EPIDEMIOLOGY AND PATHOGENESIS OF
BACTERIAL BLIGHT OF GUAR CAUSED
BY ZLanthomonas campestris pV. cgamopasidia

(PATEL, DHANDE & KULKARNI) DYE

A THESIS
PRESENTED TO
UNIVERSITY OF UDAIPUR

For the Degree
Doctor of Philosophy

By
JAYANTI PRASAD JAIN

September, 1982

e R g S



UNIVERSITY OF UDAIPUR, UDAIFUR

Dr, B.P. Chakravarti Sept. 30, 1982
Ph.D. (Minn,), &ssoc.IARI,FPSI

Associate Professor & Head

Department of Plant Pathology

CERTIF ICATE

THIS IS TO CERTIFY THAT THIS THSIS EBNTITLED
N"EPIDEMIOLOGY AND PATHOGENESIS OF BACTERIAL BLIGHT OF
GUAR CAUSED BY Xanthomonas campestris pv. cyamopsidis
(PATEL, DHANDE ANC KULKARNI) DYE" SUBMITTED FOR  THS
DEGREA OF DOCTOR OF PHILOSOPHY IN TH& SUBJECT OF PLANT
PATHOLOGY OF Tu& UNIVERSITY COF UDAIPUR IS A BONAFIDE
RESEARCH WORK CARRIED OUT BY Mr., JAY4NTI PRASAD JAIN
UNDER MY SUPERVISION AND THAT NO PART OF THIS THZSIS

HAS BEEN SUBMITTED FOR ANY OTHER DEGREE. THE ASSISTANCE

AND HELP RECEIVED  DURINgG TH& COURSE OF INVESTIZATION
HAVE BEEN FULLY ACKNOWLEDGED.

e

(B.P. CHAKRAVARTI)



ACKNOWLEDGEMENTS

D e i B ]

I feel proud and privileged in expressing my aeep
sense of gratitude and indebtéhess to re. B.P. Chakravarti,
Ph.D. (Minn,), A4ssoc. I,A.R.I., ~FPSI, Associate Professor
and Head, Department of Plant Pathology, Rajasthan College
of Agriculture, University of Udaipur, Udaipur for his
valugble guidance, 1indefatigable interest and helpful
criticisms during the course of investigations and in the
preparation of this manuscript.

I express my sincere thanks to Dr.,R.M. 3Singh,Dean,
Rajasthan College of Agriculture, Udaipur for facilities and
gneouragement,

I wish to extend my heartful thanks to my friend
and wellwisher Dr. G.L. Khandelwal, Faculty Member, Central
Bank Rural Development TInstitute, Kosbad Hill (M.3.) who
gave me much encourgge ments,

Thanks are alsc due to Sarvashri M, L. Jain,
M.P. Jain, R.B. Singh, R.S. Rathore, R.B.L. Gupta, R.M.Shah,
3«M. Naik, S.K. Bhatnagar, Drs. 3.C. Gupta, B.B.L. Thakore
and 4.C. Verma for their help from time to time, I am hiphly
grateful to the Economic Botanist{luar),Agricultural Research
Station, Durgspura for supvlving seeds of guar varieties.

Lastly, I em 7 ~vtely indebted to all my colleagues
in the Department of Plant Pathology for their willing
cooperation and help during the present investigations.

Udaipur
September 30, 1982




R A M e e

INTRODUCTION sos e sve
R&VIEW OF LITSRATURE ces v
MATERTALS AND METHODS ‘oo aee
EXPERIMENTAL RESULIS ... ese e

I. Occurrence and severity of the diseagse

1I. Symptoms see oo “oe
111, Isolation and pathogenicity .
IV, Estimation of loss . ‘e

V. Host range ... oo ass
VI. Inoculation techniques ses

ViI, Multiplication of bacterium in host
VIIl. Dovelopment of disease ... voe

1. Bacterial blight development after
artificial inoculation throughout

the year sea cas
2., Bacterial blight development in
field coe cee sae
3. Inoculum concentration soe
4, Age of the host ere ee e
S, Host nutriticn e cve
IX, Detection of bacterium in seed y

Page

35

75
79
88
90
93
97
S0

101

108
112
11%
117
122

Contd...



X, Physiological changes in plants after

infection ... vee toe
_+te Chlorophyll and carotenoids ces
2, Transpiration vee "ee
3, Respiration ces oo
4. Sodium, calcium and potassium ,,.
¥, Sugars .. eee aes
B« Total nitrogen and protein tes
" ..7. Phenols and orthodihydroxyphenols
._8. Ascorbic acid “es ore
9. Production of cellulase cesr
10. Production of B-glucosidase one
4l. Estimation of protease oo
- X2+ Bstimation of polyphenol oxidase .
X3. BEstimation of ascorbic acid oxidase
K. Bstimation of catalase sen
.16, Bstimation of peroxidase vee

Xl. Screening of germplasm in field see

DISCUSSION
SUMMARY
REFERsNCE S
APPENDIX

LA N

LB N ]

o e e

Fage



INTRODUCTION

Guar or clusterbean, Cyamopsis tetragonoloba (Linn.)

Taub. (Syn. = Cyamopsis psoraligides DC), belongs to family
Leguminosae, According to Vavilov (1950) guar, although never

seen in wild state is supposed to be native to India while
Gilletts (1958) considers Tropical Africa to be its probable

centre of origin.

The crop is extensively grown in arid and semi-arid
regions. In India, chief guar growing areas lle in the states
of Rajasthan, Gujarat, Haryana, Punjab and Uttar Pradesh., The
total acreage in India under this crop is 2,409,4 thousang
hectares with a total production of 566.7 thousand tonnes
( Anonymous, 198l)., In Rajasthan it covers 1,965.4 thousand
hectares with a total production of 314,6 thousand tonnes
(4nonymous, 1981). Among all the states, Rajasthan ranks first
in acreage as well as in production. Guar is well adapted to
conditions prevailing in Rajasthan and is grown as vegetable,
green manure, feed and fodder crop. Of late, the crop has been
credited with having potentialities of producing an excelled

gum for industry.

Guar is generally taken as mixed crop with sorghum

(Sorghum yulgare Pers.), pearl millet (Pennisetum typhoides
Stapf.and Hubb.) and other crops. It is a crop of 24 - 3

months duration, taken more commonly as rainy season CTrOpe

Summer crop is sown in February-March and harvested in May,
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Guar seed is highly nutritive and is often fed as a
concentrate to all livestock. Raw pods are a source of nutri-
tive vegetables and contain 82.5% moisture, 3.7% protein, 0.2%
fat {ether extract), 2.3% fibre, 9.9% carbohydrates, 1.4%
mineral matter, 0.13% calcium, 0.05% phosphorus, 58 mg/l00 g
iron, 330 IU/100g carotene (calculated as vitamin A) and 49 mg/
100g vitamin C,

Guar flour due to its colloldal nature, is used as
a stabilizer and thicé?er in food products like bakery mixtures,
calad dressings and ice ¢reams. Guar flour is a commercial
source of gum which is reported to be the most economical and
effective visco8ity building agent, and it 1s due to this
property that it is finding inecreasing use in various applica-
tions. Guar gum is used in textile industry in certain finis-
hing operations, wrap sizes and printing posters and in paper
industry it aids in improving sheet formation. In mining indu-
stry, guar gum has found its use as flocculant and filterant
in the refinement of mineral ores. It is commercially used in
explosives in forming a plastic seal which cutt-off entry of
water in cartridges and, thus they are rendered moisture proof.
suar fruits are laxative and are useful in biliousness and

Night blindness.

Besides fungal and viral diseases, guar suffers from

bacterial blight disease caused by Xanthomonas gampestris pv.

cyamopsidis which is responsible for appreciable loss especia-
lly during rainy season (Srivastava and Rao, 1963b). It appears
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almost every year and at times may cause conslderable damage,
depending upon the variely and enviroamental con@itions.

Gupta (1978) and Lodha and Gupta (1981) have reported 50 - 60
per cent yield losses under artificial inoculation,

Desplte its destructive nature, enough information
on guar bacterial blight is not availabls, Investigations
were carried out with respect to occurrence and saverity, extent
of loss, epidemiology, method of detection of bacterium in seed,
altered host physiology and varietal reaction; results of which

are presented herein.

WA



'BEVIEW OF LITERATURE

Gyamopsis tetragonoloba (Linn) Taub. locally known

as guar 1s an annual legume of Indian origin. It is attacked
by more than 30 fungal, bacterial and viral pathogens. Aamong
them, bacterial bligﬂt caused by Xanthomonas campestris pv.
Svapopgidis (Patel et al.)Dye has assumed importance recently
as the disease often becomes destructive under favourable con-
ditions. The disease was first reported from Patna (Bihar)
and Khopoli (Bombay) by Patel et al. (1953) and the bacterium
was named as X. cyamopsidis Patel, Dhande and Kulkarni. They
observed only olive coloured spots on leaf lamina, therefore,
the disease was named as bacterial leaf spot., Later, Patel and
Patel (1958) described a severe leaf blight disease on the same
host from Anand, Bombay and indicated that the symptoms of the
disease resembled those caused by X. campestris. They attribu-
ted it to a different species which was described and named as
&+ cyamophagus., Srivastava and Rao (1963) recorded severe oute
break of bacterial blight of guar during the moasoon of 1961
at the farm area of Indian Agricultural Research Institute,
New Delhi. They studied thé symptoms in detail and observed
éﬁ'that leaf blight and leaf spot symptoms were due to hydtathoda)
and stomatal infection respectively and concluded that the same
causal organism was responsible for the entire symptom complex
of the disease. The pathogen was found to produce symptoms on

all plant parts except flowers and fruits. It was further
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suggested that the pathogen &. cyamopsidis should stand valid
on the basis of priority and the other species, X. cyamophagus
which was described later, should be invalidated.

" Dye (1962) made a comparative study of 209 phytopath-
ogenice xanthomonads comprising 57 recognised species using 30
different tests and suggested that many species withih the
genus Zanthomopas could well be regarded as single speciss comp=
Tising special forms adapted to particular hosts. However, he
stressed the necessity of further investigations to determine
the most susceptible host, the host range, and the mechanisms
of pathogenicity of xanthomonads. Dye and Lelliott (1974) >
recognised only 5 species of Zanthomonas and as such Xe cyamop .
sidis was considered to be sub-species of X, campestris as the
former was generally indistinguishable from the latter except
by their host range ang requested to the Judieial Commission of
the International Committes on Systematic Bacteriology to accept
this approach in naming phytopathogenic bacteria. Young gt al.
(1978) suggested the use of term ‘*pathovar' at the infrasubs-
pecific level on the basis of thelr host range. Acaordingly,”/q >
the name of guar bacterial blight pathogen was proposed as
&« campestris PV. cyamopsidis (Patel et al) Comb. novo, Recog-
nising the pathovar system, International Society of Plant
Pathology, Committee on Taxonomy of Phytopathogenic Bacterié
named the bacterium as X. campestris pv. eyamopsidis (Patel,
Dhande and Kulkarni) Dye, 1978,



Srivastava and Rao (1963a) and Orellana et al. (1965)
have described the symptoms in detail and reported that symp-
toms of bacterial blight disease appeared on all aerial plant
parts except flowers. On leaves, symptoms appear as round
oily spots which later coalesce and result into dark brown to
black necrotic spots and often caused partial or total blight-
ing. Under field conditions, large, light coloured, angular
lesions bounded by veins were most common symptoms. Infection
develops systemically and advances through the petiole into the
stem producing black longitudinal streaks., Wilt of apical lea-
ves, curvature of the stem and finally splitting and breaking
of the stem. OSrivastava and Rao (1963b) also observed heavy
spotting on pods and reported that the pathogen was internally
seed borne. Blackening of the stem or formation of black lesgi-
ons which completely girdle the stem at soil level angd yellowing
of cotyledons were found to occur on young seedlings as a result
of seed borne bacterial infection (Orellana et al., 1963).
However, Srivastava and Rao (1963b) reported that seedlings from
diseased seceds developed cotyledonary lesions soon after

emergence.,

Biochemical and cultural characteristics of bacterium
have been fépbrted by several workers (Patél et al., 1953;
Srivastava and Rac, 1963a; Orellana et al., 1965)., The colonies
are yellow and gummy on nutrient agar but colourless on potato'
dextrose agar media. Bacterium is rod shaped with rounded ends,

borne singly or in short chains, 0.8 x 1.7 Am in size, gram



negative, capsulated, uniflagellate, and non-spore forming, Ths
organism grew well between 27-35°C with optima between 28-30°C,
produced acid from sucrose, glucose, xylose, galactose and m-nn-
0se, nitrates reduced, indol not produced, HpS produced, étarch

hydrolysed, gelatin liquefied and litmus milk made alkaline.

Orellana and Kinman (1970) reported that susceptibili-
ty of certain field resistant guar varietises to bacterial bligh-

in Texas was due to presence of virulent race of Xanthomonas

campestris pv. ¢cyamopsidig. Based on reactions to 6 different
varieties of guar, which they called as differentials, two
races of guar bacterium viz. race 0 and races 1 were rccognised,
Later, Orcllana and Weber (1971) based on serological techni-

ques considered races 0 and 1 of X. campestris pv. cyamopsidis

as scrotypes rather than distinct races.

The importance of intensive and general utility
surveys has been emphasized by Miller (1946), Chester (1959},
Vallega and Chiarappa (1964) and Church (1971). In the survey
conducted during 1968 and 1969 at 11 locations in 9 different
states (Patel gt al., 1971) found 10 bacterial discasc inciud-
ing bacterial blight of guar., 8ingh and Edward (1975) recorded
occurrence of 17 bacterial diseases in Allahabad but they did

not find bacterial blight on guar,

o Severe losscs on account of bacterial blight pathogens

have been reported, both guantitatively and qualitatively in

different crop plants. Information on overall lossas are not
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avajlable, although, some workers have given loss figures for B
some specific diseases. Gupta (1978) has reportad yield losses v
as high as 58 per cent in Nav Bahar variely under artificia)
inoculation conditions in Udaipur, Rajasthan, Lodha ang Gupta .
(1981) observed 50 per cent loss in grain yield in variaty

£,C. 248 at 72 per cent blight intensity under arid land condi-

tions of Jodhpur (Rajasthan), They further observed that the

effect of various disease intensities on plant height, number

of pods per plant and seed yield wers statistically significant.

The yield losses may be further aggrevated in areas with more

rainfall and favourable temperature.

| According to Srivastava and Rao (1963b, 1970) bacterial
blight is wide~spread in guar growing areas of India and the
disease is most destructive to rajiny ssason crops They reported
that rainfall, high humidity and suitable temperature were csso-
ntial for effective dissemination and sproad of the pathogen
and found that the summer grown crop under irrigated condition
was more or less free from disease. Shekhawat and Chakravarti
(1976) reported that high humidity coupled with temperatura
ranging betwesn 22-34°C were most favourable for bacterial leaf
spot of chillies (gggthomonasvegicatoria). Shekhawat and Pate]
(1977) while studying on bacterial blight of cowpea (X. vigni.
cold) and leaf spot of gram (X. phaseoli) observed that hoth
diseases became severa during monsoon with RH 50-95 per cent

and temperature 24.3g2°C,



The ability of the pathogen to infeet 2nd establish
itself on many hosts other than the suscept leads to the danger
of epiphytotic and is also important in relation to the rocu-
rrence of the dissase. However, in this respect xanthomonads
differ because of their host specificity, although, the host
ranges of various species and pathovars within the species have
never beon completely determined., There is some support for

the opinion that xanthomonas may not be strictly host specific

o
(White, 1930; Dye, 1958; Sabet, 1959; Starr,'1959; Klement and\V//

Lovrekovich, 1961; Starr and Dye, 1965; Rangaswami and Sanne
Gowda, 1963; Shekhawat, 1975; Vakili, 1977; Kishun and Sohi,
1979; Beniwal and Parashar, 1979), According to Patel (1972)
L. campestris pv. ¢vamopsidis also infects french bean but

information on type of symptoms and nature of damage has not

been givan,

Kiement and Goodman (1967) have shown that plant
pathogenic bacteria‘multiply, produce high populations and
cause typical symptoms when inoculated into their natural hest
plants, but failed to continue to multiply and cause only a
typical neerosis when inoculated into non-host or incompatible

plants,

Bacteria enter leav:s and stems mainly through
stomata, lenticels and wounds. Among artificial methods of
inoculation, spraying bactcerial suspension under pressure on -

to a leaf surface without causing visible water soaking of the



- 10 -

leaves probably approximates natural field infection. Matthes
and Dains (1968) reported that the symptoms of the digsease on
pepper caused by Zanthomonas vesicatoria and X. pruni on peach
were easlly produced, if bacteria were spray inoculated.

Vakili (1967) demonstrated that sand blasting of tomato leaves
which caused epidermal abrasion and breakage of leaf hairs,

and subsequent spraying of such leaves with a suspensiocn of

X. vesicatoria resulted in enhanced lesion number as compared
to inoculation by infiltration under pressure.,* The latter
method gave only 0-14 spots per plant while the former resulted
in thousands of lesions. Incidence was similarly increased by
breaking the leaf hairs with hang. Abrasion with 600 grit
carborundum prior to inoculation was found better gver hair
brush method for producing a systemic toxemia, local chlorosis,
water soaking and necrosis. Carborundum method has also been
found suitable and convenient for &+ vesicatoria on tomato
(Shekhawat, 1975). Daft and Leben (1970) reported that only

when leaf damaging winds during a rain occurred, soybean blight

due to Pseudomonas glycjnea developed.

Klement (1963) reported infection infiltration as
the best method for rapid test of pathogenicity with phytopa-
thogenic pseudomonads, However, this method has been found
unsatisfactory with thin leaves of cercal plants by Hagborg
(1970). He prepared an improved apparatus for injecting solu-

tions and suspensions into the thin leaves of plants which
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overcame this difficulty encountered by Klement's method,

The syringe method was excellent according to Starr ang Dye .
(1965) but they found it tedious and preferred pricking with
multineedle for inoculation of various phytopathogenic bacte-
rial species into bean pods. Rangarajan and Chakravarti (1970) .
however, found injection of bacterial suspension by hypodermic
syringe into thestalk of maize a suitable method for the deve~
lopment of stalk rot by Brvinia carotovora. Basu (1966) was
also of similar opinion that pre-inoculation host injury to
tomato plants produced more disease by X. vesicatoria,
Corynebacterium michigananse and P, tomato. Hartman and Kelmen
(1973), howvever, reported that no infiltration or wounding of
the tissues was needed in case of malze stalk rot causad by

B garotovora when they used some detergent with the fnoculum,
They suggested whorl inoculation method with 0.7 per cent of

Tween 40 and inoculation by this method gavy consistent results,

The process of reproduction leads to multiplication
of bacteria and this is variable, depending upon the host. The
extent of multiplication of bacteria in host is much influcnceq
by the host reaction; development of sympfoms depconds on the
number of cells present within the host tissues at a tima.
Diachum and Rroutman (1954) correlated the resction of different
hosts and rate of multiplication of Pgcudomonas tabaci. They
found that the bacterial population was maximum in lcaves of

susceptible Ky 56 Burley tobacco and minimum in the resistant
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Burley 1819-19 while the population in their hybrid TL-100
was intermediate., Similar observations were recorded by

Chamberiain (1962) who found that Xanthomonas phaseoli var.

sglenge multiplied in the leaves of resistant variety CHS
soybean, but at a slower rate than in leaves of susceptible
variety Lincoln. Chand and Walker (1964) correlated the tole-
rances of older leaves of cucumber to P. lachrymans which was
20 to 40 times lesser than in the younger lsaves, Sfall and
Cook (1966) working with X. vesicatoria found that ;Eggiél. .
rﬁopulation of the bacterium was affected significantly by the
host reaction and which in turn affected the symptom develop-
ment in two chilli cultures viz. Yolo improved B (susceptible)
and &V 17-78 (resistant;,fsihey inoculated the plants with two <.~ 2"
different suspensions é;ntaining 10° and 108 cells per ml of
X+ vesicatoria and observed that differences in lesion develo-
pment were related to bacterial concentration. The lesser
concentration of inoculum did not multiply significantly to
induce necrosis or desiccation in resistantlleaf tissues and
the bacterial concentration in these tissues was much lesser
than that in susceptible tissues.‘ Leben gt al., (1968) studied
the population levels of P. glycinea in relation to symptom
development in soybea& and reported that (1) high populations
of bacterium prevailed during the early stages of symptom
development i.e, between 7-15 days after inoculation, (ii) a
low inoculum concentration resulted in lower population maxima

and delayed symptom expression, and (iii) the hypersensitive
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isolate-variety combinaticn produced lower population than

water soaking combinations,//Kawamato and Lorbeer (1972) 7o G
observed an increase in population of P. cepacia to a level

of 4,8 x 109 cells/leaf disc in young leaves from initial

level of 10% cells/leaf disc, However, in mature leaves the
bacterial population fluctuated widely, but did not exceed

4 x 10° cells/leaf disc, and leaves failed to develop symptoms.
Further, they observed that the initial symptoms of watar

soaking and wilting was expressed when the peak populatién was
attained and the population thersafter declined and none was
reisolated once leaves became dry and brittle. HSu and Dickey -
(1972) while studying comparative growth of X. phaseoli and

X. yesicatporia and development of symptoms respectively in

bgan and tomato leaves reported that growth pattern of both

the bacteria were similar in their natural hosts, beans and

tomato respectively but not in non-hosts. The population of

the bacterium in natural hosts initially increasad rapidly in

the leaves, then gradually decreased and tissue necrosis appe-
ared when the populations reached the maxima. However, ths
population of ;, phaseoli decreased rapidly in tomato l.zves,
whereas the population of X. vesicatoria increasced in bean

leaves and both bacteria induced visible necrosis in leaves of
their host, although, the former caused a rapid development of
necrosls than later. Shekhawat (1975) reported that multipli- St
cation of X. vegicatorié was slower in chilli variety NP 464
(tolerant) as compared to IC 13257 (susceptible) in the
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initial stages but after 11 days the population was almost
same in both the varieties reaching 1.4x10° cells/leaf disc
and 2.7x102 cells/leaf disc, respectively. Ranga Reddy (1981)
observed maximum multiplication of X. campestris pv. oryzae
in stem and leaves between 12 and 15 days after inoculation
of bacterium through roots. The plants wilted when the
bacterial population reached the level of 10% or 10° cells/

2 cm leaf sample and even apparently normal leaf contained as
many as 8x10° cells/2 cm leaf sample. Verma et al. (1981)

found that bacterium X. campestris pv. malvacearum could pro-

9

duce symptoms on cotlton leaves only at a population of 1-5x10

gram fresh weight of leaves,

Scharen (1959) reported that typical symptoms appe-
ared in resistant species when inoculated with very heavy ino-
culum concentraticn of X, phasgeoli isolated from bean and with
less number of cells per ml,a large bacterial population pers-
isted in the resistant tissues without producing any symptoms.
Basu (1966) has reported that minimal level of X. vesicatoria s

C. pichigananse and P. tomato to cause infection on tomato

differed. X. vesicatoria could cause infection at minimal

level of lxlo3 cells/ml while this level was 1x106 for

C. michigananse and P. tomato. Forster and Echandi (1973)
and Hopkins and Schenck (1972) while working with C. michiga-
panse on tomato and P. lachrymans on watermelon respectively

reported similar results. Kawamoto and Lorbeer (1972) found
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that initial symptom expression in young onion leaf blades
infected with different concentration of P. cepacia was delayed
from 1 to 5 days as inoculum concentration was decreased from
108 cells/ml to 2.8x10° cells/ml. Concentration less than

109 cells/ml failed to induce symptoms. Similar findings havas
been reported by Shekhawat (1975) in X. vesicatoria on tomato

who found 6x10° cells/ml as minimal concentration to cause
infection when inoculated with carborundum, however, this
concentration was 6x10° when bacteria were spray inoculated.
Beniwal and Parashar (1979) observed that with ¢, 3.5x10°
cells/ml of X. phasgoli symptoms developed on Vigna radiata

when abrasion was used. Most of these reports indicated that
minimum concentration of 103 cells/ml or above was required

to cause infection in bactzsrial plant pathogens.

Age of the host plant conditions its physiology and,
consequently, its reaction to a pathogen. Last (1959) observed
that in similar leaves of different ages, Xanthomonas malvace~
arum spread least in the oldest cotton leaves and initial invae
sion was more rapid in young leaves of young plants than in
young leaves of old plants, Similar results were also reported
by Salgado and Balmer (1975) and Silva and Cia (1975). For
L+ malvacearum on cotton, Nayudu and Walker (1964) and Kore
and Dahiwal (1980) for X. yesicatoria on tomato, Chand and

Walker (1964) for P, lachrymans on cucumber and Patel and

Walker (1963) for P. phageolina and X. phaseoli on beans.
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On the contrary, Rangaswami (1962) reported that older chilli
leaves were more diseased than younger leaves from bacterial
leaf spot caused by X. vesicatoria. Shekhawat and Chakravarti
(1976) and Kore and Dahiwal (1980) have reported that tomato

plants of 43-50 days age group were more susceptible under

artificial inoculation conditions to X. vesicatoria as compared

to younger or older plants,

Host nutrition does affect the severity of bacterial
plant diseases, but 1t is only one of the geveral factors that
pre-disposes the plants to infection. 4llington and Johnson
(1942) showed that the liability of water soaking of potassiun
deficient tobacco plants was accompanied by susceptibility to

Pseudomonas tabacli infection. Shear and Wingard (1944) conclu-

ded that increase in the severity of the disease in potassium
deficient seedlings is due to an accelerated rate of bacterial
multiplication resulting from inerease in nitrate nitrogen in
the conductive tissues which in turn was consequent on the
shortage of potassium. On the contrary, bacterial wilt of

cucumber caused by Erwinia tracheiphila was found to be promoted

by a low nitrogen and high potassium supply ( Anonymous, 1951),
Nayudu and Walker (1960) reported that bacterial spot of tomato
was markedly reduced by high nitrogen, low and high phosphorus
or high potagsium. Bacterial spot of peach was enhanced by
high nitrogen and retarded by high phosphorus (Bachelder et al.,

1956), high nitrogen, low phosphorus or potassium favoured
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bacterial blight of limabean (Thauang and Walker, 1957), and
high nitrogen or low potassium favoured angular leaf spot of
cucumber (VanGundy and Walker, 1957). The diseases halo

hlight and common blight of bean caused by Xanthomonas

phascolicola and X. phaseoli respectively have also been
reported to be influenced by host nutrition (Patel and Walker,
1963) . In both the cases, there was less disease when plants
were supplied with either low or very high dosages of N, P and
K; high dosages of P and K induced more common blight, Lipke
(1968) studied the effect of nitrogen and potassium nutrition
on the pathogenicity of X. malvacearum in cotton and reported
that the pathogenicity was reduced by -N, -K and -N, +K trea-
tments in nutrient culture experiments., Similar recsults for
X. malvacearum on cotton have also been reported by Salgado
and Balmer (1975) who observed fewer symptoms in plants in nut-
rient solutions lacking N and P, Shekhawat (1975) reported
that tomato plants when supplied with low nitrogen or potash
and high phosphorus had more disease, maximum being.where K
was entirely lacking., It was also observed that at lower and
higher concentrations of Hoagland's nutrient solution the
disease was more as compared when supplied with normal solution,
Rao and Devdath (1977) reported that in bacterial leaf streak
of rice, increased nitrogen tsnded to increase lesion length,
whereas increased potassium decreased it; phosphorus at all
levels had no effect on lasion lengths, It was alsp observed
that on plants which were not supplied with nitrogen, the

incubation period was prolonged.
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Seeds play a vital role in associating pathogenic
bacteria which may prove hazardous for ths seed or the new
plant growing from it. Seed borne bacterial plant pathogzens
produce seed rots, seedling rots, diseases at various stages
of crop growth and influence the erop stand and ultimately
the yield. Seed is also known to be a potent source of sur-
vival and dissemination of bacteria (Orton, 1931; Cormack,
1961; Hunter and Brinkerhoff, 1964; Crosse, 1968; Rangarajan
and Chakravarti, 1970; 4nil Kumar and Chakravarti, 1971;
Shekhawat and Chakravarti, 1976, 1979), The guar blight
bacterium has been reported to be internally seed bofne
(Srivastava and Rao, 1963b; Orellana gt al., 1865),., Srivastava
and Rao (1963b) isolated the bacterium from apparently diseased
and shrivelled seeds of several varieties when plated on nutr-
ient agar after surface steriligzation. The infection of the
seeds ranged from 3 to 95 per cent in various varietics, Ho w-
ever, they did not describe the symptoms on the discased sceds
on the basis of which apparently diseased sceds were selceetaqd
for plating. They alseo rcported that seedlings from secds
collected from summer grown crop were free from infection,
although, it was not clear that how long the bacterium could
survive in seeds collected from rainy season crops Based on
field and nursery observations on the development of bacte-
rial blight disease on guar. Orellana et al. (1965) conclu-
ded that the bacterium X, campestris Pve cyamopsidis was

definately seed borne in nature,
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It is not always easy to detect seed borns bacterial
plant pathogens from seeds, Often the percentage of infected
seeds in sample may be so low that detection become extremely
difficult, Attempts have been made by various worksrs for
seed detection of bacterial pathogens and different methods
have been used by them (Katznslson and Sutton, 1951; Shacke-
leton, 1962; Guthrice gt aj., 1965; Parker and Dean, 1968;
Srinivasan ¢t al., 1973; Srinivasan, 1977; Shekhawat and
Chakravarti, 1979; Gupta and Chakravarti, 1981; Randhava and
Singh, 1981), One of the simplest techniques, i.e. visual
separation of bluish white fluorescence on bean seeds infected
with Pscudomonag phaseolicola was used by Parker and Dean
(1968) and Taylor (1970) . Bacteriophags method in'detection
of Xanthomonas phaseoli and P, phaseolicola on beans (Katznelson

and Sutton, 1951) and X, campgstris pv. malvacearum on cotton
{Randhava and Singh, 1981) ang sérolegical techniques to Adstoct

E. phaseolicola on beans (Guthrice et al., 1965) have also been
usec but have not been advocated because of procedural compl-

¢xitics (Wallen gt al., 1963),

The most acceptable test for phytopathogenic bacteria
may be plating or growing of infected seeds on suitable subw
strates under optimum conditions for the development of typiw
cal colonies or disease symptoms on seedlings. Direct plating
of seeds on agar media have been used in most studics (Wallen

et al., 1965; Srivastava and Rao, 1963bs Chakravarti and
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Rangarajan, 1967; Hoitink et al., 1968). Wallen et al. (1963)
detected X. phaseoli var. fuscans from bean seeds by plating
them on 1.5 per cent Difcb nutrient agar'after surface steri-
lization with 2% chlorine solution for 10 minutes. Further
differentiation of the pathogen X. phaseoli var. fuscans from
X. phaseoli was made by transferring the culture on proteina-
_Cceous agar media on which the former pathogen produced a

brown pigment. Srivastava and Rao (1963b) successfully isolated

X. campestris pv. cyamopsidis from guar seeds by plating them
on nutrient agar after surface sterilization, Production of
fluoresecin colonies by P, syringae onto Difcoc Pseudomonas
agar-F was found to be reliable for detecting the pathogen from
bean seeds (Hoitink et al., 1968), Chakravarti and Rangzarajan
(1967) isolated a virulent strain.of X. oryzae from rice seeds
by plating seeds on agar medium, However,.this method has its
own limitation because of development of fast growing

saprophytes.

Selective media have been developed in some cases to
isolate plant pathogenic bacteria from seed and more commonly
to confirm identification of the pathogen (Kado and Huskett,

19705 Aanil Kumar and Chakravarti, 1971),.

Shackeleton (1962) developed a method for detection
of Xanthomonas campestris in which Brassica seeds were geormin-
ated on the moist absorbant paper in enclosed but not airp

tight plastic boxes and incubated at 22°cC, Progressive
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collapse, blackening and death of seedlings with in 18 days
after sowing was indicative of the black rot pathogen which
was further confirmed by injecting macerated extract of coll-
apsed seedlings into Brassica indicator plants with sterile
needle. If X. campestris 1s present characteristic leaf

symptoms appear within a few days after inoculation,

Parashar and Leben (1972) used cotyledon method of
seed detection for Pseudomonas glycinea. The bacterium was
detected by pre-disposing germinated soybean seeds and seede
lings to water saturated eovironment which favoured the form-
ation of typical water soaked lesions on cotyledons. The method
has provided evidence that the green house can be used to
produce pathogen free seed from infected seed lot. Shekhawat |~

-—

and Jain (1978) reported that the bacterium X. campestris in

cabbage and cauliflower sesds could easily be detected on the
seedlings on water agar, Prcsence of a vellowish exudate on
infected seeds,collapsed condition of seedlings or presence of
V-shaped black rot lesions on cotyledon gave a clsar indication
of the infectlion caused by X. campestris, which was further
confirmed by pathogenicity tests. Srinivasan et al. (1973)
developed and standardised 2 method for detection of Xantho-
monas campestris in cauliflower sseds. Seeds soaked in 200ppm
solution of Aureofungin were plated on 1.5% Bacto agar and
incubated at 20°C. The normal healthy sezdlings zrew rapidly

while in discased seeds germination was delayed and emerzing
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hypocotyl and cotyledons were yellowish and pulpy. Such
seedlings were found to collapse on agar surface. In infected
seedlings V-shaped marginal leslons were observed on emerging
hypocotyls which showed bacterial ocoze on examination. The
associatlion of bacterium was further confirmed by proving
Koch's postulates. Shekhawat and Chakravarti (1979) advocated

the use of cotyledon method to detect X. vesicatoria in chilli

seeds, The seeds after 15 days of sowing in sterilized soil
were exposed for 3-5 days to 95-100% RH and 24-30°C temperature.
thereafter, the plants were kept in cage house. The infection
on cotyledons developing from infected seeds appeared 30-40

days after planting in the form of small ash coloured spotse.

The bacterium.was isolated on triphenyl tetrazolium chloride
medium and Koch's postulates were proved by inoculating chilli
seedlingss Gupta and Chakravarti (1981) reported that the L,f’f%f*/
infection in cowpea seeds can be detectad by growing seeds in
sterilized soil for 10-11 days. The cowpea sesds inoculated
with bacterium when grown in sterilized soil yielded 100 per

cent infected seedlings.

For successful pathogenesis, the parasite must obtain
at site of its localization on the host, the kind and amount
of various nutrients for its multiplication. The ecological
concept to explain biochemical nature of parasitism has been
proposed by various investigators as balance hypothasis of

parasitism (Lewis, 1953) and the nutritional inhibition
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hypothesls (Garber, 1956, 1961), when a pathogen successfully
colonizes a host cell the metabolism of the eell is altered to
the advantage of the pathogen. After infection certain biow
chemical changes, because of altered metabolic pathways
operating in host-pathogen system, have bsen noticed in case
of several bacterial disecases {(VanGundy and Walker, 1957;
Buddenhagen and Kelman, 1964; Goodman et al., 1967; Nayudu,
1989; Sinclair et al., 1970; Sridhar et aj., 1979; Krishna Rao
and Nayudu, 1979).

Ay

et Kuprevicz (1947) observed 32 to 64 per cent chlorophy-
4

11 reduction in potato variety Early Rose as a result of

infection of Xanthomonag vesicatoria. Similar results were
reported by Shekhawat and Chakravarti (1977) in chilli leaves
infected with X. yegicatoria and by Padmanabhan st 1. (1974)
in citrus leaves infected with Le citri. Sridhar et al. (1979)
observed that infection of detached rice leaves by X, transiue
sceng f. spe. oryzicola floated on waler resultaed in the loss
of chlorophyll pigment compired to healthy tissues.

The evidence at hang which deseribeg alterations in
transpiration in plant tissues affected by bacterial pathogens

- 1s comparatively meagre. Grieve (1941) found that in spite of

& considerable reduction in the healthy leaf area during the
early stage of wilting, evidences were found of a high rate of

transpiration in plants infected with Egggggggggﬁkﬁglgggggggum.
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On the contrary Buddenhagen and Kelman (1964) reported decreased

transpiration in the bacterial wilt caused by P. solanacearum.

Plants affected by bacteria usually show an incréase
in the respiratory rate and it was attributed to (1) uncoupling
of oxidative phosphorylation whereby O 1s reduced to water by
electron transport system, (ii) ATP preduced by the plant is
used up in metabolism stimulated by the pathogen, and {iii)
utilization of oxygen in oxidative systems (Strobel and Mathre,
1970). 1Increased respiration as a result of infection with
bacterial pathogen have been reported in tumor tissue from best
plants infected with Agrobacterium tumefacieng (Neish and
Hibbert, 1943-44), potato variety Barly Rose infected with
Lanthomonas vesicatoria (Kuprevicz, 1947), bacterial wilt cau-
Sed by Pseudomonas gplanacearum (Buddenhagen and Kelman, 1g64),
ahd halo blight of bean caused by P. phaseollicola (Deverall,
1964) . Hasan and Sabet (1960) observed that resplration first
decreased and reached maximum in 5-7 days in Domain Sakel cotton
plants inoculated with X. malvacearum, however, after appearance
of pin head spots, respiration began to increase and was more

than the healthy one.

;gf%*?: Padmanabhan gt al. (1974) studied the mineral compo=
sition of canker, halo and green regilon of citrus leaves infec-
ted by Xanthomonas g¢itri. It was observed that potassium and
calcium were less and sodium was more in the canker and halo

regions of diseased leaves, although, in case of potassium the
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decrease in halo region was not appreciable, Sidhan and

Parashar (198l1) estimated mineral elements in 24 guar varieties/
lines showing wvarious degress of diseass intensity to Xanthomonas
cagpegtris pv. cyamopsidis and reported the caleium conceatration
decressed in disecased leaves. They also reported a highly
significant positive correlation between sodium and disease
intensity and highly significant negative correlation between

potassium, sodium and disease intensity.

. '~ A general 1ncrease or decrease in total, reducing and
nbn;reducing sugars has been recorded for a number of bacterial
diseases. Chanturiya (1959) reported that in mulberry leaves
infected by Rseudomonas mori both total sugar and reducing sugar
increased. Keen gt al. (1967) observed increasing aceumulation
of reducing sugars till the 4th day of inoculation of cucumber
plant by P. lachpymans. However, Mohan gt al. (1978) found a
decrease in the amount of reducing and non-reducing sugars in
Coe. Pusa 4, V 38 and CM 11 varieties of cowpea following infec-
tion with Xanthomonag vignicola, Sridhar et al. (1979) observed
no change in reducing sugar level in healthy leaves and those
inocculated by X. Lransjucens f. sp. gryzicola. 1In both the cases,
although reducing sugar increased initially during the first day
of incubation in leaves floated on water, the values declined
from second day onwards. Changes in the amount of carbohydrates
oln rice leaves infected by X. gryzag were also reported by
Misawa and Miyazaki (1972), Moses et al. (1975), and Krishna Rao



4nd Nayudu (1979). Moses et al. (1975) reported that decrease
in reducing and nonreducing sugars in rice leaves developed
after bacterial blight infection was associated with the inten-
sity of disease, Krishna Rao and Nayudu (1979) studied the
changes in the organic constituent of rice leaves upto 18 days
after inoculation with X, orvzae and reported that blight infe-
ction resulted in an increase of reducing sugars, but a decrease
in non-reducing sugars. The total sugar content in dlseased
leaves 4 and 8 days after inoculation decreased whereas an
increase was recorded in earlier and later stages after inocu.
lation. Padmanabhan gt al. (1974) observed a decrease in total

sugar contents in citrus leaves infected with X. citri.
'?‘. Nitrogen metabolism of the host has been known to be
affected as a result of infection with pathogens though the
degree of its effect is governed by the nature of heost-parasite
interaction., 4 review by Braun (1962) has acknowledged general
agreement on the fact that there were marked differences 1n the
nitrogenous constituents between normal resting cells and acti-
vely dividing tumor cells, incited to division by the crown gall
bacterium, 4grobacterjium Ltumefaciens. Neish and Hibbert (1943)
have reported that tumor tissues had three times tha protein of
normal tissue and the difference in water soluble protein was
6:1 in favour of tumor tissues., Klein (1952) reported that
greatest increase in protein and soluble nitrogen became apparent

in tumor tissue late in its development 27-35 days after inocu-
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lation. He postulated that nitrogen of the whole plant was

being mobilised into the tumor and result in nitrogen-deficient
appearance of the tumor plant, Lee (1952) recorded the highest
percentage of total nitrogen and crude protein in the bacteria

free crown gall tissues,

;g--;f('Patel and Walker {(1963) conducted a full analysis
of alf;rations in the amino acid and amide pool, as a result
of pathogenesis by halo blight bacterium, Pseudomonas phaseoli
¢ola in bean. They observed that free amino acid and amides
accumulated in large quantities in infected bean tissues as
compared to healthy tissues. Misawa and Miyazaki (1972) ard
Krishna Rao and Nayudu (1979) recorded a decrease in water
soluble, water insoluble and total nitrogen in the blight infec-
ted rice leaves and attributed this decrease because of inhibi-
tion of synthesis of various nitrogenous constituents as a
result of infection besides some utilization by the bacterium,.
Decrease in protein content has also been reportsd by Chanturiya
(1959) in mulberry leaves infected with P. morj and by Mohan
et al. (19783)1in case of chilli lecaves inoculated with X.

vesicatoria.

* Changes in phenolic substances of almost all the
inoculahed plants have been reported (Moustafa and whittenbury,
1970; Sridhar gt al., 1973; Reddy and Sridhar, 1975; Jalali
et al., 1976; Mohan et al., 1978; Krishna Rao and Nayudu, 1979;

and Sindhan and Parashar, 1981}, However, the direct partici-
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pation of an altered or activated phenol metabolism has baen
demonstrated less frequently as a factor of resistance 1o
diseases caused by bacteria, Moustafa and Whittenbury (1970)
observed that pathogenic species of Psesudomonas mor sprunorum, E.
Fvringde  ; P. tabaci and P. phaseolicola possess properties

of counteracting phenolic compounds in host plants, whereas none
pathogenlc species were inhibited by these compounds. They
found that enzymatic activity reclated to mobilization of phenols
and their conversion to quinone increased in bean plants infec-
ted by pathogenic isplates and thereby was responsible for dcce
reased amount of phenol in diseased leaves. Such decrease in
total phenols have also besn reported by Jalali gt al, (1976) in
cotton plants infected with X. malvacearum and by Krishna Rao
and Nayudu (1979) in rice leaves infected by X. oryzag. However,
Mohan et al. (1978) reported that following infection with

&e vignicola, the accumulation of total phenocl in cowpea varie-
ties Co, Pusa 4, V 38 and CM-11 increased. Sidhan and Parashar
(1981) estimated total phenol in 24 guar varleties/lines

showing various degrees of bacterial blight infection and repow
rted that the resistant varieties had higher concentration of

votal phenols as compared to susceptible ones.

Ascorbic acid, which occurs as L-ascorbic acid and
its oxidised form dehydroascorbic acid almost in all plants,
The evidences regarding the alteration in ascorbic acid amount

in plant tissues affected by bacterial pathogens arec rarc.
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Its possible role in' disease resistance in rice has been
emphasized by Sridhar and Mahadevan (1979). Chanturiya(l959)

observed that in mulberry leaves, ascorbic acid content was

reduced by Pseudomopnas mori.

- o Cellulose, a linear polymer of D-glucose units with
B—i, 4 linkages, is the major constituent of plant cell wall,
Cellulasges secreted by bacterla are important in pathogenesis

a5 they are known to hydrolyse cellulase and thereby cell walls
collapse. Cellulose 1s attacked by cellulose {Cx) enzyme whicn
hydrolyses the long glucose chains to éellobiose and perhaps
other short chain polymers of glucose (Goodman et al., 1967).
These are subsequently degraded to glucose by beta glucosidases.
Husain and Kelman (1958) compared virulent and avirulent strains
of Pgeudomonasg golanacearum from toma&to and found that cellulo-
lytic activity was 13 times more in culture filtrates of the
virulent strains as compared to avirulent strains, This was

also confirmed by Kelman and Cowllng (1965). Goto and Okabe .
(1958, 1959) tested 13 species of Pseudomonag, 7 of thomonag,
2 of Brwinia and one each of Corynebacterium and Agrobacterium
for cellulolytic enzymes and reported that P. setariae, P.
solanacearum, Xe. campgstris, X. citri, X. npigromaculens, Z.
oryzas, X pisi, X. pruni, X. pesicatoris, E. carotovora,

E. mijletiae and C. gepedonicum produced cellulolytic enzymes.

Guar bacterial blight pathogen X. campestris pv. gyamopsidis
was reported to preoduce cellutolytic enzyme both in in yitrg and
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in yivo by Porwal and Chakravarti (1971), Hayward (1977)
reported that X. albilineans and 3 nomen species of X. campes-
tris group had beta-glucosidase activity whereas Kelman ang
Covwling (1965) reported that pP. solanacearum did not possess
beta-glucosidase activity, Kuprevicz (1947) did not observe
any essential differences in the activity of protease in
healthy and diseased tissues infected wilh Xanthomonas gggggg-
toria ino potato, Friedman (1962) and Keen et al. (1967) \»////
reported proteolytic activity of Erwinia carotovora and
Escudomonas lachrymans respactively., Friedman (1962) postulated
that greater virulence of E, carctovoera could be attributed to
increased proteolytic activity as a result of accelerated

hydrolysis of host protein.

The polyphencl oxidase catalyses oxidation of phenols
to aﬁtimicrobially active quipones and seriquinones (Farkas and
Kiraly, 1962). The efficacy of the oxidised phenols secems also
to be dependent upon their being able to remain in the oxidised
stages 1n the region of parasitization. According to Maine
(1960) and Malne and Kelman (1961) the polyphenol oxidase
activity was more in tobacco stem tissues inoculated with
Esgudomonas golanacearuyy and they correlated the enzyme activity
to resistance to P. splanacearum. Sequeira and Kelman (1962)
and Sequeira (1964) confirmed these results. Farkas and
Lovrekovich (1965), however, found that polyphenol oxidase
activity decreased in tobacco plants infected with P, tabacie.



Addy and Goodman (1972) correlated polyphenol oxid$SQ activity
with the intensity of foliar browning by Erwinia amylovora in
apple® leaves., It was observed that when viruleat and avirulent
straiﬁs of BE. ggxgovgga'were inoculated on apple leaves the
polyphenocl oxidése activity with the virulent strain was as much
as twice that associated With the control leaves and between

the strains virulent showed more activity than avirulent.

N Catalase 1l.e, hydrogen peroxide oxido-reductase
catalyses decomposition of hydrogen peroxide or oxidation of
various hydrogen donors, The importance of the enzyme in meta-
bolism is still uncertain but decomposition of hydrogen peroxide
is important as accumulation of hydorgen peroxide is toxic to
cells. Increased activity of catalase has been recorded in few
host parasite combinations only. Mohanty (1951) studiedd vitrg <~
production of catalase by 22 strains of Cprynebacterium fagciens
obtalned from different host plants and reported that all stra-
ins showed Copious formation of catalase in culture media,
Kuprevicz (1847) reported a decrease in the catalase activity

in potato plants infected with Xanthomonas vesicatoria whereas

Chanturiya (1959) found that catalase activity was increased in

mulberry leaves infected with Pgeudomonas mori. Increased
catalase activity has also been reported in bacterial wilt of

potato caused by P. golanacearum {Buddedhagen and Kelman, 1964), \ -

Studying interaction of peroxidases and catalases between

Phaseolug vulgarig and P. phaseolicola,Rudolf and Stahman (1964) J
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observed that in a comparison of several isoclates of P. phaseo-
1icola, the virulent isolates had higher catalase activity
than the less virulent ones. It was proposed that the influ-
ence of catalase on host metabolism would be an inhibition of
host peroxidases involved in the defense reactions of the host,
They further suggested that the net result of the interaction
between these two enzymes in either a susceptille bean plant or
one infeeted by a virulent form of P. phaseolicola seems to be
a redox potential which favours maintaining phenolic compounds
in their reduced microbially less active form, rather than as

antimicrobially active quinones.

The peroxidases, commonly known as POD, catalyses
the dehydrogenation of a large number of compounds such as
phenols and aromatic amines (hydroguinones and hydrogquinoid
amines) and especially, benzene derivative. The enzyme is known
to be produced in several host-parasite combinations and is
reported to be involved in pathogenesis by reacting with pheno-
lic toxicants (Mahadevan, 1979), Matirhevska (1958) estimated
peroxidase activity in 3 different varieties of tomato inoculated
with Xanthomonas yegjcatoria. He observed that in 3 tomato
varieties inoculated with bacterium, intensive optical absorption
200 par cent higher than in the control, occurred in Marglobe
while in Break 0' day the increase was 123 per cent. In both
the tomato varicties an increase of pe%gfégéﬁg_ggﬁig}ty was

——

noticed for 6-7 days, whereas in varisty-Skorospelka the pstiod
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was much shorter, The increase of the enzyme in the 3 varieties
was not equal, Chanturiya (1959) and Lipetz and Galston (1959)
also reported increased peroxidase activity in muiberry leaves
infected with Pseudomonas mori and in érown gall tissue cultu-
res of Parthenocissus tricuopidata infected with Agrobacterium

tumefaciens, respectively. Peroxidase activity was studied by

Rudolph and Stahmann (1964) in connection with their possible
role in the virulence of P, phageolicola and the susceptiblility
of the bean plant Phageolus vulgaris to the pathogen., It was
observed that peroxidase activity remain unchanged or decreased
in susceptible bean leaves with a virulent strain of P. phassoli~
gola and increased following infection by a less virulent one.
analogously, peroxidase activity in a resistant bean variety
showed a greater increase following infection with virulent
strain than did a susceptible variety and concluded that peroxi-
dase activity favoured resistance to P. phageolicola, Lovrekovich
et al. (1968) also observed that tobaceo leaves having more
peroxidase were resistant to infection with P. tabaci. They
found that older leaves had more peroxidése activity than younger
ones and correlated the age of tobacco lesaves and susceptibility
with the bacterium to the peroxidase activity. Urs and Dunlevy
(1974) found that peroxidase from horse raddish (Armoracia
rusgticana) was bactericidal to the bacterium X. phageoll var.
soljensis in presence of potassium iodide and water at 50 ug/mi.



Breeding resistant varieties, although is a costlier
method of plant disease control, yet it is one of the best
methods to avoid losses caused by bacterial diseases in plants,
Attempts have been made by various workers to find out resistant
lines against bacterial hlight of guar. Patel (1972) reported
that none of the varieties of guar was resistant to Xanthomonas
campestris pv. gyvamopsidis., Chahal gt al. (1979) screened 331
guar lines collected from Punjab and Haryana against bacterial
blight pathogen and reported that 4 varisties of guar viz. G.85,
Go 102, Ge 126 and G, 255 were resistant and 15 moderately resis.
tant; remaining 312 lines were either susceptible or highly
susceptible, Sharma and Dubey (1981) screened 65 varieties of
guar under conditions of natural epiphytotics and found 29 vari-
eties as resistant, 12 as moderately resistant and the rest as
susceptible or highly susceptible. They also observed that
glabrous vegetable types were more susceptible than hairy grain
types. Srivastava and Rao (1963b) reported that bacterial blight
was more destructive in pubescent varietics and glabrous varie-
ties and some o of pubescent branched types showed considerable
tolerance, although they did not mention the names of different

varicties,

L L L]



MATERIALS AND METHODS

Occurrence and severity of the disease:

Guar fields from different areas of Rajasthan viz,
Udaipur, Jaipur, Sawai Madhopur, Alwar, Bharatpur, Ajmer,
Bhilﬁara, Chittor and Jodhpur were surveyed during .August-
October, 1980 and 1881. From each field, 100 plants at random
were selected and the records were made on the incidence and

severity of the digease.

Isolation and pathqgenicity tests:

Xanthomonas cappestris pv. cyamopsidis , the causal

organism of guar blight, was isolated from the diseaged leaves

collected from various places in guar growing areas of UDdaipur.
Small pleces from infected portion were surface disinfecteqd
with 0.1 per cent mercuric chloride solution for 1% - 2 minutes
and washed thoroughly in two chaﬁges of sterile distilled water.
Bits were transferred on to each glass slide 1in few drops of
sterile distilled water kept in sterile petri plate. The pieces
were then cut into smaller pieces with razor blade and lefi for
few minutes for bacterial oczing. The ooze was then streaked

on the surface of nutrient dextrose agar medium in petri plates
and incubated at 23°C for 48 hours. The yellow single colonies
developing on the medium were picked up and restreaked on to

the same medium. This process was repeated until all colonies

developing on the medium were of similar cultural appearance,
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The pathogenicity of resulting cultures were tested on Pusa
Nav Bahar variety of guar. Inoculations were done on 20-30
days old plants by spraying bacterial suspension in water and
by giving abrasions with fine carborundum powder (300 mesh),
The pathogen was reisolated after appearance of symptoms and
cogpared with the original culture. The culture was maintained
8t 4-10°C in the refrigerator on nutrient dextrose agar or

yeast extract glucose chalk agar media for subsequent studies.

Preparation of inoculums

Forty five to 50 hours growth of bacterium on

nutrient dextrose agar or yeast extract glucose chalk agar slants
was harvested in 10 ml sterile distilled water and jmmediately
used for inoculations on plants. Number of cells/ml was caleu-
l1ated Dy using serial dilution technique. For mass inoculation,
the culture was raised by pouring melted but inoculated medium

in petri plates.

Glassware and chemicalss

411 glassware was of Corning make and used after
cleaning with Vim detergent powder or chromic acid followed by
washing in tap water and/or distilled water. For physiological
and biochemical studies, glassware were soakad o?ernight in
chromic acid solution followed by washing in tap water, rinsed
in distilled water and finally rinsed with double glass disti-

lled water. A1l chemical used in precision work were of 'GR',
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'Analar', 'Proanalysis' and/or high purity grade except for
routine media preparation ia which ordinary grade chemicals
were used, In biochemical analysis work, double glass distilled

water was used throughout,

Media:

The composition of different media employed was as
followss

1. Nutrient dextrose agar -

Beef extract - 3.0 g
Paptone - 5.0 g
Dextrose : - 100 g
Agar - 20,0 g

Distilled water to make up - 1000.0 ml
pH adjusted to 7.0

ii. Yeast extract glucose chalk agar -

Yeast extract - 10.0 g
Jlucose - 200 g
Calcium carbonate - 20.0 g
Agar - 20,0 g

Distilled water to make up - 1000 mi

iii. Triphenyl tetrazolium chloride agar (Kelman, 1954)-
Peptone - 10.0 g
Casein hydrolysate - 1.0 ¢

Glucose - .. 0.5 g
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| Agar - 17.0 g
Distilled water to make up - 1000 ml
PH adjusted to 7.0
3% triphenyl tetrazolium chloride (L g in 100 ml) solution
was prepared separately and autoclaved at 10 p.s.is for 10
minutes and added at the rate of 0.5 ml/100 ml medium,

ive Modifled Peterson's medium (Peterson, 1963; Tuite, 1069) -

No. 1. Glucose - 2.0 g
Peptone - 0.0 g
DL=-methionine - 0.1 g
Actidione - 0.04¢ g
Agar - 17.0 g

Distilled water to make up = 1000 ml
pH ad justed to 7.0
Sterilize at 15 1bs PeSeis for 15 minutes,

No.2 (Oxine)=

Solution A:- Q.22 g Ferric-8~hydroxyquinoline to be
dissolved in 4 ml ethanol and diluted
to 20 ml by sterile water.

Solution Bi- 0.48 g Ferric sulphate in 10 ml water,
heat to dissolve.

Mix solution 4 and B, Take 1 ml and add 49 ml sterile watsr.

No sterilization Becessary.,

Noe3. 0.3 g Sodiunm lauryl sulphate in 100 ml water. Sterilize
at 10 1bs p.s.i. for 10 minutes. No.l of the medium was
dispensed in 250 ml flasks and autoclaved, Three ml of
No.2 (oxine) and 1 ml of No.3 solutions were then added
aseptically in individual flagks of No,.,l and poured in
sterilized petri plates.
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V. Starr's xanthomonas synthetic medium (Starr, 1946)-

vi. Potato

vii, Water

Glucose - 5,0 g (to be added after
separate autoclava.
Ammonium chloride - 1.0 g 1ing)

Potassium dihydrogen phosphate - 2.0 g
Boric acid - 9.0 mg
Calcium carbonate - 100.0 mg
Calclum sulphate(hydrated)- 10 mg.

Ferrous sulphate - 100.0 mg
Molybdic acid -« 10.0 mg
Potassium iodide - 10.0 mg

Manganese sulphate (hydrated)- 10 mg
Zine sulphate (7 hydrated)- 50,0 mg

Distllled water to make up- 1000 ml

pH adjusted to 6.8

dextrose agar-

Peeled potatoes - 250 g
Dextrose - 20 g
Agar - 20 g

Distilled water to make up - 1000 ml
pH adjusted to 7.0

agar -
dzar ' - 20 g
Distilled water to make up -~ 1000 ml.



Buffers:
T e—————

i. Sodium acetate-acetic acid buffer -
Sol. A. 0.2M Aacetic acid (11.55 ml/litre)

Sol, B 0.2M G&odium acetate (16.4 g of CoHgOoNa or
27.2 g of CgHaoz Na. 3H20/litre).

Mix . 10.5 ml of sol. 4 and 39,5 nl of sol. B and diluted
to 100 ml for pH 5.2 buffer.
ii. Phosphate buffer (Gomori, 1955)
Dibasic sodium phosphate Monobasic sodium phosphate pH

(NazHP04. "7Ho0) (NaH2P04. 2Hx0)
Stock solution 0.2M(35.61g/1litre) 0.2M(31.21g/1litre)
Mix 12,3 8767 6.0
" 37.5 62,5 6.6
49 .O 51 .0 6 .8
61,0 39.0 7.0

Diluted to 200 ml with water.

Diseasge rating key:

Based on the pattern of disease development and
symptoms produced, disease rating key was devised in which plants
were graded into 6 arbitrary classes {0=5) to calculate the

infection index.

0 = No infection

1 = Only few black oily, minute spots scattered on
the leaf lamina. Stem and petiole without
infection.

2 = Necrotic brown spots, more in number, covering
about 4 leaf surface, Infection om petiocle and
stem rare. :
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3 = Spots coalesced and cause blightening of leaf
lamina covering ¥ leaf surface. Spols on' leaf
petiole and stem may or may not be present.

4 = Whole plant infected with blighting of leaf
lamina covering § leaf surface, infection on
leaf petiole and stem present,invariably chloro-
sls of leaves occurs.

5 = Plants severely infected, crumpling drying and
defoliation of foliage, black longitudinal
streaks on stem, wilting of apical leaves and
curvature of the stem. Infection on pod may be
present.

Infection index (McKinney, 1923; Chester, 1959; Wheasler, 1969):

- Sum of numerical rating x 100

Infection index
No. of plants assessed Max. disease rating

EBstimation of loss:

Experiments to determine the relationship between
disease severity and yield loss due to bacterial blight were
conducted in field. Guar variety Pusa Nav Bahar was sown in
20 plots each plot measuring 4x2.5 m. To have plots with diff.
erent infection indices.. 8 plots were spray 1noculated(closcells/
ml) 40 days after sowing and 8 others 60 days after sowing.
Number of inoculations were alsoc varied i.c. one inoculation in
the evening, and two inoculations with 24 hrs interval., Four
plots were kept free from dissase by fortnightely sprays of
streptocycline (250 ppm). To control powdery mildew, the plants
were sprayed with Bayleton (0.1%) as and when required., Obser-
vations on disease severity on individual plants were recorded

20 days before harvest and the data yere pooled to calculate the
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infection index for individual plots. Saed yield from sach
plot (c. 100 plants) was recorded after harvest and the per
cent loss in sead yield or "injury coefficient! was calculated by

using Klemm's (1940) expression (Klemm, 1940):

awb 100
Q= X
Wheres a
a = Mean yield per plet from healthy plants
b = Mean yield per plot from diseased plants
and Q = Percentage loss in yield.

Besides this, 20 plants with cach disease category
(0=5 scale) were tagged 20 days before harvest. The yield data
were taken after harvest and the per cent loss in crop yield

(seed weight) under each intensity grade was calculated,

Host range:

Flants belonging to qifferent families were raised in
26 cm pots in cage house. Inoculations were made on one month
old plants with bacterium (c. 10° cells/ml). Ten plants of each
host werce inoculated by gzently pressing the surfacss of the
leaves with inoculum mixed with carborundum powder and obscerva-
tions were recorded upte onc month, Some plant species growing

in the college area were inoculated in situ,

Inoculation techniques:

AIn order to develop a convenient but sfficient
method of inoculation, the following methods were tried:
i) Atomizing the inoculum with hand atomizer (Klement,

1968): Bacterial suspension was sprayed on ons month old guar



- 43

plants with a hand atomizer and left as such in natural conditi-
ons, The plants were divided into 3 sets. The first set was
ilnoculated once and second and third sets were inoculated twice

and thrice, respectively at 10-15 hrs interval.

i1) Spray inoculation under pressure (Klement, 1968): Plants
were spray  inoculated under pressure with atomizer connected

to a vacuum-cum-pressure pump from a distance of about 30 em,

ii11) Spray inoculation after pricking with multineedle (Andrus,
1948; Starr and Dye, 1965): Leaves were injured with tha help
of a multineedle prepared by fixing 9 fine entomological pins
(No. 20) in a cork. Pointed end of needle was kept 1 mm projec-
ted and the opposite surface of the cork was dipped in melted
sealing wax to fix the needles, The multineedle so prepared,

was then applied on the surface of leaves of young plants,

iv) Abrasion with carborundum powder (Leben 2t al., 1968);:
4 piece of sterile cotton was dipped in bacterial suspension and
then touched with carbbrundum‘powder (300 mesh). This was gen-

tly pressed on to the leaf surface,

V). Injection infiltration method (Klement, 1963): Inocula~
tions were made by injecting 0.1 ml of bacterial suspension in

the leaf mesophyll by hypodermic syringe (needle No. 24) .,
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Multiplicatibn of bacterium in hosti

Multiplication of X. campestris pv. cvamopsidis was
studied in 2 varieties of guar viz. Pusa Nav Bahar and RGC 237,

which were found to be highly susceptible and less susceptible,
respectively. Third leaf from top of each plant was used for
inoculation, Abrasion was made with fine carborundum powder
adhered to flat end of a glass rod (0.3 mm diameter) near the
mid rib at 4 places. 4 drop of inoculum (appox. 0.05 ml)

c. 2.4x10° cells/ml was applied on the injured area with the
same rode. Samples from each variety were collected first at

24 hours interval upto 4 days after inoculation and then at

¢ days intervals upto 16 days. From each sample 2 leaf dises of
5 mm diameter were removed, washed with sterile distilled water,
crushed in 2 ml of sterile water in a sterilized pestle and
mortar and suspended in 10 feold dilution series in sterile water.
One tenth millilitre of prdper dilutions of the suspensions

were spread on to TTCA medium in triplicate with glass hockey
stick and incubated at 30°C, Observations on number of viable

cells recovered per leaf disc were recorded.

Bacterial blight development after artificial inoccylation
throughout the year:

Bacterial blight development throughout the year for
two years (July, 1980-June, 1982) as affected by environmental
factors was studied by inocwWating guar varjety Pusa Nav Bahar

at intervals of 7 days using carborundum abrasion technique
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(c. 10° cells/ml)., Plants were raised in 15 cm pots, inoculated
when one month 014 and kept in pot house. Observations on

disease severilty was recorded 21 days aftcr inoculation,

Bacterial blight devselopment in field:

Fleld sxpsriments were laid out to study the prograss
of the disease during Kharif and summer seasons of 1980-81 and
1981-82. The crop was raised in 4 plots, mensions of sach
plot being 4 x 3 m. When one month old, it was spray inoculated
(c. 108 cells/ml) on 21st July and 16th March, respectively on
Kharif and summer crops. Observations on infection indices were
taken after every week. The data on rainfall, relative humidity
and temperature were obtained from Meteorological laboratory,

CcTi AIE. [ waipm.

Inoculum concentration and discase developments

Plants of guar variety Pusa Nav Bahar were raised in

15 c¢m pots in cage housec and cach pot had 3 plants. One month
old plants were inoculated by spraying cell suspension and by
rubbing cell suspension with carborundum powder, Seven differe-
nt concentrations of bacterial suspension i.e, 7.3x101--’?.3x107
were used.Twenty’plantsbyspraying and 50 leaves by carborundum
abrasion method were inoculated by each dilution. Observations
on number of plants/leaves infeeted, incubation period and

infection index 21 days after inoculation were recorded.
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Bacterial concentration at the time of appearance of
initial water soaking was estimated by inoculating one month
old plants of variety Pusa Nav Bahar. Leaves were inoculated
by carborundum abrasion technique with bacterial suspension
(c. ?.3x104). Immediately after the development of water
soaking, the area was removed by a circular cork borer,
washed with sterile water and number of viable cells recove
red per water soaked area was determined. The population

was estimated in 20 such water soaked areas,

Age of the hosty

Guar plants of Pusa Nav Bahar were raised by sowing
at one week interval in 25 cm earthen pots. Each pot had 3
plants. 4t the time of inoculaticn, position of leaf on a
plant was numbered downward from the topmest leaf. A1l
the plants were inoculted (c. 106 cells/ml) by carborundum
abragion technique. Observation on bacterial blight intensity
was recorded 15 days after inoculation on each leaf along with

its leaf position as per scale given below:

Numerical Approx., area Descriptiopn
value involved (%)
0 0 No sign of diéease.
1 1-10 Spots few, water soaked trans-

luscent, just begining to turn
brown, covering upto 10% leaf
ared.

2 11-.35 Spots enlarged, brown with small
chlorotic haloes, covering
upto 35% leaf area.
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3 36-75 Spots, coalesced, brown necrotic,
consplcuous chlorosis ocecurs
leaf blighted covering upto $th

- leaf arsa,
4 above 75 More than 3/4th leaf arca covered

leaf sevarely blighted, extensiveiy
chlorotic and may defoliate.

The disease index was calculated as given earlier.
In another experiment, seeds of guar variety Pusa Nav Bahar were
sown in 25 cm earthen pots in cage house at 7 days intervals to
get plants of 14 to 56 days old. Each pet had 2 plants and
there were 10 plants in each trestment. Inoculations were done
by spraying bacterial suspension three times with 12 hours
intervals, Observations on infection index were recorded 21

days after first inoculation. The experiment was repeated.

Host nutrition:

To study the effect of host nutrition on bactarial
blight development, quartz sand culture technique (Gallegly
and Walker, 1949) was used. Fiftcen centimeter plastic pots
with plastic cap against the drain hold, after thorough wash-
ing with double glags distilled water, were filled with acig
washed quartz sand., Seeds of variety Pusa Nav Bahar were
sown and watered with glass distilled water for szed germina-
tion., The plants were kept in open during day time and in
night covercd with polythene shect. During day hours too,
the plants were protected from rain, as and when required, by

covering them with polythene sheet. After germination of ssads,
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thining of the seedlings was done after first leaf unfolding
stage keeplng 5 seedlings into each pot. Bach treatment was

replicated 10 times,

The basal nutrient solution was modified to give solu-
tions as per requirements (Hoagland and Arnon, 1950; Meyer
gt al., 1963; Hewitt, 1966), For preparing various nutrient

solutionsthe following stock solutions were prepared:

A. Stock solution Concentration Amount jin g/litre

Ca(N0z)o. 4Hz0 1M 236,14
MgClp. 6HgO 1M 203,31
MgNO4, 6Ho0 1M 256 440
KC1 1M 74,56
KNO4 1M 101,11
KHpPO, 1M 136,08
NaHpPO4. Ho0 1M 156402
Nag50, 1M 142,00
MgS0,. 7H,0 1M 246.48
CaCl, 1M 110,99
NH4NO4 1M 80405

B, Iron tartarate solutions
FeC]-S - 5 g
Tartaric acid - 5g
Double glass distilled water - 1 litre.



Cs Micrometaboliec solution:

H3BOg 2.90 g
MnCly. 4Ho0 1.50 ¢g
ans04. 7 H30 0.21 g
CuCly. 2HgO 0.05 g
MoOg 0.05 g

Double glass distilled water - 1 litre,

In order to prepare the nutrient solutions under diff-
erent treatments, molar solutions of different chemicals werae

added in requisite amount as shown in Table 1.

The nutrient treatments were applied on altsrnate days
at the rate of 100 ml per pot., The plants were spray inbculated
20 days after sowing and the infection index was recorded 20

days after inoculation,

Detection of bacterium in seed:

duar seeds of Pusa Nav Bahar ccllected from the ficld
affected with bacterial blight pathogen was used, The sesds
after harvest were stored in 2 refrigerator. Sceds were tested
in the laboratory for the presence of X. campsstris pv,

cyamopsidis by following techniques.

ls Agar plate technique (Muskett and Malona, 1941; Srinivasan
et al., 1973).

2. Test tube agar method (Khare gt aj., 1977)
3. urowing on test (Eggebrecht, 1949).
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dgar plate technique: Seeds were plated on nutrient dextrose
agar, triphenyl tetrazolium chloride agar, modified Peterson's
medium and Starr xanthomonas agar. Each treatment consisted of
400 seeds, 10 seeds per plate and these were incubated at 300(

under natural conditions,

In the firsﬁ experiment, seeds washed with sterile
distilled water and those surface sterilized with 1 per cent
sodium hypochlorite for 5 minutes were plated on all the above
media. Observations were recorded upto 10 days after plating.
The yellow colonies which appeared and suspected to be of

X- campestris pv. cyamopsidis were streaked on nutrient dext-

rose agar and the resulting cultures were inoculated on the

guar plants to prove pathogenicity.

In second experiment, the seeds after surface sterili-
zation were soaked for 4-5 hours in sterilc distilled water,
Bach seed was then placed in a sterile petridish, cut into two.
pieces by a sharp scalpel .and plated in serial order at equi-
distant on nutrient dextrose Agar media, Bach plate accommo-
dated 10 cut pieces of 5 seeds. All the plates were incubated

and observations were recorded as above,

In the 3rd experiment, seeds after soaking in 200 ppm
solution of aursofungin for 30 minutes with and without pre-
treatment with sodium hypochlorite‘were plated on nutrient

agar and 2% water agar., The petri plates were incubated under
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dark after wrapping them in black paper. After 10 days of
incubation each seed was examined for yellow Xanthomonas
colony. 4lso, the collar region and cotyledons of each seed-
1ling were examined for any bacterial ooze. In positive cases
the bacterium was isolated and inoculated on young guar plants

to prove pathogenicity,

In the 4th experiment, seeds treated with 0.1 per cent
Vitavax for 10 minutes followed by with and without pre-treat.
ment with sodium hypochlorite were also plated on nutrient

dextrose agar medium and observations recorded as above.

Test tube agar method; Guar seeds after soaking in 0.1 per
cent Vitavax for 30 minutes were divided into two lots. Seeds
0f one lot were transferred to nutrient agar slants (culture
tube size 25x200 mm) at the rate of one seed per tube. BSeeds
of second lot were further pretreated with 1% sodium hypochlo-
rite solution and transferred to nutrient agar and 2% water
agar slants. The tubes were incubated under dark and observa-
tions were recorded upto 15 days after incubation on the (i)
development of typical colony on the medium tii) symptoms on

collar region or cotyledons.

A similar experiment was alsc done by using aureofungin
in place of Vitavax in which seeds were soaked in 200 ppm
solution of aureofungin for 6 hrs followed by with and without

pretreatment with sodium hypochlorite and plated on nutrient
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dextrose agar and 2% water agar. Observations were racorded

on mentioned above.,

Growing on test:s Plastic pots of 15 cm size after rinsing
their surfaces with rectified spirit wers filled with acid
washed quartz sand. Guar seeds of Pusa Nav Baharp variety
collected from blight affected field were sown and watered
daily for first 4 days ang latef on alternate days with sterile
water., 4 total of 400 seeds were taken and in each pot 10
seeds were sown, Collar region and cotyledons of toppled
seedlings were examined under microscope for bacterial opoze
from time to time. From suspected seedings, isolations were
made and pathogenicity was proved by inoculating young guar
plants. Observations were recorded upto one month after

sowing.

- In the second experiment, seeds collected from pods
artificially inoculated after making abrasion with carborundum
powder were used. Simultaneously seeds collected from healthy
guar plants, and those artificially inoculated by socaking in bac-
terial suspension (c. 6.2%x107 cells/ml) for 4 hrs were alsp
used. Four hundred seeds in each treatment were planted in
quartz sand and observations were recorded upto 30 days after

sowing., The experiment was repeated.

Sampling for physiological changes in plants after infection:

For estimating different organic and inorganic constie



tuents in plants infected by bacterial blight, leaf tissues
surrounding the diseased portion were used to avoid bacterial
population.as far as possible. Leaves of almost same age
taken from one month old diseased and healthy plants were used

for analysis.

Estimation of chlorophyll and carotenoidss

Chlorophyll and carotenoids were estimated both quali-
tatively and quantitatively,

Quantitative determination: Chlorophyll and carotenoids were
extracted and qualitatively measured by using‘chromatographic
method developed by Mishra and Jha (1967). Two grams of
freshly collected leaves of healthy and diseased plants were
homogenized in 2 ml of 90 per cent ethanol in a pestle and
mortar., Five ml of ethanol was again added to the pulp and
filtered through muslin cloth to gzet clear extract. Strips
of 25x5 cm size were cut from Whatman No. 1 chromatographiec
paper. Half millilitre of the extract from both healthy and
diseased stocks were applied on the strips in the form of
streaks along the width of the paper 5 cm from bslow and allow-
ed to dry. The chromatogrames were run in petrolaum sther
and aceltone (9:1 V/V) solvent system in a glass jar. Chroma-
tograms were dried under ceiling fan and obsarvation on
different bands and the colour intensity representing chloro-

phyll a, chlorbphyll b and carotenoids were taken.



Quantitative determination: The chlorophyll and carotenoids
were extracted and quantitatively measured by the method of
Arnon (1956), and Bruinma (1963) respectively with slight
modification. Leaf samples (100 mg each) from 14 month old
diseased (about 50% severity) and healthy plants were collected
and thoroughly ground in a pestle and mortar with small amount
of glass beads in a dark room. To this paste, 5 ml of 85%
acetone (chilled) was then added and the supernatent was dec-
anted into a flask. The extraction was repeated 3.4 times and
the total volume raised to 50 ml by 85% acetone. Ten ml aliguot
from each was centrifuged at 4000 rpm for 15 minutes at 4°¢ and
clear supernatent was transferred to clean tubes and optical
density was measured at 663, 645 and 450 mm with Systronics
Spectro Colorimeter. A4cetone (85%) was used to adjust absor-
bance at zero. Chlorophyll a, chlorophyll b and carctenocids
were calculated by the following formulae,

127 Agg3 - 2.69%x4g45 < 7
1000 x W

22.9 Agy5 - 4469 Aggz L o
1000 x W

Chlorophyll a (mg/g tissues) =

Chlorophyll b (mg/g tissues) =

it
|
|
I
o
<

Chlorophyll a+b(mz/g tissues)

10 450 x V
Carotencids =
(mg/z tissues) 2500 x W
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Where Ag4s5, 4gg3 and A450 represent absorbancies of
the extract at 645, 663 and 440 am respectively, V -volume of
total extract and W - welght of tissues extracted in gram,

Transpirations:

Shift in transpiration as a result of infection was
measured by finding out loss in weight of water (Vijay Kumar
and Rao, 1979)., Healthy and diseased leaves with different
infection indices from 3rd trifoliate from top were selected
and removed along with petiole, The cut end of the petiole
was dipped in water filled in a plastic vial (10x2.5 cm size)
while leaf lamina was kept projected out side. To prevent
evaporation from surface, few drops of liquid paraffin were
poured on the surface of the water. The leaf along with tube
filled with water was weighed at intervals and the loss in
weight due to transpiration calculated. Transpiration rate
was expressed as loss of water in mg/sq. em leaf area per hour
and 2s loss 5f water in mg per gram leaf per hour. The diseased
and healthy leaf arca of each leaf was measured by tracing then
on graph papers and counting the squaress There wers 10 leaves

in each treatment and the experiment was repeated twice.

Respiration:

Respiratory changes in guar plants infected with X

campestris pv. cyamopsidis was measured in Warburg's respiro-
meter (supplied by M/s K.K., Supplier, New Delhi}. Manometer
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along with flask was calibrated using mereury before actual
measurements The total weight of the mercury in flask and upto
the reference poilnt (250 mm) was recorded., This was divided

by density of mercury (13.5217 at 30°(C) to obtaln the total
volume for a glven flask and manometer. Flask constant (k)

for each manometer and flask assembly was calculated by the

following formula (Umbrett gt al., 1964)

vg Z2 4 vrL
Flask constant (k) =
Po
Where, Vg = Volume of gas phase in flask including connec-

ting tube down to the refsrence point,
Vi = Volume of fluid in vessel

Po = Standard pressure which is 760 mm Hg or
10000mm of Kreb's fluid.

T = Temperature of bath in absoluts degrsees
(273 + temperature in °C)

L = Selubility in reaction liquid of gas involved
(values for L obtained from table given by

Umbrett © gt a1.(1964) which is 0.0261 for Hg
at 30°C)

Disease and healthy tissues (1 g) of same age taken from
one month old plants were sliced into thin picces by 2 sharp
blade. These were then washed in running tap water, rinsed
several times in distilled water, blotted with filter paper and
transferred to the main compartment of a clcan dry Warburg's
flask equipped with 2 central well. One ml of phosphate buffer
(pH 6.8) was added to the tissues. In the central well, 0.2 ml
of 20 per cent KOH was transferred, aftar greasing the upper

rim of the well. A small piece of filter paper folded in the
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form of an accordion was placed on the central well to incre-

ase the surface area. The flask was attached to the manometer

filled with Kreb's manometer fluid of following composition
Sodium bromide - 44 g

Triton X-100 - 0.3 g
Acid Fuchsin - 0.3 g
Water -~ 1000 ml

Density of fluid at 28°¢C = 1.03057

The manometer was fixed on the apparatus and flask
placed in the constant water bath, The whole system was shaken
at 200 rpm for about 5 minutes and all the connections were
tightned. The system was equilibrgted for 10 minutes after
which the manometer was adjusted with stopcock open on the
closed side of it to the refer:nce mark (250 mm). The stopecock
was now closed and the readings were taken at 30 minutes intsr-
val., Liquid level in the closed arm was always adjusted to the
reference mark by manipulating the screw clamp in the rubber
reservolr. To correct the changss in pressure of room and
temperature of water bath, thermobarometer control was mainta-
ined simultaneously. 4 Warburg!s mancmeter with a flask conta-
ining 2 ml of phosphate buffer served as thermobarometer control.
Any rise in the thermobarometer reading, which shows a decreaxse
in the pressure, was added to the r:adings of the reaction
flasks and yice versa. The amount of gas exchanged (,ul 0o
uptake) was caleulated by multiplying a¥eration in reading on

open arm of m3nometer (h) with flask constant (k).
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Ml O uptake = h x k
There were 3 replications for each treatment and the

experiment was repeatsd twice,

Changes in sodium, potassium and caleium:

The amount of sodium, potassium and caleium in diseased
and healthy leaves was detormined by flame photometer (Systroni-
cs digital flame photometer type 125) as per method of Burried-
Marti and Ramirej Munoz (1957)., Analar grade chemicals and
double glass distilled water was used Throughout, The stock
solutions and working standards of sodium, potassium and calcium
were prepared as follows:

l. Sodium - Thousand parts per million solution was

prepared by dissolving 2,5416 g sodiunm chloride in

a litre of water.

2. Potassium - One thousand parts per million solution
was prepared by dissolving 1.9070 g of KC1 in a

litre of water,

3e Calecium - One thousand parts per million solution
was prepared by dissolving 2,497 g of calcium carbow
nate in 300 ml water + 10 ml concentrated hydrochlo-
ric acid and diluted to 1000 ml with water.

From these stock solutions, working standars of 1o, 25,
20, 70 and 100 ppm concentrations were prepared in 500 mi

volumetric flasks.



Diseased and healthy leaves (approx. 5 g each), in
triplicate, were collected and dried till constant weight at
60°C, Five hundred mg of oven dried material was charred at
220°¢c in an oven for 48 hours, The material was cooled and
ground in pestle and mortar and digested with 5 ml of conc.
hydrochloric acid, This was gvaporated to dryness on sand bath
over a hot plate. The process of digestion was repeated again
and .the dried material was dissolved in 50 ml of dilute hydro-
chloric acid (4 ml HCl + 96 ml water) for sodium and in 100 ml
for potassium and calcium and filtered through Whatman No, 42

filter paper. This solution was uged as such for estimation.

In order to prepare standard curve, the most highly
concentrated solution (100 ppm conc.) was atomized armd the
reading was calibrated to 100 in digital display unit of flame
photometer., The setting operation was repeatzd several times
in quick succession by checking zero position in display unit
by feeding distilled water. The readings corresponding to
the further dilution i.e. 70, 50, 25 and 10 ppm were then taken
and standard curve was drawn on a graph paper. The unknown
solutions were then atomised and the readings were recorded
and compared with standard curve prepared to get the amount of
element., The experiment was repeated twice and the data were

averaged.
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Estimation of sugarss

Preparation of extract - Diseased and hsalthy lcaves
were collected and dried till constant weight at 60°C, The
oven dried material (400 mg) was extracted in 70 per cent
ethanol, 50 per cent ethanol and finally in distilled water.
These 3 fractions were pooled together, clarified by centrifu-
gation and the total volume raised to 50 ml with 70% ethanol.
To remove chlorophyll and other pigments, the extract was
fractioned 3 times with equal volume of carbon btstrachloride.
The lower layer was discarded and the chlorophyll free extract
was collected and used. There werg 3 replication in each case

and the estimation was repzated.

Total sugars - The amount of total soluble sugars was
estimated by anthrone recagent (Dubois gt al., 1951). Anthrone
reagent was freshly prepared by dissolving 200 mg anthrone dye
in 100 ml concentrated sulphuric acid. 0,1 ml of the =thanol
extract was taken in a tsst tube, dried on water bath and
suspended in 2 ml water. To each tube 4 ml anthrone rsagent
was adcded by the side of the tgst tube. To preovent evaporation,
aluminium foil was placed on the open end and the tube was
placed in boiling water for 10 minutes. Thereafter, it was
cooled in running tap water and the absorbance of the blue
green solution was measured at 625 nm. Reagent blank contain-
ing 2 ml water and 4 ml of anthrone reagent was used to adjust

absorbance at zero. The amount of sugar present in the extract
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was calculated by standard curve prepared from different

conc. of glucose'(l-S mg/100 ml),

Reducing sugars - Reducing sugars were estimated
following dinitrosalicylic acid method (Millar, 1972),. Dini-
trosalicylic acid reagent (DNS) was prepared as follows:

Sol. A - To 75 ml of 4.5% NaOH; 220 ml of 1% dinitro-

salicylic acid and 63,75 g of rochelle salt
(Sodium potassium tartarate) were added.
Sol.B -« To 2.5 g crystalline phenol; 5.5 ml of 10%

NaQd and water to raise volume to 25 ml
were added.

To 17.5 ml of solution B, 1l.725 g of sodium bisulphite
was added and mixed well with solution 4., The reagent was

stored in stoppered bottle at 4°C when not in use.

To 1 ml of ethapol extract in & tube, 3 ml of DNS
reagent was added. The tube after shaking was put in boiling
water for 5 minubtes, thereafter cooled in ice water, diluted to
10 m1 and the absorbance was measured at 575 nm., Blank consis-
ted of 1 ml water « 3 ml DNS reagent finally diluted to 10 ml.
The amount of reducing sugars in the sample was calculated by
a standard curve prepared from different concentration of
glucose, For this, 50 mg glucose was dissolved in 100 ml water
and from this 0.2, 0.4, 0.6, 0.8 and 1 ml aliquots were drawa
in tubes and the volume raised to 1 mi in each tube. The

colour was developed and ahsorbance recorded as above.



‘Non-reducing sugars - The amount of non-rdéducing
sugars was calculated by substracting the amount of reducing

sugars from total sugars.

Estimation of nitrogen and proteins

Nitrogen and protein in healthy and diseased leaves
were estimated as per method of Snell and Snell (1935).
Hundred mg oven dried material was digested with 2 ml conc.
sulphuric acid and pinch of digestion mixture in micro-Kjeldahl
flask. Blank containing only digestion mixture was also diges-
ted simultaneously. When digestion completed, 2 ml of 30 per
cent hydrogen peroxide was added and heated at 80°C till solu-
tion become clear, colourless and dense fumes started coming
out. The solutien was diluted to 100 ml with distilled water
in a volumetric flask and kept overnight. To 1 ml of this
solution in 50 ml volumetric flask, 2 ml of 2.5 N sodium hydro-
xide and 1 ml of 10% sodium silicate was added and the volume
was raised upto the mark with distilled water, and thercafter
1.6 ml of Nasgseler's reagent was added. The transmittance of
the solution was read in Klett Summerson Colorimeter using
green filter. Distilled water was used to adjust the transmi-
ttance at 100. To get actual reading, blank readiﬁg was subgt=
rated from sample readings. The amount of nitrogen in sample
was calculated by a standard curve, In order to praepare stan-
dard curve, 4,714 g of ammonium sulphate was dissolved in a

litre of double glass distilled water (1 mg N/ml), From this



o, 1, 2, 4, 6, 8, 10, 12, 14, 16, 18 and 20 ml solution
were taken in 50 ml volumetric flasks, chemical solutions
added and per cent transmission read as mentioned above. The
data were plotted on a graph, percent transmission on Y-axis

and nitrogen concentration on X-axis,

The amount of protein was calculated by multiplying the

nitrogen content in the 3ample with 6,25,

Estimation of total phenols:

Changes in total phenol as affected by bacterial blight
infection was measured as per method of Bray and Thorpe (1954)

using Foliin Ciocalteu reagent,

To prepare Foliin Ciocalten reagent, 100 g sodium
tungustate and 25 g sodium molybdate were dissolved in 700 ml
distilled water, To this,50 ml of 80% orthophosphoric acid
and 100 ml of concentrated hydrochloric acid was added and the
mixture was boiled under reflux for 10 hours. Then it was
cooled and 150 g lithium sulphate dissclved in 50 ml watar.and
4-5 drops of bromine were addeds The mixture was boiled for
about 15 minutes to remove excess of brominc, cooled, volume
raised to one litre and filterced through Whatman No. 42 filter
paper. This golden yellow coloursd recagent was storced in
brown bottle at 4°C when not in use. The reagent was used

after diluting it with 2 volumes of water.
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Ethanol extracts prepared earlier for estimation of
sugars were used., One fifth ml extract was taken in a tube
and evaporated to dryness on a water bath and 1 ml distilled
water added., To this was added 1 ml of Foliin ciocalteny reazent
followed by 2 ml of 20% aqg. sodium carbonate. The contents of
the tube were mixed and the tube was put in boiling water for
1 minutes Thereafter, the contents were cooled, diluted to
25 ml and the absorbance of reaction mixture was measured at
650 nm. Blank containing all the reagents minus plant extract
was used to adjust the absorbance at zero. The amount of total
phenol in sample was calculéted from a standard curvz prepared

from catechol.

For standard curve, stock solution of catechol was
preparad by dissolving 10 mg catechol in small volume cf ethanol
and velume raised to 100 ml. From this 0.1, 0.2, 0.4, 0.6, 0.8
and 1 ml aliquots were taken in tubes and the volume was raised
to 1 ml in cach case by adding distilled water. These were
processed in the same way and the per cent transmission plotted

against concentration of catechol.

Bstimation of orthodihydric (0.D.) phenols:

Bthanol. extracts prepared for estimation of sugars
were used for 0.D, phenol estimation., 0.D. phenols in healthy
and discased leavss were estimated by Arncw's wmethod (Arnow,
1937) using arnow's reagent. The reagent was prepared by

dissolving 10 g sodium nitrite and 10 g sodium molybdate in
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100 ml distilled water. The reagent was kept in brown bottle

at 4e¢,

To 1 ml of ethanolic extract, 2 ml of C.05N hydrochl-
oric acid, 1l 1l of Arnow's reagent and 2 ml of 1N secdium hydr-
oxide was added and the volume was raised to 10 ml with disti-
l1led water. The intensity of the pink colour developed was
read in a spectrophotometer at 515 nm against reagent blank
without extract. 0,D. phenols present in the sample was cal-
culated from a standard curve prepared with known concentrat-

ions of catechol.

For standard curve, 100 mg catechol was dissolved in
¢ ml of 70% ethanol and the volume was raised to 100 ml. From
this, 0.1, 0.2, 0.4, 0.5, and 0.6 aliquots were removed, dilu-
ted to 1 ml,processed as above and per ceat transmission was

plotted on a zraph against concentration of catechol.

Bstimation of ascorbic acid:

Ascorbic acid in healthy and diseased guar leaves was
estimated by visual titration method (Roe, 1954) using 2,6~

dichiorophenol indophencl dysz.

Ascorbic acid from plabt tissuss was extractad by
grinding 5 g tissues in 20 mi of 0.4% oxalic acid. Lhe oxbract
was filtered through 2 layers of muslin c¢loth and centrifuszed
at 5000 rpm for 20 minutes at 4°C, The final volume of tha

clear liquid was raised to 25 ml.
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Indophenol reagent was prepared by dissolving 50 mg
of 2,6-~dichlorophenol indophenol dye in 150 ml of hot glass
distilled water. To this 42 mg of sodium bicarbonate was add-
ed, cooled and final volﬁme was raised to 200 ml, The reagent

was stored at 2°C and used within a week's time.

Ascorbic acid standard solution was prepared by
dissolvihg 50 mg of ascorbic acid in 250 ml of 0.4% oxalic
acid (0.2 mg of ascorbic acid/ml). Five ml of this standard
ascorbic aecid solution was titrated against the indophenol dye
till the solution became pink and persisted for atleast 15
seconds. To estimate ascorbic acid amount in unknown, & ml of
oxalic acid extract was titrated against standard indophenol
dye solution and the ascorbic acid contents were determined by
the following formula:

mg ascorbic acid/100 g tissue = .Efffz___ x 100

AW
Where,

ml indophenol dye used in titration

S = mg of ascorbic aeld reacting with 1 ml indophenol
dye solution

Volume of the extract in ml
Aliquot titrated in ml
Weight of the sample in gram.

D
A
W

f

M

Production of cellulases

Production of enzyme cellulase was measured by esti-
mating the amount of reducing sugars released from cellulosic

substrate as per method of Gascoighe et al. (1960}, Twenty
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five gram of healthy and diseased leaves were blended in
waring blender in chilled sodium acetate acetic acid buffer
(pH 5.2)., The extract was filtered through 2 layers of muslin
¢loth, The final volume was made to 40 ml by adding buffer.
The extract was centrifugsd at.10,000 rpm for 30 minutes at
4°C., The supernatant was decanted, few drops of toluene added

in the extract and.stored at 49¢,

Dinitrosalicyllc acid (DNS) reagent was prepared by
dissolving 880 ml of 10% DNS and 255 g of sodium potassium
tartarate into 300 ml of 4,5 per cent sodium hydroxide (Solution
4). Separately 10 g crystalline phenol was dissolved in 22 ml
of 10 per cent sodium hydroxide and the volume was raised to
100 ml by distilled water (Sclution B), To 69 ml of solution
By 649 g of sodium bisulphite was added and mixed with solut-

ion A. The reagent was stcred at 4°cC,

Carboxy methyl cellulose was used as substrate and
prepared by blending 0.5 g carboxy methyl cellulose in 100 ml
of sodium acetate acetic acid buffer (pH 5.2) for 8-10 minutes
and filtered. BReaction mixture consisted of 4 ml carboxymethyl
cellulose, 1 ml sodium acetate acetic acid buffer (pH 5.2) and
2 ml enzyme extract. Fifteen minutes after, 1 ml of enzyme
substrate mixture was transferred to 25 ml tube and 3 ml of
DNS reagent was added. The tube was placed in boiling water
for 5 minutes, thereafter cooled in ice water and dilut=d to

25 ml with water, Per cent transmission was measured at 575 nm
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against a blank in which, in place of extract water was used.
Enzyme activity was expressed as the amount of glucose relsa-
sed per millilitre of the enzyme extract per unit time which
was calculated from standard curve prepared from various

concentration of glucose (125-1000 ppm) .

Production of B-glucosidases:

B-glucosidage activity in healthy and bacterial blight
affected éuar leaves was measured by estimating a glucose form-

ed with Foliin Clocalteu reagsnt (0lah and Sher-wood, 1973).

Plant extract used was same as in callulase estimation.
To 10 ml of 0.01M salicin prepared in sodium acetate acetic acid
buffer (pH 5.2), 3 ml of enzyme extract and 1 ml of 4 per cent
sodium fluoride was added. This was kept in water bath at
30 + 1°C, One millilitrs aliquots were withdrawn at intervals
of & minutes and to tnese were added 1 ml Foliin clocalteu rea-
gent, 2 ml of 20 per cent sodium carbonmate, shaksn vigorously,
placed in water bath for one minute, cooled and volume raised
to 10 ml. Transmission was measured in & spectrocolorimeter
at 650 nm. Similarly, reaction mixture with boiled enzyme
gxtract and sample withdrawn at zero time were maintained as
control., The amount of aglucone released in terms of catechol
was measured by comparing the data with standard curve prepa-

red from known concentrations of catechol.



- 70 =

Estimation of protease:

Protease activity was measured by measuring the quane
tity of amino acids liberated from a protein substrate with
ninhydrin reagent (Davis and Smith, 1955). Enzyme extract
prepared for cellulase estimation was used. To 10 ml of one
per cent casein, prepared by dissolving in minimal guantity of
0.1N sodium hydroxide and the volume raised by phosphate buffer
(pH 7.0), 5 ml of 0.1M phosphate buffer (pH 7.0) and 5 ml of
enzyme sxtract were added. The reaction mixturs was mixed and
incubated at 30°C in a water bath. Thereafter, aliquots of 1 ml
were withdrawn at 0, 30, 60, 90 and 120 minutes interval and
2 ml of ninhydrin reagent (5 g ninhydrin dissolvzd in 125 ml
methyl cellosolve was mixed with 125 ml phosphate buffer of
pH 7.0 containing 0.2 g of strontium chloride). The open end
of the tube was closed with aluminium foil, placed in boiling
water bath for 20 minutes, ccoled in water, diluted to 10 ml
with 30 per cent propanol and colour intensity measured in a
spectrocolorimeter at 570 nm. Boiled enzyme extract and reac-
Tion mixture recmoved at zero time served as controls. The
amount of amino acid released in mg/ml enzyme extract/hour was
determined from a standard curve prepared from diffarent cone

centrations of glutamic acid (25-200 ppm).

Bstimation of polyphenol oxidases

Polyphenol oxidase in healthy and disezsed leaves was

astimated by measuring oxidation of catecheol in spectro colori-



- 71 -

meter (Farkas and Kiraly, 1962), Two grams of lsaves collected
from healthy and diseased plants were ground in 2.5 ml of
chilled phosphate buffer (pH 6.6). The extract was squeezed
through muslin cloth and centrifuged at 10,000 rpm at 4°C. The

clear supernatant was decanted and used for enzyme estimation,

To 2 mi of enzyme extract, 3 ml of phosphate buffer
(pH 6.0) was added and the tube was placed in 2 spectrophoto-
meter set at 495 nm and absorbance adjusted to zero. There-
after, the tube was removed and 1 ml of catechol (0.01M in
phosphate buffer, pH 6,0) mixed into it and placed again in
spectrophotometer; Changes in absorbance were recorded upto
20 minute and represented as unit changes in absorbance per

minute per ml enzyme extract,

sgtimation of Ascorbic acid oxidase:

Ascorbic acid oxidase was measured by detérmining the
residual ascerbic acid in the reaction mixture by UV Spectro-
photometer (Oberbacher and Vines, 1963)., The enzyme extract
from healthy and diseased guar leaves was prepared as for poly-
phenol oxidase except that in this case 2.5 ml of buffer per

gram of leaf was taken.

To Oel ml of tissue extract in a cuvette, 1 ml of
phosphate buffer (pH 6.0), 1.8 ml of distilled water and 0.1
ml of L-ascorbic acid (0.005M) were added. Cuvette containing

all without ascorbic acid was used to adjust the absorbance at
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zero. The average change in absorbance was measured and
presented as unit change in absorbance per minute per ml enzyme

extract.

Bstimation of catalasge:;

Catalase activity was measured by estimating the
residual hydrogen peroxide in the reaction mixturs by permanz-
nate titration method of Von LEuler ang Josephson (1927). The

reagents for this were prepared as followss

Hydrogen peroxide (1N) - 5.67 ml of 30 per cent hyde
rogen peroxide dissolved in glass distillad water and final vol-
ume raised to 100 ml.

Hydrogen peroxide (0.0lN) - 10 ml of normal hydrogen
peroxide mixed with 67 ml of phosphate buffar (pH 7.0) and
volume raised to one litre.

Sulphuric acid (2N) - 5,6 ml of sulphuric acid (36N)
diluted to 100 ml with distililed water.

Potassium permangnate solution (O;OSN)- 1.6 g of pota-
ssium permangnate dissolved in 100 ml water. This was diluted
in 1:99 propertion with distilled watar.

Ferrion indicator -~ 1.485 g of orthophenanthorin mono-
hydrate was dissolved in 100 ml of 0.025M ferrous sulphate
(0.695 g of FeS04,7H0 in 100 ml distilied water). Colour chan-
ges from orange red to pale ysllow and the indicator may be

stored in brown bottle in a refrigerator.
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One gram of well washed fresh leaves was ground in
10 ml of 0.05M phosphate buffer (pH 7.0) with the hslp of a
chilled pestle and mortar, filtered through muslin cloth and
centrifuged at 7000 rpm for 15 minutes at 4°Cc, To 5 ml of Q.O01N
hydrogen peroxide pipetted in 50 ml conical flask, 0.2 ml of
enzyme extract was added and incubated exactly for 5 minutes.
The rsaction was stopped by adding 5 ml of ZN sulphuric acid,.
Simultanecously, a control was maintained in which the enzyme
activity was stopped by adding sulphuric acid prior to the
addition of enzyme extract, Blank and incubated aliquots were
titrated against 0.005N potassium permangnats solution to find
out residual hydrogen peroxide. Colour change from r2d orange

to light blue was the end point. The cnzyme activity was expr

essed as u mol. units of hydrogen peroxide per minutc per gram
of fresh weight which was calculated by taking into considera-

ticn that 1 ml of 0.005N KMnQ4 = 0s5 1 mol Hols e

Estimation of peroxidases:

Peroxidase was assayed by measuring the purpurozgallin,
a coloured derivative, formed during the reaction of enzyme with
pyrogallol in pressnce of hydrogen peroxide (4ddy and Goodman,

1972)

Three millilitre of 0.05M pyrogallol solution preparad
in 0.1M phosphate buffer (pH 6.0) and 0.1 ml of enzyms extract
were taken in a cuvette and the absorbance was adjustsd to zaro

at 420 nm in U-gpectrophotometer, Thareafter, 0.5 ml of one
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per cent hydrogen peroxide was added to the cuvette, mixsd and
immediately replaced in the spectrocolorimeter changes in absorba
ance at 30 seconds interval for 3 minutes was measurad and the
average change in absorbance per minute between 60 and 100

second was racorded and comparad.

Germplasm screening:

Seads of different guar varizties/selectlons wecre
obtained from Economic Botanist (auar), Agricultural Rescarch
Station, Durgapura. Secds,of Pusa Nav Bahar variety were ohta-
ined from National Seeds Corporation. These varistics were
screened during kharif 1980 and 1981 in‘field under artificial
inoculations. Seeds of each entry were-sown in 5 m long row
with 15-20 cm spacing from plant to plant and 40 cm from row
to row and was replicated four times. One month old plaats
wers spray inoculated by an air compression sprayer. First
inoculation was followed by two more inoculations at 24 hrs
interval. Discase ratings on each plant within a variety were
recorded 20 days after first inoculation and the infection index

was calculated.

o R



EXPERIMENTAL RESULIS

I, Occurrence and severity of the disease:

Observations on bacterial blight prevalence and infec-
tion index in different guar growing areas of Rajasthan during
kharif and summer seasons of 1980-81 and 1981.82 were made.

From each field, 100 plants at random were selected and the data
from different fiélds were averaged to represent the prevalence
and infection index for a particular place. In 1980-81, obser-
vations were recorded during kharif in 130 fields from 34 places
among 8 districts of Rajasthan and during summer in 28 fields
from 8 places in 4 districts of Rajasthan. In 1981-82, during
kharif 104 fields from 26 places in 5 districts and during
summer 47 fields from 15 places in 3 districts of Rajasthan

weres surveyed.

The disease was prevalent under natural conditions in
all the 9 districts where observations were recorded. The pre-
valence was as high as 35 per cent in Durgapura (Jaipur) in
kharif 1981, The disease was mostly prevalent in Jaipur, Alwar,
Bharatpur, 4jmer, Chittor, Bhilwara and Udaipur, although, the
infection indices varied from place to place and field to field
in a district. Bacterial blight was almost absent in sgveral
villages of Udaipur district viz. Bhupalpura, Thur, Iswal,
Nandeshma, Loyra and Bamanwas. It was also absent in Asalpur

Jobner (Jaipur).



- 76 -

In 1980 kharif the maximum infection index of bacterial
blight (16.3%) was recorded in Barodameo (Alwar) followed by
infection index of 14.2 in Fagi (Jaipur), In 1981 kharif, the
infection index was maximum (15.4) in Shahpura (Jaipur).
Bacterial blight infection index in Udaipur district varied from
0=9.1 with an average of around 4-5 in both the years (Table 2).

Table 2. Prevalence and severity of bacterial blight of guar
in Rajasthan during kharif 1980 and 1981

S.No. Place Year Prevalence  Infecticn

(%) index
1 2 3 4 5

1, Horticulture Farm, Udaipur 1980 ) 243

2., Vallabhnagar, Udaipur " 16 6.3

3. Rundeda, Udaipur f 15 6ol

4, Gumanpura, Udaipur " 12 703

5., Bhupalpura, Udaipur " 0 0.0

G Bhatewér, Udaipur " 10 4.2

7. Khedi, Udaipur " 9 4.5

8. Thur, Udaipur " Y 040

3., Iswal, Udaipur n 0 0.0

10, Khamnor, Udaipur " 13 S5e9

11. Kheroda, Udaipur e 8 3.6

12. Kharsan, Udaipur " 9 4.3

13. Jhadole, Udaipur " 10 5e2

14. Gogunda, Udaipur n 2l Dol

15, Nandeshma, Udaipur " 0 0.0

Contdeds
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1 2 3 4 5

16, Fatehnagar, Udaipur 1980 12 5.8
17, Durgapura, Jaipur " 20 11.3
18. Bassi, Jaipur " 19 10.5
19, Jatwada, Jaipur " 2é 1047
20, Fagi, Jaipur " 30 14.2
21. Gangapur, Sawai Madhopur " 12 ©.1
22, Agri. College, Jobner {Jaipur) " 8 3.5
23. 4salpur Jobner (Jaipur) t 0 0.0
24. Barodameo, Alwar " 28 16.3
25, Rajgarh, Alwar " 21 i2.9
26, Tijara, Alwar f 23 15.0
27. Arniapant, Chittor L 12 5.8
28. Cultivator'!s field, Chittor " 17 746
29, Mandalgarh, Bhilwara " 13 6.5
30. Banera, Bhilwara n 11 5.2
31, Tabiji Farm, Ajmer " 15 B+6
32, Cultivator's field, Ajmer " 22 12,8
33 DNear Mandore Farm, Jodhpur " 15 763
34. Cultivator's field, Jodhpur L 16 8.5
35. Chikalwas, Udaipur 1981 12 5.8
36. Bhuwana, Udaipur " 9 563
37. Pula, Udaipur " 15 645
38, Loyra, Udaipur " 0 0.0
39, Cultivatort's field, Bharatpur " 22 11l.3

Contde...-
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1 2 3 4 5
40, Nagar, Bharatpur 198l 12 5.8
41, Kanpur, Udaipur " 8 2.8
42, Pula, Udaipur " 17 6.2
43, Badgaon, UWdaipur n 5 2.0
44, Vidya Bhawan, Udaipur A 8 4.1
45, Mahla, Jaipur " 9 5.0
46. Bagruy, Jaipur i 15 8.0
47, 4agri. College, Jobner (Jaipur) ™ 7 4.3
48, Mavli, Udal pur n 10 5.3
49, Barapal, Udaipur " 9 33
50. Bamanwas, Udalpur ' n 4 Irace
51, Durgapura, Jaipur n 35 15,1
52, Nangal, Jaipur " 19 10.8
53. Mahla, Jaipur " 26 13.3
54, Tijara, Alwar oo 24 14.3
55, Shahpura, Alwar " 25 15.4
56, Jaisamund, Alwar " 22 12.4
57. Agric. College, Udaipur f 7 249
58, Deeg , Bharatpur " 18 9.2
59, Cultivator's field, Jodhpur " 17 7.8
60+ Cultivator's field, Jodhpur " 12 643

In summer season crop of 1981 and 1982 tha disease was
not recorded in most of the areas but in few flelds the disease

was observed in traces, The disease was observed in few fields
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at Malakheda (Alwar), Rajgarh (Alwar), Tablji (Ajmer}, Bassi
(Jaipur) and Shahpura (Jaipur) and the prevalence was less than

7-8 per cent,

In general, it was observed that the disease was less
in those areas where crop was taken occasionally and in small
isolated fields, A4lso, the disease was more severe on vegeta-
ble type guar than the crop raised for fodder or grain purposes.
Field observations also indicated that bacterial blight damage
was more in crop taken during kharif and negligible in summer

season Crops.

1I. Symptoms:

Bacterial blight appeared on all above ground parts viz.
leaves, leaf petioles, stem and pods. Infection on cotyledons
and flowers was not observed in field and under artificial
inocula tion. However, in few cases cotyledons of inoculated
guar seedlings became yellow, but no spotting or blighting was

Seelle.

On leaves - On leavds, artificially inoculated by bacterium,

the symptoms first appeared as minute, round oily spots on the
lower surface of leaf lamina which measured 0.5 to 1 mm in
diameter (Fig., 39, These spots were produced in interveinal
area and were transparent when viewed through light. Cn upper
surface of leaf lamina, the spots were olive coloured (Fig. 3
b,c)., With age, the spots increased in size, became brown

black, coalesced forming irregular spots surrounded by small



chlorotic zone (Fig. 1,2). The leaves also showed cuneate
lesions which extended from leaf margin inwards and in such
leaves velns became discoloured and resulted into blighting

or withering of leaf lamina (Fig. 4, 5). Leaf drop was common
in leaves artificially inoculated by rubbing with carborundum
even without blighting. Such leaves became yellow soon after
the appearence of pin-heads throughout on the leaf surface ang
defoliated within 2-3 days. The infection from blighted leasves
develop systemically and often advances through the petioles
into the stem. On petioles, large black lesions developed at
the base of leafl lamina and/or at the point of attachment of
petiole with stem, which enlarged and might completely girdle
the petiole (Fig. 6). Such leaves became chlorotlc, drooped
and ultimately defoliated. In nature, the girdling of petiole
was found to cause leaf shedding even though the spots on the

leaf lamina may not be numesrocus,

Under field conditions, irregular light coloured, V-
shaped spots that extended inward from the leaf margin were
produced. The angular leaf stage was gensrally observed only
after rains. The spots gradually increascd in size and the
central portion became pale brown and necrotic accompained hy
a yellow water soaked border. When such lesaves were viewed
through light, minute dark brown black pinhsads were seen
occasionally Under high humid weather these spots rapidly sprear
to the entire leaf lamina giving it a totally blighted appeara-

nce. Besides V.shaped spots produced as a result of hydathode



Fig. 1. Bacterial blight infected guar plant.



Fig. 2., Dark brown lesions on leal.



Fige 3, Initial symptoms produced on artificially inpculated
puar leaves. 8. water spaked spots on lower sul face,
b, Olive coloured watler spaked spots on upper
=urface, and c. Brown black spots on upper sur face

of the leaf,



tarial infection.

from bac

Fig. 4. V-shaped lesion on guar leai



W,

Figse 5=7. 2, Guar plant with completaely blighted leaves with
infection on petiole and stem, . Dark brown lesion
on petiole at the base of the leaf lamina and 7.
Linear brownish black longitudinal lesions on
infected stem.



Figs. 8~-11, B, Curvature and breaking of stem in infected
guar plant, 9. Severely blighted plant in field,
10. Symptoms of bacterial blight on pods, and
11, Collar infection on puar seedlipngs developlng
from infected sesds.
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infection, dark brown to black, circular necrotic spots were
also observed on leaves. With advance in age, these spots
coalesced and caused partial or total blighting. Symptom on

petioles was also observed.

On stem - The infectlon developed on stem in the form of small,
minute, linear, brownish black spot which soon produced black
longitudinal streaks 1%ig. 7} and when such stems were split
open longitudinally, the inner surface showed blackening along
the entire length of the stem. In such plants apical leaves
were wilted, stem curved and finally splitting and breaking of
the stem were observed (Fig. 8). In due course of time the

plant may show complete blighting (Fig. 9 ).

On pods ~ On pods initially small, round black spots were obse-
rved which soon enlarged and became irregular in shape (Fig. 10).
Seeds, collected from infscted parts of pods, were smaller, light

in weight, shrunken and brownish black in colour.

On_sgedlings - In sesdlings developing from ianfect:d seeds,

the symptom first appeared as large black spot on collar region
which extended upward and downward and complately girdled the
stem porticn at soil level (Fig. 1l). Such segedlings turn
yellow, droop and die prematurely. Blackening of stem and
yellowing of cotyledons was also obsarved but latter symptom was
observed in few cases only. Black streaks on stem throughout

lead to wilting type symptoms on apical portion of the ssedling,
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Field and pot house observations definitely indicated that the
seed-borne infection always leads to seedling mortality and
plants inoculated and infected at seedling stage generally do

not survive and bear fruits.

III. Isolation and pathogenicity tests:

Xanthomonas campestris pv. cyamopsidis, the guar bacte-
rial blight pathogen, was isclated from diseased leaves. 1Isol-

ations were made from diseased plant parts by streak plate
method on nutrient agar medium after surface disinfection in
0.1 per cent mercuric chloride solution followed by 2-3 washings
with sterile distilled water, Single yellow, circular and semi-
transparent colonies were picked under stereoscopic mieroscope,
purified and maintained on yeast extract glucose chalk agar
slants for further work. On nutrient agar medium colonles wers

mustard yellow, gummy, smooth with lobate margins.

Pathogenicity tests were conducted on 20-30 days old
guar plants of Pusa Nav Bahar raised in sterilized soil. Plants
were inoculated by carborundum abrasion technique and by spra-
ving bacterial suspension. After 3-5 days, round, oily pin
heads developed on the lower surface of the leaves inoculated
by carborundum abrasicn technique (Fig. 12). The spots coale-
sced forming irregular spots surrounded by thin chlorctic zone
and became brown black in colour. Symptoms on leaves inoculated

by spraying bacterial suspension appeared after 8-10 days.



Fig. 12. Lower surface of guar leaf & days after inoculation
by carborundum abrasion technidue.



IV. Estimation of losss

Plots with varied infection indices were created by
inoculating plants 40 and 60 days after sowing with variable
number of inoculations. Some plots were kept uninoculated and
protected by spraying with streptocycline (250 ppm) at 15 days
interval. The plants were also protected from powdsry mildew
by spraying Bayleton 25 WF (0.1 per cant), Observations on
disease severity for individual plant were recorded 20 days
before harvest. The data were pooled to calculate the infect-
fon ipdex for each plot (100 plants/plot)., Seed yield from
sach plot was recorded after harvest and percentage yield loss
was calculated (Table 3). Also, the 20 plants of esach arbitrary
elass (0-5 scale) were marked and seed yield/plant recorded
(Table 4).

Table 3. Percentage loss in seed yleld of guar variety Pusa Hay

Bahar due to bacterial blight in field in kharif
1980-81 and 1981-32

S.lo. Infection index sead yleld (g)/ Loss in secd
plot (10 sg.m.) vield (%)

o —

1, No diseasa 1100 .0 -

2, 10.6 1041,.6 5.31
3. 26,2 935,43 14.97
1 47«5 Tdd.c 33 .35

5. 73.8 568 ,0 66455
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Table 4 : Loss in seed yield of guar variety Pusa Nav Bahar
at different disease ratings

5.No, Class Seed yield in g/piant  Loss in seed
rating Range Average yield (%)

1. 0 10.32.12.81 11,98 -

2, 1 9.58-10,.82 10.38 10.4

3e 2 8.04-9.68 8.87 23.%

4, 3 6.01-7,93 6.84 40,9

5. 4 3487-6,02 4,87 58,0

Ge 5 2256=3.90 3415 73.0

It is apparent from the results in table 3 that the
loss in yield due to bacterial blight varied from 5.3 to 66,5
per cent depending upon the severity(Fig.l3), The losses increa~
sed with increase in infection index, although the rate of
increase in yield loss was higher at higher infection indices.
It was minimum {5.3%) in plots with infection index of 10.6.
The maximum loss in yield was as high as 66.5 per cent at infe-
ction index of 73.8., The amount of loss may cven be more if
| the disease comes early and subsequently favoured by environme-
ntal factors, Besides loss in yield, the quality of seaeds
produced on infected plants was also adversely affected. Seeds
harvested from bacterial blight affected plots had variable
proportions of brown to black, under size seeds mixed with

natural creamy white seeds.
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The loss estimations for crop in the flield were made
separately for each disease class rating by taking ianto conside~
ration the mean seed yield per plant, The data presented in
table 3 clearly show that the seed yield decreased with increase
in disease severity, ranging from 10.4 per cent loss in plaats
with class rating 1 to 73 per cent in plants with class rating
5, Severely infected plants only yielded 3.15 g of seeds as
against 11.58 from healthy plants,

V. Host_range:

Plants belonging to different families were inoculated
with bacterium (c.lo6 cells/ml) by carborundum abrasion method
and kept under observation for one month. The experiment was

repeated again in similar way.

OQut of 34 plant species, the bacterium could infect
french bean (Phageolug vulgarig) and field bean (Dolichog lablab)
successfully in addition to its main host (guar). On french
bean symptoms were first observed 8-10 days after inoculation,
symptoms appeared in the form of brown nearly circular spots
with extensive yellow halc (Fig. 14). These spots enlarged and
leaves became pale yellow within few days and later drooped.

On field bean, the symptoms appeared after 12-15 days only on
few leaves. Leaves started showlng yellowing and on one or two
leaves light brown coloured patches developed on the leaf
lamina (Fig. 15). Browning of veins was also noticed in some

cases. When diseased leaf bits from both the hosts, after
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thorough washing in sterile water, were cut with a sharp bhlade,
coplous ooze was seen which indicated that bacterium had
multiplied in these hosts. From both the hosts, the bacterium
were reisolated and ifnoculated on young guar seedlings which

confirmed host suscepbibility,

The bacterium induced resistant type reaction on ground-
nut and cotton. On these hosts, few small brown, necrotic
lesions developed on lower leaves which were restricted in size
(Fig. 16, 17). The lesions were more on groundnut lsaves but
in cotton only few lower leaves in 3 out of 10 plants showed
such type of symptoms. Remaining 29 plant species proved to be
ncn-hosts for guar blight bacterium (Table 5).

Table 5 s Host range of X. campestris pv. cyamopsidis under
artificial inoculation by carborundum abrasion method

on plants grown in pots (21.9~-31.8°C)

S.Nﬁ. Host Reaction* Incubation
period(days)

1 z 3 4

1. Tomato (Lycoversicon esculentum Mill,) - -

2, Chilli (Capgicum annuum L.) - -

3« Chawlai (Aparapthus viridis L.) - -

4. Bada Gokhru (Xanthium strumarium L.) - -

5. Castor (Ricinus communjis L.) - -

6. Sorghum (Sorghum bjcolor (L.} Moench, - -

7. Malze (Zea mays L.) - -

8+ Groundnut (Arachis hypogaca L.) R 8-10

9. Quisqualis jindica - -
' Contd..




10, Vinca rosea L.

11, Lawsonia ipernis L.

12, Clerodendron igerme Gaertn.
13, Zinnia elegans Jacq.

14. Cotton (Gossypium arboreum L.)

15, Green gram (Phassolus aureus Roxb.)

16, Black gram (Phaseolus mungo var. radiatus L.)
17, Pea (Pisum satjvum L.)

18. Field bean (Pelichos labliab L.)

19. Cowpea (Vigna sinensis BEndl.)

20. French bean (Phascolus vulgaris Jacq.)

21l. Guar (Cyamopsis tetragonaloba (L.) Taub.)
22, Arhar (Cajanus cajan (L.) Millsps.)

23, Cauliflower {(Brassica olerageda var. botrytis L.) -

24, Dhatura (Datura fastuasa L.)

25, Iecoma stans Juss,

26, Moth (Vigna aconitifolia {(Jacq.) Marechal
27. Amaltas (Cassia fistula L.)

28, Albizzia (Albjzzia lebbeck Benth. )

29, Chegopodium album L.

30. Neem (Azadirachta indica Juss.)

31, Lucerne (Medlicago gativa L.)
32, Sesame (Segamum indicum L.)

33, Sunflower (Helianthus annuus L.)

-+

-

34, Lady's finger (Abglmoschug sgculentus(LyMoench)-

12-15

8-10
85«6

A m——— .~ el -t s e —

# Reaction : -~ No sympﬁsﬁé, + visible symptons,
R-resistant reaction.
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VI. Inoculation techniques:

In order to develop a convenient but efficient method
of inoculation for the development of bacterial blight the

following methods were tried:

1. Spray inoculation

a., Single spray
b. Two consecutive sprays
¢. Three consecutive sprays

2. Spray inoculation under pressure

3, Inoculation by rubbing cell suspension with
carborundum powder (300 mesh)

4, Spray inoculation after pricking with multineedle

5. Inoculation by infection infiltration.

Guar plants raised in 15 cm earthen  pols in cage
house were used. Ten plants of one month age were inoculated by
bacterial suspensiocon (c.5.8x10%) prepared from 36 hours old
culture in sterile distilled water. In methods where injury
was given, 50 leaves were inoculated by each method. The plants
after inoculation were kept under cage house. The experiment
was conducted during August, 1981 when humidity and temperature
around 22-30°C prevailed. Observations were recorded for 21
days. The experiment was repeatsd and similar rasults were

obtained, the averages of which are presented in table 6.

Qut of 7 different inoculation msathods tried, maximum
infection index (65.00) was observed on plants whose leaves were
inoculated by rubbing cell suspension with fine carborundum

powder. Inoculation by injection infiltration and by thres
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Table 6: Methods og inoculation of X. campestris pv., cyamopsidis
(C.5.8x10°%) in relation to disease development on Pusa
Nav Bahar in pot house®

S.No. Inoculation method No.of plants or leaves Lncub-lnfection
ation index
Inoculated Infected period
(days)
1, Spray inoculation:
A, S8ingle spray 10 8 g-12 38
B. Two consascutive sprays 10 9 Cud 51
C. Three consecutive sprays 10 3.5 5-8 64
2. Spray inoculation under 10 8 =9 44
pressure
3. Inoculation by rubbing cell
suspension with fine 50 48 3-6 65
carborundum powder
4, Spray inocculation after 20 50 - 3-5 57
pricking with multineedle
5, Incculation by injection 30 . 80 4-6 63
infiltration

* Data are average of 2 separats experiments.

Table 7: Number of viable cells/leaf dis¢ recovercsd at intsrvals
after inoculation with c.2.4x107 cells/ml of X.campestris
pv. cyamopsidis in varieties Pusa Nav Bahar and RaC 237

S.Ro. Days after No. of viable cells recoverad/leaf dise®
inoculation ™~ Pusd Nav BIEhar RGC 237 -
1. 1 0.9x10° 6.2x10°
2, 2 7.2x10° 2,9x10°
3. 3 2.6x106 7.9x10°
4. 4 8.7x10° 3.8x10°
5, 6 1.6x108 3.7x10 7
6. 8 6.7%x108 1.8x10°
7. 10 9.8x108 6.6x10%
8, 12 1.3x10° 645x108
9. 14 3.6x108 8.2x107
10, 16 9.1x105 5,3x10°
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consecutive spray also gave equally good results and infection
indices for these were 63 and 64 respectively. ©Spray inocula-
tion under pressure was superior as compared to single spray
inoculation done with atomizer, although, the difference ia
infection indices was not much, The infection index in former
was 44 whereas in the latter it was 38. Injection infiltration
method, though successful but 1t was rather inconvenient to use.
In general, both:carborundum abrasion technique and spray inoc-
ulation technigues were found successful. However, the latter
may be more convenient under field conditions where inoculations
on large population are to be carried out. It was also obser-
bed that incubation period was minimum in methods where injury
was given. In these methods symptoms started appearing 3-4
days after inoculation. Incubation period was same when plants
were either spray inoculated under pressure OoT Spray inoculated
twice at an interval of 10-15 hours. With increase in number
of sprays of bacterial suspension the incubation period decre-
ased. The incubation period was maximum 8-12 days 1in plants

which were spray inoculated only once.

VII. Multiplication of bacterium in host:

Multiplication of X. gaupestris pv. cyamopsidis was
studied in two varieties of guar viz. Pusa Hav Rahar Ghighly
susceptible)and RGC 237 (less sugceptible), Observations oa
number of viable cells recorded per leaf disc upto 16 days are

presented in table 7 and Fig. 18 »



FIG. 18. NUMBER OF BACTERIAL CELLS/ LEAF
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Results of multiplication of bacterium in two
varieties of guar indicated that the bacterium multiplied in
both the varieties of guar, however, the multiplication was
more rapid in Pusa Nav Bahar than that in RGC 237. The first
evidence of disease with both varieties inoculated with bacte-
rium was ' chlorosis in the inoculated arza in 2-3 days after
inoculation. This was followed on third day in Pusa Nav Bahar
and fourth day in ReC 237 by a discernible water-soaking on the
under surface of the inoculated arca and the population during
this period was c.2.6x106 cells/leaf disc and c.3.8xL06 cells/
leaf disc respectively. Leaf spols were observed in variety
Pusa Nav Bahar on 6th day when population was c.1.6x106 cells/
leaf disc while in variety RGC 237 on 8th day with population
1ovel of c.1.8x108 cells/leaf disc. The maximum population in
varicty Pusa Nav Bahar rzached c.1.3x109 cells/lzaf disc in
12 4ays while in variety RGC 237 it was c.6.6x108 cells/leaf
disc, It was observed that necrosis in inoculated leaves deve-
loped in both the variesties at the time when the bacterial popu-
lation was near maxima (Fig. 18). Thereaftsr, the bacterial

population declined in both the varieties.

VIII, Developmeant of disease:

1. Bacterial blight devslopment after artificial inoculation
throughout the year -

In the fizld bacterial blight was observed mostly in
rainy scason crop and was rarcly found in summer crope. Cherefore,

disecase development throughout the year for two years (July 80

s

o amal ot 1rm bt AT e MATNTSTNAST ATOUNS SU DSl Osilly Y AN
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-June 82) as affected by eavironmental factors was studied by
inoculating guar variety Pusa Nav Bahar at 7 days interval using
carborundum abrasion technique (c.lO6 cells/ml). One month old
plants were inoculated each time and the disease severity was
recorded 21 days after inoculation. The data are presented ino

table 8 and Figs. 19 and 20,

It was concluded that the bacterial blight could be
produced artificially throughout the year, although, ths infec-
tion index varied greatly and was dependent upon prevailing
environmental conditions., In 1980-81, the disease was in tracss
or mild on plants inoculated during mid December to first wesk
of June because of low relative humidity coupled with fluctuating
temperature and no rainfall, During this periecd diseass develo-
ped on guar plants inoculated on 3rd, 10th and 24th March, 1981
only,mildly because of some pracipitation after inoculation
dates. Maximum disease was found on plants inoculated on July
29, 1980; high humidity, proper tempsrature and rainfall almost
throughout the period provided conditions conducive to the
development of the disease. July to end of September was most
favourabls for bacterial blight development as during this period
the relative humidity wes maintained around 80 per ceant and
temperature rangsd batwsen 20-34°C, During mid December to mid
February, although, the high humidi ty prevailed because of winter
rains but tha disease did not develop and progress appreciably

as the temperature was much low (4.3-27.8°C).
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FIG. 20. BACTERIAL BLIGHT DEVELOPMENT ON FPUSA
NAV BAHAR, IN CAGE HOUSE, AFTER WEEKLY
INOCULATIONS (JULY, 1981 - JUNE,1982)
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In 1981-82, the disease was more severe during July
to September as compared to 1980-81 and this was becausz of
intermittent rains, high humidity and favourable temperature.
Moreover, the difference in maximum and minimum relative humi-
dities and temperature was marrower during this perlod and this
might have helped in the development of disease. In July, 1981,
there were showers daily from 8.7.81 to 13.7.81 and thereafter
from 22th July to 28th July which stabilized temperature betw-
gen 22-30°C and relative humidity 75 per cent and above through-
out the period, These conditions favoured the disease develop-
ment and, therefore, plants inoculated on 7th July, 1981 had
high infection index. &imilarly, the infection index was high
on plants inoculated on 14th, 21st and 28th July, 1981. The
maximum infection index of 78 was recorded on plants inoculated
on 4th August. This was because plants after inoculation got
favourable environment throughout and during this period there
was least fluctuaticns in the temperature and relative humidity.
Disease declined in plants inoculated after August 4th and this
trend continued upto mid December, The period between February
to mid April was almost unfavourable for the dissase development
and, therefore, the disease development in traces on plants
inoculated during this period. Subsequently, although there were
raians during 7th to 10th May, 1982 but the disease did not pro-
gress sufficlently because of sudden drop in the relative humi-
dity thereafter and hence the plants inocculated on 20th April,

1982 had infection index of 16.0 onlye.
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Table 8 3 Bacterial blight development on Pusa Nav Bahar, in
cage house, after weekly inoculations

Year 1980-81 Year 1981-82
Date of Infection Date of Infection
inoculation index incculation index
1 2 3 4
July 1, 1980 25 June 30, 1981 44
July 8, 1980 30 July 7, 1981 68
July 15, 1880 48 July 14, 1381 60
July 22, 1980 52 July 21, 1981 70
July 29, 1980 66 July 28, 1981 74
Aug. 5, 1980 o8 Aug. 4, 1981 ) 78
Aug. 12, 1980 40 4ug. 11, 1981 64
Aug. 19, 1980 40 Aug. 18, 1981 62
Aug. 26, 1980 46 Aug. =25, 1981 58
Sept. 2, 1980 52 Sept., 1, 1981 46
Sept., 9, 1980 46 Sept. 8, 1981 44
Sept. 16, 1980 30 Sept. 15, 1981 38
Sept. 23, 1980 16 Sept, 22, 1981 28
Sept. 30, 1980 16 Sept. 29, 1981 18
Oct. 7, 1980 14 Oct., 6, 1981 18
Oct, 14, 1380 16 Cet. 13, 1981 20
Oct. 21, 1980 16 Oct. 20, 1981 26
Oct. 28, 1980 16 Oct. 27, 1981 32
Nov. 4, 1980 10 Nov. 3, 1981 16
Nov. 11, 1980 10 Nov. 10, 1981 16
Nov, 18, 1980 10 Nov, 17, 1981 14
Nov. 25, 1980 10 Nov, 24, 1981 8
Dec. 2, 1980 8 Dec, 1, 1981 T
Dec. 9, 1980 10 _ Dec. 8, 1981 T

M i e AL A o o Mkin e -

Contdes.
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-

3

Dec. 16, 1980
Dge. 23, 1980
Dec, 30, 1980
Jan. 6, 1981

Jan. 13, 1981
Jan, 20, 1981
Jan, 27, 1981
Feb. 3, 1981

Feb. 10, 1981
Feb., 17, 1981
Feb, 24, 1981
March 3, 1981

harch 10, 1981

March
March
March
April
April
April
April

17, 1981
24, 1981
31, 1981
7, 198l

14, 1981
21, 1981
28, 1981

May 5, 1981
May 12, 1981
May 19, 1981
May 26, 198l
June 2, 1981
June 9, 1981
June 16, 1981
June 23, 1981
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Dec, 15, 1981
Dec, 22, 1981
Dec., 29, 1881
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Feb., 9, 1982

Feb, 16, 1982
Feb., 23, 1982
March 2, 1982
March 9, 1982

March
March
March
April
April
April
April

16, 1982
23, 1982
30, 1982
6, 1982
13, 1982
20, 1982
27, 1982

May 4, 1982
May 11, 1982
May 18, 1982
May 25, 1982
June 1, 1982
June 8, 1982
June 15, 1882
June 22, 1982
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*-Based on observations of 10 plants.
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2. Bacterial blight development in field -

The relationship of various environmental factors to
the disease development was studied both in kharif and summer
for two consecutive years. The infection index based on 05
scale was taken at one week interval and are presented in Figs.

21 and 22.

During 1980 kharif, the disease started appearing 3-10
days after inoculation and progressed continuously till 18th
August. This can be attributed to precipitation occurmred 4 days
after inoculation which increased the atmospheric humidity to
a considerable extent and the temperature was 25.30°C, The
progress in disease development continued till 22nd September,
1980 owing to further precipitation, although, the progress of
the disease was slow. Later the progress of the disease was
almost checked with the decrease in relative humidity, fluctua-
ting temperature and onset of winter season. The bacterial
blight infection index during this crop season reached 46.0

within 63 days of crop zrowth.

In summer season crop of 1981, the disease appeared
15 days after incculation and progrsssed very slowly because of
prevailing high temperature,low relative humidity and negligible
precipitatidh. Only a marginal increase (6.0) in infection
index was recorded over a period of 35 days aftar appearance of
disease in the field., In latter two weeks the infection index

reached was 13 from initial 6. This progress of the disease
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can be attributed to slight precipitation on 7th and 9th May,
1982. After this the disease development was completely chec-
ked. The bacterial blight infection index during summer crop

season of 1981 reached 14 within @ months of crop growth.

During 1981 kharif, the disease started appearing
8-9 days after inoculation and reached to appreciable severity
, by 11th August due to heavy precipitation on August 6.7, 1981
which increased relative humidity to more than 85 per cent ang
maintained temperature in between 23-20°C, The progress in
disease development conbtinued till 1st September and thersafter
the disease progressed with slow rate till &th October., Later
the progress of the disease was almost checked due to sudden
drop in relative humidity and fluctuating temperature., Kharif
1981 season proved to be more favourable for bacterial blight
development as compared to kharif 1980, The bacterial blight
infection index during this C¢rop seascn was 71.,0 in 70 days
after appearance of symptoms resulting into average increase of
1.01 per cent infection index per day as against 0.75 per cent

increase in infection index per day during kharif 1980.

In harch-June, 1982 crop, the disease appeared in the
third week and progressed very slowly upto 4th May. Thereafter,
due to good precipitation on 7th May and heavy shower on 9th
HMay the atmospheric humidity increased and the temperature was
brought down and as a result ths disease progressed and reached

to appreciable severity by 18th May. The further progress of
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the disease was checked with the drop in relative humidity,
increase in temperature and practically no rainfall. The
bacterial blight infection index during this crop season rea-

ched 25 in 49 days after appearance of symptoms.

From the above observations it was concluded that

bacterial blight is favoursd by atmospheric temperature of
| 22-34°C coupled with relative humidity of 80 per cent and above
: and intermitfent precipitation. In field the discase appeared
even under unfavourable conditions but the disease progressed
appreciably only if favourable weather conditions prevailed.

It was also observed that raimy season crop suffered most in
both the years as compared to summer crop, although, the discase

was more during 1981-82 in both the seasons.

3, Inoculum concentration -

One month old plants of guar varisty Pusa Hav Bahar
were inoculated by different diluticns of bacterial suspeasion
containing c.?.3x101 to_7.3x107 cells/ml following carborundum
abrasion and spray inoculation techniques. Observations on
number of plants/lsaves infected, incubation period and infec-
tion indices 21 days after inoculation were recorded and are

presentad in table 9.

When the inoculum conczntration of X. campestris pv.

Lyamopsidig under spray inoculation technique was decreased

from 107 celis/ml to 10% cells/ml, the time iatsrval between



-« 113 -

{noculation and initial appearance of symptom expression incre-
ased. With the decrzase in inoculum concentration infection
index also decreased. The plants inoculated with inoculum
concentration of c.lO4 cells/ml produced symptoms in 4 ocut of
20 plants and at higher concentration, viz. ¢.107 cells/ml and

c.10% cells/ml, there was no difference in incubation period.

When leaves were inoculated by carbeorundum abrasion
technique, the time interval between incculation and initial
symptom exprassion increased from 3 days to 5 days with decrasasc
1n inoculum concentration from 105 to 10%, There was no diff.
ercnce in incubation period when leaves were inoculated by
bacterial suspension containing 10° to 107 cells/ml., Also,
there was not much differcnce in infection indices; it was 68
at a concentration of 107 cells/ml as against 60 at 10° cells/ml.
Leaves inoculated with 10° cells/ml, althouzh, produccd symptoms
but only in 28 out of 50 leaves inoculated and the infeetion

index was minimume.

It is apparent from the results presented in table 9
that 2 minimm inoculum concentration of 7.3x10° cells/ml,if
inoculated by carborundum abrasion technique, and 2 concentra-
tion of 7.3x10% cells/ml, if inoculatsd by spraying cell susp-
ention, are needed for development of bacterial blight in guar

variety Pusa Nav Bahar,
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In another experiment, plants of variety Nav Bahar
were inoculated by carborundum abrasion technique and the bact-
erial population at the time of appearance of initial water
soaking was estimated, It was observed that initial water
soaking on inoculated leaves was produced only when a minimum
population level of ¢.1.85x10% to 2.89x10% cells/ml with an
average of ¢,2,34x10° cells/ml was attained,

4. 4ge of the host -

Seeds of guar variety Pusa Nav Bahar were sown in 25 em
earthen pots in cage house at 7 days interval to get the plants
of different leaf stage, and 14 to 56 days old. In former case,
the leaves were inoculated by carborundum abrasion technigue
whereas the plants were spray inoculated in latter case,
Observations were recorded 15 and 21 days after inoculations,
respectively. The experirents were repeated and average data

are presented in tables 10 and 11,

Table 10 presents data on development of bacterial
blight on leaves of guar plants with different leaf position.
The stage of growth at inoculation was expressed in terms of
the number of leaves expanded on the plant. Leaves were numb-
ered beginning with top-most unfolded leaf of 2.5 cm size tow-
ards lower leaves. Observations indicated that in plants at
4 leaf stage or above therse was progressive decrease in disease
from 4th leaf position cnwards, Second and third leaves from
top were most diseased. The disease did not develop on lowest

leaf after the plant had reached the 7th leaf stage.
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Table 103 Relation of leaf-position to the bacterial blight
development on guar variety Pusa Nav Bahar in cage
house when inoculated by carborundum method

(21.9-31.8°C)
Leaf Infection index of leaves inoculated at different
position leaf stages* .
3 4 . 5 6 7 9 11
1 80 82 86 85 79 84 83
2 92 20 100 100 100 96 93
3 80 04 100 o8 100 100 100
4 70 78 73 78 76 71
5 56 53 50 51 58
8 28 25 30 3l
7 0 5 8
8 0 o
9 0 o}
10 0
11 0

* Average of two experiments

Table 11: Relation of age of guar plant to the bacterial blight
development in cage house under spray inoculation
({21.9-31.8°C)

" S.No. Age of the plants (days) Infection index®

1, 14 675
2 21 65.0
3. 28 70,0
4, 35 6240
Se 42 4340
6, 49 3840
7 56 24,5

* Average of 2 experiments with total 20 plants in each
treatment,
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In guar plants of different age groups, the discase
\,¥as more on plants of age groups between 14-35 days while
infection index was minimum on 56 days old plants. Infection
index decreased with increase in age of the plants beyond

35 days (Table 1l).

5, Host nutrition -

Host nutrition does affect the bacterial diseases and
their development (Van Gundy and Walker, 1957; Thaung and
Walker, 1957; Nayudu and Walker, 1960; Taylor and Dobson, 1960;
and Lipke, 1968). Recognising the importance of host nutrition
similar studies were made with respect to guar bacterid blight
using quartz sand culture technique. Three experiments (i)
effect of different levels of nitrogen,phosphorus and potash,
(ii) effect of calcium, m@gnesium, ircn and sulphur, and (iii)
effect of different concentration of a balanced nutrient solu-
tion on disease development were carried out. "~ All experiments
were repeatad and average resulls of two experiments are given

in tables 12, 13, and 14, respectively.

(1) Bffect of different levels of nitrogen, phosphorus and
potassium :~ The basal autrient was modified teo give soluticas
as per requirements and used as givsen in materials and methcds.
The following treatments were used:

Basal nutrient solution without nitrogen (0ON)

Basal nutrient solution with half nitrogen (1/2 N)

Basal nutrient sclution with double nitrogen (2 )
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Basal nutrient solution without phosphorus (0P)
Basal nutrient solution with half phosphorus (1/2 P)
Basal nutrient solution with double phosphorus (2 P)
Basal nutrient solution without potassium (OK)

Basal nutrient solution with half potassium (1/2 X)
Basal nutrient solution with double potassium (2 K).
Basal nutrient solution with balanced N, P and K.

Observations recorded in table 12 indicated that 4iff-
erent levels of N, P and K supplied to th: guar plant affected
the bacterial blight development differently. Where potagsiun
was varied, infection index was highest (61.00) in the absence
of potassium and declined with inerease in potassium. The
decline in infection index was more pronounced when potassium
level was increased from OK to 1/2 K as compared to increase
in potassium lesvel from 1/2 K to 2K. The infection indices
were 38.15 and 41.60 at high (2K) and low (1/2 K) levels, resp-
ectively. Where nitrogen was completely lacking the infection
index was 24.76 and with increase in anitrogen level to 1/2 ®
the infection index increased to 48.00. But a high level of
nitrogen (2N) the disease was suppressed and it was 41.18 per
cent. When P was variesd, the infection indices did not differ
much at OP to 2P levels and varied in between 41 to 44. It
indicated that the variation in the supply of phosphorus had
no effect on the bacterial blight development. In normal

/Hoagland's solution ths infection index was 50.43. The growth
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of the plants was also affected with the manipulation in N, P
and K contents. The growth was vigorous at high N level but

at 0 N level the plants were poor in growth and chlorotic with
phosphorus and potassium at higher levels, the plants were dark
green in colour aad at OK level the plants were slightly stunted
with lower leaves yellowish green and other leaves rough in

texture.

(ii) Effect of calcium, magnssium, sulphur and iron ;- Effect of
calcium, magnesium , sulphur and iron on the develeopment of
bacterial blight was studied in guar variety Pusa Nav Bahar.
Throughout the studies high purity grade chemicals and double

glags distilled wateor was used.

Results presented in table 13 indicated that the °
presence or absgence of calcium, magnesium, sulphur and iren in
the host nutrition affected the disease devalopment, however,
the trend was not similar in all cases., A4bsence of sulphur in
nutrient solution markedly reduced the infsction index from
50,20 to 39,16, The discase was also reduced by absence of
magnesium and iron in the nutrient solution, however, the redu-
ction in these cases was only marginal. On the contrary when
calcium was absent in the nutrient solution the infection index

marginally increased to 55.00.

(iii) &ffect of differcent concentration of balanced nutrient

solution :~ The basal nubtrient solution was modifizd into low
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Table 12: Effeect of different levels of nitrogen (N),
phosphorus (P) and potash (K) on the davelopment
of bacterial blight in guar variety Pusa Nav Bahar
in quartz sand culture*

S.No, Treatments No. of No, of Incubat- Disease Infeetion

plants plants ion in rating index
fnocul- infeca days {0=5 scale)
ated ted
1. O RN 50 45 9 1.24 24,76
2. 0.5 N 50 47 7 2470 48.00
3. 2.0 N 50 80 7 2,06 41.18
4, oOP 50 50 220 44,00
5. 0.5 P 80 30 8 2.05 41.00
G 2.0 P 50 50 8 2.16 43,20
7. 0K 50 a8 6 3.05 61.00
Se 0.5 K 50 49 7 2.08 41.60
9. 2.0 K S0 50 9 1.90 38.15
10. 1.0 50 S0 7 2420 50 .43
(Hoagland) .

* 4verage of 2 experiments,
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Table 13 : Effect of calcium, magnesium, sulphur and iron on
the development of bacterial blight in guar variety
in quartz sand culture%*

Pusa Nav Bahar

S.No, Treatments No. of No. of Incuba- Disease Infection
plants plants tion in rating index
inocu~- infec- days (0-5 scale)
lated ted

1., Minus Ca 0 49 © 2.75 55,00

2. Minus Mg 50 50 7 2,33 46,66

3. Minus S 50 48 8 1,95 39,16 -

4. Minus Fe 50 50 7 2.30 46.00

5. Normal 80 50 7 2.51 80.20

Hoasland
* 4verage of 2 experiments.

Table 14: Effect of 4 different concentration of tHoagland's
nutrient solution on bacterial blight dsvelopmen in
guar varjety Pusa Nav Bahar in quartz sand culture*

S.NKo. Ireatments No. of No. of lncuba=  Disease  lafection
plants plants tion in rating index
inccu~ infec~. days (0-5 scale)

_ lated ted

1. 0.256 H 50 50 6 322 84 .44

2e 0.8 H 50 S0 6 285 97 .80

3e 1.00 d 50 0 7 2,52 S0 .40

4, 2.00 H 50 50 7 2 .45 49,00

»

Average of two experiments.
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(0.25 H), medium (0.5 H), normal (1.0 H) and high (2.0 H)
concentration keeping the normal concentration of all minor
elements. Observations recorded .on infection index are prese-

nted in table 14.

In plants supplied with different concentrations of
nutrient solution, disease was reduced by higher concentrations
of nutrient solution. The infection index was 66.44 at Q.25 H
whereas it was 49,00 at 2.0 H., 4s the concentration of nutrient
solution was increased from 1.0 H to 2.0 H, there was negligi-
ble decrease in infection index which indicated that concentra-
tions higher than 1.0 H had no effeet on bacterial blight

development,

IX, Detection of bacterium in seed:

Agar plate technique, test tube agar method and

srowing in quartz sand in pots were tried to detect X. carpestris

Pve cvamopgidis in seeds of guar variety Pusa Nav Bahar.

Agar plate technique t- Seeds after different treatrments were
plated on nutrient dextrose agar (NDA), triphenyl tetrazolium
chloride agar (ITCA), modified Peterson's agar (MPA), Starr's
Xanthomonas agar (S5XA) and 2% water agar (WA) media, BEach trea-
tment consisted of 400 seeds and 10 seeds were plated in each
plate. The seeds were plated after giving the following treat-
ments:

(i) beeds washed with sterile water,

{11) Seeds pretreated with 1% sodium hypochlorite
solution for 5§ minutes without washing,
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(iii) Pretreated seed cut into two parts with
sterile scalpel and plated (Fig, 23).

(iv) Seeds soaked in 200 ppm Aureofungin solution
for 30 minutes.

(v) Seeds soaked in Aureofungin solution followed
by pretreatment with sodium hypochlorite.

(vi) Seeds soaked in 0Q.1% Vitavax for 10 minutes.

(vii) Seeds soaked in vitavax followed by pretreat-
ment with sodium hypochlorite.

Guar seeds, after pretreatment with sodium hypochlor
ite when plated on NDA, TTCA, MPA, SXi4 and WA, yielded bacterial
colony only on NDA and TTCA media (Table 15). The bacterium

Table 15: Detection of X. campestris pv. gyamopsidis in guar
seeds by agar plate method

— e ——

S.No. Treatments Per cent infected seads
detected ont*

NDA TTCA PMhA OXA WA

1. Seeds washed w.th sterile - - - - NT

water
2, FPre-treated seeds 4 2 - - NT
3, Pre-treated cut seed pieces 3 3 - - NT
4, Seeds soaked in 200 ppm

dureofungin

A. Without pre-treatment 3 NT NT NT -

B. With pre-treatment 2 NT NT NT 0.5
5. ©Seeds soaked in 0.1% vitavax

A. Without pre-treatment 2 NT NT NT -

B, With pre-treatment 1 NT NT NT -

* = Observations based on 400 seeds

Not tried.
Seed infection not observed.

=
o]
i



Fig. 23. YTellow slimy bacterial colonies developing from
guar seeds pieces plated on NDA.
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could not be detected in seeds plated on MPA, SX4 apnd WA media.
Among NDA and TTCA, plating of sesds on NDA medium gave better
results as the bacterium could be detected from 3-4 per cent
seeds whereas on TTCA medium the bacferium was isoclated from
2.3 per cent seeds. The difficulty was experienced in isolating
bacterium from seeds by plating them on agar media because of

over growth of fungi on plated seeds and media.

To avoid fungal contaminants, the seeds were plated
on NDA and WA media after pretreatment with antifungal antibio-
tie Aureofungin and fungicide Vitavax. By plating the seads
treated with Aurcofungin and Vitavax on NDA sead infection could

be datected in 3 and 2 per cent seeds, respectively (Table 15)

Test tube agar method:;- Juar seeds, scaked in aurcofungin

(200 ppm for 30 min ) and Vitavax (1000 ppm for 10 min )} separa-
tely followed by with and without pretrsatment with 1% sodium
hypochlorite, were sown in test tube @ one sead per tube on

NDA and WA media, Observations were recorded upto 15 days after

sowipnz (Table 16).

When seeds soaked in Aureofungin wers sown in tubes
on NDA medium, the bactsrial colony developed on 3 per cent
sezds. In Vitavax treated sceds plated on NDA with and without
pretreatment with sodium hypochlorite, sead infection was dete-
cted only in 1% sesds. In water agar 1% seedlings were

infected,
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Table 163 Detection of X. campestris pv. gyamopsidis in guar
seeds of varisty Pusa Nav Bahar by test tube agar

method
S.No. Treatments Per cent infected seeds/
) seedlings detected on*
____IDba 2% water agar

1. Seed socaked in 0.1% Vitavax

4, Without pre-treatment 1

B, With pre-treatment
2. Seeds soaked in 200 ppm

Aureofungin

A. Without pre-treatmeant 3 0

B. With pre-treatment 1 1

* - Uhservations based on 400 seeds.

Growing in quartz sand:- Under more natural conditions the
infected seeds and seedlings may develop symptoms comparable
with those developed under field conditions. Therefore, the
seeds were sown in quartz sand to compare this method with agar
plate method. The following types of seeds were used:

(1) Seeds collectsd from pods artificially inocula-
ted with carborunudm abrasion technique,

(ii) Seeds collected from blight affected plants
which were used in agar plate method also.

(iii) Seeds socaked in bacterial suspension for
4 hours.

(iv) Seeds collected from apparently healthy plants.
A total of 400 sesds were taken and in each pot 10

seeds were sown. Collar region and cotyledons of drooped
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seedlings were examined under microscope for bacterial ooze
and from suspected seedlings, bacterium was isolated and

pathozenicity proved on young guar seedlings.

Guar seedlings started showing symptoms on collar
rezion 11 days after planting, however, in artificially iaccula-
ted seeds the symptoms were first observed 12 days after sowing.
The collar rezglon in affscted seedlings became brown to black
and this browhing extended upward and downward girdling the stem
completely at soil level (Fig. 24 and 25)., In few cases there
was yellowing of cotyledons in seedlings developing from infe-
cted seeds. Presence of bacterium in collar and cotyledonary
tissues was confirmed by ocze test (Fiz., 26 and 27) and also by

pathogenicity on young guar seedlings.

When seeds collected from artificially infected
pods were sown, the maximum number of infected seedlings were
detected in between 15 to 25 days after sowing. This period
for detection of seedling infection in case of artificially

jnoculated seeds was in between 19 to 23 days after sowinge.

Growing in quartz sand was found to be a relaible

technique for detection of X. campestris pv. gyamopsidis in

guar seeds as compared Lo other methods of seed detection used.
Seeds soaked in bacterial suspension when planted in quartz saand
yielded 31.5 per cent infected seedlings In this treatment,

all the seedlings had collar iafection whereas only 0.75%
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seedlings had infection of cotyledons (Table 17). Cotyledonary
infection was highest (1.25%) in seedlings dsvaloping from
seeds collected from artificially incculated pods but the
collar infection in this treatment was 18.5%.

Table 17: Detection of X. campsstris pv. cyamopsidis in guar
seeds of Pusa Nav Bahar by growing in quartz sand

S.No. Treatments wermin- Seedlings showing
' ation infection(%)=*

(%) Collar Cotyl-  Total

region  edops

. TET_ AT W Ll ey e T i —— I T i § W e

1. ©Seeds collected from arti-
ficially infected pods 80 18.5 1.25 18.5

2. ©Seeds collected from blight
affected plants 88 8.0 0,25 8.0

3. deeds soaked 1n bacterial
suspension 87 31.5 0.75 31,5

4. Seeds collected from appa-
rently healthy plants 25 2«0 Nil 240

— — . R - ——— — — . ——

* Observations based on 400 seeds sown,

Collar #nfection on 8% while cotyledons of 0.25% se2dlings wersa
infectzd whoen seeds collected from blight affected plants wers
usad. Cotyledon infectioh was not recerded in so.dlings from
apparently healthy se:ds, although, collar region of 2% sc:d-

linzs were infected.

Among agar plate, test tube azar and growirg in guartz
sand methods tried, maximum percentags of seed detzction of the
pathogzn was found by growing sezds in quartz sand. By compar-
ing the per cent secc detection of the bacteria it can be
supmarized as follows: urowing in quartz sand > Agar plate method

> test tubs agar method,
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1. Chlorophyll and carotencids -

Chlorophyll and carotenoids ccntent of guar leaves

infected with X, campestris pv. cyamopsidis were estimated

gqualitatively by chromatographic method and quantitatively by

spectrocolorimeter.

Ithanol extracts from healthy and dliseased leaves werc
strealod on Whatman No., 1 chromatographic paper. The chromatn-
grams were run in petroleum ether and acetone (3:1) for 15 rmin.
thereafter dried under fan. The pigments separated into 3
distinct bands. In chromatograms developed from healthy and
diseased leaf 'extracts, although, the colour of the bands in
latter were fainter as compared to those from healthy leaf
extracts, the upper most band was yellowish orange representing
carotene and xanthophylls, middle one bluish green of chlorop-
hyll a and lower cne yellowish green representing chlorophyll b.
This study indicated that the bacterial blight influancad the
chloroplast and carotencid constitutiocn of the host and their

amount was reduced in diseased leaf tissues.

Quantitative changes in chlorophyll and carotenoids
contents in guar lsaves due to X. cunpsstris pve. gyanopsidis
were estimated by spectrocolorimeter using acetone sxbtracis,
The experiment was repeated 4 times and the averade rasults ars

given in table 18.
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Table 18: Chlorophyll and carotenoid contents in
healthy and diseased leaves of guar
variety Pusa Nav Bahar

A —p— - -— — v

S.No. é;htent Amount in mg/g fresh Per cent
weight=* decrease
Healthy Diseased
1., Chlorophyll a 0.2512 0.6781 287
2. Chlorophyll b 00,5642 0.3140 44,3
3. Total chlorophyll 1.5155 0.9923 34,5
4, Carotenoids 0.75 0.64 14,7

. et e e~ e —— — — . —

* = averags of 4 axperiments,

In bacterial blight affectsd leaves, chlorophyll a
decresased 28,7 per ceat. Decrease in chlorophyll b content in
discased leaves was more as comparad to chlorophyll a and per
cent decrease in total chlorophyll was intermediats (34.5). The
carotenolid content in healthy leaves was 0,75 mg/g fresh welgnt
whereas it was 0.64 mz/g fresh welght in diseased leiaves ropre-

senting an decreasge of 14.7 per cent (Table 18),

2. Transpiration -

Experiments were carried out to compars transpiration
rate in diseased and headlthy guar lszaves. Healthy, and disca-~
sgd guar leavas with different infection indices were collecteqd
and cut end of petiole of each leaf was dipped in water filled
in a plastic vial as described under materiz=ls and mathods.

-&\The loss in weight of water from the tube in unit tims, weight

of The leaf without petiole and th:e healthy and dissased area
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FIG. 28. CHANGES IN TRANSPIRATION RATE OF
GUAR LEAVES (INFECTED BY X. CAMPESTRIS
pv. CYAMOPSIDIS
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on each leaf were mcasured., The data obtained for 10 leaves
haviag nearly similar per cent dissased leaf area were grouped

togethcr, averaged and preseated in table 19 and Fig. 28.

It was observed that in diseased leaves, the tr:ins-
piration rate was higher as compared to healthy lzaves when
calculated on the basis of healthy leaf arza (Table 21). The
increase in traaspiration rate continued with the incrzase in
discasaed leaf arca and the loss in water was maximws 17.2 mg/
sq.cli. healthy leaf area/hour when 62.58 per cent ot the leaf
areca was discased (Fig., 28 . This indicated that, alpggpgh,
the tobtsl healthy leaf arca dscreased with increasing infaction,
yet the rate of transpiration calculated on the basis of reme-
ining healthy leaf area iacreascd. When water loss was calecu-
lated on total leaf area basis, the transpiration rate initially
inereased with inerease in diseased ar.a and when the per cent
discased area oxcecdad beyond 14.86, the transpiraticn rate
dzclined (Fig 28). Similarly, when transpiration rate wzs
expressed as water loss in mgz/hour/gram leaf, the transpiration
rats continued to increase with incroazse in percent discased
leaf arca upto 14,86, and ther:after the transpiration rate

Gaeclincd.

3. Respiration -
Respiratery changes in guar plants of varicty Pusa
Lhav bahar as 2 result of infection with X. campestris pve

cyamopsidis wes moasursd in Warburg's respiromster. 3ach
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treatment was replicated 3 times and from each flask/manometer
assembly 3 readings were taken. The experiment was repeated

and average result s of which are presented in table Z0.

Bacterial infection resulted increase in respiration
rate upto 91 per cent, In healthy leaves, oxygen uptake was

108.36/ul/hour/g fresh weight as against 207,36 ul/hour/g fresih

welzht in diseased leaf tissues (Table 20).

4, Sodium, calcium and potassium ~
Changes in sodium calcium and potassium in zuar

varisty Pusa Nav Bahar infected with X. campestris pve cvamopsidis

were estimated using Flame Photometar. All the analysis were
carried oul in triplicate and the experiment was repeated,
averages of which are presented ia Table 21 (Appeandices III-IV),
Table 21: Changes in sodium, calcium and potassiunm
as measured by Flame Photometer iin Pusa

Nav Bahar leaves infected X, campestiris
pvV. cyaiwpsidis

S.Ko. Blement  4mount in mg/g on dry Fer oent
weight basig*® __ deviation®*
Healthy Diseased
1. Sodiunm Zel 1.5 =28 .2
S Calcium 13,2 14 .4 + $9.09
e Potassium 16,6 19.2 +15,866
»

Average of two experiments.
(+) denotes an increase and (~) dzcrease as
comparzd te healthy leaves.

W
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In bacterial blight affected guar leaves, sodium
content decreased upto 28,57 per cent while calcium and pota-
ssium content lnereased upto 9.08 and 15,86 per cent,respaeti-
vely. The amount of 3 elements varied bhoth in disezsed and
healthy leaves (Table 21). Healthy leaves contained 16.5 and
19.2 mz/z dry leaf of calcium and potassium, respactively. The
amount of sodium was only 2.1 mg/z dry leaf in healthy lzaves.
The results indicated that both calcium and potassium acounuli-
ted in infected leaves, althouzh, calcium accumulated in more

guantity as compared to potassium,

5, Sugars =

For estimating reduciag and total sugars, 400 mg of
driezd and zround leaf material was extractcd in ethanol ana
water, The final volume was raised to 50 ml with 70 per cent
ethaaol reducing and total sugar content were cstimatoed
{ appendix-V) as par method given sarlisr. Non-reduciig suzar
content was calculated oy substrgating reducing sugar content
from total sugar, Ihere were 3 replicaticn in each treatment
and the experiment was repcated, average data of which are

prasented in table 22,

The rsducing sugar content of diseased lcaves was only
sli nbzly highsr than that of the hzalthy ons. This amount
roprasented 30.77 per cent of total sugar in healthy luesves
as a:zainst 37.59 per cent in diseased leaves. On the contrary,

non-riducing sugar amount in diseased leaves was 23,11 per cant
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Table 22: Effect of bacterial blight on ths resducing, non-
reducing and total sugar coantents of guar leaves

S.No.  Content ~ ~ Aamount in mg/g FPer cent Per ceat of
dry welght* increase  total sugar
Healthy Diseased or Healthy Diseased
decrease
l. Reducing sugar 12,500 12,687 + 1.49 30.77 37.59

2., Non-reducing sugar 28.125 21.063 =25,11 69,23 62 .40

3. Total suzgar 40,625 33.700 -16.92 - -

—— i v mmnn r ——

* Values are mean of three replications.
lion-reducing : raducing sugar ratios
Hezalthy = 1:0.44
Disgased =1:0.60
less than that of healthy., The amount of tetal sugar aliso
decr-ased in diseascsd lesavss. 1t was 40.625 mZ/2 in healthy
leaves as against 336780 mg/z in dry weizht in diseased leaves.

rhe non-reducings r:ducing sugar ratio, which was more wide

(1:0.44) in healthy lsaves, was narrowed in diseased leavas,

6. Total pitrogen and protein -

Total nitrozsn and protcin content in zuar leavess as
affectzd by bactzrial blight was estirated by micro-kjcldahl
method (4ppendix VI). The amount of protein was czlculated by
maltiplying the nitrogen content in the sample with .25, Ths
data on total nitregen and protein content are proscnted in

table 23.
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Table 23: Changes in total nitrogen and protein in guar
leaves (Pusa Nav Bahar) infected with
X. campestris pv. cyamopsidis

S 4 et e b — o pr.

S.lo. Constituent Quantity in mg/100 mg dry* Per cent

Teaithy Siseaseq  deviation?t
1. Total nitrogen 1.94 1.28 -66
2. Total protein 12.1256 8,00 ~5E

(Nx6.29)

- —— . L ——— i . ———— A = arme  y —— e, v b i 1

1(+) denotes an increase and (-) decrease as comparsd to
healthy leaves,

* Average of two separate experiment with 3 replicaticn ia
each treatment.

The data in table 23 indicated that the total nitro-
gen and protein content in diseased leaves decreased apprecia-
bly (85%) as compared to healthy one, The healthy dried leav-
es had 1.94 and 12,125 mg/l00mg of total nitrsgen and protein,
respectively as against 1.28 and 8.00 mg/l00 mg in healthy

leaves.

7+ Phencls anad orthedihydroxyphenols -

Total phenols and orthodihydroxyphenocls were estimatad
in healthy and dissased leaves of guar vaeriety Pusa lav Dahar
{appendix VII), All the analyses were carried out in triplicat-
es . The average data of twc experiments are pressented in

table 24,
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Table 24: Total phenol and orthodihydroxyphenclic contents of
healthy and diseased leaves of guar variety Pusa

Nav Bahar
S.Noe " Contents amount in mg/g ary Fer cent
weight® increase (+)
Healthy Di seased or
e _decrease (-)
1, Total phenols 5,00 5462 - 6.33
2, Orthodihydroxyphenols 1.25 1.36 + 8.80

———— s i At i v et = - -

* Average of two experiments with 3 replications in
each treatment.

8. Ascorbic acid =

Ascorbic acid content in diseased and heallhy guar
leaves were estimated by visual titration methecd using 2,6-4ich-
lorophenol indophenol dye. The amount of sscorbic acid preseat
in tissues was expressed as mg/l00 g fresh weight (Table 25).

Table 253 Alternations in ascorbic acid coatent

of guar leaves infected with X, campeg-
trig pv. cyamopsidis

S.No.  Material  A&scorbic acid  Per cent
(mg/100 g tissue)* decrease
over heulthy

1. Healthy lcaves 46,5 -

2. Dissased leaves 22.6 3643

s —— T - e— e — - ———— ——

* average of two <xperiments.

The ascorbic acid contents in diseassd and healthy

zuar leavss were 29.6 mg/l00 g fr-sh weight and 48.5 mg/100 g
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fregsh weight, respectively. A decrease in ascorbic acid
contant by 36.3 per cent was recorded in diseased leavses as

compared to healthy leaves.

9. Production of c¢ellulase -

The enzyme cellulase, as elaborated by infection with
bacterium in guar leaves, was measursd by estimating amount of
reducing sugars released from carboxy methyl celluliase (Appendiy
VIiII)., The enzyme extract was expressed &s the amount of gluc-
ose released per ml of the enzyme extract per unit time. The
average data of two experiments are presented in tabla 28,

Table 26: Cellulase activity of discased and

healthy leaf extracts expressed as 3

of glucose releassd/ml of enzyme ext-
ract/hour

S.No. Material  amount of zZlucose Increase in

released in mz/ discased
ml/hour* leaves {»)
1, Healthy leaves 0.2075 -
2. Discased leaves 1.7700 195.6

- e— . b —— e ——————— e T - ¢ i e - —————

* Averagsz of two experinents.

The enzyme ccllulase activity was appreciably high
in diseased leaf tigsues as compared to healthy onc. The cnzyme
extract from healthy leaves relesased 0.575 mg of reducing
sugars per ml per hour, whersas, ths enzyme extract from dissa-
sad tissues released 1.7 mg of reducing sugars per ml per hour,

and this amount was 193 per cent higher than in uninfected leaves.
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10. Production of peta-glucosidase -

Beta-glucosidase activity in healthy and bacterial
blight affected leaves was measured by estimating the amount
of aglucone released in terms of catechol. Observations indi-
cated that peta-glucosidase was absent in healthy and diseased
guar leaves. In both cases, no change in absorbancies was noti-

ced even upto 35 minutes after the reaction set in.

11l. Estimation of protease activity -

Protease activity in healthy and diseased leaf
extracts was assayed by measuring the amount of amino acids
liberated from casdn with ninhydrin reagent (Appendix-IX). The
data are presented in table 27,

Table 27: Protease activity in diseased and

healthy leaf extracts expressed as

mg of amino acid released/ml of
enzyme extract/hour

r————————— . —

S.No. Material Amount of amino acid Per cent
released in mg/ml/ increase
hour* cver healthy
1, Healthy leaves 0.235 -
2. Diseased leaves 0.298 26.8

rm— - e n o momr s e b Ee————

* Average of two experiments.

An increase of 26.8% in protease activity was recorded
in diseased leaves as compared to healthy leaves. The enzyme
extract prepared from healthy leaves released 0.235 mg of amine
acids/m]l extract/hour as against 0.298 mz/ml extract/hour in

extracts prepared from diseased leaves.
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12, bstimation of polyphenol oxidase -

Polyphenol oxidase in healthy and bacterial blight
affected leaves was estimated by measuring oxidatiocn of catechol
in spectrocolorimeter. Changes in absorbance were recorded upto
20 minutes and the data were expressed as unit change in absor-

bance 0.001/min /ml of enzyme extract.

It was observed that amount of polyphenol oxidase
activity was less 1in gxtracts prepared from both healthy and
dissased leaf tissues, although the activity in infected leaves
was 29,4 per cent mors than in healthy leaves (Table 28), The
unit change in absorbance of 0.001l/min /ml was 12 and 17 units
in enzymes extracts of healthy and dissased leaves, respectively.

Table 28: Polyphenol oxidase activity in diseased

and healthy leaf sxtract expressed as

unit change (1L unit=change in abscrbance
of 0.001/min /ml " snzyme extract)

S.No. Material  Unit change in absor-  Por cent
bance of 0.,001l/min / increase
ml, enzyme sxtract#* over healthy

l. Healthy lecaves 12 -
2. Diseased leaves 17 29 .4

- a_— r— e

* Average of two experiments.
13, Estimation of ascorbic acid oxidase -
Ascorbie acid oxidase was measured by determining
the residual ascorbic acid in reaction mixturs by W-Spectro-
colorimeter, Data on eazyme activity, expresssd as unit change

in absorbance/min/ml enzymc extract, arc prasented in table 29.
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Table 29: Ascorbic acid oxidase activity in
diseased and healthy leaf extracts
axpressad as unit change in absorbance
(1 unit = change in absorbance of 0.01/
min/ml enzyme extract)

S.No. Material Unit change in Per cent
absorbance* increase
over healthy

1. Healthy leaves 88,75 -

2+ Diseased leaves 108,75 22 D

* Average of two experiments.

The ascorbic acid oxidase activity was altered in
diseased leaves due to bacterial blight infection. Ascorbic
acid oxidase activity in healthy leaf extract was 88.75 units
as against 108,25 units in enzyme extract prepared from disea-
sed leaves, and the activity was 22,5 per cent‘higher in latter

case.,

14, bstimation of catalase -

Catalase activity in healthy and diseased plant tissue
extracts was measured by permangnate tifration rethod. Data on
enzyme activity expressed as units/g fresh weight/min are

presented in table 30.

Catalase activity in extract prepared from diseased
leaf tissues was more by 17.3 per cent. The activity was
1.821 units/z fresh weight/min. in healthy leaves as against

2.136 units/z gresh weight/min in diseased leaves.
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Table 30s Catalase activity (units/g fresh weight/
min) in healthy and diseased leaves of
guar variety Pusa Nav Bahar

S.No, Material Catalase activity Per cent
(unit/g fresh increase
welght)» over healthy
l, Healthy leaves 1,821 -
2+ Discased leaves 24136 1743

* 4verage of 2 experiments with 3 replications in
each treatment.
15. Bstimation of peroxidase -

Enzyme peroxidase was assayed by measuring purpuraga-
11in formed during the reaction of enzyme with pyrogallol in
presence of hydrogen peroxide. Data on peroxidase activity,
gxpressed as unit change in absorbance of 0.001/min/ml cnzyme
extract, are presented in table 31.

Table 31: Peroxidase activity in healthy and

bacterial blight affected guar plant
(activity expressed as unit change in

absorbance of 0.001/min/ml enzyme
extract)

S.No. Vaterial Unift ohange 1n absorb-  Per cent
ance of 0,001/min/ml increase

of enzyme extract over healthy
l. Healthy leaves _ o4 -
2, Discased leaves 63 1646

* Average of two experiments.
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Peroxidase activity was latered in diseased lcaves
due to bacterial blight infection, althouth, the increase was
only 16.6 per cent, The enzyme activity in healthy leaf
gxtract was 54 units ( 1 unit = change in absorbance of 0.001/

min/mt extract) as against 63 units in diseased lcaves.

X1, Screening'of germplasm in field:

Seeds of 55 guar varieties/selections obtained from
Economic Botanist (Guar), Agricultural Research Station,
Durgapura were used in present trials. The variecties were scrae-
ned against bacterial blight duripg kharif 1980 and 1981 under
artificial inoculations. Disease ratings were recorded by
arbitrary scale (0-5) 20 days after inoculation when the plants
were 50 days o0ld and infection indices were calculated. The
average data of two year trials are given in table 34.

Table 34: Reaction of guar germplasm to X. campégtris PV
cyvampopsidis in field during kharif 1980 & 1981*

S,No., Variety/ Source Discase Infection Reaction®
selection rating index
(0=-5 scale)

1 2 3 4 5 6

1. RGC 587 Churu (Raj.) 2417 43,33 T

2e 601 " 3,00 60.00 HS

3. 637 n 3.42 68,40 g5
4, 610 n 2877 55.38 2

Se 647 " 2.25 45,00 T

Contdese
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1 2 3 4 5 6
6. RGC 107 Churu (Raj.) 2.83 56.66 S
7a 137 n 2477 55.55 S
8, 136 i 2,50 50,00 S
9, 205 " 2,38 47.70 T
10, 679 " 3.10 62.00 HS
11, 702 " 2,73 54,54 S
12, 977 R 2,72 54,50 S5
13. 581 n 2.91 58,18 S
14, 248 " 3.22 64,40 HS
18, 710 i 2 .66 53.33 S
16, 237 i 2,+,00 40 .00 T
17, 711 n 2.63 OZ 460 S
18. 718 " 3.37 67 +48 HS
19. 239 n 2.07 41,43 T
20, 105 n 2430 46.00 T
21. 242 " 2463 52 .62 S
22, 635 " 3e31 66,20 HS
23, 687 " 3.13 62,61 HS
24, Durgajaya Badmer 3.00 60 .00 HS
(B 19+ 1e55)
25 RGC 916 Sojat 3.14 62 .82 HS
26, 754 Gangapur(Bikaner) 3.48 69 .60 HS
27 795 Sirchil 2.87 57 « 00 S
28. 733 Mutha (Magore) 3e.11 02.22 Hs
29. 757 Bhatla(Barmer) 3.08 61.60 HS

Contd, ..
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1 2 3 4 5 6
30, RGC 759 Urdsai (Churi) 2.86 07,14 S
3l. 758 i 3,00 60 .00 HS
32, 752 " 3.00 60.00 HS
33, 732 n 3.30 66,10 HS
34, 760 " 2492 28 .42 S
35, 730 " 3.42 68,00 HS
36, 761 " 2.25 45,00 T
37 471 " 3.00 60,00 Hs
38, 745 n 3.00 60,00 HS
39. 914 Selection 2.86 57,33 S
(NBxD, safed)
40. 748 Me.tha(Nagore) 3.00 60 .00 HS
41, 756 cqung ishia (Barmer) 2,56 51.20 S
42, 749 Tonk 3432 66,40 HS
43 735 Bachran (Barmer) 330 66,00 HS
44, 746  Laxmangarh (Alwar) 3.18 63,64 HS
45, 751 Khadd (Barmor) 3.00 61.68 HS
46, 741  Jalawar (Jodhpur) 3426 65433 HS
47, 737 Bidwana 2e75 54,00 S
48, 728  Bishangarh (Jalore) 3.05 6l,17 HS
49, 740  Mutha (Nagore) 2477 55438 S
50, 736  Jundunu (Bharatpur) 2.69 53.84 S
51, sel, 1* Seleci%g?(PNBxRGC 3.20 64,00 HS
52, SPS 119 Sclection (PNBxD. 3+ 50 70 .00 HS
53. SPS 63 Selzgiig; (PNBxR4C 3.57 71 .42 HS
o4, Pusa Nav Bahar401%.A.B.I. 3460 72400 HE
20, Pusa Sada Bahar I.4.R,I. 3458 71.60 HS

* Data are average of two years' observations.
1l - Infection index 40-49 = T, 30-52 = 5, and
60 or above = HS
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Out of 65 entries tested in 1980 and 1981, 7 entries
were found tolerant, These entries had infection indices of
less than 50 (Table 34), Minimum infection index of 40 was
recorded on RGC 237 followed by RGC 239 (41.43), Both these
selections are from Churu district of Rajasthan, Eighteen
entries were suscepbtible having infection indices in between
50 and 59 and remaining 30 entries were highly susceptible
having infection index of 60 or more. Maximum infection
index of 72 was recorded on variety Pusa Nav Bahar followed

by 71.6 in Pusa Sada Bahar and 71.42 in SPS-83,

- o



DISCUSSION

Guar is an important crop of Rajasthan and used as
vegetable, feed and fodder crop, and its flour is used as a comm-
ercial source for excelled gum. The crop suffers from bacterial

blight caused by Xanthomonas campestris pv. gyamopsjdis. It is

cultivated in rainy and summer seasons but the disease was
found mainly in rainy season in the months of July-September

during 1980 and 1981,

The bacterial blight appeared on all aerial parts
except flower, producing varying symptoms such as round, irregu-
lar and cuneate leaf spots, blighting, drooping and defoliation
of leaves, spliting and breaking of stem, wilting and curvature
of apical portivn, girdling of collar region and spots on peti-
oles. In nature.and under artificial inoculations, lesions on
cotyledons were not observed, although, it has been reported
by Srivastava and Rao (1363 b)., The symptoms on collar region
on seedlings, as a result of primary infection from infected
seeds, and spots on petioles were additional symptoms of the
disease not observed by earlier workers (Patel et al., 1953;
Patel and Patel, 1958; Srivastava and Rao, 1963 by Orellana
et al,, 1965),

Some workers have given loss estimates for bacterial
blight and in present investigation, results tased on 2 years

field trials, it was found that loss in seed yield varied fron
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5.31 to 66.35 per cent in variety Pusa Nav Bahar. However, loss
in seed yleld would also depend on age of the plant during

infection, besides environmental and other factors.

Guar bacterial blight pathogen has been reported to be
host specific, but in the present work, besides guar, it was

found to infeet french bean (Phaseolus vulgaris Jacq.) and field

bean (Deolichos lablab L.), Considering the narrow host range,

Young et al. (1978) named this bacterium as Xanthomonas campes-

Eris pv. gyamgpsjdis, however, its infective abilities on two
hosts of leguminosae indicates that the present nomenclature of
guar blight bacterium may not stand valid in future and compa-
rative studies of this bacterium with other organisms with
regard to host range will probably r:sult in the reduction of
several pathovars to synonomy, if present system of nomencla-
ture is not changed. Trinomial nomenclature instead of bino-

mial naming of the pathogen perhaps may need rethinking.

In guar plants inoculated at one week intervals
throughout July, 1980 to June, 1982, it was found that in spite
of artificial inoculations, the disease was severe only during
July to September each ysar, when there were intermittent rains
coupled with high humidity and temperature rangs of 22.34°C.
Not only this, the progress of the discase in field during the
crop growbth period in rainy and summer sc¢asons was much fastsr
in rainy season than in summers. This perhaps can explain ti:z
negligible disease under natural conditions during summers as

that much incculum may not be availabl: as under artificial

inoculations.
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Bacteria enter leaves and stems mainly through natural
openings and wounds. Among artificial methods of inoculation,
spraying bacterial suspension onto a leaf surface without
causing visible water soaking on the leavas probably approxi-
mates natural field infection. In the present studies, 3 conse-
cutive sprays of bacterial suspension were found as on@ of the
successful, convenient and reliable methods of incculation in
the field, Similar results were reported by Matthee and

Daines (1968) in case of X, vesicatoria on tomato. Not only

methods of inoculation, but bacterial population available to
cause infection also influenced the symptom expression. It was
found that for successful infection under spray inoculaticn
method, the suspension must contain atleast ¢,7.3x10% bacterial
cells/ml, It is, howsver, not known about the minimum concen-
tration of inoculum which may be necessary for initiation and
development of diseasc in naturs. Several workers have worksd
out the minimum inoculum level required for pathogenesis in
different host-pathogen combinations (Basu, 1966; Kawamota and
Lorbeer, 1972; Forster and Hchandi, 1973; Shekhawat and

Chakravarti, 1978; Beniwal and Parashar, 1979).

The extent of multiplication of guar blight bactoerium
was found to be influenced by the host reaction., In Pusa Nav
Bahar, the rate of multiplication was fastir than in RiC 237.
This slower ratec of multiplication of bacterium in R3C 237 is,

perhaps, one of the causes for its less susceptible nature in
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field, ©OSimilar observations have been reported by Chamberlain
(1962) in X. phaseoli var. sojense on soybean, Stall and Cook
{1266) 1in X. vegicatoeria on tomato and by others, The fact
that older leaves are less susceptible to infection points

to the importance of a change in the host metabolism with age.
In plants with 4-leaf stage or above, progressive decrease in
disease was observed from 4th leaf position cnwards. Second
and third leaves from top were found highly diseased and the
disease did not develop on lower leaves after plant had attai-
ned 7th leaf stage. This does not over rule the possibilities
of developing resistance in leaves with age because of alter-
ations in the host physiclogy. This may be the reason that
plants of 15-35 days age groups had more disease in present
case, During this age period, all the leaves present on a
plant were infected. These results agree with Nayudu and
Yalker (1960) and Shekhawat and Chakravarti {(1976) in case of

tomato leaf spot caused by X. vesgjcatoria.

Besides age of the plants, the disease was found to
be influenced by amcunt and kind of nutrition supplied to the
plants. In general, low nitrogen, high potassium, absence of
calcium or lower concentration of Hoagland's solution favoured
more disease while plants supplied with high potassium or no
nitrogen were found less diseased. Variable amount of phospho-
rus supplied to plants had no effect on disease development.

In present case, with increase in nitrogen level from 1/2 N to



- 154 -

1 N, the infection index increased and thereafter, the increase
in nitrogen supply adversely affected the disease development.
These results agree with those reported by Nayudu and Walker
(1960) in tomato leaf spot caused by X. vesicatoria and by
Lipke (1968) for X. malvacearum on cotton. It appears probable
that the high osmotic values of the nutrient substrates and/

or thz presence of any one ion in high concentration affect
optimal absorption of the essential elements and that the cons-

equent imbalance in the host metabolism affectsboth plant zrowth

and the pathogenlcity of the bacterial blight organism.

Seed is known to be a potent source of survival and
dissemination of bacteria and guar blight bacterium is no
exception to this. Detection of bacterium in sseds is a problum
encountered with respect to many bactecrial plant pathogens.
Ordinary method of plating sceds on agar media is not always
succasssful as the pathogen may not bs able to grow out into the
medium from the sesd because of other fast growlng saprophytes
and often the percentage of infected sceds may be so low that
detection becomes extremely dAifficult. This inability to iso-
late the pathogen from sesds may not indicate that the sc:d is
pathogen free., Attempts ware made to isolate the bacterium frorc
seeds after plating them on various media and the pathogoen could
be isolated from 4% of the seed lot; seeds from the same lot
when sown in quartz sand yielded 8% infceected seedlings and the

infection could be well dctected on collar ragion. Superiority
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of this technique in detection of bacterium in seeds was
further confirmed by planting seeds collected from artificially
inoculated pods and those healthy but inoculated by bacterial
suspension in which infection on collar region could be well
detected in 18.5% and 31,5% seeds, respectively. Srivastava
and Rao (1963 b) reported that seedlings from infected seeds
developed cotyledcnary lesions soon after emergence but in pre-
sent case lesions on cotyledons were not observed. Yellowing
of cotyledons, which on isolation yielded bacterium, was observed
only in 1.25% seedlings. Seedlings developing from infected
seeds show collar infection and such seedlings droop and topple
down later. Therefore, the role of seed borne inoculum in the
epidemiology of disease needs further experimentation. The poss-
ible explanation may be that the disease might spread from the
inoculum which reaches the cotyledons and remain available for
some time, The bacterium present in collar region of infected
seedlings may remain in field and may serve as source of
inoculum. The inoculum may be made available from infected
seedlings which themselves do not get infection in foliage but
survive in field unnoticed for quite some time. The inoculum
from such seedlings may spread to nearby plants by irrigation
water or by spattering of rains. This view gets support from
Oreliana et al. (1965) who observed infection spreading along

a single rovw on the side of a primary infaction site.

Chlorophyll content in plants are reduced by plant

pathogens by directly affecting the photosynthesis. However,
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corresponding decrease in carotenoids suggests that the chloro-
phyll loss may be due to metabolic disruption rather that direct
destruction. It is also possible that due to proteolysis, the
chloroplast may degenerate (Mayer et al,, 1960) and the produc-
tion of proteolytic enzymes in present case by guar blight
bacterium was observed. Moreover, pathogens which induce water
loss would affect photosynthesis as a result of the restriction
of gas exchange through the stomata. In present studies, incre-
ased transpiration rate might have been partly respensible for
reduction in chlorophyll contents in infected tissues by affe-

cting rate of photosynthesis.

Bacterial infection resulted in increased respiration
in guar leaves and this may be due to abolition of pasteur
effect (Turner, 1951), which seems to be a characteristic
response of plant tissues invaded by bacteria and fungi. 4s a
consequence, respiratory efficiency is decreased and this may

be associated with the observed increased rate of Oy uptake.

The killing of cells in the leaves per sg by the
pathogen would result in increased metabolic activity and in
turn loss of cell permeability which would release minerals in
the surroundings {Bateman, 19643 Yarwood and Jacobson, 1955).
This may explain the accumulation of calcium and potassium in
infected leaves. Reduction in sodium may be due to its trans.
port to un-affected healthy regicn. Accumulation of calcium in

infected leaves also get support from studies conducted on
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effect of host nutrition on disease development in which a

negative correlation was found.

On a dry weight basis, the reducing sugar content was
not different in the healthy and infected tissues while non-
reducing sugars and toatl sugar contents decreased. Decrease
in total sugar content reflects a possible utilization by the
bacterium and transportation of sugar from other parts of The
plant towards infected area. The decrease in the amount of
nitrogen in the infected tissues sugzests possible inhibition
of synthesis of varlous nitrogenous constituents as a result of
infection besides some utilization by the bacterium. The total
phenolic content of inoculated leaves was less than that present
in the healthy tissues, The reduction in sugars at whose expe-
nse phenols are synthesized might have resulted in low phenolic
contents of the diseased leaves. It is also probable that the
reduction in total phenolics in diseased tissues might be due

to the increased polyphenol oxidase activity in diseased host.

Biosynthesis of ascorbic acid in plants appears to be
markedly influenced by the chlorophyll content of the leaves
(Isherwood and Mapson, 1962) and also by the enzyme ascorbic
acid oxidase. The loss of chlorophyll and increased ascorbic
acid oxidase activity in thes lzaf tissues infected by bacterium
rizght have resulted in the reduction of ascorbic acid. Both
catalase and peroxidase are oxidative enzymes and their activity

was found to increase slightly in infected tissues. This sugge-

sts that the terminal resplratory pathway is accelerated.
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The possible control of diseases through host
resistance is an important biolegical principle that is well
established. The basic problem in the technique of breading
for disease resistance is that of providing a discase environ-
ment so that resistant plant may be distinguished from the
susceptible one. Spraying bacterial suspension thrice onto the
host was found to be a suitable technique of inoculation for
screening guar varieties against pacterial blight. In different
varieties screened, differcnce in susceptibility to X. campestris

pv. cyamopsidis was observed.

Out of 55 lines, there were 7 lines which showed
tolerance against the disease. Information regarding existance
of distinect physiologic races is not available and further
work is necessary to find out if the varistics which were found
to be tolerant would remain so under different environmental
conditions and in presence of different physiologlic races, if

and when found.

oAk



SUMMARY

l. Bacterial blight of guar (Cyamopsis tetragoncloba (L.)

Taub.) caused by Xanthomonas campestris pv. cyamopsidis (Patel,

Dhande and Kulkarni) Dye was found to be prevalent in kharif
seasons of 1080 and 1981 in different parts of Rajasthan. The
incidence and infection index of the digease varied from O to
35% and O to 16.3, respectively. In general, the disease was
not found to occur in summer season crop but in few fields the
disease was present in traces. OSymptoms were found on all
above ground parts includinz leaf, leaf peticle, stem and pods
. but not on flowers. In seedlings developing from infected

seeds symptoms were observed on collor region.

2, Loss in seed yield varied from 5.3 to 66.5% depending
uvon the amount of disease. At infection index of 10.6 loss
in yield was 5.3%. Plants with maximum disease severity (0-5

scale) gave 73% less seed yield.

3. on artificial inoculation by carborundum abrasion tecin-
nigque, the bacterium produced symptoms on french bean (FPhaseclus
yulgaris Jacq.) and field bean (Dolichos lablab Leys The bact-
erium induced resistant type of reaction on groundnut (Arachis
hypozaea L.) and cotton (uossypium arboreum L.) in the form of
brown necrotic lesions which were very small and remained rest-

ricted in size.
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4. Five inoculation methods viz. (i) spray inoculation
(single spray, 2 consecutive sprays and 3 consecutive sprays),
(ii) spray inoculation under pressure with a rotary pressure-
cum-vacuum pump, (iii} inoculation by rubbing cell suspension
with carborundum powder (300 mesh), (iv) spray inoculation
after pricking with multinecdle, and (v) injection infiltration
were tried to develop an efficient and convenient method of
disease production. The disease could be produced by all the
methods but, in general, carborundum abrasion tsechnique for
1imited inoculations and inoculation by 3 consecutive sprays for
field inoculation on large scale were found suitable and conve-

nient,

5 The bacterium multiplied in highly susceptible (Pusa Nav
Rahar) and in less susceptible (RGC 237) varietizs of guar bub
the rate of multiplication was slowsT 1n variety R3C 237. The
maximum bacterial population reached 1.3x102 cells/leaf disc in
12 days and 6.6x10% cells/leaf disc in 10 days aftsr inocula-
tion in highly susceptible and less susceptible varieties, res-
pectively. In both the varicties, the spots became necrotic at
the time when the bacterial population was near maxima, Thare-

after the bacterial population declined.

S The varisety Pusa Nav Bahar was inoculated at 7 davs
jnterval throughout the year from July 1980 to June 1982, The
symptoms could be produced artificially throughout the year

but ths disease development was dependent upon environmental
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conditions. The maximum disease development was during July

to September every year when there was high humidity and temp-
erature range of 20-34.5°C. Disease developed only in traces
during December to first week of Junz, in general, but infec-
tion index was somewhat higher during this period following
rainy days. High hwmnidity, rainfall and a temperature range of

20.34°C¢ were conducive to disease development,

7 Progress of the disease was studied both in kharif and
summer for 2 consecutive years. In field on artificial inocu-
lation, the disease appeared even under unfavourable conditions
but the disease progressed appreciably only under favourable
conditions. The rainy season crop suffered most in both the

years than summer crop.

8. For development of bacterial blight on guar a minimum
inceculum concentration of c.7.3x103 cells/ml was required when
plants were inoculated by carborundum abrasion technique while
in spray inoculation it was c.7.33104 cells/ml. No sympltoms

were produced below these levels when inoculated by both these
methods. In general, when there was more number of bacterial

cells/ml, the incubation period was slightly reduced and infe-

ction index was higher,

O Initia)l soaking on inoculated leaves was produced only

when a minimum population level of c.1.85x10% was attained.
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10. Maximum infection was found on 2nd and 3rd leaves of
plant from top. In plants at 4 leaf stage or more there was
progressive decrease in disease from 4th leaf position onwards
and the disease did not develop on lowest leaf after the plant
had reached the 7th leaf stage. Bacterium was found to infect
upto 50 days old plants but maximum infection was on 14-35 days

old plants.

11, There was more disease in plants supplied with low level
ot nitrogen {upto 1N) and high level of nitrogen (2N) reduced
the infection index. The infection indices were 48.00, 50,43
and 41,18 at 1/2 N, 1N and 2N levels, respectively and 24.76
when nitrogen was lacking. Phosphorus had no marked effect on
disease development. Infection index was highest (61.00) when
potassium was not supplied and disease declined with increase
in potassium. Absence of calcium in the nutrient solution
marginally increased the infection index from 50 to 55 and abse-
nce of sulphur markedly reduced the infection index from 50 to
33, Disease was comparatively more at low level of Hoagland's

soluticns and lowest at 2H level,

12, A method was developed to detect the pathogen in seed
at seedling stage. To detect the bacterium in seed ssveral
methods were tried, viz. (i) agar plate method, (il) test tub=
agar method, and zrowing in quartz sand in pots. In agar plate
and test tube agzar methods, 3-4% seed infection was detected

whereas by growing sead in quartz sand in pots, 1n the same
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seed lot 8% seed infection was detected. Seedlings infected
with bacterium started developing symptoms on cellar ragicn

11 days after sowing. With this method, in seeds collected

from artificially infected pods and those inoculated artifically
by soaking in bacterial suspension, 18.5% and 31.5% seed infec-
tion could be detected respectively. This method of dstection
of bacterium in seed was found better and rsliable over other

methods.

13. In qualitative and quantitative estimation of chlorophyll
and cartenoids, the amounts of chlorephyll a, chlorophyll b,
total chlorophyll and carctenoids were reduced in infected leav-

es by 28.7%, 44.3%, 34.5% and 14,7% respectively.

14, Transpiration rate was found to incresase with increase
in diseased leaf area when calculated on the basis of loss of
water in mg/sq.cm healthy leaf area/hour. When transpiration
rate wés calculated on total leaf area or on leaf welght basis,
the transpiration rate initially increased with increase in
discased leaf area upto 14,.86% and thercafter, the transpira-
tion rate declined. Bacterial infection resulted incrdass in
respiration rate upto 91%. In healthy and infected leaves
oxygen uptake were 108.36/u1[h0ur/g fresh weight and 207.37!ﬁl/

hour/g fresh weight, respectively.

i5. Sodium, non-reducing sugars, total sugars, total nitro-

gen and protein dzcreased in infected leaves whersas potassium
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increased apprecliably and there was slight increase in calcium

and reducing sugars.

16. The amount of total phenols decreased by 6.35% in
infected leves whereas an increased of 8.8% was recorded in
orthodihydroxyphenols. Ascorbic acid contents also decreased

appreciably (36.3%) in diseased leaves.

17. The enzymes cellulagse, protease, polyphenol oxidase,
ascorblc acid oxidase, catalase and peroxidase were elaborated
in leaves infected with bacterium. In cellulase 195,6 per cenb
increase was observed whereas in case of other enzymes the
activity increased in between 16.6% to 29,4%., No change was

recorded in‘P-glucosidase activity.

H
-

18. None of the varieties was found to be resistant to

X. campestris pv. cyamopsidis. Out of 55 entries, 7 entries
viz, RGC 587, RGC 647, RGC 205, RGC 237, RGC 239, RGC 105 and
RGC 471 were found to bs tolerant. Remaining 38 entries were

either susceptible or highly susceptible.

LY 212
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APPENDIX - I

Weekly temperature, relative humidity and total rainfall
during July 1, 1980 to July 12, 1982

Period Average Ayerage_relative Total
temperature(eC)  humidity (%) rainfall
Min. Max., Min. Max. (mm)
1 _ a 3 4 5 6
July 1-7, 1980 24,23 30.90 74.00 88.14 60 +6
July 8-14, 1980 24,91 30,53 60 .29 78«86 -
July 15-21, 1980 24.59 30.66 55.14 72471 -
July 22-28, 1980 24.04 30.77 66 .86 8l.14 60 .8
July 29~4ug. 4, 1980 24,76 29.04 63.86 84,71 81.0
dug, 5-11, 1980 2329 2797 72414 83471 9.8
dAug. 12-18, 1980 22,46 31.31  60.71 83.1a -
Aug. 19-25, 1980 23,26 32,14 61,71 8l.14 4.8
Aug. 26-Sept.1,1080 23.53 34.21  61.86 75,71 2640
Sept. 2-8, 1980 21.54 31l.11 56,14 84,29 6.2
Sept. 9=15, 1980 20,67 30,59 56.71 80,71 740
Sept. 16-22, 1880 21.49 32,49 49 ,00 77429 4740
Sept. 23-29, 1980 20,60 34.51 30429 7043 -

Sept .30-0ct.6, 1980 18,69 34,04 24.26 6914 -

Oct., 7-13, 1980 16.53 35.50 20.00 7014 -
Qct, 14=20, 1980 17.11 34,86 17,14 55.29 -
Oct, 21-27, 1980 13.20 33,59 24,86 6771 l.2

Nov, 4-10, 1980 11.04 29,74 23.00 66.43 -
Nov,. 11-17, 1980 i2.10 29,36 30.14 6786 -

COI’ltvdo- .



1 2 3 4 5
Nov. 18-24, 1980 13.66 28.77 .20.71 68,29 -
Nov. 25-Dec, 1, 1980 9.84 28,37 29 .57 77429 -
Dec. 2-8, 1980 8.54 26,41 30,00 72 .43 -
Dec. 9-15, 1980 4,53 25,71 22,43 65,00 -
Dec, 16-22, 1980 6.70 27.80 38.29 87.29 21l.2
Dec. 23-29, 1980 9,74 1823 438,29 91.57 258
Dec. 30-Jan. 5, 1981 9,59 23,66 43,71  90.86 0.0
Jan, 6-12, 1981 4.30 19.77 34,14 87.29 1.4
Jan, 13-19, 1981 6.63 19.27 39.86 80.14 2ed
Jan, 20-26, 1981 7.50 23,77 32486 8300 -
Jan., 27-Feb. 2, 1981 7.16 24,60 30,71 7€ 71 -
Feb, 3-9, 1981 5496 24,47 26.43 80.14 -
Feb, 10-16, 1981 6493 21,11 26.57 82,00 -
Febs 17-23, 1981 9.27 28,67 18.43 69,29 -
Feb, 24-Mar, 2, 1981 9.86 31.00 18,57 66 4,86 -
March 3-9, 1981 11431 31.95 17.86 69.14 -
March 10-16, 1981 14.00 28.12 32443 72.66 2%
march 17-23, 198l 13.98 29,20 27.43 70,57 el
Mareh 24-30, 1981 14.67 32.64 17.43 54,71 -
Mar, 3l-4pr. 6, 1981 16.81 33.27 18,29 47.86 -
April 7-13, 1981 17.48 37.24 10.57 32457 -
April 14-20, 1981 24,54 38,88 12.43 35.71 -
April 2i-27, 1981 24,29 37.69 11.71 33.14 1,0
April 28-May 4,1981 21.91 36,79 20497 40.13 -

Contdc ..



1 2 3 4 5 6
May 5-11, 1981 22,06 36,30 26,14 54.29 743
May 12-18, 1981 25,44 38,71  17.57 37.14 -
May 19.25, 1981 27,27 39.01 24,71  52.71 -
may 26-June 1, 1981 26,43 38.56 25.37 55.86 -
June 2-8, 1981 28,00 59.41  20.29 48,14 -
June 9-15, 1981 27,39 38.44 24,14 58.14 -
June 16-22, 1981 27.07 40.39 26,00 63.71 1.4
June 23-29, 1981 24,84 33,90  57.57 76485 8447
June 30-July 6,198l 25.36 31.53 55,71  75.00 10
July 7-13, 1981 23.50 28,37 75,14 85.72 89.5
July 14-20, 1981 24,13 29,13 68429 80457 3.1
July 21-27, 1981 24,19 28.65  78.20 80443 44,6
July 28-Aug. 3, 1981 24.11 29.06  64.14 80.57 1.8
Aug. 4~10, 1981 24,10 20,44  77.14 86.14  1l62.2
Aug. 11-17, 1981 24,00 28,11  79.29 89.86 8249
Aug. 18-24, 1981 23,13 28,20  74.14 89.29 1.6
Aug. 25-31, 1981 20,61 29,44 65,00 86.29 41.3
Sept. 1-7, 1981 22,21 30494  57.86 83.86 1048
Sept. 8-14, 1981 22,30 32443 52,71 85.00 648
Sept. 15-21, 1381 22,36 32.90  40.14  81.00 67
Sept. 22-28, 1981 23421 30,61 66414 88429 5440
Sept. 20-0ct.5, 1981 20,11 31,128  47.57  83.57 | -
Oct. 6-12, 1981 18.10 33,04 33457  70.43 -
Octs 13-19, 1281 16490 85,00  22.86  71.00 -

COL’ltd. L]



1 2 3 4 5 6
Oct. 20-26, 1981 14,81 - 32.46  24.43 64,00 -
Oct. 27-Nov. 2,19081 16,93 27.94  49.43 83,57 21,6
Nov., 3-8, 1981 10.99 26.99 38,00 86400 32,48
Nov. 10~16, 1981 11,44 27.47  27.86 79,86 -
Nov. 17-23, 1981 7040 £5.86  21.71 80443 -
Nov. 24-30, 1981 8.20 25,80  22.86  73.43 -
Dec, 1-7, 1981 8,10 23,71  30.71 73.00 -
Dec. 8-14, 1981 5,19 22,36  25.86  81.00 -
Dec, 15-21, 1981 8.33 23,33  39.57 80,57 4,4
Dec. 22-28, 1981 8,91 23,69  41.43 90.57 -
Dec. 29-Jan. 4, 1982 0,46 26.03 35,57 88.43 -
Jan, 5-11, 1982 9.80 22.37  49.14 89,57 1.4
Jan, 12-18, 1982 7.23 21.66  47.57 86471 -
Jan. 19-25, 1982 6.01 24.11  30.86 7929 -
Tan, 26-Feb, 1, 1982 11.21 20,50  58.43  88.43 11.2
Feb, 2-8, 1982 7.34 22.56  35.57 82471 -
Feb, 0-15, 1982 0.47 26.36  32.14 72.14 -
Feb, 16-22, 1982 10,37 25.79  29.86 73,71 -
Feb, 23-Mar, 1,1982 12,01 24.21  3L.14 €7.29 140
varch 2-8, 1982 760 24,33  28.71 59457 -
March 9-15, 1982 10.89 25,73  17.71  56.86 -
march 16-22, 1982 13,14 32,76 18,71  62.57 -
parch 23-29, 1982 16,04 32.69  20.14 55.71 -
March 30-4pri.5,1982 18,23 35.86  17.67  42.29 -

CDntd. .



1 2 3 4 5 6
April 6-12, 1982 16,39 34.36  13.14 35,00 -
ipril 13-19, 1982 21.47 36.37 15,14 40.14 -
4pril 20-26, 1982 20,60 34.87 26,14 57.57 12,4
april 27-May 3,1982 22,11 35,28  19.57 49.14 -
May 4-10, 1982 21,50 32.04  50.00 68,14 8548
May 11-17, 1982 23,07 33.69  30.14 62,14 -
May 18-24, 1982 21,89 36,96 18,29 50,57 2¢5
May 25-31, 1982 26,61 37,91  30.00 53457 -
June 1~7, 1982 26,07 38,86  13.71 39,14 -
June S-14, 1982 27,29 36,77  34.29 63.00 -
June 15-21, 1982 26,34 35.86  42.14 68.86 -
June 22-28, 1982 24,67 385.26  36.71 75429 46,4
June 29-July 5,1982 24,81 34,61  37.71 71,14 3.0
July 6-12, 1982 26,16 35,50 45,43 73.71 1648




APPENDIX-IT

Weekly temperature, relative humidity and total rainfall
during July 1é 1081 to October 27, 1981 and Feb, 24, 1982
8

to June 15, 1982
dverage Average relative Total
Period temperature(eC)  humidity (%) rainfall
Min. Max. Min, Max. (mm)
1 _ 2 3 4 5 &
July 1.7, 1981 25.61 32.20 52.86  75.00 1.0
July 8-14, 1981 23.40 27.69 79.00 88443 8945
July 15-21, 1981 24426 29,00 62,86 73«57 3.1
July 22-28, 1981. 23.98 28.61 7743 90 « 29 46 44
July 29-4ug.4,1981 24,26 29,07 62.86 79 .14 0.4
dvg. 5-11, 1981 23.86 29,30 .71 83 .00 20046
Aug. 12-18, 1981 24,11 28.03 78,71 83 .57 45,5
Aug. 19-25, 1981 23,13 28.56 70.29 87 .29 4.8

Aug. 26-Sept.l, 198l 22.63 29.47 66,00 86.43  47.7

Sept, 2-8, 1981 22,16 31.20  56.29 83.00 -

Sept. 9-15, 1981 22,53 32.67  51.14 85,43 6.8
Sept. 16-22, 1981 22,13 32,83  40.86 79.86 647
Sept. 23-29, 1981 23,53 30.40  67.71 88.14 55,9

Sept. 30~-0ct,.6,1981 19,21 31.34 43.00 82457 -

Oct. 7-13,1981 17.99 33.17 33.00 70.71 -
Oct, 14-2C, 1981 16,46 34.86 23.00 70400 -
Cet. 21-27, 1981 15.10 32,34 25429 66 o 28 -

Contdo .



1 e 3 4 =) 6
Feb. 24-Mar., 2, 1982 11.59 24.33 35,71 64.86 1.0
March 3-9,1982 9,02 24.20 23,57 59.43 -
March 10-16, 1982 10,51 27.46 17,14 55.86 -
March 17-23, 1982 15,70 33.16 17.86 60,71 -
March 24-30, 1982 16.29 32.79 19,43  55.43 -
March 31l-4april 6,1982 18.24 35.23 20.17 44.71 -
April 7-13, 1982 16,63 35.01 10,14 29.00 -
April 14-20, 1982 19,21 36.21 17.29  44.00 OCe7
April 21-27, 1982 20.70 34.1l 27.29  62.00 11.7
April 28-May 4,1982 22,59 36.23 17.86 43.43 -
May 5-11, 1982 21,10 31.59 52,00  73.97 85,8
May 12-18, 1982 22,64 33.96 28.00 60457 -
May 19-25, 1982 23,04 37.30 13,86 48,43 2ed
May 26-June 1,1938 25.96 37.61 29.43 54,57 -
June 2-8, 1982 26.98 39.28 13.86 35.80 -
June 98-15, 1982 26,61 36.09 37.14 63400 -




APPENDIX - il

STANDARD CURVE FOR ESTIMATION OF SODIUM AND

POTASSIUM BY FLAME PHOTOMETER
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APPENDIX - IV

STANDARD CURVE FOR CALCIUM ESTIMATION
BY FLAME PHOTOMETER
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APPENDIX - VI

STANDARD LINEAR GRAIPH FOR CONCENTR-
ATION OF NITROGEN IN u mg/somt AND
PER CENT TRANSMISSION
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APPENDIX - IX

STANDARD LINEAR GRAPH FOR TRANSMISSION
( %) AND GLUTAMIC ACID CONCENTRATION
FOR PROTEASE ESTIMATION
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