 

422 
307 
255 

28.19 

Total number of 
flowers per plant 
Female 

272 
210 
182 

15.92 

Male 

6690 
5125 
3645 

298.40 

Total yield 
per plant 

(kg) 

95.5 
82.5 
70.7 
7.50 
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Table 4. Fresh weight, dry weight, chlorophyll, protein, soluble carbohydrate, iasolcible carbohydrate and 
RNA content of young, mature and old leaves of S. edule. 

Parameter 

Fresh weight (g) 
Dry weight (g) 
Chlorophyll (mg/g fr. wt.) 
Protein (mg/g fr. wt.) 
Soluble carbohydrate 
(mg/g fr. wt.) 
Insoluble carbohydrate 
(mg/g fr. wt.) 
RNA(/*g/gfr. wt.) 

Young 

1.28 
0.57 
1.40 

40.08 
3.85 

21.75 

872.52 

Category of leaf 
Mature 

14.05 
2.53 
2.50 

67.95 
4.50 

40.70 

J 109.80 

Old 

10.82 
1.53 
0.95 

32.25 
10.95 

15.07 

597.24 

LSD 
(i»=0.05) 

0.25 
0.09 
0.12 
4.52 
0.42 

1.92 

65.88 

Stationary phase of the species maximum frui
ting occurs. But even after death phase of the 
vine, the underground part remains fully viab
le and store food for future generation. In 
fact, during log phase the contributory leaves 
of the vine serve as active source leaves and 
transport photosynthetes to the fastly develo
ping reproductive sinks, that is, to the growi
ng fruits developing from the fertilized female 
flowers. After saturating these apical sinks 
the contributory leaves start transporting the 
assimilates to the basipetal direction possibly 
from the end of the stationary phase and con
sequently cause the development of the tubero
us underground roots (the basal sinks). These 
roots gradually grow in size In a couple of sea
sons with full potential for regeneration, indi
cating its perennial mature. This source-sink 
relationship and mobilization of assimilates 
have been reported (16, 17). Fresh weight, 
dry weight, chlorophyll, protein, insoluble car
bohydrate and RNA levels were found maxi
mum in mature leaves (Table 4). This is beca
use the synthetic machinery becomes active at 
the full-grown stage of the leaf. And in old 
leaves the macromolecules are degradated or 
synthesized to a minimum extent. In fact, 
synthesis of these are accelerated in young lea
ves, the process reaches its climax in fully ex-

panded mature leaves and siarts deciining in 
senescing leaves. However, high level of solu
ble carbohydrate in old leaves may be attribu
ted to the higher degradation of insoluble car
bohydrate releasing increased soluble forms. 
These results are in conformity with the repor
ted observations (18). In mature fruits, pro
tein, insoluble carbohydrate contents and 
activities of catalase, dehydrogenase and amy
lase enzymes remained at high level in compa
rison to young fruits (Table 5). This result 
indicates that attainment of maximum vigor 
and potential of the fruits took place at their 
full-grown stage probably due to strong and 
balanced activity of source and sink. Higher 
activity of enzymes such as catalase and dehy
drogenase in high vigor and high potent plants 
or plant parts have been reported (19, 20). 
However, lower level of soluble carbohydrate 
in mature fruits may be due to higher conver
sion rate of soluble carbohydrate into insolu
ble form at advanced stage of growth of the 
fruits. 

From this study and available literature (1, 
4, 21, 22) it can be concluded that a scientific 
approach on improvement of this promising 
vegetable crop may make it a profitable cash 
crop of Darjeeling hills. Owing to increased 
awareness on food value and economic feasibi-
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Table 5. Protein, soluble carbohydrale and insolu
ble carbohydrate contents and catalase, dehydroge
nase and amylase activities in young and mature 
fruit tissues of 5. edule. 

Category 
Parameter Young 

Protein 18.20 
(mg/g fr. wt.) 
Soluble carbohydrate 28.72 
(mg/g fr. wt.) 
Insoliible carbohydr- 1>5.27 
ate (mg/g fr. wt.) 
Catalase 280.80 
(units/g fr. wt./hr) 
Dehydrogenase 60.19 
(units/g fr. wt./hr) 
Amylase 2.85 
(units/g fr. wt./hr.) 

of fruit 
Mature 

25.85 

10.24 

105.72 

337.59 

85.27 

12.60 

LSD 
(P=0.05) 

2.06 

1.20 

9.28 

30.52 

7.51 

0.29 

lity, this so called wild-grown plant has now 
attracted the attention of researchers for crop 
improvement by breeding, increasing feminity 
of flowers, producing ideotypic plant, hormo
nal manipulations, tissue cultures, and cultural 
practices (23, 24). 
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Debacle 

CHAYOTE 
- a boon to the hills 

ProJJwal.C.Lama brings to our attention Chayote l(nown in the hills as Iskoos an extremely 
versatile traditional vegetable which has remained underexplolted and requires more attention 
from both the gnvernmnnt nnd NGOn. 

limbing plant 

Sechlum edule Sw. (family, cucurbitaceae) 
commonly known ns Chayofo (ong,), Iskoos 
(nepall), Quash (bengal!.), Is one of (he most 
Important edible 
vegetables for the 
people in the hilly 
regions of the 
Darjeeling district of 
West Bengal. It 
grows both in 
cultivated and wild 
conditions and 
flourishes in 
altitudes ranging 
from 500m. to 
2000m. Its fruit Is 
rich In carbo
hydrate and amino , 
acids. The sub
terranean part of the 
plant is delicious 
and contains 
valuable starch. Even succulent young twigs are 
edible and contain amino acids and vitamin A &' 
C. It IB rnportedly oultlvntnd In troplcnl Central' 
America, 

It is an important produce in the hilly tracts of 
Darjeeling along with potato, cabbage, cauliflower 
and ginger. This species has greatly attracted the 
attention of researchers and local cultivators with 
its three seasonally placed edible products, i.e., the 
"muhteT a local name for the young twigs available 
during the summer time, the fruit, locally known as 
"danef, In the rainy to winter season, and roots, 
'jara', available between winter and spring, . 
Besides these, numerous features of Its cultivation 
have spurred the-people of the region to adopt its 
cultivation. First, during Its cultivation, the plant 
requires very little manure and negligible 
maintenance. Secondly, there are no prominent 
diseases or pests which afflict this plant and thirdly, 
it can be stored for a longer period of time and can 
even be grown In fallow land. It hnr; higher 

adaptability under extreme climatic conditions and 
lastly, InslgnlflcHnt dormancy. 

It Is a climbing herb with extra-auxiliary, single or 
branched tendrils and monoecious. The part above 
the ground dies in winter but the part underground 
i.e. the tuberous root is perennial. The climbing habit 
of the plant is mostly accelerated through tendrils. 
The pentagonal stem bears simple, alternate, long 
petiolate leaves. The fruits are single seeded with 
viviparous germination. 

A moist but frost free atmosphere, similar to that of 
'a mountainous wet temperate forest type' provides 
the optimum climatic condition for Chayote 
cultivation, though they are even cultivated In the 
Mountaneous-subtroplcs. The required annual 
rainfall is about 1500mm to 6200mm and the 
temperature of 10°C to 25^0 is considered 
favourable. The plant can tolerate high humidity 

(almost upto 100 
percent RH) 
without any ill 
effect. 

In the wild , it grows 
almost anywhere, 
in the slopes and in 
the plains. The 
species prefers soil 
with a rich humus 
for better pro
duction of quality 
fruits. 

it is mostly 
cultivated In fallow 
and waste land. 

The fruit is sown in January. Nurseries of levelled 
beds of about 2ft X 2ft area are made. The seed 
bed Is prepared by tilling the soil to make It loose, 
then decomposed organic manure is added on 
which the mature viable fruit is sown. The fruit is 
sown with the soGd-part up at an angle of 30"-40" 

'Ihitia' • the fruit 

July - September 1995 11 
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to the ground level. The fruit should be covered by 
soil not more than 4 to 5 Inches In thickness. Next, 
the deoompoied organic manure Is again spreaded 
•II over the bed. The texture of soil of • particular 
place Influanoaa the growth and yield of the plant. 

Seed of Fruit Propagation 

Fmlts are thus first sown In well levelled and well 
manured bed of 2 ft X 

Digging for 'jara', the roots. 

bed. Within five to six months the vegetative growth 
spreads all over the macchan. 

Vegetative Propagation 

The perennial underground root gives rise to new 
sprouts with the .first showers of the next rainy 
season. Compared to fruit propagation the 
vegetative propagation gives more fruits. Its 
cultivation is similar to the fmit propagation system. 

Fruiting season is from the end of June to the end 
of December. The main product i.e. the fmits are 
collected when mature. Mature fruits become 
available from July to the end of December when 
they are collected and stored in a dry place.- In the 
Darjeeling area, two methods are used by local 
people for storing fruits; 

(i) The fruits can be stored by keeping them under 
dried soil, 

(11) The fruits are stored In dried saw dust or millet 
husk. 

The total yield of the fmit ranges from 100 to 215 
tons per year per hectare (depending on the texture, 
type of soil, climate and environment). Aft̂ r the 
vegetative growth is complete and fruits are 

han/ested the tuberous roots are taken out, usually 
during the winter season. 

All the vsgatatlv* and reproductive parts of the 
ctiayote plant are useful and valuable. The young 
leafy twigs areTjsed as a green vegetable. The fmit 
Is of special significance in the hills. Simple boiled 
fruit Is the staple food of the hill people. Chayote 
makes delicious curry and bhs l̂. It can be used for 

making pickles, 
'ohanna' (dried pieces 
of the sliced chayote 
fruit) and can replace 
potato In the kitchen. 
The unwanted leaves 
and vines are used as 
fodder for cattle, pigs, 
etc. The tuber of 
chayote Is an excellent 
source of carbohydrate 
and mineral salts. It is 
used In curry 
preparation and may 
also be sliced into 
wafers, dried and 
ground to ylald flour of 

high quality. On the other hand, the paper thin 
wafers make for good snacks when fried in oil. 

Chayote plays an Important role in the hill economy 
especially In the hills of Darjeeling and Sikkim. 
However, Its true potential is quite under exploited. 
If the fallow land In the* hills or the unused slopes 
and barren ridges are put to chayote cultivation, it 
will provide a trernendous boost to the hill economy. 
The government needs to promote its mass 
cultivation not only for use as a vegetable but also 
to yield flour for local use as well as for export to 
other states. Grinding mills can easily be 
established in the hills even in rural areas. Thus, 
chayote though neglected Is a good source of food 
for the hill folks as vegetables, a staple food and 
fodder. Its wider cultivation would also generate new 
employment opportunities. 

The fruit of different regions displays distinctive traits 

12 July - September 1995 
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Biochemical Analysis on tlie Effect of Some Pliant Gromh Regulators Doribg 
Dark Indacei Leaf Senescence of Sechium edule Sw. of Darjeeling Hills 
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Abstract 
Plant growth regulators, coumarih, maleic bydrazide and Na-dikegulac in coDcentratioo 

of 100, 200 and 400 /ig/ml arrested senescence by increasing the total cblorcpbylJ,protein, solu
ble and insoluble carbohydrate contents over the control set in leaves of Sechium edule Sw. 
However; free Jmino acids and the activities of ai-amylase, peroxidase and lAA-oxidsse enzy
mes showed opposite trend with ttiat of enhancement of catalaie^ activity- daring the induction 
of senescence in the hill crop. Na-dikegulac exhibited maximum arrestaiion of senescence in-
leaves, followed by coumario and maleic bydrazide. 

Chayote {^Sechium edule. Sw), a squash-like 
vegetable from, family cucurbitaceae (1), is the 
most beneficial crop in Darjeeling hills of 
eastern Himalayas (1,2—9). The colloquial 
name of the chayote is 'Eskush' among the 
Darjeeling hill people which is the deforma-
tive form of english name 'squash'. It is 
colloquially and locally known in various 
parts of the world as christopine, mirlinton, 
choko, chtcho, or quash (1,2—6). 

Recently, this exo ic. plant in the easteren 
Himalayas with a good number oT varieties 
(1) has attracted the attention of researchers 
and local cultivators as it provides three 
seasonally placed edible products (1,7,9), 
that is, the "munta" a local name for a young 
twig available during the summer time, the 
fruit, locally known as '«dana" in the rainy to 
winter season, and roots "jara" available bet
ween winter to spring. 

Considering the prospects of chayote 
cultivation in Darjeeling bills, a comprehe
nsive work was undertaken keeping in mind 
the enhancement of crop prductivity. Howe-
ver, the plant has numerous plus points for 
cultivation (I), and there are few deleterous 

characters which are prominent in many cucu-
rbitaceous plants. In the present investiga
tion attempts were made to assess the bio
chemical parameters and the involvement of 
plant growth regulators in leaf senescence of 
detached leaves and to evaluate the early sen
escence of the contributory leaves of the 
plant which causes loss of production of 
assinulates and dircetly or indirectly related 
to thercrop production. 

Methods 
Randomized mature leaf samples (leaf age 

30—40 day) from 70—75 day old plants of 
chayote were collected from the adjoining 
areas of Darjeeling town. The environmental 
conditions for experiment were as followes : 
altitude 2,134 m, temperature 20-i-2C and 
photoperiod lasted 10±2 hour. 

Isolated mature leaves were surface-steri
lized with 0.1% HgClj for 30 seconds and was
hed thouroughly with running water. Leaves 
(1 g wet tissue) of Sechium edule Sw. (avoiding 
midribs and veinlets) were placed in sterilized 
pelridishes, separately, containing 2 ml of 
sterile distilled water (control set) and effective 
doses of growth regulators, namely, coumarin 

949 
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(Co), maleic hydrazide(MH) and Na-djkegulac 
(NaDK) of 100, 200 and 400 /iig/ml respectively 
for 10 days in darkness at 20±2 C. In this 
short term senescence promoting experiment, 
the incubation period (10 days) has been consi
dered as thtf leaves completsly scnesce after 
that period (5j. As a further precautionary 
measure against air-borne and epiphytic 
micro-organisms, strepiomycin sulfhate (25/^ 
g/ml) and Na-penicillate (25 /ng/ml) were added 
to the experimental sets. After exposure, leaves 
were then washed with distilled water and 
differeat biochemical analyses we e performed. 

Total chlorophyll and protein levels of 
leaves were estimated following the methods 
of Arnon (10) and Lowry et al. (11) respecti
vely. Carbohydrate contents (both soluble 
and insoluble fractions) was determined follow
ing the method of McCready et al. (12;. 
Extraction of free umino acids as done accor
ding to the method described by Dwivedi et 
al. (13) and estimation was done following 
the method of Moore and Stein ( '4). Extrac
tion and estimation of enzymes <amylase, cata-
lase, peroxidase and lAA-oxidase were m a d 
according the methods of Khan and Faust (15). 
Sncll and Snell (16) as modified by Biswas and 
Choudhury (17), Kar and Mishra (1?) and 
Gordon and Weber (19) respectively. In 
each case of enzyme assay, value at zero 
time was taken as olank, and the activity of 
each enzyme was expressed as (A X Tv)/(t x v) 
where A is the absorbance of the sample af
ter incubation minus the absorbance at zero 
time ; Tv is the total volume of filtrate, t is 
the time (min) of ineubation with substrate 
and V is the total volume of filtrate taken 
in incubation. The activity of each enzyme 
was expressed as unit/m per g.. 

The data recorded in the investigation were 

TabJsl. Effect of plant growth regulators oa chan
ges in total chlorophyll (mg/g dry wt), soluble carbo
hydrate (mg/kg dry wt) and insoluble carbohydrate 
(mg/kg dry wt) contents in detached leaves of Sech-
ium edule Sw. 

Treat
ment 

Control 
Co 

NaDK 

MH 

LSD 
(P=0.05) 

Concen
tration 

(/*g/ml) 

0 
100 
?00 
'iOO 

lou 
200 
40 J 
100 
200 
400 

Total 
chlo

rophyll 

2.83 
4.30 
4.06 
3.99 
4.72 
4.05 
3.68 
4.30 
4.47 
4.74 

0.27 

Carbohydrate 
Soluble 

44.4 
94.7 

104.9 
J 00.2 
150.8 

152.0 
M5.9 
66.3 

119.2 
112.4 

2.4 

Insoluble 

90.5 
176.4 
1S2.2 
181.2 
330.6 
332.0 
264.8 
157.0 
194.4 
195 7 

3.5 

Statistically analyzed at the replication and 
treatment levels and the least 8ignificant(LSD) 
was calculated at 95% confidence level 
(20—22). 

Results 
Table I showed that different concentra

tions of growth regulators exhibited positive 
response towards the arrestation of leaf sene
scence. Data revealed that NaDK (100/;ig/ml) 
showed maximum enhancement of chlorophyll 
content as compared to control- set and 
MH and Co exhibited significant increment in 
chlorophyll contents. For carbohydrate level, 
NaDK showed significant, enhancement of 
carboLydrate level but MH (100/ig/ml) increa
sed less amount of carbohydrate content. 

Table 2 revealed the effectiveness of diSer-
eot plant growth regulators at different con
centrations on protein and free amino acids 
contents. NaDK (400/xg/inl) enhanced pro
tein contents more than other chemicals. Co 
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Figure 1 Effect of growth retardants on changes in different enz^me8 activities of detached mature leaves of 
Sechium edute Sw. (a) Control; (b) 100 (coumarin), (c) 200 (coumarin), (d) 400 (coumarin), (e) 
100 (Na-dikegulac), (f) 200 (Na-dikegulac), (g) 400 (Na-dikegulac), (b) 100 (maleic hydrazide), (i) 
200 (maleic liydraz de), and (j) 400 (maleic hydrazide). 

(100 fig/™') ^^^ ('*^^ /*S/ml) and MH con
centrations were insignificant to that of con
trol set. Accumulation of free amino acids 
in the leaf tissues were found highest in Co 
(100 /ig/ml). Increment of free amino acid 
level in other chemicals was considerably 
slowed down. 

The different enzyme activities were estab
lished from the various graphical representa
tion. Figure 1 expressed the catalase activity 

in different concentrations of chemicals. The 
maximum activity of the enzyme was recorded 
in NaDK (200 /tg/ml) and followed by NaDK 
(400 /ig/ml). But Co and MH showed less sig
nificant eifect on catalase activity. Further, 
NaDK inhibited <.-amylase, peroxidase and 
lAA-oxidase activities in large scale. Co and 
MH showed non-significant inhibition in <c-
amylase activity as compared to that of contr
ol set. But Co showed less activities of enzy-
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Table 2. Effect of plant growth regulators on chan-
ges in protetn (mg/gdrywt) and free amino acids 
(mg/g dry wt) contenis in detached leaves of Seihium 
edule Sw. 

Treatment 

Control 
Co 

NaDK 

MH 

LSD 
(^=0.05) 

Concen-
tiatioD 

(Mg/ml) 

U 

100 
2 0 
400 
J 00 
200 
400 
100 
200 
400 

Protein 

25.95 
27.32 
29.06 
28.51 
35.30 

36.59 
37.14 
32.99 
31.62 
28.42 

2.58 

Free 
amino 
acids 

12.75 
10.81 
9.03 
9.75 
5.98 
5.47 
4.91 
7.61 
8.02 
9.28 

4.78 

me peroxidase and AA-9xidase. 
Discussion 

In the literature of leaf senescence in dark
ness, there are reports that treatments of plant 
with these chemicals of diverse nature can fa
vorably inflence the leaf senescence (23—29), 
The results of this investigation showed that 
dark induced condition enhanced the leaf sen
escence of Sechium edule Sw., as evident .by 
number of reliable bicchemical parameters 
used in this' investigation. More emphasis 
was paid on prolongation or expension of leaf 
senescence under dark phase by using different 
efifective doses of NaDK,.Co and MH. Results 
obtained were critically examined along with 
the information available on the impact of 
plant growth regulators, on crop physiology (5, 
20, 30—32). Decline of total chlorophyll, 
protein and carbohydrate levels in control in 
incubation period was checked temporarily in 
the presence of NaDK, Co and MH. Though 
the coumarin retards senescence in lesser exte
nt in some species, the present results indicated 

that NaDK exposed maximum arrestation of 
leaf senescence by increasing or decreasing the 
parameters studied in the hilly plant ( 21, 30, 
33 — 36). Effect of plant growth regulators on 
the chayote leaves during dark induced senes
cence was found that NaDK was superior than 
the other two growth regulators, that is, cou
marin and maleic hydrazide. 
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