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COMMERCIAL UTILISATION OF OLEIFEROUS BRASSICAS 
WITH SPECIAL EMPHASIS ON THEIR MEDICAL AND 

NUTRITIVE VALUE 

Oleiferous brassicas, Brassicajuncea (Vern. Rai) B. campestris. varSarson, 

var Brown Sarson, var Toria and B. napus (ver. Colza) constitute important oil 

seed crops with a cosmopolitan distribution. Rape appears to have originated in 

the mediterranean region and cultivation of oil-seed rapes has been in existence 

for three thousand years in India and for two thousand years in China and Japan 

(Bell , 1984) 

. In India rapeseed is cultivated over an area of 4.99 million hectares with 

an yield of 4.42 million tonnes per year (Grag and Thukral , 1995). Improved 

varieties of Indian oleiferous brassicas yield an oil content of 40-48%. The cake 

left after oil extraction known as rapeseed meal (RSM) is a rich source of proteins 

(30-33%) and is used as animal feed and manure. 

The end use pattern of rapeseed mustard is as follows : about 1.5 percent 

is used as seed, 8.5 percent for direct domestic consumption of seeds used in 

the preparation of pickles, flavouring curries, feeding cattle and as cosmetics. 

Although efforts are being made to encourage the hydrogenation industry to 

use repeseed mustard oil as raw material , the major portion of liquid oil is 

generally consumed directly (George et. al , 1990). 

Mustard seeds contain a class of compound known as glucosinolates. 

Although approximately 100 glucosinolates have been identified in the cruciferae 

family, only a few of these appear to be associated within the economically 

improtant genus Brassica (Fenwick et al1981 ). Glucosinolates possess pungent 

odurs and biting tastes. Some of the decomposition products of glucosinolates 

caused by the enzyme myrosinase, already present in the seed have been 

found to inhibit the neoplastic effects of certain carcinogens (Massba et al , 1989; 

Graham and Mullin 1978) as well as possess antifungal and antibacterial activities 

(Jongen et al, 1986) showing medicinal importance. 

The important chemical features of rapeseed (mustard seeds) have been 

reported by Sharma, ( 1990). B. napas was found to contain the highest oil content 

followed by B. juncea and B.campestris. The total protein, albuminoid protein 

and ash contents were higher in B. napus where as B. juncea had more of the 

amidonitrogen and phosphate contents. Rapeseed oil is a rich source of vitamin 
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E. (800-900 ppm) which serves as an antioxidant for preeservation of foods 

(Phondke, 1989) and to interfere aging process of human being, thus having 

benificial medicinal value. 

Oil is also used in the production of confectionary fat, vanaspati, lubricant 

additives soft soap, inks, varnishes, etc. Ozonolysis of erucic acid yields 

pelargonic andlorassylic acids which find use for the manufacture of plasticizers, 

hydrotropic salts, pharmaceuticals flavours, foloatation agents, insect repellents, 

jet engine lubricants and nylon (Gang and Thukral1995). 

The mustard cake proteins is comparable to that of ground nut cake and 

is superior to someother cakes with regard to methionine, .calcium, iron, 

phosphorus, niacin and choline. However, its acceptibility is constrained on 

account of high fibre and low lysine contents and the presence of thioglucosides 

which are goiterogenic and growth inhibitory. 

Rapeseed hull comprising 17% of the seed weight Applequist and Ohlson 

1972) shows wide variations in carbohydrate contents, the most dominant being 

cellulose followed by pentosans. The fibre content of hull is 3-7 times that of 

the meal but it is poor in the protein content. Lignins and polyphenols also 

constitute a substantial fraction of the hull and the digestibility of their constituents 

depends upon the microflora of the animals. Dehulled RSM consists of 52% 

protein, 14.5% pectins, 7% cellulose, 2.6% lignin, 5% lipids and 1% 

glucosinolates (Bell 1984). 

Erucic acid has also been reported to cause myocardial lesions in monkeys 

when given at 18-20% concentrations. However, at the levels of mustard oil 

intake prevalent in India, the erucic acid content of myocardial lipids is low and 

the risk of myocardial fiibrosis of not significant. Further, the prolonged feeding 

of 5-15% of mixed diet to rats induces the ability of the tissue to oxidise erucic 

acid. 

Occasionally, the mustard seed are adulterated with Mexican poppy 

(Argemone mexicana) consisting of an alkaloid, Sangninarine which causes 

glaucoma, cancer and epidemic dropsy (Grag and Thukral, 1995). 

The nutrive value of RSM is contrained by the presence of anti nutritional 

factors and toxicants such as phytate, sinapine, glucosiinolates and their 

hydrolytic products and fibres. 
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Attempts have been made by several workers to improve the nutritiive 

quality of RSM. Fermentation offers available and promising method for the 

detoxification of RSM (Ohff et al 1978, 1979). 

Perhaps the long term solution for the improvement and utilisation fo RSM 

lies producing improved varieties low in erucic acic (5%) and glucosinolate 

(3mg/g. dw.) content. In Canada improved varieties have been introduced by 

the name "Canola" which is free from the harmful effect characteristics of the 

conventional high glucosinolate varieties (Slinger, 1977). Further , Canola 

improved the productive potentials of experimental animals such as hens, 

turkeys, pigs, swine, broilers rats ets. (Bell, 1993). 

COMMERCIAL CULTIVATION OF OLEIFEROUS BRASS/CAS 
INDIFFERENT COUNTRIES WITH SPECIAL INTEREST 

IN WEST BENGAL, INDIA 

The cultivation of oleiferous brassicas is confined mainly to India, China, 

Pakistan Japan and some countries of Europe such as Germay, France, Poland, 

Sweden and the U.S.S.R. (Agarwal et al, 1998) 

India occupies the first position in the production of rapeseed mustard 

and occupies second largest cultivated area ranking next only to groundnut. 

This crop is grown mainly in the rabi season from September-October to 

February-March. These are grown in 21 statets and Union territories. About 

90% of production and 89 percent of area is confined to six major producing 

states-Uttar Pradesh, Rajasthan, Madhya Pradesh, Haryana, Punjab and 

Assam. The remaining states account for about 10 percent production. 

The percentage of rapeseed-mustard area in West Bengal to total all India 

area under cultivation is only 3.1 0 percent and the percentage of rapeseed 

mustard production for the state on all India basis is only 2.21 percent. 

Cultivation of rai in West Bengal is chiefly taken up in the districts of Maida, 

Murshdabad, Nadia and 24-Parganas (North) while in northern districts it is 

tori a and yellow Sarson which are grown mainly as compared to other types. It 

is grown in unirrigated lands and occasionally mixed with wheat and rabi pulses 

like gram and lentil. Obviously for mixed cropping of such a plant is preferred 

which spreads little canopy to the accompanying main crop so that its growth is 

[18] 



not impeded. Thus when in early sixties Appressed mutant was introduced by 

the Departr:nent of Agriculture, West Bengal it caught attention of the habit, but 

showed higher yield than the local material of rai. It had however, very small 

seeds weighing around 2 gm per 1 00 seeds. Because of the natural cross 

pollination and wept handling, soon the variety deteriorated to an appreciable 

extent and a mixed material was left with the farmers after few years of growing. 

The small seededness of the variety was not liked by the farmers. 

Further with rising price of mustard oil and the chief edible oil in the dietary, 

a need was felt to resort to sole cropping of rai with high yielding varieties. For 

sole cropping it was of little importance whether the variety was compact or 

spreading. 

Thus two objectives required to be fulfilled are (1) developing a variety 

with compact branching habit suitable for mixed cropping, bold seeds as per 

the likiing of the farmers and (2) developing a suitable high yielding variety for 

sole cropping. (Choudhury and Sinha, 1998 : Sharma and Sari a, 1998 Agarwal 

et al1998). 

RW-351, having a compact plant habit was developed by Mukhopadhyay 

(1982) from cross between Appressed Mutant and Varuna. On an average it 

gave 2285 kg/ha of seed yield with a 1000 seed weight of 5.5gm. He also 

developed RW-85-89 with spreading plant habit from a cross between B-85 

and Varuna. It showed yield potential of 2025kg/ha, oil 5.2gm per 1000 seeds. 

Both these li)1es were tested in other locations of the country and were 

found to give more yield than the variety Varuna. The growth and yield of the 

plant was observed at Pulses and Oil Seed Research Station, Berhampore, 

Murshidabad, W.B. 

In view of breeding high yielding types of rai (Brassica juncea) for West 

Bengal, Sengupta and Mukhopadya (1982) took five genotypes viz (1) B-85, 

(2) Varuna, (3) Appressed Mutant (4) B-f 148, and (5) yellowrai T -4 and chosen 

on the basis of the extent of diversity concerining various agronomic characters. 

From the combining ability studies made with all these genotypes, B-85 was 

found to be the general combiner. 

The type of combining ability analysis presented by Sengupta and 

Mukhopadyay (1982) has been reported in B. compestris var yellow Sarson 
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(Singh and Sinha, 1967) and brown Sarson (Rao 1971 ). But few reports are 

available concerning B. juncea (Singh and Singh, 1970; Singh, 1973; Choudhury 

and Sinha 1998). In view of this observation reported by Sengupta and 

Mukhopadhaya ( 1982) it may be considered valuable for plant breeders working 

on this crop for the improvement of rai in the state of West Bengal. According to 

them B-85 appears to be suitable material for use as genetic base over which 

other desirable characters can be added to construct a variety having adaptibility 

to the growing conditions of West Bengal. 

The yield and production of rapessed mustard has been sujbected to 

wide fluctuations over the years depending upon the rainfall and moisture in 

the soil at the time of sowing. The production has also been affected by common 

pests such as aphids. 

BIOTECHNOLOGY IN CONNECTION WITH 
DETOXIFICATION OF RAPESEED MEAL 

The pioneer experiment in connection with detoxification rapessed meal 

was carried out by various authors. Kozlowska et al (1972) fermented RSM 

mixed with maize and boiled potatoes and reported that at 12% RSM in the 

mixture, isothiocynates were removed by 100% and thiooxazolidones by 66%. 

Thiooxazolidene is a goitrogenic factor produced due to myrosinase activity on 

glucosinolate occuring in the mustard seed as well as in the gastrointestinal 

microflora. Several authors have reported the detoxification of rapessed toxicants 

employing solid state fermentation and spontaneous fermentation (Vig et al, 

1993) 

Grag and Thukral ( 1995) have observed that Lactobacillus is more effective 

for the detoxification of thiooxazolidones and Saccharomyces for glucosinolates 

and isothiocynates. Though spontaneous fermentation has also been used by 

several (Ohft et al1978) but according to Grag and Thukral (1995) pure culture 

fermentation to be more desirable than the spontaneous one. 

Solid state fermentation (SSE) of Canola meal has been carried out to 

reduce its phytic acid content using Aspergillus ficum NRRL 3133 by Nair and 

Duvnjak (1990). A large amount of biomass in the iinoculum and older inoculum 

increased the rate of phytic acid hydrolysis.The optimum moisture content of 

the medium was fount to be 67% for phytic acid hydrolysis in an SSF process. 
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The substitution of water in the semisolid medium with acetate bufer resulted in 

faster reduction of the phytic acid content. A 15% increase in the amount of 

protein after 120h of incubation was observed in the treated meal. The crude 

phytic preparation extracted from the canola meal after it was treated in the 

SSF process was also used for reduction of phytic acid content in new batches 

of canol a meal both in semisolid medium in new batches of canol a meal and in 

liquid medium. In the semisolid medium 58% of the phytic acid was hydrolysed 

at 45°C in 20hr. While 100% hydrolysis was recorded at 50°C in 12hr. in the 

liquid medium. 

Another alternative way of the RSM utilisation could be by single cell protein 

production employing yeast as fermenting organism. Ten species of the yeast 

were evaluated for their single cell protein production potential and Candida 

curvata was found to be the best fermenting and growth yielding microbe (Grag 

et al1983) giving a high growth on RSM-HCI digests after 24 hours of incubation 

(Grag eta\., 1985). 

DISTRIBUTION OF PHYTOSEROLS IN Brassica SPP 

Sterols are characteristic components of all natural oils and fats, comprising 

in most cases the greater part of the unsaponifiable matter (Thalar and Groseff, 

1943) However, they are little concern to the oil technologist in as much they 

are chemically inert and do not contribute to any important property of the oils. 

Their recovery from oils is of some interest because they constitute starting 

materials for the synthesis of sex hormones and artificial preparation of vitamin

D and mustard oil is a rich source of sterols which find important applications in 

the synthesis of steriodal drugs (Grag and Thukral, 1995). Sterols may be 

separated from the other unsaponifiable constituents of fats by fractional 

crystallisation and may be concentrated from oils without saponifications of the 

latter by means of molecular distillation. 

Different sterols isolated from seeds of Oleiferous brassicas have been 

represented in Table -1 
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Table- 1 

Distribution to phytosterols in seed Oleiferous brassicas. 

Name, molecular formula, 
and m.p. of phytosterols 

Satitosterol 
C29H500 ; m.p. 140°C 

HO 

Stigmasterol 

C29H480 , mp. 170°C 

Cholesterol 

C
27 

H460 , mp. 146°C 

Plant sources 

B.napus cv 

Matador 
B. napus cv 

Regina II 
B. juncea 
B.napus 
summer type 

B. campestris 
cv. golden Ball 

B. campestris 
cv. Wallace 

B. napus, Summer 

type 
B. Campestris 
cv. golden Ball 

References 

Capella and Losi ( 1968) 
Rutkowski (1966) 

Capella and Losi 91968) 

Grag and Thukral (1995) 

Ingram et al (1968) 
Rutkowski (1968) 

Ingram et al , (1 968) 
Rutkwski (1966) 
lngrams et al (1968) 

Ingram et al (1968) 

Ingram et al (1968) 

B. napus cv. Matador Capella and Losi 91968) 

B. napus cv. Capella and Loss (1668) 

Regina II 
B. napus summer 
type 
B. juncea 
B. campestris cv. 
golden Ball 
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Name, molecular formula, 
and m.p. of phytosterols 

Campesterol 
C

28
H

48
0, m.p.1570°C-158oc 

Brassicasterol 
C28H4p,mp. 148°C 

HO 

Plant sources 

B. campestris cv. 
B. napuscv. 
Matador 
B. napuscv. 
Regina II 
B. napus summer 
type 
B. campestris cv. 
Golden Ball 
B.juncea 

B.rapa 
B.napuscv. 
Matador 
B. napuscv. 
Regina II 
B. napus summer 
type 
B. campestris cv. 

golden Ball 
B.juncea 
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GENERAL STRUCTURE AND NOMENCLATURE OF 
GLUCOSINOLATE IN Brassica spp 

The glucosinolates are a uniform class of naturally occuring anions which 

have so far, been found exclusively in the pant kingdom, and only in a limited 

number of dicotyledon families. Although all are derivatives of a common general 

structure, there is a great vaiation in the chemistry of their aglycones. 

Glucosinolates are characterized by their ability to be hydrolysed by the 

enzyme myrosinase to yield glucose and a labile aglucone which spontaneously 

rearranges with the loss of sulfate to giive an isothiocyanate. Thus the 

glucosinolates have been termed thioglucosides, mustard oil glucosides and 

isothiocyanate producing glucosides and isothiocyante producing glucosides 

and isothiocyanate producing glucosides and isothiocyante producing 

glucosides. Many of the isothiocyanate fission products, which may be present 

in the intact plant in imnute amounts, are released when the plant tissues are 

crushed. These volatile, fission products (mustard oils) are reponsible for the 

distinctive, pungent flavour and odor with which we associate some of the 

common mustards (Cruciferae species) used as vegetables and condiments 

(Vaughan et. a/. 1977). 

The first glucosinolates were isolated more than a century ago at a time 

when the enzymatic formation of the mustard oils was being studied (Botron 

and Fremy 1840). A mustard oil-producing compund, sinalbin , was isolated 

from white musterd seed of Sinapis alba L. (Robiquet and Boutron 1831) and 

Bussy (1840) recovered the potassium salt of the "acid myronique" later to be 

know as sinigrin , from black mustard seeds (Brassica nigra Koch.). Hofmann 

(1868) showed the mustard oils to be isothiocyanates and first structural formula 

for these two classical glucosides was proposed by Gadamer (1897) . 

The revised structure was verified by synthesis (Ettlinger and Lundeen 

1957) and now extended by analogy to the general formula (Fig.1) has been 

accepted as the correct formula for all glucosinolates know to date. 

R-C-SGic 

II 

N -oso- K+ 
3' 

Fig. 1 General structure of glucosinolate. R = Organic ~8e chain , Glc= f3- D

Glucose. 

[24] 



Glucose has invariably been found as the sugar moiety attached through 

a {3-thioglucosidic linkage. X-Ray crystallograhic studies (Waser and Watson, 

1963) confirmed the structure and established that the configuration around 

the C=N is with the side-chain "R" anti to the sulfate. 

The glucosinolates have been isolated most frequently as their potassium 

salts, although sinapine (the choline ester of sinapic acid) is the cation of the 

mustard oil glucoside sinalbin. 

Variation in the structure of "R" group of glucosinolates available in Bras sica 

spp. and their nomenclature has been represented in Table -2. 

Table- 2 

Variation in the structure of "R" group of glucosinolates available in 

Brassica spp. and their nomenclature. 

No. Structure of "R" group Semisystematic names Trivial names 

1. CH
2
=CH-CH

2 
Allylglucosinolate Sinigrin 

2. CH
2
=CH (CH)

2 
But-3-enyl glucosinolate Gluconapin 

3. CH
2
=CH-(CH

2
)

3 
Pent-4-enylglucosinolate Glucobrassicanapin 

4. CH
2
=CH-CH-CH

2
- (2R)-2-Hydroxybut-3-enyl Progoitrin 

I glucosinolate 

OH 

5. CH
2
=CH-CH-CH

2 
(28)-2-Hydroxy but -3-enyl- Epiprogoitrin 

I glucosinolate 

OH 

6. CH
3 

(CH) CH- Isopropyl glucosinolate Glucoputranjivin 

7. CH
3
-CH

2
(CH) CH- 1-methylpropylglucosinolate Glucocochlearin 

8. CH =CH-CH -CH-CH 
2 2 I 2 

(2R)-2-Hydroxypent-4- Napoleiferin 

OH enyl-glucosinolate 

9. CH
3 
-S= (CH)

3
- 3-Methylthiopropylgluco- Glucoibervirin 

sinolate 
10. CH3-S-(CH) 4- 4-Methylthiobutylgluco- Glucoerucin 

sinolate 
11 . CH

3
-S-(CH

2
)

5
- 4-Methylsulphphinylpro Glucoerucin 

pylglucosinolate 
12. CH

3 
-SO-(CH

2
) 

4
- 3-Methylsulphphinylpro Glucoiberin 

pylglucosinolate 

13. CH
3 
-SO-(CH

2
) 

4
- 4-Methylsulphinylbutyl- Glucoraphanin 

glucosinolate 
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No. Structure of "R" group 

14 .. CH,-SO-(CH2) 5-

15. 

16. 

17. 

18. 

19. 

20. 

21 

22. 

23. 

CH
3
-S0

2
-(CH

2
) 3-

CH -SO-(CH ) -
3 2 4 

Q-cH2 

Q-cH-CH-2 2 

Q-cH-CH-2 2 

I 

OH 

HO-o--CH2-

Ccf R,=R,=H 

N 
I 

CCt R,=OCH,,,R, 

N 
I 
R, 

Ccf R1
=H;'R=OH 

N 
I 
R, 

R, Cf-1, 

24. R,=H,R=OCH3 

N 
I 
R, 

Semisystematic names 

5-Methylsulphinylpentyl

glucosinolate 

3-Methylsulphonylpropyi-

4-MethylsulptJonylbutyl 

glucosinolate. 

Benzylglucosinolate 

Phenethylglucosinolate 

2 Hydroxy-2-Phenylethyl

glucosinolate 

Trivial names 

Glucoalyssin 

Glucocheirolin 

Glucoerysolin 

Glucotropaeolin 

~luconasturtin 

Glucobarbarin 

p-Hydroxybenzylglucosinolate Sinalbin 

lndole-3-ylmethylglucosinolate Glucobrassicin 

N-Methoxyindol-3-ylmethyl 

glucosinolate 

4-Hydroxyindol-3-yl methyl 

glucosinolate 

4-ethoxyindol-3-yl methyl 

glucosinolate 

Neoglucobrassicin 

4-Hydroxyglucobra

ssicin 

4-Methoxyglucobra 

ssicin. 

N.B.: The glucosinolate no. 1-16 biosynthetically derived from methionine alid 17-20 from phenylalanine, 21-24 are 
the indol-3-ylmethyl-glucosinolate. 
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GLUCOSINOLATES AVAILABLE IN SEEDS OF B. campestris AND B. 

juncea. 

A number of glucosinolates that are available in Brassica campestris and 

B. juncea have been represented in Table-3. 

Table- 3 
Glucosinolates present in seeds of Brassica campestris and B. juncea. 

Glucosinolate 

Allyl glucosinolate 

3-butenylglucosinlate 

4-Pentenylglucosinolate 

4-Methylthiobutyl
glucosinolate 

5-Methylthiopentyl
glucosinolate 

4-Methylsulfinyi
Giucosinolate 

4-Methylsulfinyl
butyl glucosinolate 

5-methylsulfiny\buty\
glucosinolate 

2-Hydroxy-3-butenyl 
g\ucosinolate 

2-Hydroxy-3-butenyl 
glucosinolate 

Plant species 

Bras sica juncea 

B. campestris 

B.juncea 

B. campestris 

B. campestris 

B. campestris 

B. campestris 

B. campestris 

B. campestris 

B. campestris 

B. Campestris 

2-Hydroxy-4-pentenyl- B. campestris 
4-Hydroxy-3-indolyl B. campestris 
P-hydroxybenzyl-glucosinolate B.juncea 
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DISTRIBUTION OF GLUCOSINOLATE IN DIFFERENT PLANT 
PARTS OF Brassica spp. 

3 Butenyl-4-pentenyl-, 2-hydroxy-3-butenyl & 4-hydroxy-3-indolylmethyl

glucosinolate were the major glucosinolates in developing pod tissue and seeds 

of both high and low glucosinolate lines of rapeseed (B.napus). of pod tissue 

over a period of 18 days after pollination, and increases in the seed were 

consistent with the pod tissue being a source of glucosinolate accumulating in 

the seed. 

The glucosinolate content of oilseed rape leaves was monitored over the 

growth period 30-70 days after planting, and a comparison made between a 

single-low cv. Bienvenu (low in eruic acid) & a double-low cv. Cobra (low in 

eruic acid and glucosinolate), In fully expanded older leaves, the glucosinolate 

concentration was very low (0.3 J.1 mol/ml tissue water) and did not alter during 

the course of the experiment in developing sixth leaves (4-5 J.1 mol/ml tissue 

water) 40 days after planting (6 days after leaf emergence). The concentration 

then declined, to about 1 J.1 mol/ml after 60 days although the total glucosinolate 

content in leaves continued to increase until 50 days. Much of the reduction in 

concentration was simply a result of leaf expansion. No major differences were 

seen between the two varieties in total glucosinolate content or in the individual 

compounds present. Cobra developed more quickly then cv. Bienvenu, so direct 

comparison between leaves of the 2 cvs. were complex. When comparing the 

glucosinolate content of oilseed rape leaves between cvs. or between 

treatments, it is vital to ensure that carefully matched leaves of comparable 

development age are selected (Porter, et al, 1991 ). 

Rape plants were labelled by applying (NH
4

)
2 

35So4 to soil change in content 

of 35S in various constituents in pods and grains, were dtermined by Zhang et al 

(1991) during siliqua development to exploit formation and accumulation of 

glucosinolates in oilseed rape. Amounts of both 35S in glucosinolates and dry 

matter per pod increased linearly with time after flowering. According to the 

changes of amouts of 35S in other constituents per pod, it could be supposed 

that glucosinolates accumulated in seeds might be transported from other organs 

together with nutrients. 

Clossais & Lanhar (1991) showed the distribution pattern of aliphatic and 
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aromatic glucosinolates between the various organs (B. napus), and the variation 

in the individual glucosinolates during plant development were quite si_milar 

between the 2 cvs. Peculiar stages of accumulation during the vegetative growth 

period and the seed maturation period were identified. These stages were 

followed by periods of intense degradation during flowering, germination and 

early growth stages of seedlings. Fluctuations in the amount and structure of 

the glucosinolates in each of these periods suggest a shortage function for 

these compounds which are required at specific stages of development. The 

involvement of some of these compounds in hormonal control of flowering was 

claimed. 

According to McGergor (1988) the content of aliphatic, aromatic and indole 

glucosinolates were measured in the roots, hypocotyl cotyledons and leaves of 

the high glucosinolate B.napus cv. Midas over the first 10-14 days after seedling 

stage. For seedlings grown in light from emergence, glucosinolate content 

declined slightly than increased. Increase in the indole glucosinolate content of 

the shoot (Hypocotyl and cotyledons) was caused by an increase in 3-

indolymethyl glucosinolate. When seedlings were confined to darknes of either 

6 or 10 days of seedling growth 3-indolylmethyl glucosinolate did not increase. 

The content of 4-hydroxy-3-indolylmethylglucosinolate, the dominant 

glucosinolate in the seed, declined in both light and dark grown seedlings. 

BIOSYNTHESIS OF GLUCOSINOLATE 

Biosynthetic studies of glucosinolates have revealed that all are derived 

from amino acids and that most glucosinolates are formed by a common 

biosynthetic pathway. These studies have involved administration of labelled 

compounds to plants, isolation of intermediates and, in a few cases, the detection 

of some of the enzymes involved in the pathway. 

Glucosinolates from Amino acids 

Assuming the loss of the carboxyl carbon, a remarkable similarity exists 

between the carbon-nitrogen structures of a number of common amino acids 

and some glucosinolates. This relationship between amino acids and 

gluosinolates was clearly demonstrated by the facile conversion of labelled 

tryptophan into 3-indolylmethyl-glucosinolate in Brassica oleracea L. (Kutacek 
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et al. 1962) and of phenylalanine into benzylglucosinolate. It was established 

that the carbon skeleton, except for the carboxyl , and the amino nitrogen of L

phenylalanine were incorporated intact into benzylglucosinolate (Underh ill and 

Chisholm, 1964 ). Similarly it has been demonstrated that other glucosinolates, 

including p-methoxybenzyl and isopropyl-glucosinolates are formed from their 

corresponding amino acids with the loss of the carbxyl carbon (Underhill and 

Wetter, 1973). 

The majority of glucosinolates comprising the extensive series of 

homologoues posses aglycone structure which are not related to protein amino 

acids. It is generally accepted however, that these glucosinolates are also 

derived from amino acids formed in turn from protein amino acide via 

condensation of their 2-oxo-acids with acetate involving a chain elongation 

pathway. 

Although intermediate . involving the chain elongation pathway have been 

isolated only in the formation of 2-amino-4-phenylbutyric acid, the labelling 

patterns observed in the formation of other glucosinolates are entirely consistent 

with such a patway. The chain extension of amino acid receives further support 

from the work on the biosynthesis of allylglucosinolate (Chisholm and Wetter, 

1966 ; Matsuo and Yamazaki , 1968) , 3-butenylglucosinolate and 4-

pentenylglucosinolate and their 2-hydroxylated analogues (Chisholm and Wetter, 

1967; Serif and Schmotzer, 1968; Lee and Serif, 1970). All are derived from C
2

, 

C
3 
and C

4 
of methionine and the methyl carbon of acetate and the labelling 

pattern in the glucosinolate aglycone was in each case consistent with the 

operation of the route involving repeated chain extention of methionine. 

Intermediates between amino acids and glucosinolates 

The conversion of amino acids to glucosinolates without the severance of 

the C=N bond has been confirmed by several workers , a result that implies that 

the inter-mediates between amino acids and glucosinolates are nitrogenous. 

The first nitrogenous intermediate found was aldoxime, independently 

reported bhy Tapper and Butler (1967). It was demonstrated that isobuty

raldoxime , phenylacetaldoxime and phenylpropionaldoxime were each 

incorporated into isoprophy-benzyl-and phenylethyl-glucosinolates with an 

efficiency equal to or greater than that from their natural amino acid precursors. 
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One of the most important points in the biosynthesis of glucosinolates 

which still remains to be clarified concerns the nature of the reduced sulfur 

doner and the oxime-derived sulfur acceptor ultimately leading to the formation 

of the thiohydroximic acid. Several inorganic and organic sulfur compounds 

have been fed to plants and of these cysteine is the most efficient source of 

the reduced sulfur atom in glucosinolates, but no further details have been 

reported (Underhill and Wetter, 1973). 

The next, and last, sulfur intermediate in the sequence was recognized 

as a result of plant feeding experiments in which 14C-Iabelled 

desulfobenzylglucosinolated S-(8-D-glucopyranosyl) phenylcetothoydroximic 

acid was converted into benzylglucosinolate. 

Glucosinolate interconversions 

It is known that a number of glucosinolates are derived from a single 

amino acid precursor by side chain modification of previously formed 

glucosinolates including oxidation, cleavage of CH
3
S (oxidized equivalent), 

acylation and N-sulfonation, Glucosinolates whose aglycones contain an 

alliphatic hydroxyl are derived from their desoxy analogues (Underhill and Kirk 

and 1972 Ali and Josefesson, 1973) and in this respect they differ from those 

possessing phenolic hydroxylation which are formed from the corresponding 

phenolic amino acids (Kind I and Schiefer, 1971.) 

According to Jain, et al. (1990) the last two steps in glucosinolate 

biosynthesis involve successively a glucosylation and a sulfation reaction, 

catalyzed by UDP-glucose-thiohydroximate glucosyltransferase and PAGE 

desulfoglucosinolate sulfotransferase to obtain structural information on 

individual enzymes 

Desulfo-3-butenylglucosinolate is considered to be a potential late stage 

precursor in the biosynthesis of (R)-2hydroxy-3-butenylglucosinolate (Progoitrin) 

and 3-butenylglucosinolate (gluconapin) in Brassica (Rossiter et al. 1990). 
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MYROSINASE ACTIVITY ON GLUCOSINOLATE 

Four assays for plant myrosinase were compared for linearity, sensitivity, 

reproductibility, & suitability for routine analysis. The methqds were (1) pH state 

assay, (PHSA); (2) Spectrophotometric coupled enzyme assay (SCEA) (3) direct 

spectrophotimetic assay (DSA) and (4) a new polarog coupled assay (PCA); 

involving glucose oxidase and catalase, which measures the rate of glucose 

release as 0
2 

uptake during substrate hydrolysis. The PCA and PHSA showed 

comparable activities that originally proposed. The SCEA showed complete 

nonlinearity due to both the presence of ascorbate as myrosinase activator 

and to the low concentration of Mg•2 and hexokinase-glucose-6-phosphate 

dehydrogenase. None of these methods appeared suitable for routine work for 

different reasons. On the contrary, although the DSA gave the expected lower 

activity compared to the PHSA methods due to the suboptimum substrate 

concentration, it appeared to be the most suitable for routine analysis due to its 

simplicity and reliability (Palnieri et al, 1987). 

Buchwald! et al (1986) developed rapid and high-yielding ion-exchange 

chromatography with fast polymer liquid chromatography (FPLC) for plant 

myrosinase isoenzyme studies. 

The toxicity of contaminated mustard seed toward Namatospora yeast 

was due to the action of endogenous myrosinase upon the glusosinolates, 

sinigrin from B.juncea and sinalbin from B. hirta seeds to produce toxic hydrolysis 

products. No evidence was obtained to suggest a role for these toxin products 

in resistance of the plant to invasion by nematospora(Holley and Jones, 1985). 

Nowak et al. (1980} studied the purification of myrosinase from rapseed 

and the effect of pH, temperature and other factors on the activity and stability 

of enzymatic preparations. Two myrosinase fractions were obtained from the 

extraction with 0.5 M phosphate buffer with addition of 0.9% NaCI salting out 

with (NH
4

}
2 

-S0
4

, dialysis after 4 M urea treatment heating to 58° C and then 

chromatography on sephadex G-75, hydroxylapatite, Sephadex G-1 00 & QAE

sephadex A-150. 

Myrosinase (B-thioglucoside glucohydrase) proteins with similar kinetic 

characteristics exist in oilseed rape (B. napus cv. bienvenu) seedlings. Two 

protein fractions have been described which are likely to oe present. 
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Smith et al (1990) reviewed with 37 refs. covering the antimetabolite effects 

of glucosinolates in animals, breeding experiments, to reduce glucosinolates 

and effects of oilseed rape cultivation on wildlife. 

The effect of the thiols, L-cysteine, reduced glutathione, cysteamine, 

thiobenzoate, thiomalate and thiophenol , on the degradation of sinigrin by 

myrosinase of takana (B.juncea) seeds were investigated in combination with 

Fe+ at different pH values, 5.0-7.5. (Uda et al 1986).The formation of allyl 

isoth iocyanate was greatly inhibited by addition of both thiols and Fe+2 to the 

reaction medium at pH 5.0 or 6.5. The combined effects of thiols and Fe+2 on 

the formation of volatile produts was also studied by chromatography using a 

mixture of allyl , 3-butenyl , and 4-pentenyl glucosinolates (1 :4:1) as substrate. It 

was confirmed that the greater part of the volatile components produced in the 

presence of both thiols and Fe+2 was allyl , 3-butenyl , and 4-pentenyl cynanides 

and their corresponding cynoepithioalkanes, even though the reaction medium 

was adjusted pH 6.5, similar results were obtained when Ag sinigrate, an 

analogous model compound to the aglucone of sinigrin , was degraded by the 

addition of NaCI, in the presence of both thiols and Fe+2
. The results suggested 

that in combination with Fe+2 such common thiols as L-cysteine and glutathione 

may be concerned in the production of nitriles from glucosinolates in natural 

systems, and that the acceleration of nitrile formation is probably atributed to 

much more rapid desulfuration than the progress of lassen rearrangement of 

aglucone. 

According to Uda et al ( 1982) 1 0-isothiocyanate and 6 nitriles were 

identified in all 3 volatile samples form leaves of Hakuran and from leaves and 

seeds of co-1 05 varieties of B.napus during observing myrosinase activity. The 

enzyme also sulfated desulfoallylglucosinolate to allylglucosinolate (sinigrin) 

but was inactive towards all phenyl-propanoids and flavonoids tested 

(Glendening et al1988). 

Degradation of Glucosinolate 

The hydrolysis of the glucosinolates, sinigrin , gluconapn, gluconasturtin, 

glucobrassicin, and 4-hydroxy-glucobrassicin, by myrosinase or by acid was 

examined. Although all glucosinolates were hydrolyzed by mirosinase, only 4-

hydroxyglucobrassicin , glucosinalbin , gluconasturtin , glucobrassicin and 

progoitrin were partially hydrolyzed by acid (pH 2). When intact glucosinolates 
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or myrosinase-treated glucosinolate products were treated with nitrile only 

glucobrassicin and 4-hydroxyglucobrassicin formed N-nitrosocompounds. 

Degradation products of some glucosinolates have been reviewed by Shahidi 

et al (1990). 

BIOLOGICAL FUNCTION OF GLUCOSJNOLATE 

In animal feed the use of rapeseed is limited mainly by the effect on the 

thyroid gland (Fenwick and Heaney, 1987). Besides other effects on adrenal 

gland, kidney and liver are known to be affected and in poultry, fishy taint and 

decolourations of the eggs have been noticed. The thyroid enlarging effect by 

animals is caused by the very high content of glucosinolates in rapeseed. A 

content of 60 to 20 J.1 Moles per gm seed is found which in equal to some 2% to 

5%. This limits the use of rapeseed in animal feed and necessitates the 

cultivation of rapeseed with low glucosinolate content. 

The thyroid enalarging effect is mainly due to vinylthioxazolidon, 5-

vinyloxazolidine-2-thione, produced enzymically from the ubiquitous 

glucosinolates progoitrin which are also potent goitrogens and inhibitor of hepatic 

enzyme systems. (Luthy et al. 1984). 

A recent study with human volunters fed with a brassica diet rich in 

progoitrin, showed no effect on thyroid hormone levels (McMillan et al 1986), 

possibly because of inactivation of myrosinase during cooking. 

On the other hand, adverse effects due to the occurance of glucosinolates 

in feed have been documented. Undersirable consequences include cytotoxicity 

and the tainting of poultry eggs and diary milk. Coupled with low dietary iodine, 

glucosinolates have goitrogenic activity in humans (Heany and Fenwick, 1981 ). 

Recently Jongen et al (1986) have developed and applied in vitro method 

·for the determination of antimutagenic effects by indolyl glucosinolate break 

down products. Protective effects of the indolyl compounds were found when 

testing the genotoxicity of known mutagens like benzypyrene and dimethyl 

nitrosamine. 

To denature skimmed milk powder the European community regulated 

the addition of rapeseed meal with a high aniount of glucosinolates, thus making 
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the milk powder only usuable for adult animals and not for young animals like 

baby pigs. The aim of this regulation is to reduce the skimmed milk powder 

stock without disturbing the existing market. 

There is limited epidemiologic evidence suggesting that ingestion of 

Brassica vegatables may be associated with reduce risk of some cancers of 

alimentary tract and a number of Brassica constituents are known to inhibit 

carsinogenesis in laboratory (Massoba et al, 1989). The anticarsinogenic effects 

of Brassica vegeta~les may differ depending on whether they are consumed 

raw or cooked. In th•s regard it seems probable that the inhibitory effects on the 
• 

development of stomach and colon cancer attributed to Brassica vegetables 

(Graham et al, 1978) should be attributed primarily to the consumption of raw 

vegetables. Further more, it has been reported that the consumption of large 

· amounts of vegetables led to a reduction in the risk of stomach cancer in Norway 

but not in United States. In this studies with laboratory animals, indole d~rivatives, 

specifically 3 indolemethanol, 3,3, diindolylmethane and 3-indole acetonitrile, 

have shown to inhibit forestomach neoplasia and mammary tumor formation 

and to increase the key enzyme activity involved in cellular detoxification systems 

(Wattenberg and Loub, 1978). 

METHODOLOGY USED FOR QUANTITATIVE ESTMATION OF 
GLUCOSINOLATE IN DIFFERENT Brassica spp. 

Numerous methods have been reported for the quantitative analysis of 

glucosinolates. Most of the quantitative methods are based upon the analysis 

of one or more of the enzymatic hydrolytic products and therefore assays for 

both total and individual glucosinolates are available. 

Assaya for total glucosinolates in seeds or plant extracts are based on 

measurement of either D-glucose or sulfate liberated on enzyme hydrolysis. A 

simple, rapid method which has been used to screen for low glucosinolate 

concentrations in individual seeds is based on analysis of the total liberated. D

glucose using commercially available test paper containing glucose oxidase, 

peroxidase and chromogen or a pocket refletometer (Craig and Drapv, 1979). 

Here it has been found necessary to pass the crude aqueous plant extract 

through charcoal prior to assay in order to remove coloured and other interfering 

compunds (Vaneffin et al, 197 4). Glucose formed by myrosinase has also been 
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measured by GLC (Olsson et al1976). Quantitative determination of the colour 

produced in the thymol-sulphuric acid methods (Brzezinski and Mendelewshi 

1984) and spectrophotometric determination of Pd-glucosinoiate complexes 

(Moller et al, 1985) have been used. 

One results have revealed that it is necessary to use all of these methods 

as on one of them gives reliable results for all the glucsinolates. Correct 

determinations of the purity of glucosinolates used as internal or external 

references for quantitative methods of glucosinolate analysis are required. The 

same holds for glucosinolates used for determination of response factors and 

for development of correct and reliable analytical methods (Bjerg et al. 1984). 

Total glucosinolate can also be determined by meassurement of the sulfate 

released either gravimetrically tritrimetrically. A number of indirect methods have 

been developed to quantitate particular glucosinolat or groups of glucosinolates. 

Colorimetric (Johnston and Jones, 1966) and tritimetric (Raghavan et al, 1971) 

assays of thiocynate ion have been adapted for the estimation of the indole 

glucosinolates and p-hydroxy benzyl glucosinolate having too coloured materials 

found in plant extract often interfere with the assay. A methods of analysis in 

rape seed meal for the total substituted oxazolidine-2-thiones and alkali stable 

isothiocyanates following conversion of the letter to thiourea is based upon 

their specific UV abaorbance (Wetter and Youngs 1976). 

Various methods used for quantitative estimation of glucosinolate in 

Brassica spp. have been represented in table-4. 

Table- 4 

Various methods used for quantative estimation of glucosinolates in 

different Brassica spp. 

Plant species 

B. napus 

Method used 

High perfonnance liquid 
Chromatography (HPLC) 

Flash Chromatography 

Liquid chromatography (LC) 

Gas liquid chromatography (GLC) 
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Plant species Method used . References 

B.juncea HPLC Lange & Petrzika, 1990 

Liquid chromatography mass Hogge et al, 1988. 
spectrometry (LC/MS) 

ELISA Hasson et al, 1988. 

Gas chromatography mass Lang & Petrzika, 1990 

spectrometry (GC-MS) 

K.H. Suer's method CH,OH/ Shen et al, 1987 

NH,f H,O-hexane 

lso-tachophoresis Klein, 1981 

B. campestris HPLC Truscott et al, 1983 

Thermospray liquid Ye&Zhu, 1987. 

Chromospray 

(GLC) ltoh et al, 1984. 

B. campestris L.C. McGregor, 1979. 

GC-MS Uda et al, 1982. 

Electrochemical method Koshy et al, 1988. 

GC-MS Uda et al, 1982. 

GC/MS Macleod et al., 1990 
Shaw et al, 1990. 

B. ft'ekinensis G.C. ltoh et al, 1984. 

HPLC, TLC Truscott et al, 1983. 

B. alba GC-MS Ye & Zhu 1987 

GCIMS Shaw et al, 1990. 

B. napobrassica L. Spectroscophy IR Mossoba et al, 1989 

Brasica. sp. X-ray fluorescence Schung et al, 1990. 

spectroscopy 

Brassica sp. High performance capillary Shaw et al, 1989. 

gas spectrometry. 

[37) 



810- ECOLOGY OF MUSTARD APHID 

Knowledge of the biology and ecology of a pest is essential to find out 

the weak links in its life history so that they are exploited in evolving intergrated 

pest management programme for the large pests. An excellent review on 

the life history, population dynamics and dispersal in the mustard aphid has 

been prepared by Landin (1982). 

Detailed studies on the biology of L.erysimi Kalt were made by Sidhu 

and Singh (1964) in Punjab and Rout and Senapati (1968) in Orrisa. These 

were subsequently supplemented by many other workers. Never the less 

there are still many gaps in our knowledge, particularly in relation to the 

changed spectrum of cultivars and other cultural practices in different states 

of India. 

Sidhu and Singh, (1964) and some other authors noted the mustard 

aphid on some vegetables and wild crucifers during summer months. Sachan 

and Srivastava (1972) could not locate the pest on cabbage in Rajasthan 

from July to October, whereas Lal (1977) stated that it was not traceable in 

the plains of India during summer. 

L.erysimi Kalt appear on rapeseed mustard in October when these 

crops are just at the seedling stage. The aphid multiplies gradually and the 

peak population was recorded from end- December to mid- March on different 

host plants in different agro-ecological regions. During this period, the 

apteroidmorphs were most abundant. It was followed by a decline during 

Febuary- March, when the proportion of alaloid viviparae increased to help 

in aphid dispersal (Sachan & Srivastava, 1972; Roy, 1975; Ghosh, 1980; 

Singh, 1982; Ghosh and Mitra, 1983; 

CULTURAL CONTROL OF MUSTARD APHID 

The information available on the effect of different cultural practices 

such as sowing time, fertilizer dosages, spacing, irrigation, inter-cropping 

etc. was very scanty. 

In general, it has been reported that the early sown crops (i.e. upto 

[38] 



20th October) suffered very less damage by the aphid as compared to that 

sown during end- October onwards under different agroclimatic regions such 

as in West Bengal (Pal, et al1976); Punjab (Bakhetia 1986); Haryana (Singh et 

al, 1984); Madhya Pradesh (Rawat and Singh, 1983) UtterPradesh (Sachan et 

?I 1983) and Bihar (Bhattacharjee, 1961 ). 

As per reports on the effect of fertilizers the population built up of mustard 

aphid are contradictory. Rawat et al. (1968) reported 2 and 3 times higher 

aphid population in treatments with 40 and 60 kg N/ ha respectively as compared 

to that in controL At Ludhiana (Punjab), Sidhu and Kaur (1977) observed that 

higher the nitrogen levels (0,30.60,90 and 120 ppm) applied to rapeseed

mustard, better was the development of mustard aphid. Similarly, Kalra et al 

(1983) reported that the crop receiving heavy dose of nitrogen (60 kg/ha) suffered 

more by the aphid attack at Hissar (Haryana). However, reports by Kundu and 

Pant (1967), Bakhetia and Sharma (1978), Sachan et al, (1983), and Rawat 

and Singh (1983) contradicted the perseconclusion, as they did not observe 

any appreciable effect of increasing N levels of different combinations of N, P, K 

on the population built-up of mustard aphid on Brassica crops. 

Bakhetia (1986) reported that the early sown crop of rai (i. e. upto 2oth 

October) at Ludhiana (Punjab) suffered less from aphid infestation, harboured 

lower aphid population, needed much lower dose of pesticides and gave good 

returns as compared to the late sown which suffered heavy damage by the 

aphid, needed high protection and still gave lower yields. 

The spacing between lines had no significant effect on L.erysimiinfestation 

while the irrigation resulted in increased aphid attack without any appreciable 

loss in yield of mustard at Hissar, (Kalra et al 1983). In Punjab, Bahkhetia and 

Brar (1988) observed that rainfed crop suffered heavily from aphid ravages 

and the plants succumbed to aphid injury in almost all the strains/ varieties 

while the irrigated crop, despite supporting high aphid population, had a good 

growth. A consistently decreasing trend in the fecundity of L.etysimi on plants 

growing under increasing water stress in the screen house was recorded by 

Sidhu and Kaur (1976). 
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CHEMICAL CONTROL OF MUSTARD APHID 

A great deal of research work has been done on the chemical control of 

mustard aphid in India before and after mid- seventies. Out of a large number 

of compounds tested, more than 36 have been reported to be effective in 

controlling this pest. The more common on the recommended.list of insecticides 

are chlorophyriphos 20 Ec, dimethoate 30 Ec, endosulfan 35 Ec, formothion 

25 Ec, malathion 50 Ec, Oxyhydemeton methyl 25 Ec, phosphamidone 100 
l. • '<I ' 

/~~·:.:and quinalphos 25 Ec as foliar spray, and aldicarb 10 G, carbofuran 3G, 

disulfoton 5 G. and phorate 1 0 G as soil application (Bakhetia, 1987). 

Many workers have tested different parts of the plant and seeds of 

rapeseed- mustard for residue of toxic materials applied for the control of 

mustard aphid, but none has ever reported the residue of insecticides in seeds 

after harvest. However, the toxic residue of different insecticides above tolerance 

limits were observed in the leaves within three days after malathion spray and 

used 28 days for parathion (Kavadia and Lak, 1968 a & b). Insecticides like 

endosulfan, mention and methamidophos have been identified as comparatively 

effective for the natrual enemies of mustard aphid and insect polliantors of the 

Brassica crops. 

The increased use of the pesticides as a result of prophylactic and 

opportunistic treatments may not always be economically optimal or ecologically 

acceptable. There are reports that mustard aphid has developed high level of 

resistance to most of the insecticides recommended for its control. Earliest 

report of L. erysimi showing resistance to endosulfan in India is that by Udean 

and Narang (1986) 

APHID RESISTANCE IN RAPESEED- MUSTARD 

The use of resistant varieties is one of the important components of 

integrated pest management. It provides insect control at no additional cost to 

farmers, is safe, compatible with other pest management tactics and does not 

involve any eleborate effects in technology transfer to farmers. The research 

work on evolving resistant variety generally proceeds on the following 

lines:(Bakhetia and Sekhon, 1989) ,. 

(i) Development of reliable, efficient and easy screening techniques. 
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(ii) Screening of available germplasm for resistance to pests; 

(iii) Understanding the bases of resistance; and 

(iv) The use of resistant source in breeding programme. The third and fourth 

programmes generally are taken up simultaneously. 

The subject of aphid resistance in Brassica crop has been reviewed by 

Bakhetia and Labana (1978). Useful efforts were made before mid- seventies 

to develop efficient screening techniques in Rapeseed- mustard against aphid 

(Pathak 1961; Tetia and Lal1970 Bakhetia and Sandhu 1973). Different types 

of methods depending upon aphid population and aphid injury grades were 

developed and perfected. Till now the system of injury grades develped by 

Bakhetia and Sandhu (1973) are being used in AICORPO programme for field 

screeing. 

ECONOMICS OF APHID CONTROL 

The importance of any pest can be gauzed only if the damage caused by 

it to the crop is estim~ted precisely. Prior to mid- seventies only limited data 

were available on the losses caJsed by the mustard aphid to Brassica crops. 

The first report in which estimates of monetary loss were made, was that of 

Bindra (1970), who calculated an annual loss of Rupees nine crores in rapeseed 

mustard in India. However, his report was based on comparatively limited data. 

With the inception of the All India Coordinated Research Project on 

Oil seeds (AICORPO) in 1967, the work on yield losses due to insect pests with 

particular reference to mustard aphid was started in almost all the coordinating 

centres and subsequently supplimented by work outside the project. 

Phadke (1980) stated that the losses due to mustard aphid varied from 24 

to 96 per cent in different mustard growing regions in India. Assuming an over 

all15 percent loss in yield, he calculated monetary losses of rupees 70 and 73 

crores for 1976-77 and 1977-78, respectively. Bakhetia (1983) collected the 

information from 21 papers containing yield data of infested lots in comparison 

with the plots protected against the aphid. Besides, some data were used from 

the Annual Repots (1976 to 1982) of AICORPO It was calculated that the mean 

loss in yield of Rapeseed mustard varied from 35.4 to 73.3 percent under different 

agro-climatic conditions. On all India bass, the mean loss was worked out as 
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54.2 percent. In terms of monetary value the loss came out to about rupees 378 

crores. Another study revealed that the aphid caused an average reduction of 

45 percent in seed yeild of mustard (Singh et al 1983 a, b). It thus highlights the 

importance of the aphid pest and necessity for its efficient management. 

EGO-PHYSIOLOGICAL OBSERVATION ON 
SEED GERMINATION BEHAVIOUR IN Brassica Spp, 

According to Kundu et al, (1989) germination of seed and seeding growth 

of eleven cultivars of rapeseed were investigated under different levels of solid 

moisture, temperature and nitrogen fertilizer. In general the highest percentage 

of seeding emergence was observed between 40 & 60% of field capacity where 

as at 80 and 1 00% of field capacity there was a marked reduction. 

With a few exceptions, hypocotyl and root lengths were also the highest 

between 40 and 60% of field capacity. The optimum temperature for germination 

was found to be 20 to 30°C. At 33°C seeds of few cultivars germinated but at 

40°C no germination took place. With the gradual increase of nitrogen covers 

there was a gradual decrease in germination and hypocotyl and root lengths in 

all the cultivars under study. 

Large differences in the leachate conductivites of Brassica cultivars sprout 

after 24 hrs. soaking were observed by Thornton et al., (1990). Within each 

cultivar non- germinable seeds tended to have higher conductivities than 

germiable seeds but the conductivity above which seeds failed to germinate 

varied between cultivars. No conductivity reading or partition value could 

therefore be considered as an absolute boundary between germinable and 

non- germinable seeds to allow the prediction of seed germination for all seed 

lots of the same species. However the main conductivity for each sample was 

significantly correlated with germination (r=0.83, P=0.05) and was clearly higher 

for samples with lower germinations. Differences in the partition values for the 

five cultivars may have been attributed to the natural age of the seeds. Seeds 

of Asmer Aries artificially aged rapidly at 20% moisture content for up to 48 h at 

45°C showed increasing leachate conductivity with increased time of ageing 

(r=O, 97, P=0.01) and decreased germination (r=0.88, P=0.05). Again however 

the values for germinable and non-germinable seeds of different artificial ages 

varied. Leakage from seeds was limited by the testa in the first 6 hours of 
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imbibition. 

The crop Brassica L. var. T- 59 was grown after the seed being subjected 

to presoaking with different concentrations( viz., 1 0,20, 30, 40, 50 and 60%) of 

pharmaceutical factory effluent. The effluent in lower concentrations (viz., 1 0, 

20, and 30%) stimulated the percentage of germination, stem height, root length 

as well as yield production while higher concentrations 50% and above) of 

effluent showed adverse effect (Promod et al, 1991 ). 

EGO-PHYSIOLOGICAL INVESTIGATION ON GROWTH AND 
DEVELOPMENT OF Brassica Spp. 

In connection with the effect oftemperature on different species of Brassica 

leaf no. & area as fresh and dry wt. changes were determined (Maciejewska 

1989) for individual leaves and for the whole of winter rape plants grown at 20/ 

15°C. The expansion of leaf area appeared to be reduced to the highest extent, 

where as, the increments in the leaf and epicotyl dry wt. were the least affected. 

As a result of the changes, the cold- grown plants were characterised by higher 

accumulation of dry matter per unit leaf area than their warm- grown 

morphological equivalents. Therefore, it seems that in the comparative studies 

on the cold- induced metabolic modification in plants, the morphologically 

comparable equivalents of the plants which had been grown at higher 

temperature should be used carefully. 

Seasonal effect on growth and development of Brassica was studied by 

Gemmell et al (1990) 

Christian and Bacon (1990) studied the effect of burning on rapeseed 

mustard in connection with weed control. Oilseed rape yielded significantly 

more after direct drilling than ploughing because of better establishment and 

uniformity of growth. The success of continuously reduced tiliage depended on. 

both burning crop residues and good weed control. (Christian and Bacon 1991 ). 

A 8-10 day exposure of 7 day- old leaf of B.juncea plants to high C0
2 

(0.14%) stimulated photosynthesis and foliar nitrogen metabolism. The 

enhancement of nitrogen metabolism was mainly due to increased nitrate 

reductase. Glutamine synthesase and glycolate oxidase increased to lesser 
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degree. Appreciable changes were observed in rates of biosynthesis of individual 

amino acids. Thus the rate of alanine formation increased by 84% and that of 

aspartic acid by 40%, while the ratesof glycine and serine synthesis decreased. 

Amino acids (largely alanine and aspartic acid) not utilized in metabolism were 

stored in vacuoles. As a result, under high C0
2 

plant homoestasis is maintained, 

protein and chlorophyll synthesis are not disturbed and growth rate increases. 

(Maevskaya et al, 1990). 

Klimanch, (1990) conducted incubation experiment to examine the 

mineralization of roots by measuring the rea leased C0
2

. Compared to the above 

ground plants parts, the roots show greater differences in their decomposability 

in rape seed mustard. More than 50% of the roots decompose. Compared with 

crop residues, the roots, apart from some exceptions show a significantly lower 

intensity of mineralization. 

Rape (B.napus) plants were cultivated in stressed conditions for 25 days 

with axenic roots in a growth system with quartz sand and circulating nutrient 

solution. After a water stress period of 24 hour, fresh nutrient solution was 

added and root exudates were collected 3 days later. The stress did not cause 

significant differences in the waters between the stressed and the control plants. 

The stressed plants exuded more sterols than the control plants and in increased 

no. of polar lipid types. The exaudates of the stressed and control plants also 

differed regarding their fatty acid composition (Svenningsson et al, 1990). 

According to Johnson et al (1991) mature canola (B. napus cv. Wester) 

seeds contain large quantities of the storage proteins cruciferin and napin and 

storage lipids rich inC 18:1 and C 18:2 fatty acids. Both the quality and quantity 

of these products are altered by freezing during development. Further, the 

response to freezing changes during seed development. The results indicate 

that freezing imparts its effect in two ways. Initially there is a freezing (low 

temp.) component and this is followed by rapid dessication of the seeds. Although 

most response probably result from a combination of the stresses, it appear 

that inhibition of fatty acid chain elongation is caused by the freezing component 

and the gradual inhibition of storage protein accumulation is a result of 

acceleration of seed desiccation. 

The onset of desiccation tolerance was investigated by Leprince, (1990) 

in developing embryo of B:campestris seeds. Since the acquisition of desiceation 
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tolerance is a long asynchronous process which took 9 days to be achieved, 

criteria allowing the separation of freshly intact harvested seeds into desiccation 

intolerance and desiccation rolerant batches that differed in age by only 2 days 

were determined. No particular structural modification were found except a strong 

depletion of intraplastidial starch ( -90%) coincident with the appearance of 

staychyose and an increase of sucrose ( +30%) on the acquisition of desiccation 

tolerance. An increase of lipid reserves was not observed. It suggests that these 

metablic event can be a key factor towards the acauisition of desiccation 

tolerance. 

According to Mailer and Cornish, (1987) glucosinolate concentration in 

seeds increased in both cvs from an av. 18.2 u mol/g in unstressed plants to 

35.9 u mol/g under the influence of water stress. There was no significance 

between the 2 stressed treatment. Water stress also decreased seed oil 

concentration from 36.9 to 31.4%) yields (from 5.3 to 0.9 g/plant) and 1000 

grain weights (from 4.1 to 3.0g). 

Bergmann et al (1990) observed that the ethanolamines or their salts and 

the fatty acids help plants to tolerant stress from drought and high soil salinity 

and increase the yield in B.napus. 

In connection with the study on the effect of populant potted plants of cvs 

. B. napus 'callyps' was continuossly exposed in open top chambers to S0
2 

for 

the whole growing season to assess effects of this pollutant on growth and 

varius yield parameters. Treatments consisted to charcoal filtered air (CF) & 

CF supplemented with 4 levels of 80 2 , resulting in mean exposure of 

concentrations (ug/m3) of 8,50,90, 140 and 190. With the exception of the 1000 

seeds wt. which slightly reduced dry matter production and yield parameters of 

rape remained unaffected by all S02 cone. or were even stimulated. From this 

results it may be assumed that S0
2 

cones. within the ranges of 50-90 ug/m3 are 

potentially phytotoxic to some crop species (Weigal et al. 1990). 

B. chinensis was treated with 0 (control) 5, 10, 20,30 and 40 g/m2 of 

deposited coal dust and the yield , was measured by Shen et al (1990). The 

yield of the polluted rape was observed to be reduced. Hi raj et al (1990) studied 

the effect of effluents from methane fermentation in connection with the effect 

of pollulant on B. campestris L. var. rapiferafroug. lnspite of apparent stabilisation 

intribution of seedling growth within 72h . was observed. 
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B. napus was continuously exposed in open top-chambers to S0
2 
for the 

whole growing season in order to assess effects of this pollutant on growth and 

various yi~ld parmeters (Weigel et al, 1990). 
~ 

FACTORS AFFECTING PRODUCTIVITY OF SEED WITH 
SPECIAL EMPHASIS ON OIL AND OTHER CHEMICAL 

CONTENTS IN Brassica Spp. 

Halva et al (1987) tested different varieties of brown mustard (B.juncea 

(L.) W.D.J. Koch) in 1983-1985 at the locations in Finland. The average seed 

yield of yellow mustard was 2220kg/ha. There were no major differences 

between the tested varieties. Varieties 'Kirby' & 'Gisilba' produced the largest 

yields and had the shortest growth periods. The average yield of brown mustard 

was 1620 kg/ha. The variety'Picra' was slightly better than the other varieties 

with respect to yield and early ripening. The sinigrin content in brown mustard 

seeds were approximately from traces to 44g/1 00 those of Domp, 'Blaze', 

SV.834100' and 'Trowse' being highest. Black mustard yielded less than 700 

kg/ ha, the sinigrin cont~nt of the seeds being 1.8-4.5 g/1 DOg. 

An experiment was conducted at the B.N.P.G. college Rath, Hamirpur 

(U.P.) India on a sandy loam soil of poor N & medium P & K status. Seed yield 

of mustard increased significantly with the increase in the rates of N upto 120 

kg/ ha, however, oil content decreased with the application of N. The optimum 

doses of Nand P were 120 & 40 kg/ha respectively (Singh & Singh, 1988). 

A green house expt. was conducted by Kullmann et al (1990) to study the 

influence of N supply on seed weight and number of seeds per pod in oilseed 

rape (B. napus) in relation to position of raceme on the plant. 

Experiments conducted by Rathore & Manhar (1989), during rabi seasons 

of Jobner revealed that in mustard the grain yield and no. of silique I plant 

increased significantly with increasing levels of N & S up to 120 kg N and 160 

kg/ha respectively, during both the years. They responded to S significantly, 

whefas the response to N was non-significant. The optimum doses of N was 

147.5 and 166.8 kg/ha kg/ha during 1984-85 and 1985-86, respectively. 

Application of 40kg N + 11 kg P ha·1 increased the seed yield of mustard 

significantly over control. Addition 40 kg. N ha-1 further increased the seed 
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yield significantly. Application of S upto 60 kg S ha·1 also increased the seed 

yield of mustard significantly. Significant increase in oil content was recorded 

with 60 kg N ha·1 only (Saran & Giri, 1990). 

Variation of yield & quality characters offour spring oilseed rape cultivars 

(B. napus L.) arranged in 16 or 32 em between drills and under various population 

densities (30,60 and 90 plant I m2) were investigated in a split-plot design with 

3 replications in 1986 and 1987 in West Germany. Cultivar ca//ypso gave the 

highest seed and oil yields per plot and the highest seed index, harvest index 

and seed yield per plant. 

The inter relationships between fifteen quantitative characters of spring 

oilseed rape were computed using four "free eruic acid" CVS viz., Callypso, 

Semu 2080, Semu DNK 203/84 & Semu 304, grown under two different 

distances between drill rows (16 and 32cm) and 3 population densities (30, 60 

and 90 plants /m2). The experiments were carried out in Kicl, West Germany in 

1986 and 1987 seasons. 

Positive and highly signific::ant values were obtained in the 2 seasons 

between seed yield per plant and the characters : dry matter (OM) per plant, 

per main stem and per branches, no. of branches, siliqua per plant or per 

branches and yield per branches. All the characters that showed strong 

association with yield per plant behaved in a similar way and similar magnitudes 

with yield I branches. By contrast, yield/ main stem showed different magnitudes 

in 2 years with the previous characters and the association was absent in most 

cases. Seed index and the oil content did not correlate significantly with the 

majority of the characters studied. Path co-efficient analysis revealed that no. 

of siliqua per plant had the highest direct effect on seed yield I plant in both the 

years. The source characters affected yield I plant indirectly through no. of 

siliqua per plant and the indirect contribution was high in both years (Shabana 

et al1990). 

An analysis of growth, development and yield of 3-rapeseed cvs (Tori 7, 

50137, and YS 52) were evaluated under field conditions with respect to 8 

combinations of N, P, K fertilizers. Significant effects offertilizers were observed 

for relative growth rate (RGR), net assimilation rate (NAR) and leaf area ratio 

(LAR) at all the growth stages and for relative leaf growth rate (RLGR), specific 

leaf arera (SLA) and leaf weight ratio (LWR) at some of the growth stages. N 
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maintained higher NAR at the later stage of the growth. LAR and SLA were 

increased by P and K but decreased by N. Chlorophyl content, leaf no, leaf 

arera and dry matter yield at first flowering were increased more by N. Compared 

toP and K, N treated plants had higher seed yield and no. of siliqua I plant. Oil 

content was less affected by fertilizers; generally N decreased and P, K 

increased the oil content (Islam et al, 1988). 

Changes in glucosinolates content and its relationship with oil content 

and erucic acid were determined in mustard (B. juncea) seeds In response to 

application of S toS deficient soil. Glucosinolates were accumulated actively in 

the seeds from 40 days after fertilization (OAF) up to maturity. Total glucosinolate 

content showed a positive correlation with oil content and erucic acid content 

and the addition of S did not bring about a change in the overall pattern of their 

accumulation. Gluconapin predominated followed by sinigrin 

glucobrassicanapin, progoitrin and glucunapoleiferin. The amount of all other 

glucosinolates except gluconapoleiferin increased in response to addition of S 

to the soil , a ten-fold increase in response to addition of S to the soil , a ten-fold 

increase was recorded in progoitrin content. (Kaur et al , 1990). 

On a Entisol , grain/ stalk yield, total S uptake and oil yield of mistard (B. 

juncea) increased significantly with increasing leavels of S. Among the varius 

sources of S tested, gypsum was the best in respect of both grian and oil yield , 

as well as uptake of S by mustard. Next in order was single superphosphate, 

followed by pressumed and pyrites (Narwal et al, 1991 ). 

A nutrient suply with high P and high N reduced the seed oil concen. of 

both sp ., a low P and high N supply reduced the oil concn. in rape seed but 

increased it in mustard seed (Pinkerton 1991 ). 

According to Pinkerton et al ( 1989) P concentration in young plants of 

rapeseed (B. napus cv. Wesway) , were related to seed and oil yields. 

Foliar spraying of B. juncea plants with morphactin and TIBA suppressed 

plant height but enhanced the no. of primary and secondary branches. 

Morphactin significantly enhanced seed yield per plant which was contributed 

largely by increase in the no. of inflorescences and siliqua per plant; no. of 

seeds per siliqua and 1 00-seed wt. Marginal increase in yield with TIBA is 

attributed to increased no. of Siliqua per plant and 1 00-seed wt. (Setia et al , 

1989). 
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ALLELOPATHIC EFFECT OF INHIBITOR SPECIES WITH 
SPECIAL REFERENCE TO OLEIFEROUS BRASSICAS 

In 1832 de Condolle pointed out that waste metabolites from higher plants 

may suppress the growth of the plant itself as well as others. This phenomenon 

of a detrimental effect of one plant on another mediated by toxic substances is 

termed allelopatty (Molisch, 1937) and appears. ubiquitonsly in many agricultural 

and natural vegetations (Borner 1971 , Chou and Chung 197 4, Chou and Muller 

1972; Curtis and Cottam 1950, Grodzinsky 1971, Me Pherson and Muller 1969; 

Muller 1969; Muller, 1966; Patrick 1971 ; Rice 197 4; Whittaker and Feeny, 1971 ). 

Since the early 1900's allelopathic study has concentrated on crops growing in 

cultivated lands when reduction of agricultural productivity had been primarily 

due to a continuous. monoculturing system. (Chou and Lin, 1976; Chou and 

Patrick 1976; Chou and Young 1975; Me Calla 1971 ; Tukey 1971 ; Wang et al 

1971) In 1966, Muller introduced the allelopathic concept into this field of plant 

ecology, thereby provided a new approach for plant ecologists to investigate 

the fundamental process of the dominant vegetation formed. 

Muller (1974) also emphasised the importance of allelopathy in relation to 

the environmental complex and ellucidated the allelopathic mechanism for a 

dominant vegetation. The release of toxic metabolites in to this environment 

takes place by means of volatilization , root. exudation, decomposition of plant 
~ 

residues and leaching. The plo/totoxic substances released in to the environment 

carry out many important biological activities. (Muller 197 4; Muller et al. 1968; 

Rice 1974). 

That the decomposition of soil organic matter is accompanied by microbial 

action is also well known (Borner 1971 ), Me Calla 1971; Patrick 1971 , Rice 

197 4, Wn et al 1976). Phenolic acids in soils may originate in the decay of 

lignin by microorganisms (Rice 1974). Humic substances are continually 

incroporated into the soil and are able to absorb many phenolics. (Wang et al 

1971 ). 

Phyto toxic substances may act in many biological process, such as to 

suppress the mineral uptake by plants, inhibit cell elongation and eel division; 

as we ll as retard the photosynthesis, respiration and enzymatic activities, 

resulting in the retardation of plant growth (Buchh oltz 1971 ; Ghou and Chiou, 

1979; Muller et al 1968; Rice, 197 4 ). Allelopathic substancs may also interfere 
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with the action of growth promoting substances i.e. gibberellin or auxin (Rice 

1974). 

The majority of the investigations directly concerned with the roles of 

allelopathy in agriculture have involved effects of decomposing crop residue. 

Guenzi and Me Calla (1962) collected crop residues of wheat. and oat straw, 

soybean and sweet clover hay, corn (maize) and sorghum stalks and brome 

grass and sweet clover stems. The ethanol extracts were tested against seed 

germination and growth of wheat, whereas the hot and cold water extracts 

were tested for their effect on germination and growth of wheat, sorghum and 

corn. All residues were found to contain water soluble substances that depressed 

plant growth of corn, wheat and sorghum. 

Guenzi and Me Calla (1966) identified and quantified five phenolic acids 

in mature plant residues of oats, wheat; soghum and corn. These five 

compounds were p-coumaric, syringic, vanillic, ferulic and p-lydroxy benzoic 

acids. 

Overall extracts of decomposing field residues of barley, rye, brocoli, broad 

bean, wheat, vetch, and sudan grass were found to be toxic to lettuce seedling 

(Patrick et al, 1963). Patrick (1971) reported that toxins identified by gas 

chromatography from decomposing rye residue were acetic, butyric, benzoic 

phenyl acetic, hydrocinnamic, 4-phenyl-beutyric and ferulic acids. 

In connection with allelopathic effect of Brassica nigra Muller (1969) 

observed that grrasses did not grow in this pure stand of the mustard. This was 

supperted by Bell and Muller (1973). With the help of gas chromatography 

they identified large quantities of allyl isothiocynate which were produced when 

living vegetative parts of B.nigra were crushed. They showed that both the 

volatile materials from the macerated tissue and some pure compounds were 

very inhibitory to radical growth of Bromus rigidus. The over all. conclusion of 

Bell and Muller (1973) was that maintenance of B. nigra in virtually pure stands 

was the result of toxins in the rain water leachates from dead stalks and leaves 

of the B.rassica crops of the previous year and volalite inhibitors were not 

responsible for allelopathic effect of the Brassica crops. But the actual chemical 

inhibitors was not identified. 
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FIG. - 2 : MAP OF INDIA SHOWING DIFFERENT STATES TO GROW 
DIFFERENT CUL TIVARS OF BRASSICA UNDER STUDY. 
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FIG. 3 : MAP OF WEST BENGAL SHOWING GEOGRAPHICAL POSITION OF NORTH BENGAL UNIVERSITY CAMPUS AND 
THAT OF PULSES AND OIL SEED RESEARCH STATION, BERHAMPUR. 
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FIG. 4. MAP OF DAR.JEELING DISTRICT SHOWING GEOGRAPHICAL POSITON 
OF NORTH BENGAL UNIVERSITY, DAR.JEELING DISTRICT, WEST BENGAL, 
INDIA. 
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FIG. 5. SEEDS OF B. campestris YSB-9 

FIG. 6. SEEDS OF B. campestris NC-1 



FIG. 7. SEEDS OF B. campestris B-54 

FIG. 8. SEEDS OF B. campestris C-3 



FIG. 9. SEEDS OF B. juncea B-85 

FIG. 10. SEEDS OF B. juncea WHITE-GLOSSY 



FIG. 11 . SEEDS OF B. juncea T -6342 

FIG. 12. SEEDS OF B. juncea RW-85-89 



FIG. 13. SEEDS OF B.junceaRW-85 

FIG. 14. SEEDS OF B. juncea B-85 GLOSSY 



FIG. 15. SEEDS OF B. juncea RC-781 

FIG. 16. SEEDS OF B. j uncea SHARMA-85-89 



FIG. 17. PLANT HABIT OF B. campestris B-54 



FIG. 18. DEVELOPING AND MATURE FRUITS OF B.campestrisB-54 



FIG. 19. CULTIVATION OF B.campestris B-54, IN NBU CAMPUS, 
DARJEELING DISTRICT, WEST BENGAL 


