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1. INTRODUCTION



1.INflRDDUCTION

Kerala State, situated between latitudes 8° 18'and

12°48‘ North and longitudes 74°52‘ and 77°22’ East, is bounded

in the east by the Western Ghats and in the west by the

Arabian Sea. Kerala has an area of 38355 km? which is about

1.03% of the geographical area of India. The State has typical

tropical climate with average annual rain fall varying frau

750-4000 um, mean monthly tenperature ranging from 17.5 to

35°C and mean relative humddfity varying front 75-90 percent.

The effective forest area of the State israbout 9400 Km2*which

is 1.26% of the total forest area of India and 24% of geo

graphical area of the State (KSLUB, 1989). The forests of

Kerala are distributed in three distinct altitudinal zones.

The lower zone consists of unulating narrow belt up to ca.

100 In m.s.l. couprising mainly banboo forests and tropical

mist deciduous forests. The intermediate zone reaching up to

1500 m consists of tropical semi-evergreen and wet-evergreen

forests. The high altitude zone congmise of subclimax Savanna

of high ranges and most of the non-refractory areas of these

grasslands have recently been afforested with eucalypts,

wattles, tropical pines, etc. The forest areas in Kerala can

be broadly categorised as follows:



1. Tropical mist evergreen and semi-evergreen - 3450 km

2. Tropical moist deciduous forests - 4010 "

3. Tropical dry deciduous forests - 100
4. Grasslands - 134
5. Forest plantations — 1604

From the above figure it is obvious that nearly 42.9% of

the total forest area of Kerala is covered by tropical moist

deciduous forests (KSLUB, 1989_) which is the abode of many

valuable indigenous tree species of vast plantation potential .

Plantation forestry is mainly focused on monoculture of a few

species’ mainly aimed at producing wood for industrial purposes

and nearly 85% of the total forest plantations conprise teak,

eucalypts and other soft wood and miscellaneous tree species

(Evans, 1982). The percentage of area under plantations in

Kerala has increased steadily from 3.62 in 1956-57 to 13.73

during 1987-88. The main tree crops grown in plantation are

teak (50.97%), eucalypts (22.059s), soft wood (6.99a),and others

(20.05%) which include cashew, wattle, Ailanthus, Albizia,

balsa, bamboo, reed, etc. (Jayaraman and Krishnankutty, 1990).

In fact one of the main reasons why exotic species were

preferred for afforestation progranmes was the availability of

adequate research and experimental background to grow them



successfully. Lack of such documented information in indi

genous species is one of the major constraints for their less

utilisation in plantation progranmes. An indigenous species is

one that grows naturally in the country concerned though not

necessarily in all parts and not certainly suited to all

sites. In addition, indigenous species have sane irtportant

biological advantages over exotics such as i. they are well

adapted to local environment; ii. even in monoculture they are

more suited ecologically; and iii. their timber uses are well

known to local consuners.

In India, particularly in Kerala, no organised effort

has been made so far to evaluate the plantation potential of

indigenous tree species, teak (Tectona grandis L.f.) being an

exception . However , before evaluating their plantation poten

tial, it is essential to understand their pathological pro

blems, as high rainfall combined with tropical warm-hunid cli

mate provide conducive envirorment for the developnent and

spread of several diseases especially when the host is also

susceptible. Exotic tree species such as eucalypts are prone

to serious diseases such as Cylindrocladiun leaf blight and

pink disease caused by Cbrticium salmonicolor Berk. & Br. ,

which drastically affected the productivity of plantations



(Shanta et a1., 1985; Shanna and Mohanan, 1991). However indi

genous species raised in nonoculture are seldan affected seri

ously with indigenous pathogens. But when they suffer, they

suffer seriously, the known exanple being that of rubber in

Brazil where a native leaf blight pathogen lbthidiella ulei

P.I-lenn. wiped out rubber plantations. So, before taking up

any plantation programne with indigenous tree species it is

inperative to have a good knowledge of pests and disease pro

blems of tree species selected for such programmes.

In forestry, availability of seeds is an inportant fac

tor for raising planting stock on a large scale Gennina

bility of seeds greatly depends upon seed health and storage

conditions. Like seeds of agricultural and horticultural

crops, seeds of tree species are also liable to be affected by

micro-organisms during storage (Mittal, 1979; Shanna and

Pbhanan, 1980; Mittal and Shanna, 1981; Mittal, 1986; Vijayan,

1988). The various ways by which seed-borne micro-organisms

affect the quality of seeds are i. reduced gennination; ii.

introduction of seed-borne diseases into newly sown

crops/areas and iii. reduction of viability during storage.

Nbreover, availability of healthy stock of seedlings is

intrinsic for raising plantations and to meet this, control of



nursery diseases by agpropriate chemicals is of prime inport

ance. However, in the case of indigenous tree species, infor

mation on microbial deterioration of seeds, seedling diseases

and their control measures is either carpletely absent or

meagre .

With a view to select appropriate tree species with

fewer manageable disease problems) for use in future planta

tion progranmes, seed pathology, seedling diseases and their

managenent were studied, in respect of four indigenous tree

species such as ,

1. Albizia odoratissima (L.f.) Benth. (Mimosaceae)

2. Lagerstroemia microcarpa Wt. (Lythraceae)

3. Pterocarpus marsupium Roxb. (Papilionaceae) and

4. Xylia xylocazpa (Roxb.) Taub. (Mimosaceae).

Inportance of the present investigation

Seed pathology is an integral part of seed technology.

However, forest seed pathology has not developed to the extent

of seed pathology of agricultural and horticultural crops.

Production either of Agriculture or Forestry depends to a

great extent on the quality of seeds used. Revolution in

agriculture was possible to a large extent due to the use of



quality seeds. In the same way it could be possible to in

crease the productivity of our forest lands by the use of qua

lity seeds .

Seed health testing forms the first and forenost proce

dure in pre and post-entry quarantine. Seed testing procedures

depend invariably on the inportance of the pathogen on the

seed and the disease potential assigned to the pathogen in a

given situation (Neergaard, 1977). Even though quite a nunber

of methods have been developed to test the seed health in

agriculture and horticulture crops in forestry very few

methods have been standardised; standard blotter and agar

plate method being the exceptions. A particular micro

organism whether pathogenic or saprophytic has specific re

quirements for its occurrence and subsequent growth on the

seed. It is unlikely that all the micro-organisns present on a

seed will be recorded by a particular method. Hence in the

present investigation, an atterpt was made to evaluate various

seed health testing procedures for forest tree crops to find

out the best method for the expression of most of the seed

borne micro-organisms .

Several fungi have been found associated with the seeds

but only a few of then may be pathogenic causing various types

of disorders. Poor germination of seeds also could be caused



by seed-borne pathogens. However, literature on the seed

mucroflora and its significance, especially of tropical forest

seeds is scanty and an attempt has been made to bridge the in

formation gap. Storage of agricultural seeds is a cannon

feature, as adequate storage facilities are available . Though

seed of forestry species are not stored for a long time.as in

the case of agricultural seeds , in certain cases it is inper

ative to store than for later use . Agpropriate methods of

storage under humid tropical conditions have not been standa

rdised. Search of literature revealed that effect of seed

nucroflora on the storage of forestry seeds has not even been

attertpted . Recent advances in storage practices have also un

veiled the fact that the seeds stored at low terrperature under

dehumidified conditions and with fungicides are viable for a

longer period and they showed reduced incidence of microbial

attack (Christensen and Kaufmann,1974; Morneo and Vidal, 1981;

bbrneo et a1., 1985; Soman and Seethalakshni, 1989 ). Hence,

a detailed investigation was also carried out to find out the

effects of storage of forestry seeds under different storage

conditions and fungicidal application, on seed. mucroflora,

seed germination and seedling growth.

Hot water and fungicidal seed treatments are ootmonly

used to control the seed-borne pathogens (Venkatasubbaiah et

a1., 1984; Donald and Lundquist, 1984). The use of fungicides



as dust, slurry and soaking have been used not only to remove

the inoculun from the seed but also to protect the seedlings

from diseases while they are in the nursery (Munjal and

Sharma, 1976 ; Mittal and Shanna, 1982 abcd; Mittal,1983 ab;

Shukla et a1., 1990 ). Since no detailed investigations have

been carried out on the above line in indigenous tree crops,

management of seed microflora with hot water and chanical

treatment was attarpted .

With the increasing demand for wood, forestry has gained

inportance and intensive forest managenent practices are prac

ticed in order to achieve higher productivity of the planta

tions. Diseases , especially in nursery, began to appear due

to these intensive management practices. In this situation

availability of healthy stock of seedlings for planting and

their disease free condition in the field became an inportant

aspect of forest managenent. To minimise the disease hazards

or control them is the nost inportant aspect of this

challenge. Before taking up any nursery disease control

measures, it is inperative that the recognition of the causal

organism of the disease through syrrptoms is attempted first.

Later, the incidence of the disease can be monitored for a

period of time to understand its level of severity so that

chemical control measures can be worked out economically.



mile considerable attention is being paid in preserving

the natural forests, no attarpt has been made to study dis

eases of seedlings of indigenous tree species. Under conducive

macro and micro climatic conditions seedlings of

exotics/indigenous tree species are liable to be affected from

one or more serious diseases during their entire nursery

period. Fungal pathogens cause heavy loss in forest nurseries

and even though excellent literature is available on diseases

of seedlings of some economically important exotic tree crops

(Shanna et a1., 1985) no information on seedling disease of

indigenous tree crops and their management is available and

hence, studies were taken up to identify serious disease pro

blans in seedlings of indigenous tree species and work out the

managenent strategy for economically potential ones .



2. REVIEW OF LITERATURE



2. REVIEW<0F LITERAEE

Plants are normally propagated through seeds. The seeds

of forest tree species like other seeds have the potential

to harbour a wide variety of macro-organisms on or with them.

Seed Pathology, recognised as one of the most:nq;n12um; bran

ches of Plant Pathology, has made remarkable progress in the

past decades. Considerable amount of literature has a<x:utu

lated on various aspects of seed pathology in agricultural and

horticultural crops (Richardson, 1979). Recently, Mittal et

a1.(1990) published a check list of micro-organisms associated

with the tree seeds in the world, and later Mohanan and Sharma

(1991) reviewed the present status, practical problems and

future prospects of seed pathology of forest tree species in

India, but very little is known about the role of seed micro

flora of indigenous tree crops. Similarly information pertain

ing to seedling diseases of indigenous tree species as can

pared with exotics is very meagre. So an attempt is made to

review the relevant literature available on seed pathological

stuies and diseases of young trees of some broad leaved

tree species .
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2.1. Seed microflora and their pathogenicity

2.1.1. Micro-organism of broad-leaved tree crops

Mathur (1974) reported the occurrence of A1 ternaria

alternata, Eusariun moniliforme, Fusariun oxysporum and

flrichotheciun roseun from the seeds of Dalbergia sissoo Roxb.

He also recorded seven and five fungal species respectively

f mom Acrocarpus fraxinifol ius Wright and Adenanthera

nzicroflnna Teijsm. & Binn. from India. The same author re

ported thirteen fungal species from Azadirachta indica Juss.

From Terminalia chebula Retz. , Nisha and Bhargawa (1976)

isolated sixteen species using Martin's rose bengal agar while

only six species viz., Agngillus flavus, A. niger, A.

ochraceus, A. tamarii, Penicillium funiculosun and P.

oxalicum could be isolated from surface sterilised seeds.

Seed-borne fungi of nutmeg ( Myristica fragrans

Houtt.) from Malabar coast was studied by Varkey and

Leelavathy (1978) and they isolated Botzyodiplodia sp. ,

azrvularia sp. , Oolletotrichun gloeofirioides, [moor sp. ,

Pestalotiopsis sp., Phcmopsis sp. and Fusarium moniliforme.

Manoharachary et a1.(1978) studied the seed rot of

Artocarpus integrifolia Lam. and recorded Botryodiplodia

theobromae from the affected seeds.

11



Seed mycoflora of Carica papaya L. was recorded by

Srivastava and Lal (1978) and fourteen fungal species were re

corded. Agmata (1979) studied the seed-borne micro-organisms

in some forest trees viz., Anthocegflaalus chinensis Hassk.,

Erzdognnm peltatun Merr. Ptervocaipus indicus Willd.

Swietenia macrophylla King. and Vitex parviflora Juss.

While working on sugar maple seeds (Acer oblongum

Wall.), Janerette (1979) recorded species of Alterraria,

Aureohasidiun, Epiooccum, Penicillium and Rhizopus and

observed that when seedlings were grown in the presence of

these fungi, synptoms were produced which included lesions,

distorted leaves and stunted growth.

Decay of sal seeds due to Aspergillus niger was recorded

by Sujan Singh et a1. (1979). Seed mycoflora of tree species

of Albizia lebbeck (Linn.) Benth., Albizia lucida (Boiv.)

Benth. , Albizia procera Benth. , Cassia fistula L. , Cassia

Iacvigata, Cassia nodosa Ham., Eucalyptus sp. Polyalthia

longifolia (Sonner.)Thw. Terminalia chebula and Terminalia

nyriocazpa Heurck. & knell. collected from the states of Assam

and Ma-ghalaya was studied by Tiwari and Sharma (1980). They

observed that Penicillium and Aspergillus spp. were the most

dominant ones followed by Rhizopus sp. and Trichoderma sp.

Seed microflora were dominated by saprophytic ones and

Fusariun oxysporun was the sole pathogenic fungus.

12



Shanna and Mohanan (1980) surveyed the spermoplane

micro-flora of stored seeds of Tectona grandis, Banbax ceiba

L., and Eucalyptus spp. in relation to germinability. They

found that Aspergillus was the most dominant genus in all the

tree species except Banbax wherein it was an actinomycete. In

the blotter method, it was found that except E‘. teretioornis,

seeds of other species showed low germination and this was

directly correlated to percentage of seeds colonised by micro

organisms and frequency of seed microflora. They also observed

that poor germination of teak seeds and incidence of seedling

mortality was coltparable in blotter and growing on method and

mortality of seedlings was caused by species of Fusariun,

Alternaria, Curvularia and bacteria.

Mittal and Sharma (1981 a) studied the seed myooflora of

Cassia fistula L., and isolated ten and five fungal species

respectively from non-surface sterilised seeds involving moist

blotter (SB) and PDA method. When surface sterilised seeds

were used, only Aspergillus funigatus grew in blotter method,

while Alternaria tenuis, Aspergillus flavus, A. funigatus and

Rhizopus oryzae were detected in PDA method.

The same authors ( Mittal and Sharma, 1981 b) while in

vestigating the seed mycoflora of Dalbergia sissoo Roxb. iso

lated thirteen fungi belonging to eleven genera using SB and

13



PDA methods. They found that most of the fungi developed on

the seed surface only; however, Alternaria tenuis, Aspergillus

flavus, A. niger and Fusarium sp., besides infecting the seeds

externally, also caused internal infections.

Archana and Mehrotra (1982) isolated forty two fungal

species belonging to sixteen genera from the seeds of Quercus,

Sapium, Pyrus, Melia and other spp., using seed washings and

plating on Czape.k's medium and PDA medium. They also found

that the association of these fungi inhibited the seed germi

nation in Quercus.

Seed mycoflora of Albizia lebbeck Benth. was studied by

Mittal and Sharma (1982a) using both blotter and agar plate

methods. Rh.izopu.s oryzae was found to be the most dominant

one, fol lowed by Penicillium canadense and Spicaria

s1'1zp1 ici ssima .

Cylindrocladiun clavatun responsible for leaf blight and

seedling diseases in Eucalyptus hybrid was found to be seed

borne by Rattan et a1. (1983). They also recorded Alternaria

alterrata, Curvularia pallescens and Drechslera sp. from the

seeds of above mentioned species.

Sujan Singh et a1. (1983) reported a serious infection

of Fusariun semitectun on seeds and pods of subabul (Leuaaena

14



Ieucocephala) . They observed that the infected seeds were dar

ker in colour compared to healthy ones.

Seed-borne mycoflora of Red Sanders (Pterocarpus

santalinus Linn.f.) from Andhra Pradesh was investigated by

Reddy and Dayanand (1983). They found that Aflrgillus niger,

A. flavus, Cladofiriwn cladofirioides and Fusarium sp.

were the ones causing seed infection.

Jamaludeen et a1. (1983) studied the pod rot of Pongamia

pimiata, and found that seeds were infected with Co11eto

trichum and Macrophomina spp. while inside the pods on the

trees.

Seed mycoflora of tree different cultivars of Koo-babul

(Leucaena leuoocephala) were investigated using standard seed

health testing procedures by Venkatasubbaiah et a1. (1984).

They observed seventeen fungal species and considerable reduc

tion in seed mycoflora was achieved by hot water and fungi

cidal seed treatment .

Chalernpongse et a1. (1984) from Thailand reported inci

dence of mycoflora from Lagerstroemia calyculata and Xylia

xylocarpa var. Kern. From X. xylocarpa they recorded Asper

gillus flavus, A. niger, A. versicolor and Penicillium sp.

while from L. calyculata, Aflrgillus niger, A. restrictus,

Cnrvularia Iunata and Penicilliun sp. were recorded.

\
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Seed-borne fungi of Eucalyptus grandis (Hill) Maiden.,

and E. teretioomis were studied by Saxena (1985) and he re

corded sixteen internally seed-borne fungi and fourteen sur

face contaminants. The pathogenicity trials indicated that

thirteen fungi produced disease sytrptoms in the form of inhi

bition in seed germination, seed rot, radicle necrosis,

danping-off and wilting. Curvularia lunata, Fusarium semi

tectun, Helntinthomriun tetramera and Myrothecium roridun

caused maximm damage to young seedlings followed by Drech

sl era austral iensis, Trichotheciun roseum, Fusariun oxy

mrum, F. moniliforme, E‘. eguiseti, E‘.poae, Alternaria alter

nata, Macrophomina phaseolina, and Afirgillus niger.

Prasad (1985) observed species of Aspergillus, Curvularia,

Chaetaniun, Eusarium and Penicillium associated with the seeds

of Pongamia pinnata .

Rhizopus nigricans was found to be the most oomnon

fungus associated with rotting of seeds and abnormal seedlings

in Cassia fistula. In addition, Aspergillus flavus, A. niger

and Penicilliun sp. were also recorded from the rotting seeds

(Randhawa et al., 1986). Mittal (1986) studied the myoc

flora associated with Eucalyptus hybrid and recorded fourteen

fungal species belonging to ten genera. He also found that

A. niger, P. albicans, R. oryzae and Curvularia sp. showed

16



differences in pathogenicity during seed germination and early

seedl ing developnent.

Paul and Bharadwaj (1987) reported Alterraria alternata,

Fusariun solani, F. oxysporum and F. moni11'.forme, from Celtis

australis Linn. , Cassia siamea Lank. , Bauhinia Variegata

Linn., and Acacia catechu .

Shukla et a1. (1990) while studying the effect of seed

dressing I reported that maxinun nmber of seeds in Leucaena

leucocephala (var. [(.8) were colonised by F. solani, Mzcor

sp. Spicaria divarigata and A. flavus, while in variety K. 28

maxinum fungal colonisation occurred due to A. flavus, Curva

laria lunata, F. solani, Penicillium prefaldianum and

Mzcor sp.

Recently, Pongpanich (1990) reported various fungi asso

ciated with 60 saxrples of seeds of forest tree crops belonging

to 15 families in Thailand using blotter and agar plate

method. About 49 genera comprising of 92 species of fungi were

identified, with saprophytic fungi as predominant. The various

seed-borne pathogens causing seeuling blight were A1 ternaria

longissima on Bambusa aurundinacea (Retz.) Willd.; Cor_yne

spora sp. on Cassia sjamea Britt. ; Colletotrichun g1oeospo

rioides on Dalbergia cu} trata Grah.ex.Benth. and Pterocarpus

17



nacrocarpus, Kurz. Fusariun sp. on Dipteroaazpus alatus Roxb.;

Macroflwanina sp. on Eucalqptus camaldulensis Dehn. and Botryo

diplodia sp. on Melia azedarach Linn. He further observed that

parasitic fungi on forest seeds are not serious at present.

2.2. Seed health testing methods for forestry seeds

Standard blotter (SB) and agar plate methods widely re

conmended for the detection of number of fungi associated with

seeds (ISTA. 1976,1985) are the most routinely and widely used

methods for seeds of forestry importance. The SB method is

the sinplest and universally accepted seed health testing pro

cedure, followed by sterile agar method for the detection of

many seed-borne fungi(ISTA, 1976). Later. Misket and Malone

(1941) developed "ulster" method for the detection of seed

borne fungi in flax, with malt extract agar. In most of the

studies related to microflora of forest seeds, in addition to

SB method, agar plate method has been used corrmonly. Mittal

and Sharma (1982c) reported in the case of seeds of Pinus

roxburghii that Aflrgillus niger, Rhizopus arrhizus and

R. oryzae developed better on PDA as coltpared with blotter

method. However, the same authors (1982 b)repor'ted from the

seeds of Shorea robusta, 21 fungal species in blotter method,

and only 6 fungal species were recorded on PDA. Later also,

Mittal (1983b) recorded 26 fungal species in blotter method

18



and only 10 species on seeds of Cedrus deodara in PDA Irethod.

A similar trend was also reported by Vijayan (1988) on seeds

of Acacia catechu, where he recorded 22 fungal species in SB

method and only 17 fungal species in PDA method. He found that

slow growing forms like Penicillium, Trichotheciim,

Trichoderma and Fusarium were better isolated in blotter

method coupared to agar nethod. He obtained similar results

also with the seeds of Cassia fistula.

In order to enhance the growth of the pathogen, the

seeds are usually killed or inactivated either by subjecting

them to freezing tarperatures or dipping blotters in 2,4-D

(2,4- Dichlorophenoxy acetic acid). According to Limonard

(1966) Alternaria porri grew well on seeds of Allium cepa

Linn.,in deep freeze nethod (DF). Neergaard (1977) reported

that DE‘ uethod was favorable for various species of Fusariun

and Septoria in cereals, while Phoma lingam on seeds of cruci

fers was detected easily by 2,4-D nethod. Shetty and Shetty

(1988) while conparing six methods, viz., SB, 2,4-D, DE‘, PDA

with guaicol agar and rice extract agar for the detection of

seed-borne fungi in rice, reported that the rice extract agar

was equally good in conparison with all the rrethods except PDA

in ascertaining the incidence of Trichoconis padwickii. Since

the efficacy of nethods like deep freeze, 2,4-D and MEA has
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not been evaluated so far for any of the forestry seeds, these

were included in this study.

2.3. Management of seed-borne pathogens of forestry crops

Treating the seeds in hot water at 50 to 60°C for 15-30

min. helps to eradicate the surface-borne, as well as deep

seated pathogens. Scarification of seeds using hot water has

been practiced with the seeds of various species of Albizia,

Acacia, Bauhinia, Cassia, Delonix and Leucaena leucocephala

(Ram Prasad and Kandya, 1992) for improving only the seed ger

mination. Venkatasubbaiah et a1. (1984) reported that hot

water treatment at 85°C for 5 min. reduced the incidence of

various mycoflora and consequently higher percentage of seed

germination was achieved in 3 cultivars of L. leuoocephala.

Similarly, Donald and Lundquist (1984) reported that hot water

treatment of eucalypt seeds at 50°C for 5, 10 and 20 min. not

only restricted fungal development but also enhanced the seed

germination. Other than these reports no other literature

pertaining to the effect of hot water treatment and fungal

incidence in forestry seeds is available.

Fungicidal seed treatment is considered as one of the

110st effective and economic methods in controlling seed-borne

fungi. Seed dressing with fungicides before sowing is known
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to control the seed-borne infection on one hand and on the

other hand protect seeds and seedlings from soil-borne plant

pathogens (Kishore and Jotwani, 1983). Scanty reports are

available on the management of seed-borne pathogens of

forestry inportance by seed dressing with fungicides. Ceresan

was reoomnended for the control of most of fungi associated

with teak seeds (Dabral, 1976). Munjal and Sharma (1976) have

also recommended Ceresan (0.25%) to control the seed-borne

fungi of Pinus roxburghii and P. uallichiana. Storage of sal

seeds at 75% r.h. and 12% moisture with 3 ml of oil of

eucalypt/ 100 cm3 of storage space prevented A. niger attack

(Sujan singh et a1., 1979). Ghosh et a1. (1981) effectively

control led the danping-off caused by Rhizoctonia sp. using

quintozene and mancozeb in pine nurseries through seed dress

ing. Mittal and Shanta (1981a) reconmended quintozene, car

bendazim and mancozeb against some coumonly occurring seed

borne fungi, viz., Afirgillus niger, A. sydowi, Cladoflriun

spp., Memnoniella echinata, Penicilliun canadense, Rhizopus

oryzae and Trichoderma viridae. Aspergil lus niger recorded on

the seeds of Shorea robusta was controlled by carbendazim and

quintozene applied @ 0.2596 of seed weight (Mittal and Shanta,

1982b). Mittal (1983b) reported that RH 2161 (0.195) a liquid

fungicide and manoozeb were effective in controlling various

seed-borne fungi of Cedrus deodara. Agallol (0.295) was found
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to be most effective fungicide against Cylindrocladium

clavatum infection of Eucalptus hybrid seeds using poisoned

food technique (Rattan et a1., 1983). Sujan singh et a1.(l983)

reported that subabul seeds infected with F. semitectum were

effectively controlled by 0.195 solution of MEMC. Further more,

Venkatasubbaiah et a1.(1984) reported that carbendazim,

benomyl and thiophanate methyl were very effective in reducing

the fungal population in subabul seeds.

Vijayan (1988) reported that all the six fungicides,

viz., Bavistin, Dithane M-45, captan, ziram, thiram and capta

fol tested have enhanced germination percentage of Acacia

catechu and Dalbergia sissoo and later, root shoot lengths of

seedlings. He also reported that conplete control of mycoflora

of Cassia fistula was achieved by dusting seeds with Dithane

M-45 or Bavistin or captan @ 0.2595 seed weight. Seeds of

Leucaena Ieuoocephala treated with Bavistin gave highest per

centage of germination and oouplete protection against seed

borne fungi (Vijayan, 1988).

2.4. Seed storage and its influence on mycoflora
and germination

The seeds are known to harbour many pathogenic fungi be

fore they are stored. However, the saprophytic or storage

fungi do not invade seeds before harvest and only during stor
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age period they colonise on the seeds. Although excellent

work has been carried out on post-harvest microbial deteriora

tion of seeds of different agricultural crops (Vidhyasekaran

et a1., 1970 ; Agrawal, 1980), no work has been done on stor

age pathology of forestry seeds. A few classical and recent

references pertaining to other crops are mentioned to indicate

various factors affecting the seed and its mycoflora under

storage conditions. The excellent review by Christensen and

Kaufmann (1969) mentioned that moisture content of the seed

plays an inportant role in the establishment of seed fungi.

P/breover, the respiration by storage insects and fungi helps

in building up moisture which finally lead to seed deteriora

tion by seed-borne pathogens. Therefore, storage of seeds at

low temperature and dehumidified conditions helps in inprov

ing the germinability (Dorworth and Christensen, 1968). Seed

storage under air-tight condition helps in increasing the

longevity of the stored seeds, as found in the case of

.He1ianthus annus Linn. and .Bnassica napus Linn. (Poison et

a1., 1980). Oo11etotrichum*gloeoqporioidbs causing tip blight

of Hibiscus cannabinus Linn.,remained viable for 31 months,

while on Lqpinus sp. it survived for 18 months under storage

(Weirtur, 1952; Sy and Lo, 1958). Alternaria alternata was re

ported to be viable for 10 years in wheat and barley (Machacek

and Wallace, 1952) and 6 years on cabbage seeds (Neergaard,

23



1969). According to Bilgrami et a1. (1979), A. tereus, R.

nigricans, and M. phaseolina were the commonly occurring fungi

in summer, while Chaetomium sp. , Cladofiriwn oxysporum and

Epicoccum were recorded in winter months on seeds of mung,

gram, masoor and paddy.

Morneo and Vidal (1981) and Morneo et a1. (1985) reported

that the viability of maize seeds could be improved by storing

the seeds at less moisture content and treating them with

fungicides. Recently Soman and Seethalakshni (1989) also ob

served that a rapid loss of viability of seed of Bambusa

arundinacea within two months of storage in plastic contai

ners under laboratory conditions, while the seeds stored at

low and room temperature over calcium chloride lost the via

bility gradually reaching 1095 after 413 days of storage.

2.5. Seedling diseases and management

In India Bakshi (1967) initiated a systematic survey of

forest diseases based on which intensive research was under

taken to tackle some imgortant forest diseases, which was ob

served affecting mostly exotic tree species. Later Shanna

et a1.(1985) carried out an exhaustive forest disease survey

in Kerala. But their survey also included mostly exotics ex

cept teak, Bombax ceiba and Dalbergia latifolia. However, as
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far as indigenous tree species are concerned, no systauatic

work on diseases was carried out/and even a few references

available, deal with only diseases of least significant i1tpor

tance (Mukerji and Jayanti Basin, 1987). Since there is no re

cord of any seedling disease of the indigenous tree crops in

cluded in the study , diseases of young plants and trees re

corded in natural stands in various parts of India are shown

in Table 1-4.
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Table 1. Diseases of Albizia odoratissima recorded in India

Diseases Pathogen Place of occurrence
and Reference( s)

Seedling diseases Nil

Diseases in natural stands

1 . Anthracnose on Colletotrichwn sp.
leafandpod

Ieafspot

Wood Canker

Sooty mould

Strut

Leafrust

Ehdodothella
kanarensis Ramakr.
T.S. & Sund

Hypoxylon denstwn
(Hoff. ex Fr.)

Meliola albizziae
I-lansf.G Deighton

Mel iola albizziae
var odoratissima
Kapoor

Microstroma
albizziae Syd .

Ravenel ia
japonica Diet & Syd.

Ravenel ia
odora tissimae
Tyagi & Prasad

Maharashtra
Karnataka
(Patel et a1., 1949)

Karnataka
(Ramakrishnan, 1952)

Assam

(Agnihothrodu, 1964)

Assam

(Agnihothrodu. 1960)

Assam (Kapoor and
Tandon, 1967)

Tamil Nadu
(Ramakrishnan and
Sreenivasan, 1950)

Allahabad (Kapoor
and Agarwal, 1972)

Rajastan (Tyagi and
Prasad, 1978)
(Barua et a1., 1982)
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Table 2. Diseases of Lagerstroemia microcazpa recorded in India

Diseases Pathogen Place of occurrence
and References

Seedling diseases Nil
Diseases in natural stands

1. Black spot on leaves Rhytisma Karnataka
lagerstroemiae Tamil Nadu

Rabenh. (Rabenhorst, 1878)

Table 3. Diseases of Pteroaazpus marszpiun recorded in India

Diseases Pathogen Place of occurrence
and References

Seedling diseases Nil
Diseases in natural stands

1. Leaf spot Aldona minima Maharashtra
Muller & Patil (Muller and

Patil, 1973)

2 . Leaf spot Cercofira Madhya Pradesh
canescens (Singh, 1971)
E11. & Mart.

3. Stan infection Ciliochorella Maharastra
mangiferae Syd. (Parndekar,1964)

4. Leaf rust Maravalia Karnataka
pterocarpi (Thirumalachar, 1947)
(Thirum.)

5. Leaf spot Neopericonia sp. India
(Kamal et a1 , 1983)

6. Trunk rot Polyporus Corrmon
gilvus Schw. (Llyod, 1898-1925

1904-1919)
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Table 4. Diseases of Xylia xylocarpa recorded in India

PathogenDiseases Place of occurrence
and References

Seedling diseases Nil

‘Diseases in natural stands

Ebmes fastuosus
(Lev.)Berk.

1. Stumpvrot

Pblystictus
steinheilianus
Berk. &Lev.

Tnametes serpens Fr.

Cblletotrichum
gloeosporioidbs
(Penz.) Penz & Sacc.

2. Leaf spot

Orissa and
Andhra Pradesh

Anhra Pradesh

Orissa and
Andhra Pradesh
(Anon., 1950;
Bose, 1919-28;
Hennings , 1901;
Lloyd, 1898-1925)

Kerala
(Sankaran et a1.,1988)

It is quite obvious from the above tables, that most

of the tree species have only very few disease problems that

too of minor importance.
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3. MATEIALS AND METHODS

Four tree species indigenous to Kerala, viz., Albizia

odoratissima, Lagerstroemia micrwocazpa, Pterocarpus marsupium

and Xylia xylocarpa were selected for the seed pathological

and seedling disease studies. The details pertaining to their

distribution, habit and uses are given below.

3.1. Albizia odoratissima (l.f.) Benth.

Distributed throughout India, Sri Lanka, Myanmar and

Malaysia. In Kerala it occurs in almost all forest divisions

(Fig. 1). Deciduous trees with spreading crown, are usually

seen in moist deciduous forests of Kerala up to an altitude of

about 1200 m above m.s.l. Mature trees grow to a diameter of

90 cm and a height of 30 m with a straight clear bole up to 12

m length; bark black, leaves bipinnate with a sessile gland on

the rachis, a little above its base; stipules cauducous; leaf

lets 8-15 pairs sessile; inflorescence axillary or terminal in

umbellate or corymbose panicles; flowers sessile, cream

coloured; pods subsessile, thin, flat, straight, seeds 5 to 15

per pod; flowers observed fromLMarch to June, often profuse

during April-May and fruiting from July to January fruits

mature during November-January (Troupe, 1983). No literature

pertaining to seed disorders and seedling diseases of this

species are available.
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3.2. Lagerstroemia microcazpa Wt.

This species is distributed in Tropical Asia and

Australia and throughout Kerala (Fig. 2). Deciduous trees

grow up to a height of 30 m and a diameter of 80 cm. The main

bole is straight and branchless in most semi-evergreen forests

and in more open areas, branching may be seen at lower levels.

Bark smooth, pale white or ash peeling off as large thin

stripes. Leaves sinple, entire, petiolate; inflorescence in

axillary or terminal racemes, flowers white with a rose tinge,

capsules ellipsoid. Flowering from May to July; fruiting from

June to December; mature in December. Ripend capsules are

available from December—March (Troupe, 1983). As far as

studies on seed pathology and seedling diseases of this spe

cies are concerned there is no literature available.

3.3. Pterocarpus marsupium Roxb.

Distributed in Peninsular India and Srilanka and in

Kerala distributed in Trivandrum, Thenmala, Punalur, Konni,

Ranni, Thekkady, Kottayam, Idukki, Munnar, Kothamangalam,

Malayattoor, Trichur, Chalakudy, Vazhachal, Nenmara, Palghat,

Parambikulam, Calicut, Nilambur and Wayanad Forest Divisions

(Fig. 3). Semi-evergreen trees, grow from 10 to 25 m in

height, corked bark, young leaves reddish, conpound, alternate,

leaflets obovate, broadly ovate; stipules small and deciduous;
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flowers yellow; pods winged, seeds one or very rarely two;

trees usually densely foliated with often fissured bark

exuding copious resin which dries into solid blocks. Trees are

common in and around grasslands and rocky forests; flowering

observed from May to October, maximum in October. Fruiting

takes place from October to February (Troupe, 1983). No liter

ature is available on seed pathology and seedling disease as

pects of this species.

3.4. Xylia xylocarpa (Roxb.) Taub.

This tree species is distributed in Peninsular and

Central India extending up to Orissa. In Kerala, this species

is recorded from all forest divisions except Trivandrum (Fig.

4). Trees usually grow up to a height of 25 m and a diameter

of 60 cm. The main bole is very rarely straight and cylin

drical. Deciduous trees, bark reddish, tender leaves dull

brown, leaves obovate; Inflorescence axillary, racemose; flow

ers creamy-white to light yellow; pods woody, oblong, septate

between seeds; seeds 4-10 per fruit, smooth and polished.

Flowering observed from March to May fruiting from May

December but maxinum during June to Decenber (Troupe. 1984) ,

No literature pertaining to seed disorders and seedling

diseases of this species is available.
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3.5. Seed collection an storage

Seeds of all the four tree species (Plate 1) were

collected during 1988-1989 and 1990 seeding seasons from

forest areas in Trichur and Nilambur Forest Divisions (Table

5). Initially, the seeds were collected fromkindividual trees,

and later composite samles were made by mixing the primary

samples.

Soon after their collection, the comosite samples were

labeled, sun-dried, to reduce the moisture content to about

10-15% and stored separately in cloth bags at roomxtemperature

(30 : 5°C). For chemical control studies, seeds were treated

with appropriate chemicals and stored in wide mouthed tightly

capped plastic containers at room temperature.

3.6. Seed pathological studies

3.6.1. Standardisation of seed health testing methods

To obtain maxhmum information on microflora harbouring

seeds the following seed health testing methods, viz.,

standard blotter method, 2,4-D method, deep~freeze method,

potato dextrose agar method and malt extract agar method were

evaluated for their performances and standardised for each of

the four forest tree species.
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PLATE 1. Seeds of Albizia odoratissima (A),
Lagerstroemia microcarpa (B), Pterocarpus
marsupium (C), and Xylia xylocarpa (D).
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Both surface sterilised and unsterilised seeds were used

in all the methods. Surface sterlisation was carried out by

treating the seeds with 0.1% mercuric chloride for 3-5 min,

washed in 2-3 changes of sterile water. The seeds were dried

in between the folds of sterile blotter before plating.

Various micro-organisms were tentatively identified by

studying their cultural and morphological characters. Later,

for authentic specific identification, the cultures were re

ferred to the CAB International Mycological Institute, Kew,

England.

Percent incidence of various spermoplane micro-organisms

recorded from various tree species in various methods was sub

jected to one-way analysis of variance using Duncan's multiple

range test (DMRT) at 5% level, after arc-sin transformation

(Snedecor and Cochran, 1967).

3.6.1.1. Standard blotter (SB) method

SB Method as described by ISTA procedures (ISTA,

1976, 1985) was employed. A random samle of 400 seeds of

Albizia and Lagerstroemia taken fromlthe composite samle was

tested. For Pterocarpus and Xylia where the seed size is

large, respectively only 50 and 100 seeds were used Plastic

petri plates measuring either 90 nm or 140 mm dia., lined with
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four moistened blotter discs were used in the study depending

upon the seed size. Excess water if any was drained from the

blotter by inverting and briefly shaking the plates before

plating the seeds. Seeds were placed one by one at equal dis

tance to avoid inter seed contamination. The number of seeds

incubated per plate varied with the size of the seeds. A

petri plate of 140 um acconmodated either 5 seeds of Ptero

carpus, 10 seeds of Xylia 25 seeds of each of Lagerstroemia

and Albizia while a 90 nm petri plate accommodated 10 seeds

each of Albizia and Lagersthoemia. The plated seeds were incu

bated at 25 : 2°C in a BOD incubator adjusted with alternating

cycles of fluorescent light and darkness for 6 days and the

following day observation recorded using a stereomicroscope on

microbial growth. Percent incidence of each micro-organism was

calculated using the following formula.

No. of seeds recorded with an organism6 incidence = x 100
Total number of seeds examined

3.6.1.2. 2,4-D method (Neergaard and Saad, 1962)

This method was similar to SB method except that the

blotter discs were soaked in 0.2% solution of 2,4

Dichlorophenoxy Acetic acid.



3.6.1.3. Deep freeze (DF) method (Limonard, 1966)

The seeds plated on blotter were initially incubated

at 25 : 2°C for 24 h as described in SE method. Later, they

were incubated at - 20°C in total darkness for 24 h. Subse

quently, these plates were incubated at 25 1 2°C under 12/12 h

alternating cycles of fluorescent light and darkness for five

days.

3.6.1.4. Potato dextrose agar (PDA) method (ISTA, 1976)

Petri plates containing 15-20 ml of sterilised potato

dextrose agar medium were plated with appropriate number of

seeds depending upon the tree species. The plates were incu

bated at 25 : 2°C for 4-5 days and observations recorded on

the development of micro-organisms.

3.6.1.5. Malt extract agar (MEA) method (ISTA, 1976)

Petri plates containing 15-20 ml of MEA with 4% NaCl

were plated with seeds of different species and incubated at

25 3 2°C for 4-5 days and observations recorded on micro

organisms developing on the seeds.

3.6.2. Seed microflora and its significance

3.6.2.1. Dry seed examination

Seed samles drawn from composite samles were sorted

into three different categories, viz., apparently healthy,
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discoloured and deformed, based on their external appearance.

The weight of 100 seeds each of the above categories was

taken, percent of seeds in each category determined. The per

cent incidence of spermoplane microflora in each of these of

categories of seeds was tested separately employing the

Standard Blotter (SB) method (ISTA, 1976,1985).

Table 5. Details of seeds of various tree species included
in the study

Species Fruiting Locality of No. of Seed dimen
time collection seeds sion lxb (Hm)kg Mean 1 SE

A. odoratissima Jan-Mar Peechi 20,000 6.6 1* 1.4 x
4.7 : 0.8

L. microcarpa Dec-Mar Nilambur 2,50,000 8.8 f 1.2 x
3.9 f 1.0

P. marsupium Feb-May Peechi 1500-2000 49.5 +_- 9.6 x
42.5 3 5.9

X. xylocarpa Jan-Mar Peechi 4000-5000 14.6 f 1.7 x
Nayatugundu 9 7 1 1 . 1

3.6.2.2. Pathogenicity studies

The spermoplane micro-organisms which caused damage like

seed rot, decay and germination failure to seeds in different

seed health testing methods were selected for the study.

Single spore isolations were made and fungal isolates were

cultured on PDA and bacteria on Nutrient Agar (NA).
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Suspensions of all the test fungi and bacteria were prepared

in sterile distilled water from 7-day-old cultures. The

concentration of the inoculum was adjusted at 5 x 104

for fungal spores and 1 x 106 CFU/ml for bacteria. The

surface sterilised seeds were soaked in the spore/bacterial

suspension of the respective mdcro-organism for 18 h, air

dried to remove excess water and sown in sterilised soil as

described below.

3.6.2.3. Growing-on test

The sterilised garden soil (autoclaved at 20 psi for 30

min.) evenly spread in aluminium trays (30 x 30 x 5 cm) was

sown with seeds of different species inoculated separately

with respective micro-organisms. Th surface sterilised seeds

soaked in sterile water served as control. The trays were

watered with sterile water as and when required. One hundred

seeds were used for each micro—organism x host species combi

nation.

Percent germination of seeds and shoot and root lengths

of seedling were recorded. Vigour Index (VI) was calculated by

using the following formula (Abdul-Baki and Anderson, 1973).

VI = (Mean shoot length x Percent germination
+ Mean root length)
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The seedlings grown for 30 days were categorised into the

fol lowing groups:

State of seed/seedlings Seed/seedling synptoms

i. Normal apparently - Seedlings of normal height and
healthy seedlings unblemished

ii. Delayed seedlings - Delayed germination and below
normal height

iii. Distorted seedlings - Seedlings underdeveloped

iv. Blighted seedlings - Seeds germinated, but could not
attain normal growth and blighted.

v. Ungerminated seeds - Seeds not germinated

vi. Decayed seeds - Seeds which are decayed

3.6.3. Management of seed microflora

3.6.3.1. Hot water treatment

The seeds of various tree species kept in a muslin cloth

bag, were soaked in hot water maintained at 50° and 60°C in a

thermostatically controlled water bath. At each temperature,

the seeds were soaked separately for 15 and 30 minutes. The

treated seeds were air dried on blotter sheets for 1-2 h at

room temperature (30 : 5°C). Later, the treated and control

seeds were plated on blotter, incubated and examined for the

developnent of micro-organisms as described under 3.6.1.1. The
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percent incidence of various macro-organisms was subjected to

one way analysis of variance after ‘arc-sin‘ transfonmation.

In addition, one hundred seeds in four replicates were also

sown in sterilised garden soil evenly spread in aluminium

trays (30x30x5cm). Observation on seed germination and shoot

and root lengths were recorded after 15 days of sowing and

vigour index was calculated as mentioned under 3.6.2.3. Data

pertaining to percentage of seed germination were subjected to

one way analysis of variance after ‘arc-sin‘ transformation.

The data on shoot and root lengths and vigour index were

appropriately transformed using power transformation method

(Montgomery and Peck, 1982) and the transformed values were

subjected to one way analysis of variance. For convenience

only the original values are presented in the tables.

3.6.3.2. Chemical treatment

The seeds of all the four tree species were treated

separately with various fungicides listed in Table 6. Dusting

of seeds was done by placing the seeds in polystyrene contai

ners with the required dosage of fungicides and shaking them

thoroughly for 10-15 min., so that the seeds were uniformly

coated with the seed dresser. The treated seeds remained in

polystyrene containers for a day at room temperature (30f5°)

before utilising them in the experiment.'The treated seeds
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were subjected to ‘SB’ method, 24 h after treatment for study

ing the effect of seed dressers on seed microflora. The ex

perimental details were the same as described 3.6.1.1.

One hundred treated seeds each, in four replicates were

sown in aluminium trays (30 x 30x 5 cm) containing sterilised

garden soil . Observations on seed germination, and shoot and

root lengths were recorded as described under hot water treat

ment and vigour index was also calculated. The data were sub

jected to one way analysis of variance after appropriate

transformation of values -as described under 3.6.3.1.

3.6.4. Seed storage and its influence on microflora,
seed germination and seedling development

Seed samples treated with different seed dressers (Table

6) were stored in wide mouthed air tight polystyrene contai

ners at room temperature (25°-35°C) and ambient r.h. of g 75%.

In addition to these treatments, seed lots were also stored in

cloth bags at i. room temperature; ii. room temperature under

dehumidified condition (in a desiccator with calcium chloride)

and iii. at 4°C in dehumidified condition. The "control" seeds

were either stored in polystyrene containers or cloth bags at

room tenperature ('25°- 35°C) and ambient r.h. of g 75%.

From each treatment, 100 seeds selected randomly were subjec

ted to SB method for studying the spermoplane microflora as
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Table 6. Seed dressers, their chanical name and dosage
used in chemical control studies

Seed dressers
(commercial name)

Chemical Name Source Dosage
O6 a.i.

Bavistin-50 WP

Brassicol-75 WP

Deltan-75 SD

Dithane- M-45
75 WP

Emisan-6-WP

Foltaf-75 WP

Thiride-75 SD

Vitavax-75 WP

Methyl-H-benzimidazole
2-yl-carbamate

Pentachloro nitro
benzene

N-trichloromethyl
thio-4 cyclohexene
1,2- dicarboximide

Zinc ion+ manganese
ethylene bis dithio
carbamate

2-Methoxy ethyl
mercuric chloride

Cis-N-(1,1,2,2, tetra
chloro ethyl thio)
-4-cyclohexone-1,2
dicarboximide

Tetramethyl thiurum
disulphide

5,6-dihydro-2-methyl
1,4-0xathin-3
carboxanilide

BASF India Ltd,
Bombay

Dept. of Appl.
Botany,

Mysore
University

Coromandel
Indag, Madras

Indofil
Chemicals,

Bombay

Excel
Industries,

Bombay

Rallis India
Ltd,

Bombay

Sureksha
Chemicals,

Bombay

Hindustan
Insecticides
Ltd, New Delhi

0.2

0.3

0.3

003

0.0125

003

0.3

OO3
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described under 3.6.1.1. at an interval of 1-day, 90 days, 180

days and 365 days of storage. Moreover, 100 seeds of each of

the tree species were sown in 4 replicates in garden soil in

aluminium trays (30 x 30 x 5 cm). After 15-20 days of sowing,

observations on seed germination, shoot and root lengths were

recorded and vigour index calculated. Statistical analysis of

data was carried out using the procedure as described under

30603010

3.7. Diseases of seedlings

3.7.1. Experimental area

The major study where regular and intensive observations

on incidence and severity of seedling diseases were recorded

was a nursery maintained at Peechi in Trichur District of

Central Kerala. Peechi, ca. 50 m.above mean sea level, re

ceives an annual rain fall of ca. 3000 nm or more. The area

records high humidity throughout the year. The weather data

for the year 1989 and 1990 is given in Table 7.

For recording the incidence of various seedling

diseases, a nursery at Chandanathode in Wayanad District of

northern Kerala was also selected. Chandanathode approximately

800 m above mean sea level, received a high annual rain fall

of ca. 6000 nm, and a very high humidity prevails throughout
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Table 7. leather data for 1989 and 90 at Peecbi

(Latitude 10°32‘ Longitude 76'20 E; altitude: 50 I)

Mean Te|p(°C) Mean r.h.(%) Monthly Daily Mean Daily Mean
Months Max Min Max Min Rainfall Wind velocity‘ bright sun

(nu) (Kn/h) shine (h)

1989

Jan. 33.4 21.1 86 48 0(0) 9.0 8.4
Feb. 36.6 20.8 96 42 0(0) 6.5 10.2
Mar. 37.4 22.6 100 49 20(1) 4.8 9.8
Apr. 37.1 24.2 95 56 54(1) 4.2 8.5
May. 34.6 63.1 98 67 122(3) 3.5 7.6
Jun. 30.0 21.7 100 78 668(20) 5.7 3.4
Jul. 29.5 22.1 99 82 504(14) NR 4.2
Aug. 30.1 22.5 98 76 298(10) 4.0 5.3
Sep. 31.3 22.7 100 76 186(6) 2.0 5.6
Oct. 32.3 22.4 100 76 329(9) NR 6.0
Nov. 32.2 22.0 91 62 13(1) NR 8.3
Dec. 32.3 21.7 93 61 24(1) RR 9.5

1990

Jan. 33.1 19.9 94 52 0(0) MR 9.3
Feb. 35.6 21.5 80 43 0(0) NR 10.4
Mar. 37.9 22.9 80 46 0(0) NR 10.4
Apr. 37.4 24.0 88 52 229(1) NR 5.5
May. 32.3 23.0 90 66 435(16) NR 4.6
Jun. 29.8 22.5 96 76 890(14) 1.3 3.4
Jul. 29.3 21.7 100 80 759(22) 1.0 2.6
Aug. 26.9 22.2 100 77 357(10) 4.5 4.2
Sep. 31.4 22.7 100 71 78(3) 2.2 7.0
Oct. 32.3 22.6 100 69 330(9) 1.9 6.7
Nov. 31.8 21.8 87 63 91(9) 12.0 6.7
Dec. 32.0 22.0 90 59 2(0) 12.0 6.6

Note: NR: Not recorded, r.h.: Relative Humidity. The figures in
parenthesis indicate the number of rainy days when rainfall was )10nn.

the year with mean minimum and maximum temperatures of 13°C

and 32°C respectively. During the early years, the area was

occupied by experimental eucalypt nurseries. In addition,

incidence of seedling diseases of the four indigenous tree
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species included in the stuy was also recorded from nurseries

maintained by KFRI at Nilambur and by the Karnataka Forest

Department in Haliyal Forest Division (Table 8).

3.7.2. Preparation of nursery beds at Peechi

The soil of the nursery site at Peechi was thoroughly

worked and sixteen experimental beds of 12 mix 1.2 m x 0.3 m

were prepared; all the sides of the bed were provided with a

protective covering of bamboo reeds to prevent washing away of

the edges of seed bed due to heavy rains and watering.

3.7.3. Shading

Shade over the seed beds was provided with coir mat of 7

nun mesh to protect the young seedlings from sun scorching.

After a month of emergence of seedlings, shade was removed

partially and removed comletely when the seedlings were 45-60

days old.

3.7.4. Sowing and watering schedules

During the 1989 trials at Peechi, each standard bed was

sown with seeds of different tree species separately (Table

9). After sowing the seeds were covered with 10 am of thick

layer of fine sieved soil to prevent the seeds from dislodging

while watering and to provide moisture during germination.
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Table 8. Forest nurseries surveyed during 1988-90 for
the incidnce of seedling diseases

Locality Forest Forest Dvn. Type of Year of
Range (State) seedlings observation

Peechi Peechi Trichur Seed beds 1988,1989,
(Kerala) and contai- 1990

ner seed
lings

Chand.an- Mananthody Wayanad 1989athode (Kerala)Begur 1989
Nilambur Nilambur Nilambur 1988,1989

(Kerala)

Kurigadda Haliyal Haliyal 1988
(Karnataka)

Karalkatta Sambrani

Bhagawathi Bagawathi

Kogilban Dandeli

Bailpar Virnoli

Nandigadda Gund

Gobral Birchi

Kilapani Jagalpet

Akrali

Jalakath Tinaighat

Kodanad Kodanad Kodanad Seed beds 1989
(Kerala)

Erumapatty Chalakudy Chalakuy 1989
(Kerala)
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During the first two weeks after sowing, seed-beds were

watered 2-3 times daily till emergence. Then the frequency of

watering was gradually reduced to only once up to 60 days.

Later, the watering frequency was adjusted according to pre

vailing weather conditions. The seedlings were maintained

either in the mother beds or in polythene containers (18 x

12 cm) for recording the incidence of seedling diseases.

Table 9. Details of seeds of various tree species included
in the study

Species Quantity of seeds/ Pre treatment
standard bed required for
(1.2 X 12 m) seed germination

A. odoratissima 1 - 2 kg soaking over night

L. microcazpa 250 -500 g nil

P. marsupium 4 - 5 kg soaking over night

X. xyloaazpa 1 - 2 kg soaking over night

3.7.5. Recording observations on incidence of
seedling diseases

Occurrence of seedling diseases if any, their symptoms

and nature of damage were recorded in four standard beds

assigned to each species. For post-emergence danping-off,

total number of disease patches were counted and occurrence of
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-2
patches m was calculated. For seedling blight or other

foliar diseases, percent seedlings affected for a given den

sity of seedlings in a seed bed was calculated (Sharma et a1.,

1985).

3.7.6. Isolation and identification of causal organism

Appropriate parts of the diseased seedlings were collec

ted for isolation and identification of the pathogens.

Diseased specimens were taken in polythene bags to the labora

tory under aseptic conditions. Generally potato dextrose

agar (PDA) was used for isolation of fungal pathogens. Surface

sterilisation of diseased specimens*was done using 0.01% mer

curic chloride followed by 2-3 changes of sterile water.

Causal organism in pure culture was provisionally identified

and identity confirmed through CAB International .Mycological

Institute, Kew, U.K.. The cultures were periodically subcul

tured and stored in a cold room at 25° 1 2°C.

3.7.7. Pathogenicity studies

For testing the pathogenicity of an isolate, a specially

designed humidity chamber (Sharma et a1., 1985) fabricated

locally was used. In the case of stem or root diseases of

seedlings, the pathogenicity was tested on seedlings raised in

aluminium trays (30 x 30 x 5 cm) with sterile garden soil.

Initially, seedlings were transplanted to aluniniun trays and
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the seedlings were allowed to establish for a few days in the

humidity chamber and then appropriately inoculated. For soil

borne diseases, the soil was infested with adequate quantity

of inoculun of the test organism grown on corn meal sand

nediun dried and powdered (Shanna et a1., 1985). The trays

were maintained in the humidity chamber for 10 to 20 days to

observe the developnent of disease .

For inoculation of leaves a detached leaf culture tech

nique was used. The detached leaves were floated on a solution

of either 5-10 gm of Benzimidazole or GA to prolong greenness

(Sharma et a1., 1985).

3.7.8. Evaluation of fungicides for disease control

3.7.8.1. Poisoned food method(PEM)

According to the dosage, correct quantity of various

fungicides was mixed thoroughly in sterilised PDA medium while

it was luke warm. There were three -five petri plates for each

concentration and each petri plate was inoculated at the

centre with a mycelial disc of 4 nm taken from the margin of

an actively growing colony. The inoculated plates were incu

bated at 25 : 2°C till full radial growth was obtained in the

control. Four diameter growth measuranent were recorded in

each petri plate. The percent inhibition of growth in each
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treatment was calculated by the following equation (Vincent,

1927).

l00(C - T)

where I = inhibition over control; C = growth in control and
T = growth in treatment.

3.7.8.2. Soil fungicide screening method (SE91)

The soil fungicide screening method (Zentmeyer, 1955;

Cordon and Young, 1962) and modified by Shanna et a1.(l985);

and Shanna and Mohanan, (1991) was used to evaluate the

efficacy of fungitoxicants against soil-borne micro

organisms, especially those producing sclerotia.

Sieved soil (3 mesh cm-2) was autoclaved at 120°C for

30-45 min, and 10 g of this autoclaved soil was placed in a

sterile glass vial of 80 x 30 um. An 8 mn mycelial disc taken

from the margin of an actively growing colony was kept over

the soil. Another 10 g of sterile soil was placed over the

mycelial disc. Appropriate quantity of fungicide solution (7-9

ml) of the desired concentration was gently poured over the

soil surface and the mouth of the vial was closed with alumi

nium foil; each concentration of a fungicide had three repli

cate vials. All the vials were incubated at 25° 1 2°C for 24

h. The disc was gently removed with a sterile forceps, washed
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in several changes of sterile water to remove the adhering

soil particles and plated on PDA. Observations on the diameter

growth were recorded till full radial growth was obtained in

control . Diameter growth data of various treatments in PFM

and SFSM were analysed using a two way analysis of variance.
0-

3.7.9. Pilot scale nursery trials

The efficacy of the most effective fungicide identified

in in Vitro studies was evaluated in small scale field trials,

conducted in a nursery area at Peechi of Trichur Forest

Division. The soil of the area was thoroughly worked and

experimental beds of Zn x 1m x Q.3 m were prepared at an es

pacement of 50 cm. The beds were provided with shade with coir

mats which was removed partially when the seedlings were 30

days old and conpletely a month later.

Fungicides were applied as soil drench pre-sowing or as

seed soaking or seed treatment . Schedule of fungicidal treat

ment, date of sowing, etc., is given in Table 10. 'I‘wo to three

days before sowing, fungicidal solution was applied @l.75-2

litre 111-2 of the seed bed. After sowing, watering of beds was

carried out 1-2 times daily till emergence and thereafter it

was reduced or adjusted according to the prevailing weather

conditions. Observations were recorded separately for post
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emergence darrping-off and other seedling diseases. For

damping-off total nuber of active patches were counted and

For othernumber of patches m-2 was calculated. seedling

diseases, percent seedlings affected for a given density of

seedlings in a seed bed were calculated. Since no seedling

diseases were observed in A. odbratissima, no nursery trials

vkarwe aatdzexnprtxecl.

Table 10. Schedule of fungicidal treatment, dosage (X a.i.) and type of

application in 1990 nursery trial at Peechi

L. nicrocarpa P. narsupium X. xylocarpa

Carbendazil (0.2)

Pre sowing soil drench

Thiram (0.2)

Pre sowing soil drench

Carboxin(0.2)

Pre sowing soil drench

HBHC (0.006)

Pre sowing soil drench

Copperoxychoride (0.2)

Pre sowing soil drench

Captan (0.3)

Dry seed treatnent

Hancozeb (0.3)

Dry seed treatment

Control

No treatment

Carbendazil (0.1)

Pre sowing soil drench

PCRB (0.2)

Pre sowing soil drench

Carboxin (0.2)

Pre sowing soil drench

HBHC (0.0l25)

Pre sowing soil drench

Thiram (0.2)

Pre sowing soil drench

Captan (0.3)

Seed soaking overnight

Hancozeb (0.3)

Seed soaking overnight

Control

Seed soaking overnight

Carbendazim (0.1)

Pre sowing soil drench

Thiram (0.2)

Pre sowing soil drench

Carboxin (0.2)

Pre sowing soil drench

HBHC (0.006)

Pre sowing soil drench

Thiral (0.3)

Pre sowing soil drench

Captan (0.3)

Seed soaking overnight

Hancozeb (0.3)

Seed soaking overnight

Control

Seed soaking overnight

Sfi



4. RESULTS



RESULTS
Results of various studies have been

dealt with specieswise under the following
heads.

1. Evaluation of seed health testing methods

2. Seed microflora and their significance
3. Management of seed microflora

4. Seed storage and its influence on micro
flora, seed germination and seedling deve
lopment and

5. Seedling diseases and their management
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4A. ALBIZIA ODORATISSIMA



4A.1. Seed health testing methods

Of the fifteen micro-organisne recorded on non-surface

sterilised seeds of A. odonatissima in different seed health

testing methods, except actinomycetes, all were detected in SB

nethod (Plate 2A; Table 11). Although actinomycetes grew well

in 2,4-D and DF methods, surface sterilised seeds in all the

methods did not harbour any actinomycetes. In non-surface ste

rilised seeds higher incidence of Fusarium mon1'1iforme was re

corded in SB method (Plate 2B), followed by other methods,

while in surface sterilised seeds, its incidence was compara

tively low in all the methods Fusarium solani, which made a

rare appearance on a few seeds in SB method.was not detected

in other methods. Go11etotrichum'g1oeosporioides‘was detected

in all the methods employing non-surface sterilised seeds,

while it was completely eliminated by surface sterilisation. A

Phomqpsis sp. not detected in the case of non-surface steri

lised seeds, was found growing on surface sterilised seeds in

PDA and MEA methods. Except 2,4,-D and DF methods, a Gram (-)

hacterium‘was consistently recorded on both surface sterilised

and non-surface sterilised seeds in.othr methods. In general,

fungi like Aspergillus flavus, A. niger, Cladosporium

herbarum, Fusarium moniliforme, Penicilliwn citrinun and

Rhizqpus oryzae recorded on non-surface sterilised seeds in

all the methods, had lower incidence on surface sterilised

seeds (Plate 3 & 4; Table 12).
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PLATE 2. Albizia odoratissima. A, Growth of
various micro-organisms in blotter method;
B, Profuse growth of F. moniliforme on
seeds.
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PLATE 3. Albizia odoratissima. A. Profuse
growth of Aspergillus flavus on the seeds;
B, Radicle rot symptoms caused by A. flavus.

60



PLATE 4. A, Profuse ooze of a Gram (-)
bacterium B, Growth of Trichurus spiralisand bacterium on the seeds of
A. odoratissima.
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Table 11. Percent incidence of spemnplane micro-organians in
different seed health testing methods on non-surface
sterilised seeds of A. odoratissima

Methods
Micro-organism

ss 2,4-D DE‘ pm MEA

Actinomycetes 03* 4.53 1.53 03 03
Aspergillus flavus Link. 3.53 0.53 3.53 4.03 4.53

A. niger van Tieghem 1.03 1.53 1.53 2.03 2.03
A. stellatus Curzi. 1.03 03 03 03 03
A. Versicolor (vui11.) 0.53 03 03 03 03
Tiraboschi

c1adomn'un herbarum 35.33 11.53 15.03 12.53 15.03
(Pers.) Link. ex Gray

Oolletotrichum g1oeomr- 1.03 3.03 0.53 0.53 0.53
io1'des(Penz. )Penz & Sacc.

abFusarium Imniliforme Sheld. 2.53 1.033 1.0 0.33 0.53

F. solani (Mart.) Sacc. 0.53 03 03 03 03
Dgrrothecium rvoridum 0 . 53 03 03 03 03
Tode: Fr

Pen.ici.l1iun citrinun Thom. 16.53 21.033 25.03 11.53 25.03

Rbizopus oryzae Went & 7.3b 2.0a 5.0a 2.53 2.5a
Prinsen Geerligs

zrrichm-us spiralis Hasselbr. 0.53 03 03 03 03

sterile hyphae 0.53 03 03 0.53 03
Bacterium Gram <-) 4.53 03 03 3.53 2.53
"Mean values with the same super:-1cript(s) do not differ
significantly at p = 0.05 (Row—wise conparison)
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Table 12. Percent incidence of spernnplane micro-organisms in
different seed health testing methods on surface
sterilised seeds of A. odoratissima

Methods
Micro-organism

SB 2,4-D DF PDA MEA

Aspergillus flavus 5.ob* 4.ob 4.ob 3.ob 1.08
A. niger 1.03 1.531’ 3.ob 1.03 1.0“
c1adomn'um herbarum 3 .ob 2.0a” 2 .5b 0a 0“
Fusariwn moniliforme 1.03 1.53 0.56 0.53 0.5“

Penicillium citrinum 3.0a 6.0b 6.013 2.58 6.0b

Phomopsis Sp. 03 03 08 1.03 1.0a
Rhizopus ozyzae 4.0a 2.08 4.0a 2.5a 4.0a
sterile hyphae 0.58 03 0.53 0“ 0a
Bacterium Gram <-> 5.0” 03 0a 2.05‘ 1.0“

‘Mean values with the same superscript(s) do not differ
significantly at p=0.05 (Row- wise conparison)

4A.2. Seed microflora and their significance

4A.2.1. Dry seed examination

Macroscopic examination of seeds identified distinctly

three categories of seeds, viz., agparently healthy, dis

coloured and deforrred (Plate 5), the percentage being 43.8, 32

and 24.2 respectively; the average weight of 100 seeds for the
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PLATE 5. Seeds of A. odoratissima showing
apparently healthy (A), discolored (B) and
deformed (C) categories.
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three categories of seeds was 5.1, 3.5 and 1.6 g respectively,

while the weight of 100 from the the pooled sample was 3.6 g.

4A.2.2. Incidence of micro-organisms in different
categories of seeds

Apparently healthy seeds harboured less number of micro

organisna as compared with other categories of seeds. On non

surface sterilised seeds, P. citrinum, C. herbarun, R. oryzae,

A. flavus and a bacterium were detected in higher percentage.

However,their incidence was considerably reduced after surface

sterilisation in all the categories of seeds . A total of 8,

11 and 12 microorganisms were detected in non-surface steri

lised seeds of three categories respectively, which reduced to

5, 7 and 8 respectively after surface sterilisation. Fusarium

noniliforme and F. solani were detected only in discnloured

and deformed seeds. The germination percentage was also poor

in deformed seeds, while discoloured and apparently healthy

seeds had a better germination of 1795 and 20.5% respectively,

which increased to 1895 and 2495 after surface sterilisation

(Figs.5 & 6)in SB method.

4A.2.3. Pathogenicity studies

Artificial inoculation with Fusarium moniliforme,

F. solani, Cladoflrium herbarum, A. stellatus, T. wiralis

and R. oryzae affected the seed germination, growth and

65



W

I APPARENTLY HEALTHY Z DISCOLOURED

é
&

\ 112

\\\\\\\\\\\\\\\\\ 1'1

MICRO-ORGANISMSJ 95 SEED GERMINATION

//// /////////////////////////////////////</<<// //// // // / //////(n \\\\\\\“\\\\\W\\\\\W\\\\\\\W\ \ \\\\_ 1()

Z

I
é

4-0

7' ///// // ///////////////// to
1’0 V//IL! (0

E‘is’ W «D .1?
O O *5 O(0 N V‘

NOLLVNIWHEIO 0333 ‘I: I BONHGIONI %

h 6

Fig.5. Percent incidence of spermoplane micro-organisms on non-surface sterilised
seeds and % seed germination in different categories of seeds of A. odbratissima. 1. Aspergillus flavus, A. niger, 3. A. stellatus, 4. .ers1ce1or, Cladss

g}oeosporio1des, 7. Fusar1": moniliforme, 8. F. sulanx, 9. Hyrczhecxum rcrjdum, 10. Fe: uryzae, 12. Trzchurus spxraiis,

gorxum herbarua, 6. Colletotrxchum

:c11Iium cxtrinun, 11. Rhxzopus

13. sterile hyphae. 14. Eacteriua Gram (-), % seed gerlination.



.._o32:-so B3 « .2 .7. 2.5 unifies .2 .2..__.:._ 223m .2 .m.:E.§.. 25:32.. .2 ...:i.S
_..._.§.:a .: ..=a.§8 -=:2..E_& .2 .a%.:.: .._28fiot= .... ..::.B... ..m 5 ..Z3.:..:sn -_..:..2_.._ .~ _$Eo.:&m8o.;..

-..:_...:.3Bm:o..\ 5 .-E353 u=.Eo%%2..g .m ..§c....::§ .« 4 .mS_.:3m 4 A ........S= .< 4 .22.: .2_:.§..3...¢. ._

.mE.Hmm.3m.~ohO .¢. mo mvmmm mo mmfiuommumo ucmumwuwv ca. coaumcdfimm vmmm oa van mfiwmmwmmflauumum momwusm co mfimafimmuolouoae m:m~mQFummm mo mocmvwvca ucmouom .m.mHm

zo.»<z_sEmo ommm 8 \m_2w_z<omo..omu_z

»\ .._m\..
N \ .

..H\. .

Eu“:.M“fi
mm

aw”%\ ,mm“ .

ww\
.m.w ..\%

\
\ .
\\W

W .\ .
\\

“ .\\
\\“W\ ,W.N\\

W\ ,;
\\“ .m.

\ .

W.

m. .3. 9 NF 5. 9 Q m N 0 m V 0 N .w

omzmomma EnmE..o._oom_o N>:.5<m: >._»zmm<%_< I

0..mpONWN

NOILVNIWHSD G333 % I EONEICIIONI ‘Va

67



development of seedlings. R. oryzae and T. spiralis caused

blight of seedlings and A. stellatus, A. flavus, E3 .moni1if>

orme, F. solani, C. herbarum , C. gloeosporioides and R. oxy

zae caused decay of seeds. The percent seed germination was

reduced considerably by E3.moniliforme, F. solani, A. st

ellatus, A. niger, C. herbarum, T. spiralis and R. oryzae

(Fig. 7). Mean shoot length was affected by A. flavus,

Eh .moni1ifbrme, E3 solani, Bacterium and T. spiralis, while

mean root length was reduced considerably by T2 spiralis,

and E2 monilifbrme. In other cases root length was higher as

comared with control seeds. Curiously, seeds treated with

C5 herbarum recorded higher shoot and root lengths. Vigour in

dex was the lowest in treatments of Fusarium spp. followed

by C. herbarum, A. flavus, A. stellatus, Bacterium, T. spir

alis and R. oryzae (Figs. 8A & B).

4A.3. Management of seed microflora

4A.3.1. Hot water treatment

Highest germination i.e., 36 % was recorded at 60°C-15

min. treatment (Table 13). The shoot length was not

significantly reduced in any of the treauments as comared to

control seedlings. The highest shoot and root lengths were

recorded in treatments of 50°C-30 min. The root length of all
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Table 13. Effect of hot water treatment on seed germination
and growth of seedlings of A. odoratissima

50°C 60°CObservations Control
15 min. 30 min. 15 min. 30 min.

Germination (5%) 243* 26ab 35b 243 243
Shoot 1ength(nm) 91.51” 96.9” 95.131’ 32.33 31.63

Root length (am) 35.91’ 37.21’ 36.21) 34.7b 25.78‘

Vigour index 3o33.9ab 3479.3ab 3391.8ab 4200.61) 2530.03
(VI)

No. of microorganisms re- 8 7 6 9 12
corded

t
Mean values superscribed by the same letter(s) do not
differ significantly at p=0.05 (Row—wise oouparison)

the treatments was significantly higher from untreated

control. The vigour index of the treated seeds at 60°C- 30

min. was significantly higher as compared with other

treatments . Hot water treatment did not induce sloughing - off

theseedcoat.

The number of micro-organisms developed in various hot

water treatments ranged from 6-9, as conpared with 12 in con

trol seeds (Table 14). The incidence of Actinomycetes,

Aspergilllus niger, A. stellatus, M_yrot.hecium roridum, Mann

oniella echinata and T. spiralis recorded on seeds treated
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Table 14. Effect of hot water treatnent on the 96 incidence of
spermoplane micro-organisms of A. odoratissima

50°C 60°CMicro—organism Control
15 min. 30 min. 15 min. 30 min.

Actinomycetes Oat 0a 0a 0a 1a
Mpergillus flavus 9b 0*‘ 4b 5b 11°
A. niger 23 0'3 03 2“ 2a
A. stel Iatus 03 13 0“ 9b 3a
Chaetomiun globosum 08 0a 220 3a 0a
c1adomn'um herbarum 58 14b 33 3" 13b
Eusariun moniliforme 12b 2a 12b Sab Sab
F. solani 08 ca 03 0a 1*’
Pyrotheciun roridum 0a 0a 0a 08 la
M=.~mnon1e11a echinata 23 13‘ 0*’ ea 03
Penicillium citrinun 23 23 0a 13 11b
Rhizopus oryzae 0a 0a 0a 0a 2b
Trichurus sp1.ra11s 4“ 3a 68 33 11b
Bacterium Gram <-) 93 153 123 63 10a

*

Mean values superscribed by the same letter(s) do not
differ significantly at p = 0.05 (Row—wise conparison)

with hot water, was not significantly different from control,

while E‘. solanj. was conpletely eliminated. F. monilifonne was

72



observed in all the treatments with the maxinun incidence in

15 min. dip at 50°C and 60°C. The incidence of Chaetomium

globosum was nuch higher at 60°C- 15 min. than in control and

other treatments. C. globosum and M. echinata were recorded

only in hot water treated seeds.

4A.3.2. Chanical Treatment

For high rate of seed germination and shoot length, captan

was the best fungicide followed by carboxin, mancozeb, carben

dazim and PCNB. Even though the treatments with thiram, MEMC

and captafol reduced the germination, they were not signifi

cantly different from control. The shoot length of seedlings

under various treatments did not differ significantly, while the

root length differed (Table 15). Captafol reduced the root

length significantly while higher root length was observed in

carboxin, MEMC, carbendazim, mancozeb and thiram. Highest vigour

index was recorded in seeds treated with captan, but it was not

significantly different from carboxin, mancozeb, PCNB and car

bendazim. In other treatments VI was not significantly different

from control. Curiously the VI of treatments of MEMC, captafol

and thiram was lower as conpared with control.
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Table 15. Effect of various seed dressers on seed germination
and growth of seedlings of A. odoratissima

Treatment Gennina- Mean shoot Mean root Vigour nN:c:<f)
tion (96) length (mm) length(nm) index organism

recorded

Captafol 13*” 57.5“ 17.83 1353.3‘‘
Captan 35° 63.13 29.o'°° 3231.3d
Carbendazim 23b° 62.83 35.4° 2744.6°d
Carboxin 3ob° 58.05‘ 37.o° 2888.1cd
Mancozeb 3ob° 57.53 35.o° 27o4.4b°d
mac 16“ 60.8a 36.o° 1521.03
pcma 3ob° 61.43 3o.7° 2675.6b°d
Thiram zoab 58.03 31.6’ 1760.41)
Control 243*’ 63.23 20.6” l968.8abc 12

k
Mean values in a column with the same superscript(s)
do not differ significantly at p = 0.05

All the fungicides were effective in reducing the number

of spermoplane micro-organisms (Table 16). Most of the storage

micro-organisms, except F. moniliforme and a bacteriun were

nnre or less oonpletely eliminated by fungicidal treatments.

F. moniliforme was detected on seeds treated with thiram and

carboxin, though at lower frequency than in control. However,

its incidence in PCNB treated seeds was significantly higher

as conpared with all other treatments. The incidence of a
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bacterium which was controlled only by PCNB and thiram

varied in other treatments and was significantly higher in

treatments of manoozeb, carbendazim and MEMC.

4A.4. Seed storage and its influence on microflora,
seed germination and seedling development.

4A.4.1. Incidence of micro-organisms

The micro-organisms observed in various treatments over

a period of 1 year in storage (Table 17) indicated that most

of the storage fungi observed initially continued to be re

corded till the end of the storage. Infact storage of seeds

under dehumidified conditions either at room tenperature or

low temperature decreased the number of micro-organisms.

bvbst of the micro-organisms recorded in the above treatments

were common storage fungi like A. flavus, A. niger, P. cit

rinum, R. oryzae, C. herbarum, T. spiralis etc. However, in

addition to storage fungi, two new micro-organisms viz. ,

Memnoniella echinata and C’. globosum were recorded only on

control seeds after 180 days of storage. F. moniliforme was

recorded only up to 90 days , but F. solani continued its

occurrence albeit in less frequency, till the end. However,in

seeds stored under dehmnidified condition, neither E‘. moni1i

forme nor J5‘. solani was observed after 90 days of storage.
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Table 17. Hicro-organisls recorded on seeds of A. odoratissila stored for different periods
under various treatlents

Treatments Day-1 Day-90 Day-180 Day-365

tCaptafol 14 12.11 11 12
Captan 11,14 12 12 11.12
Carbendazin 14 2.12.14 2.14.12 1.2.14.15
Carboxin 7.12.14 7,11,14,15 7,11,14,15 1,7.14.15

Hancozeb 14 1.2.11 1.2 1.2.11
MEMC 14 12 12 12
PCNB 6,7 1.2.7.12.14 1.2.12.15 1.2.7.12.14

Thiran 1.7.12 1.7.11.15 1.11.15 1.6.11
Dehunidified cond. 1.2.3.6.7. 1.2.3.4 1.2.3.4. 1.2.3.4.
Rool temperature 8,9,10,11,14 11.12.15 11.12.15 11.12.15

Dehunidified cond. 2.3.5.6.7,10 1.6.8.10 1.2.6.11 1.2.5.6.11
4°C 11.12.14 11.12.13 12.13.15 12.13.14
Control 1,2.3.5.6.7.8 1.2.3.4.6.7.8. 1.2.3.6.8.9.10. 2.3,4.5.8
(Plastic container) 9.10.11.12.14 9.10.11.12.14 11.12.14.16.17 10.11,12.13

Control 1.2.3.5.6.7.8. 1.2.3.S.6 1.2.3.5.6,8.10 1,2.3.6.8.10,
(cloth bags) 9.10.11.12.14 8,10,11,12 11.12.16.17 1l.12.15.16.17

1. Aspergillus flavus. 2. A. niger. 3. A. stellatus, 4. A. versicolor. 5. Colletotrichun
Cladosporiun herbarul. 7.

9.Myrotheciun roridun. 10. Trichurus spiralis. 11. Penicillin: citrinun. 12. Rhizopus oryzae.

gloeosporioides,

13. sterile hyphae. 14. Bacterium.

17. Mennoniella echinata
15. Actinonycetes.

7'7

Fusariun noniliforne. 8. F.

16. Chaetoniun

solani.

globosul .



4A.4.2. Seed germination and seedling developuent

The percent seed germination in various treatments gra

dually decreased over the period of storage and only 4-6% of

seeds germinated in most of the treatments except the seeds

stored at 4°C under dehumidified conditions where the germina

tion was 11% (Table 18). The vigour index also gradually

decreased as the period of storage increased; under dehumidi

fied condition (4°C) the VI was significantly higher from

other treatments after 365-days of storage.

Analysis of variance of data on 95 seed germination and

vigour index related to days of storage and treatment was

found highly significant (Table 19).
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Table 19. Analysis of variance of germination and vigour
index of seeds of A. odoratissima stored for 1 year

Germination Vigour index
Sources

DE‘ MSS E‘ DE‘ PBS E‘it itDay 3 2988.1 218.1 3 3893.6 101.9it itTreatment 11 91.3 6.7 11 314.4 8.2it it
Day x treatment 33 29.6 2.2 33 122.2 3.2
Residual 144 13.7 - 139 38.2 
**

significant at p= 0.01

4A.5. Seedling diseases and their managenent

In all the nurseries surveyed, no seedling diseases

were recorded either in seed beds or containers (Plate 6).
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PLATE 6. A View of the nursery bed of
A. odoratissima showing healthy seedlings.
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4B. LAGERSTROEMIA MICROCARPA



4B.1. Seed health testing methods

Most of the field and storage micro—organisms were re

corded in PDA, DE‘ and SB methods. A few micro-organisms

appeared in one or more methods such as Alternaria a1 ternata

was detected only by PDA and DF me_thods and Phomopsis sp. was

recorded only in PDA and MBA methods (Table 20). Interestingly

Curvularia Iunata which appeared in varying intensities ex

pressed poorly in MBA method. Fusarium solani was observed in

all the methods and its incidence in SB and 2,4-D methods was

higher than in other methods. Though a Gram (-) bacterium was

observed in all the methods, its incidence was signifi

cantly higher in SB and 2,4-D methods. The surface sterili

sation of seeds reduced the incidence of most of the field and

storage micro-organisme and A1 ternaria a1 ternata was com

pletely eliminated (Table 21). For the growth of most micro

organisms, SB method was the best followed by D}? and MBA

methods (Plate 7) .

4B.2. Seed microflora and their significance

4B.2.1. Dry seed examination

Seed examination showed the presence of apparently

healthy, discoloured, and discoloured and broken seeds (Plate

8). The occurrence of healthy seeds was a meagre 1095, followed
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Table 20. Percent incidence of spernnplane micro-organisms in
different seed health testing nethods on non-surface
sterilised seeds of L. nucrocazpa

Methods
Micro—organian

sa 2,4-0 05' PDA MEA

A1ternar1'aa1ternata(E'r.) 03* 03 0.33 2.03 03
Keissler

As'perg1'11usf1avusLink. 5.33 2.831’ 2.0313 1.33 3.033’

A. niger van Tieghem 5.031’ 7.03 1.33 3.533 2.03

Curvularia lunata 3.533’ 4.33 3.033 1.03 0.53
(Wakker)Bodijn

bFusar1'z1nso.lan.i(Mart.)Sacc. 4.033 7.3 1.53 1.03 1.03

l*Bnnon1'e11aechinata(Riv.) 0.83 3.03 5.033 1.03 0.33
Galloway b bPhanopsis sp. 03 03 03 10.5 2.0. . . bPenic1'111Lmc1tr1numThom. 11.5 1.33 5.03 2.03 2.03

bRhizopus oryzaeWent& 6.83) 3.03 5.0 1.03 0.83
Prinsen Geerligs.

sterile hyphae (black) 2.03 03 03 03 03
sterile hyphae (white) 03 03 0.03 03 03

abBacteriunGram (-1 11.53 6.3C 4.0 2.03 2.03

t
Mean values with the same superscript(s) do not differ
significantly at p = 0.05 (Row-wise corrparison)
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Table 21 . Percent incidence of spermoplane micro-organisna
in different seed health testing methods on surface
sterilised seeds of L. microcazpa

Methods
Micro-Organism

SB 2,4-D DF PDA MEA

Aspergillus flavus 3.3333 0a 1.5613 0a 0.53

A. niger 1.53 6.5b 0.03 0.03 0.53
Curvularia lunata 1.03 2.53 1.03 0.53 0.53
Fusariun solani 1.03 7.03 0.03 2.03 0.03
Msmnoniella echinata 5.33 03 1.53 03 03?

Phanopsis sp. 03 03 03 3.03 1.33
Penicillium citrinum 0.03 03 03 0.03 1.03

Rhizopus or_yzae 2.8b 2.8b 2.0b 0.83 0a
sterile hyphae (black) 0.03 03 03 03 03
sterile hyphae (white) 1.03 03 03 03 03
Bacterium Gram <—> 6.3b 5.53 03 03 0.53

*
Mean values with the same superscript(s) do not
significantly at p = 0.05 (Row-wise coltparison)

by discoloured seeds (24%) and broken seeds (6695).

differ

However ,

the weight of 100 seeds of these three categories did not

differ appreciably; the apparently healthy seeds weighed 325

ng, followed by 312.5 mg and 306.8 mg respectively for the

discoloured and broken seeds. The average weight of 100 seeds

of pooled sanple was 320 mg.
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PLATE 7. Lagerstroemia microcarpa; A, Growth
of various micro-organisms in blotter
method; B, Profuse growth of A. niger and
F. solani; C, A. flavus causing plumule rot.
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PLATE 8. Seeds of L. microcarpa showing
apparently healthy (A), discolored (B) and
discolored and broken (C) categories.
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4B.2.2. Incidence of micro-organism in different
categories of seeds

The incidence of various micro-organisms in apparently

healthy seeds was higher in non-surface sterilised seeds, as

conpared with the sterilised seeds. Surface sterilisation of

seeds eliminated coltpletely C. lunata and E’. solani. The %

germination of surface sterilised ‘seeds was 1195 as conpared

with 995 in non-surface sterilised seeds The percent inci

dence of micro-organisms in discoloured seeds was higher as

conpared with agparently healthy seeds. In this case also,

surface sterilisation eliminated both C‘. lunata and F. solani.

However, the germination 95 of seeds did not alter due to

surface sterilisation. Eleven micro-organisms were recorded

from non-surface sterilised seeds of discoloured and broken

seed category. In surface sterilised seeds the incidence of

micro-organisms was less in conparison to non-surface steri

lised seeds. The germination was only 595 in the case of non

surface sterilised seeds of discoloured and broken category as

conpared with 895 in surface sterilised seeds (E‘igs.9 & 10).

48.2.3. Pathogenicity studies

Delayed germination was noticed in treatments involv

ing A. flavus, C. lunata, Phomopsis sp., R. oryzae and

bacteria. No blighted and distorted seedlings were recorded in

any of the treatments (E‘ig.11). Fusariun solani was pathogenic
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to seeds of L. microcarpa. The seeds treated with F. solani

had a poor germination of 5% in conparison to 1395 in control.

The vigour index was 226, which was followed  292 for

A. niger and 335 for M. echinata. Other micro-organisns

tested were not pathogenic. Generally the shoot and root

lengths were not affected except for C. lunata and a bacterium

respectively (Fig . 12) .

4B.3. bhnagerent of seed microflora

4B.3.1. Hot water treatment

Seed germination was affected significantly by hot water

treatment. In 15 min. exposures at 50° and 60°C only 3 95 of

seeds germinated, while no seeds germinated in 30 min. expo

sures at both the texrperatures . Shoot and root lengths did

not show any significant reduction over control in all the

treatments (Table 22) .

Hot water treatment eliminated conpletely Curvularia

Iunata and Cladomriurn herbarum and incidence of E‘. solani

was reduced significantly in all the treatments. However,

other common storage fungi were not control led and they were

recorded in different intensities. Interestingly the incidence

of Penicilliun citrinum was higher in the case of seeds

treated with hot water than control (Table 23).
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Table 22. Effect of hot water treatment on 95 seed germination
and growth of seedlings of L. micnocazpa

50°C 60°CObservations Control
15 min. 30 min. 15 min. 30 min.

iGermination <9.) 33 03 33 0'3 11b
Shoot length (mm) 22.0” 03 17.ab 03 23.1b
Root length (Hm) l1.1b Oa 7.7b Oa '12.lb. b a b a cVigour Index (VI) 99.3 0 76.5 0 387.2
No .of micro-organismrecorded 5 6 7 6 10
t
Means values sugerscribed by the sane letter(s) do not differ
significantly at p = 0.05 (Rowdwise conparison).

4B.3.2. Chemical treatnent

Mancozeb was the most effective fungicide in bringing

about the highest vigour index followed by carboxin, MEIVC,

carbendazim and captan. Manoozeb recorded the highest shoot

length; however, shoot and root lengths recorded in most of

the treatments were not significantly different from the un

treated control (Table 24).
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Table 23. Effect of hot water treatment on the 96 incidence of
spermbplane micro-organisms of L. microcazpa

50°C 60°CMicro-organism Control
15 min. 30 min. 15 min. 30 min.

Aspergillus flavus 33* 23 23 03 13
A. nfgier o3 13 23 03 13
Chaetanium globosum 53 33 43 13 53
C1 adosporium herbarun 0a 03 0a 08 la
Curvularia lunata 03 03 03 03 13
Fusarium solani 43 53 43 13 113
Melmoniella echinata 23 13 23 13 33
Penicillium citrinum 133 353 2933 2733 2733

Rhizopus oryzae 0a 0a 0a 23 la
sterile hyphae 03 03 33 13 23
*Means values superscribed by the same letter(s) do not differ
significantly at p = 0.05 (Row-wise couparison) .
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Table 24. Effect of various seed dressers on germination and
growth of seedlings of L. microcarpa

Treatment Germi- :.1eh:2t  Vigour
nation length length index organisms1%) (um) (um) recorded

Captafol 33* 27.23 13.833 326.33 3
Captan 133 29.333 11.43 517.833 1
Carbendazim 113 30.033 15.133 518.533 5
Carboxin 113 31.433 20.23 577.23 4
Mancozeb 113 38.03 15.333 581 .03 3
MEMC 113 27.33 19.63 531.933 5
pens 103 28.533 15.233 402.833 4
Thiram 113 23.533 15.133 437.533 4
Control 103 25.73 15.033 441 .533 9
#

Mean values in a column with the same superscript(s) do not
differ significantly at p = 0.05

The incidence of various micro-organisms after fungi

cidal treatment is given in Table 25. Curvularia lunata was

arrested by captan, captafol, carboxin, thiram , MEMC, PC'NB,

mancozeb, while occurrence of F. solani was checked by captan.

Other conmon storage fungi recorded in various intensities are

also shown in Table 25. Captan was the best fungicide in eli

minating all the micro-organisms except a bacterium followed

by mancozeb and captafol.
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-no.9. aeeu storage and its inriuence on micronora,
seed germination and seedling developnent

4B.4.1. Incidence of micro-organisms

Incidence of microflora of treated seeds of L. micro

carpa stored for a period of 1-year is given in Table 26.

In control seeds most of the storage micro-organisms ob

served initially remained till the end of observations

except F. solani which was not detected after 180 days of

storage. The incidence of a species of Pestalotiopsis was ob

served on a few seeds stored for 90 days under dehumidified

conditions at room tenperature . In general the number of

micro-organisms recorded on seeds under dehumidified condi

tion was less as compared with "control" seeds. However,

coumon storage micro-organisua continued their presence even

up to 1-year of storage.

4A.4.2. Seed germination and seedling developnent

Generally, 95 germination gradually declined over

increased period of storage in all the treatments including

control. In most of the treated seeds, the initial germination

95 ranging between 8 to 1395 came down to 2 to 5 95 in a period

of 1 year. However, the seeds stored at 4°C - dehumidified

conditions recorded a germination of 795 at the end of 1-year

(Table 27). Prolonged storage decreased the vigour index.
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Table 26. Micro-organisls recorded on seeds of L. nicrocarpa stored for different

periods under various treatnents

Treatments Day-1 Day-90 Day-180 Day-365

Captafol 5.7.10‘ 5.7.10 5.7.10 2.7.8.9
Captan 10 10 10 10
Carbendazin 2.3.4.5.10 2.4.5.10 2.4.5.10 2.3.7.10

Carboxin 2.3.5.10 2.3.5.9 2.3.5.9 2.3.7.10

Hancozeb 2.5.10 2.5.10 3.5.10 2.3.7.10

MEHC 2.3.5.7,10 2.3.5.10 2.3.5.10 2.3.7.10

PCNB 2.3.5.10 1,2.3.5.10 2.3.4.5.10 2.3.7.10

Thiran 2.5.7.10 2.5.10 2.5.10 2.3.10
Dehunidified cond. 2.3.4.5.6. 1.2.3.5. 2.3.5.7.9 2.3.6.7
Roon temp. 7.8.10.11 8.9.12

Dehunidified cond. 2.3.4.5.6 4.5.9 4.5.7.9 3.6.7
4' C 7,8.10.l1
Control 2.3,4.5.6. 2.3.4.5 1.2.3.4.5. 2.3.4.6
(Plastic container) 7.8.9.10.11 6.7.9 6.7.9.10 7.8.9.10

Control 2.3.4.5. 2.3.4.5. 1.2.3.4.5 2.3.4.6.7
(cloth bags) 6.7.8.9.10 6.7.9.10 6.7.8.10 8.9.10.11

1. Alternaria alternata. 2. Aspergillus flavus. 3. A. niger.4. Curvularia lunata.
5. Fusariun solani. 6. Hennoniella echinata. 7. Penicilliun citrinun. 8. Rhizopus

oryzae. 9. sterile hyphae. 10. Bacterium. 11. Chaetoniun globosun. 12. Pestalo
tiopsis sp.

€28



mo.o u a pm maucmowmwcmflm umwwww uoc om. Amvumuuma mamm map ma umnahomumwmdm rE.HS.OO m ca mm3m> cmmzi
mm.~Hm mm.mmH mm.qmm gmH.~mq nmw mm mm nmofi .mmmn zuofio. Houucoo

.uo:fimu:oo oflummfim.

mm.nH~ mm.mmH mm.mmm nmm.H¢« nmw mm mm nmofl Honucoomo.wmm ono.noq mm.mmq nm~.nmm an nod awed nmoa Uofl .ccoo uoflmfloflenmo.93 Eoommo.om~ onmo.mnm ma.mom nmm.mom nmm mm mm nmaa .u:oo cmflmfluflssgmomo.oo~ onmv.mom mm.¢om nmm.~m¢ gum am» we nmaa pagansmm.mmH nmm.Ho~ mn.m~m nmm.oo« mm nmm an nmaa mzmmm mam onmm.mam mo.mmm nmm.Hmm saw gum mm amaa Huge;
mm.~mH om.omm mo.nmm no.Hmm nan nfifl «Ha nmaa gmuocmzmo.vmm onm~.~mm mo.mmm nmm.mflm nmm mm mm nmaa eanmucmnumum«.mmH oamm.moq mm.mo¢ nm.-m nmm nmm mm nmaa cfixonumo

o 0 0 o Sm

mo Hem onmm oaq mm omq gum mam nmm nod nmofi oma a mumo.mma nmH.mHm mn.m~q mm.omm mm nmm mm «mm Hommummo

mom-»ma omH-»ma omummo Huwma momummo omaumma om-»mo a-»mo

ucmaflmmue

AH>. xmcca usomfl> Aw. coflumcasumu

m...H~moQ.~o.§= zu mo xmwcw .§om._u> «Em

COHn~mCH.E.u0m. umxwm CO MCOHDHMEOO 0mm.HOu.m dram mumwmoho vwom m3OH.HN> NO uoouwm ohm manna.

99



Analysis of variance of data on 95 seed germination and

vigour index related to days of storage, treatment was

observed non significant (Table 28).

Table 28. Analysis of variance of germination and vigour index
of seeds of L. microcarpa stored for 1 year

Vigour Index Germination
Sources DF BBS F D? MSS F

Day 3 943.5 31.2" 3 472.3 34.7"
Treatment 11 33.4 2.9* 11 35.4 2.6*
Day x Treatment 33 20.3 0.7"‘ 33 8.0 0.6"”
Residual 144 30.2 - 144 13.6 
ti
*significant at p: 0.01

nssignificant at p= 0.05
non-significant

4B.5. Seedling diseases and their managenent

4B.5.1.Danping-off

4B.5.1.1. Occurrence

Post arergence danping-off of seedlings of L. microcarpa

was recorded in all the beds raised at Peechi during 1989

season. There were an average of 3-5 active danping-off

patches/standard bed (Plate 9A) .The disease was also recorded

100



in a few beds at Kurigadda of Haliyal Forest Division,

Karnataka. In Nilambur, seedlings raised in wooden trays,

suffered a heavy loss of ca. 3395 of the seedlings, due to

damping-off (Plate 9B) .

4B.5.1.2. Syrtptomatology and causal organisn

The disease appeared within 2 weeks after germination of

seeds and was seen in the form of irregular patches. A water

soaked constricted area appeared at the soil level causing the

seedlings to fall over. The causal organism was identified as

Rhizoctonia solani Kuhn state of Thana tephorus cucumaris

(E'rank.) Donk. IMI INK). 326295).

4B.5.1.3. Pathogenicity

Pathogenicity of the isolate was confirmed on 20 young

seedlings (2 to 4-week-old) raised in sterile soil, which were

transplanted in aluminium trays with infested soil. Fungal

growth was observed within 24 h on the soil and damping-off

was observed on the 4th day and all the seedlings died within

a week.

4B.5.1.4. In vitro evaluation of fungicides

Evaluation of fungicides in poisoned food method (PEM)

indicated that carbendazim and MEMC were the only fungicides

which gave ED100 at all the concentrations tested; carboxin,
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PLATE 9. A, View of the nursery bed of
L. microcarpa showing damped-off seedlings;
B, a close view showing the toppled seedlings.
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PCNB and thiram which gave > ED70 in all concentrations were

also included for evaluation under soil fungicide screening

Irethod (SFSM) . ED100 was achieved by carbendazim and MEMC, but

at the highest concentration of 0.2 9% and 0.02505?» a.i respec

tively. Carboxin was also effective in all the 3 concentra

tions but with an 3 ED70. In thiram 7095 inhibition was

achieved only at the highest concentration i.e. , 0.2% a.i.

(Table 29). In analysis of variance of data on 95 inhibition

related to fungicides and concentration for both the methods

separately indicates high significance (Table 30).

4B.5.1.5. Control measures

Small- scale field trials conducted at Peechi indicated

that pre sowing soil drench of seed beds with MEMC (0.006%

a.i.) was the best treatment in controlling the danping-off.

In the "Control" beds the mean number of active danping-off

patches was 4.33/bed, while the MEMC drenched beds did not re

cord any disease patches at all. The seed treatment with

captan and mancozeb was not effective as the seed bed treated

with them recorded 2.5 and 3.5 active patches/bed. In oonpari

son beds drenched with carboxin, carbendazim, fytolan and

thiram recorded low disease incidence as the mean nunber of

active danping-off patches was only 0.33/bed.
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Table 29. Evaluation of fungicides against R. solani causing
danping-off in L. microcazpa using various methods

Fungicide and % a.i. % inhibition over+contro1concentration PFM. SFSM
Captafol (Difoltan) 0.05 66.70.1 66.7 Not tested0.2 72.2
Captan (Deltan) 0.05 77.80.1 77.8 Not tested0.2 79.3
Carbendazim (Bavistin) 0.05 100 23.30.1 100 44.40.2 100 100
Carboxin (Vitavax) 0.05 86.7 72.00.1 88.9 76.80.2 88.9 80.7
Copper oxychloride 0.05 50(Fytolan) 0.1 77.8 Not tested0.2 77.8
Mancozeb (Dithane Mr45) 0.05 75.60.1 78.9 Not tested0.2 80.0
MEMC (Eknisan) 0.006 100 24.10.0125 100 30.00.0250 100 100
PCNB (Brassicol) . 5 77.8 9.6

81.1 21.1
83.3 27.8

Thiram (Thiride) 0 0 72.2 45.90 1 76.3 54.80.2 83.3 74.1
Ziram (Ziride) 0.05 61.10.1 66.7 Not tested0.2 66.7
t
Poisoned food method; +Soil fungicide screening method

104



Table 30. Analysis of variance of data on 95 inhibition of
R. solani causing damping-off in L. microcarpa

Poisoned food method Soil fungicide method
Source DE‘ MSS F DF NBS E‘it itTreatment 9 1373.3 12483.3 4 3852.6 535.5** itConcentration 2 325.2 2956.0 2 6997.6 972.7it itTreatment x 18 655.6 72.1 8 997.4 138.6
Concentration

Residual 60 0 . 11 - 30 7 . 2 -- 
ti

significant at p = 0.01

4B.5.2. Root rot

4B.5.2.1. Occurrence

Root rot disease was recorded in container seedlings

(ca. 3-5 months old) at Nilambur during 1989. This disease was

observed in a very less proportion (< 195) at Nilambur and was

not recorded in any of the seed bed/ container beds surveyed.

4B.5.2.2. Symptomatology and causal organism

Root rot caused slow wilting of seedlings. The initial

symptom was the change of pigmentation in top leaves from

normal green to light yellow Within a week the lower leaves

were also affected. In some cases even the root collar zone

was affected. Usually 3 to 4 month old seedlings were
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affected. Pythium middletonii Sparrow (IMI No. 326291) was

consistently isolated from the affected parts.

4B.5.2.3. Pathogenicity

Pathogenicity of the isolate was confirmed on 2- to 3

mnth-old seedlings. Fungal growth was observed the next day

on the soil surface and wilting was recorded on the 5th day.

Pbrtality of seedlings (ca. 8095) was recorded on the eighth

day .

4B.5.2.3. In vitro evaluation of fungicides

In-vitm evaluation of fungicides employing PE‘M indi

cated that MEMC and thiram were the best fungicides inhibiting

the radial growth of mycelium in all the 3 concentrations

tested. Captan gave ED100 only at two concentration of 0.1

and 0.295 a.i. while captafol, PCNB, ziram and copper

oxychloride inhibited 75-8795 of the radial growth of the

myceliun (Table 31). Analysis of variance of the data on 95 in

hibition related to fungicides, concentration and their inter

action were highly significant (Table 32).

Since this disease is not economically inportant in the

nurseries, no small scale field trial was attenpted.
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ing root rot of Ln ndcwocarpa using poisoned food method

Fungicides and % inhibitionconcentration % a.i. over control

Captafol (Difoltan) 0.05 83.90.1 84.80.2 85.6
Captan (Deltan) 0.05 86.70.1 1000.2 100
Carbendazim (Bavistin) 0.05 22.20.1 55.60.2 59.4
Carboxin (Vitavax) 0.05 2.60.1 22.60.2 55.6
Copper oxy chloride 0.05 87.2(Fytolan) 0.1 87.8002
Manoozeb (Dithane Mr45) 0.05 20.60.1 26.90.2 55.6
MEMC (Emisan) 0.006 1000.0125 1000.0250 100
PCNB (Brassiool) 0.05 78.10.1 80.00.2 85.9
Thiram (Thiride) 0.05 1000.1 1000.2 100
Ziram (Ziride) 0.05 75.90.1 83.30.2 86.7
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Table 32. Analysis of variance of data on 95 inhibition of
P. middletonii causing root rot in L. microcarpa

Source DE‘ IVES E‘
itTreatment 9 6500 . 3 1558 . 6
**Concentration 2 2224.9 533.5
itTreatment X 18 392 . 7 94 . 2

Concentration

Residual 60 4 . 2 
it

significant at p = 0.01
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4C. PTEROCARPUS MARSUPIUM



4C.1. Seed healt.h testing methods

Numerous micro-organisme made their appearance in cer

tain testing methods, while they were absent in others. In SB

and PDA methods 15 micro-organisms were recorded on non

surface sterilised seeds with varying incidence, followed by

MBA method with 10 micro-organisms, 2,4-D and DE‘ methods res

pectively with 9 and 8 micro-organisms (Table 33). Except MEA

method, actinomycetes were recorded in all other methods. The

incidence of A1 ternaria infectoria was significantly higher in

SB method, while it did not occur at all in 2,4-D DE‘ and PDA

methods. Aflrgillus ochraceus was recorded very frequently

in all the methods, and its incidence did not differ signifi

cantly . Botryodiplodia theobromae occurred in PDA, MBA and SB

methods, wherein it was not recorded in 2,4-D and DE‘ methods

Chaetomium globosum grew abundantly in 2,4-D, DE‘ and PDA

methods. Fusarium moniliforme var. internedium was observed

only in PDA and MBA methods. A Marasmius sp. was recorded only

in SB method. The incidence of M/rothecium roridun was the

highest in DE‘ method followed by SB, 2,4-D and PDA methods

while it was absent in MBA method. (Plate 10 & 11).

In the case of surface sterilised seeds, the number of

micro-organisme recorded was reduced to nine and the per

cent incidence was also less as compared with non-surface
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PLATE 10. Pterocarpus marsupium.
of actinomycetes and other
B, Growth of A. ochraceus and
infectoria
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PLATE 11. A,Trichurus spiralis;
B, Marasmius sp. growing on the
seeds of Pterocarpus mgrsupium.
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sterilised seeds. Even after surface sterilisation field

fungi like E’. moniliforme var. intermedium, M. roridum and

A. infectoria were recorded. The incidence of storage micro

organisms like Actinomycetes, various species of Awrgillus,

Chaetomium globosun, Cladosporiun herbarum, Memnoniel la ech1'

nata, Penicillium citrinum, Rhizopus oryzae and Trichurus

spiralis was less (Table 34) as conpared with non-surface

sterilised seeds. Among all the methods, PDA method appeared

to be the best in the expression of micro-organisns, followed

by DF, SB, 2,4-D and MEA methods, but high incidence of cer

tain micro-organisms also occurred in DE‘, SB and 2,4-D methods

(Table 34) .

4C.2. Seed microflora and their significance

4C.2.1. Dry seed examination

The seeds of P. marsupium could be graded into three

categories by dry seed examination (Plate 12). The percentage

occurrence of round and apparently healthy seeds was the

highest (55.5%) followed by discoloured seeds (27 9.) and small

and deformed seeds (17.5%). The weight of 100 seeds was the

highest in round seeds (77. 3 g), followed by discoloured

category (73.5 g) and small and deformed seeds (33.0 g). A

pooled sanple of 100 seeds weighed 67.4 g.
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Table 33. Percent incidence of spermoplane micro—organisms in
in different seed health testing methods on non
surface sterilised seeds of P. marsqpi um

Methods
Micro-organism

SB 2 , 4-D DF PDA MFA

tActinomycetes 54° 66° 96d 13b ()3
Alternaria infectoria E.Sinmons 40C 0a 0a 03 20b

Aspergillus candidus Link. 4b 03 0" 6b 0a
A. flavus Link. 8b 4b 03 22° 6b
A. niger van.Tieghem 4a 03 63b 22C 18bC
A. ochraceus Wilhelm. 36“ 44“ 62“ 443 34“
A. versicolor (Vuill.) Tiraboschi 0a 0a 06 2a 0a. . b b ~Hotryodiplodia theobromae Pat. .14 0a 0a 10 40b

Cladosporiwn herbarum (Pers.) 48¢ .l.2b ()3 ()8 1.8bC
I_..i.nk. ex Gray E .r.
(.‘haeLorn.i.um globosum Kunze. ()3 52b 40 ) 28b ()1

Fusarium moniliforme Sheldon (la 03 08 8b 18b
var. intennedium Neish & Leggett b b <. ' _l’Memnoniella echinata (Riv.) 8 10 03 2d 16)
Galloway b . .Marasmius sp. 10 0d ()a 0d 0a

bIwrotheciwn roridum Tode: Fr. 38C 12b 42C 8 0a

Penicillium citrinum Thom. 03 03 43 2a 43
Trichothecium roseum (Pers.) 43 0a 0a 08 (la
Link.ex Gray . . 1' , t I .' .''1'r.1'churus spiralis Hasselbr. 14 ) 12 ) 18 ) ()i ()ib b a . b bRhizopus oryzae Went & 50 50 1.2 32 42
Prinsen Geerligs b ,sterile hyphae (black) 4 03 05‘ za 03
fiMean values superscribed by the same let;ter(s) do not
differ significantly at p = 0.05 (Row—wise comparison)



Table 34. Percent incidence of sperrmplane micro-organistra
in different seed health testing methods on
surface sterilised seeds of P. marsupiun

Methods
Micro-organisms

SB 2,4-D DF PDA MEA

Actinomycetes 2ob°* 32° 2ob° ab 0“
A1 ternaria infectoria 20b 0a 0a 0a 8b
Aspergillus candidus 0a 03 43 23 03‘
A. flavus 23 68‘ 22b 10a 23
A. niger 23 03‘ 13b 10b 10b
A. ochraceus 22”’ 32° 42° 16ab 14a
Botryodiplodia theobromae 43 03 0" 10b 18b

Chaetomium globoswn 03 18b 26b 10ab Oa
c1adomz-mu herbarum 24b 23 0a 03 145*’
Fusarium moniliforme 0a 0a 0a 6b 8b
var. intermedium

Memnoniel 1a echinata 0'3 ab 0“ 2'3 16°
Dyrothecium roridum 14'” 5b ab 03 0a
Penicillium citrinum 0a 05‘ 0*’ 2a 0a
Rhizopus oryzae 33° 20b 08 14b 141°
Trichurus spiralis 4b 03 6b 03 03
sterile hyphae (black) 05‘ 03 ab 23 03
‘Mean values superscribed by the same letter(s) do not
differ significantly at p = 0.05 (Row-wise conparison)
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PLATE 12. Seeds of P. marsupium showing
apparently healthy (A), discolored (B) and
small and discolored (C) categories.
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4C.2.2. Incidence of micro-organisms in different
categories of seeds

In round and apparently healthy category of seeds, 13

micro-organisms were detected in non-surface sterilised seeds,

while only 10 occurred in surface sterilised seeds. Gene

rally the incidence of various micro-organisms was higher in

non-surface sterilised seeds as compared to surface sterilised

seeds. A total of 14 micro-organisms were recorded on non

surface sterilised discoloured seeds while only 11 micro

organisms were detected on surface-sterilised seeds. The inci

dence of Actinomycetes, A. ochraceus, C. herbarum, AM.

noridum and R. oryzae was higher in this category as com

pared with apparently healthy seeds. Surface sterilisation

greatly reduced the incidence of most of the micro-organisms

Although a number of micro-organisms detected in small seeds

did not differ much as compared with other categories, the in

cidence of various micro-organisms was higher. Micro

organisms which showed higher incidence were Actinomycetes,

A. infectoria, Aspergillus spp., B. theobromae, C3 herbarum,

AL roridum, T. spiralis and R. oryzae (Figs.13 & 14).

4C.2.3. Pathogenicity studies

In general, the viability of seeds of P; .marsupium

collected from the Peechi Range was poor with only 24%

of seeds germinated in control. Seeds inoculated with
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Fig.13. Percent incidence of spennoplane micro—organisms on non-surface sterilised seeds and % seed germination in different categories of seeds of P. marsqpiwn.

1. Actxnoaycetes, 2. Altcrnaria infectaria,3. Aspergillus candidus,4. A. f1avus,5. A. n1ger,6. A. ochraceus,7. A. versicolor, 8. Botryodlplodia theobronae, 9. Cladosporiam herbarua, 10. fiara

51193 sp., 11. Hyrotheciun roridun, 12. Trichotheciu: roseun

13. frxcburus spiralis, 14. Rhizopus oryzae, 15. sterlle hyphae !black). 16. % seed gerlination
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Fig.14. Percent incidence of spermoplane micro-organisms on surface sterilised seeds and 5% seed germination in different categories of seeds of P. marsnpiwn.

1. Actinonycetes, 2. Alteraaria infectoria,3. Aspergillus cand1'dus,4. A. f1avus,S. A. niger,6. A. ochraceus,7. A. versicolor.

'8. Botryodiplodia theobronae, 9. Cladosporiun herbann, 10. Harasnus sp.. 11. Hyrotheciua roridul, 12. Tricbatbeciaa rosecm ,

13. fricburus spu-alis, 14. Rhizopus oryzae, 13. sterfle hypbae (black). 15. 2 seed gernnatzon



A. flavus, B. theobromae and F. moniliforme var. intermedium

showed reduced seed germination in the range of 4 to 8 %.

Delayed germination was observed in seeds treated with

Aspergillus niger, A. ochraceus, C. globosum and Trichurus

spinalis (Fig. 15) and decay of seeds (2%) was recorded when

treated with Fusarium .moni1ifbrme var. intermedium. Shoot

length was considerably reduced in the seeds treated with A.

flavus and A. ochraceus, while it was enhanced in the case of

T3 spinalis (Fig.16 A). In other treatments the shoot length

did not differ appreciably as compared with control seedlings.

B. theobromae and A. niger reduced the root length consider

ably in comparison with control seedlings (Fig.16 A), while it

was slightly higher in treatments of A. infectoria and AL

roridum. The vigour index of control seedlings and seedlings

under treatments of A1 ternaria infectoria and C. globosum did

not differ appreciably, while the vigour index of the

seedlings in treatments of A. flavus, B. theobnomae and

F. moniliforme var. intermedium was very low (Fig. 16 B).

However, the vigour index of other treatments which was lower

as compared with control did not differ among each other.
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MICRO-ORGANISMS

Effect of various micro-organisms on seed germination and seedling

esnerxgewxzea cnf £9. nza113Lq3iLnn.Fig.15.

1. Alternaria xnfectoria, 2. Aspergillus flavus, 3. A. niger, 4. A. ochraceus, S. Botryodiplodia theobromae, 6. Chaeton1un

globosul, 7. FUSJIIUI lonxliforne var. lntermediun, 8. Myratheczum roridun, 9. Trichurus spiralis 10. Rhizopus oryzae,

11. Control.
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4CoJo Management 011 88% l't|1CI'Of.lOI’a

4C.3.1. Hot water treatment

The germination was significantly reduced in the treat

ments of 50°C and 60°C for 30 min., as compared with other

treatments and control (Table 35). The shoot length did not

differ significantly in any of the treatments, while the root

length was significantly higher in treatments of 60°C-30 min.

followed by treatment of 50°C-30 min.; The vigour index was

significantly reduced in treatments of 50° and 60°C for 30

min.

Table 35. Effect of hot water treatment on seed germination and
growth of seedlings of P. marslqaium

50°C 60°C ControlObservations Control
15 min. 30 min. 15 min. 30 min.

*Germination <22) 22b° 103 26° 12” 26°
Shoot length (mm) 51.53 49.75‘ 57.05’ 57.33 52.73

abRoot length (mm) 29.031’ 38.6b 31.3 52.6’ 25.13
-b

Vigour index (VI) 1710.01” 836.98 2226.6 1269.3a 2o12.7b

No. of micro- 5 5 9 10 13
organism recorded

t
Mean values with the same superscript(s) do not differ
at p = 0.05 (Row-wise comparison)
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The number of micro-organisms developed on hot water trea

ted seeds were less as conpared to control (Table 36).

Table 36. Effect of hot water treatnent on the 95 incidence of
spermoplane micro-organisms of P. marsupiun

50°C 60°CMicro-organism Control
15 min. 30 min. 15 min. 30 min.

Actinomycetes 48a 56b 68b 286 100°
Alternaria infectoria 03 0“ 0'3 03 16b
Aspergillus candidus 0a 03 ea 4“ 72'’
A. flavus 43° 44° 0'3 55‘ 24b
A. niger 45‘ 20b ? ea 03 12b
A. ochraceus 0a 4a 24b 8a 72c
Botryodiplodia 0a 0a 03 03 12b
theobromae

Chaetamium globosum 0a 0a 64b 66b 08
Cladomrium herbarun 0a 0a 32b 85c 88c
Eusarium moniliforme 12b 0a 0a 4a 12b
var . intermedium

Metmoniel 1a echinata ca 03 43b Bob 03
Myrothecium roridum 03 0'3 0“ 03 12b
Penicillium citrinum ()3 0a 03 05‘ 12b
Rhizopus oryzae 16a 403 16a 10a 88b
Trichurus spiralis 03 03 ea 52b 36b
t
Mean values with the same superscr'1pt(s) do not differ
at p = 0.05 (Row-wise couparison)
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The incidence of field fungi like A. infectoria, B. theobramae

and M. roridum was coupletely inhibited in all the treatments.

Interestingly high incidence of storage fungi like C; globosum

and M. echinata which were not recorded on control seeds was

observed on seeds treated at 60°C for 15 and 30 min.

4C.3.2.(fiEmfical'En§nmnmt

Captan was the most effective fungicide having the high

est vigour index of the seedlings followed by thiram,

captafol, MEMC and carboxin(Table 37) . The % seed germination

and shoot length in the above treatments were significantly

higher when compared with control, while this was not the case

with the root length. The shoot length in other treatments was

not significantly different from control (Table 37) but the

root length in the treatments, viz., carbendazim, mancozeb,

PCNB was significantly lower as compared with control.

All the fungicides were effective in reducing the number

of micro-organisms from 13 in control to 0 to 4 in various

treatments (Plate 13). A1 ternaria infectoria and B. theobranae

were inhibited conpletely in all the treatments. Though

M. roridum was detected only on seeds treated with PCNB its

incidence was significantly lower than in control. Eusarium

nnnilifonne var. intemnediwn was recorded in seeds treated

with captan, mancozeb and carboxin; its incidence was signifi

cantly higher in carboxin treated seeds.
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Table 37. Effect of various seed dressers on 95 seed germination
and growth of seedlings of P. marsupiun

Germi- Mean Mean No . of
Treatment nation shoot root Vigour micro

(93) lengthhtm) lengthutm) index organism:
recorded

Captafol 38b* 70.6de 38.8d 4133.5°d 3
Captan 42° 77.88 39.od 4814.0d 2
Carbendazim. 253 42.86 23.6ab 1659.8a 2

C
Carboxin 35b 54.6b° 37.6d 3213.1° 3
Mancozeb 253 46.6ab 21.73 1694.53 3
MEMC 38b 6o.4° 34.o°d 3539.2°d 0
pens 34ab 57.9° 2e.1b° 29oe.7ab° 2
Thiram 40b 64.1°d 39.8d 4145.9°d 4
Control 24“ 43.ea 37.2d 1923.9ab 13
*

Mean values in a column superscribed by the same letter(s)
do not differ significantly at p = 0.05.

Actinomycetes were not controlled by captafol, carbendazim,

carboxin and thiram treatments but their incidence was much

lower than in control seeds. Most of the other storage fungi

were more or less completely arrested except for A. flavus, A.

candidus, C. herbarum and R. oryzae which made their erratic

agpearance on some treated seeds (Table 38).
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4C.4. Seed storage and its influence on microflora,
seed germination and seedling development

4C.4.1. Incidence of micro-organisms

The incidence of micro-organisms on treated seeds of

P. marsupium stored for various period is given in Table 39.

It was observed that most field fungi like M. roridwn, F.

mzmiliforme were either reduced or eliminated as the period of

storage increased. In most of the seeds treated with fungi

cides, only storage fungi like Afirgillus spp., Rhizopus

oryzae, Penicillium citrinum and Cladosporium herbarum sur

vived. On seeds stored under dehumidified conditions, there

were fewer micro—organisms than in control seeds. Penicillium

citrinum and Chaetomium globosum appeared on seeds in non

fungicidal treatment

4C.4.2. Germination and seedling development

As the storage period increased the germination of seeds

gradually decreased and reached a mininum of 3-10% by the end

of 1 year in all the treatments except in PCNB and dehumidi

fied conditions at 4°C where the 95 seed germination was ca.

13'-1695. Interestingly the seeds stored under dehumidified

condition at room tenperature also gradually lost the viabi

lity, and the 95 germination was not significantly different

from control. The % germination of seeds stored in cloth bags
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and plastic containers did not differ significantly. The

vigour index of seeds treated with carbendazim, MEMC, thiram

and seeds kept under laboratory conditions declined

significantly at the end of 1 year of storage (Table 40).
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Table 39. Hicro-organisls recorded on seeds of P. larsupiul stored for different
periods under various treatlents

Treatments Day-1 Day-90 Day-180 Day-365

t

Captafol 1.13.15 1.3.4.5.6.13 1.2.4.5.6.13 1.4.5.13

Captan 13.15 2.8.11 2.8.11.13 4.5.13
Carbendazin 1.13 1.2.8.13 1.2.8.13 2.4.5.13

Carboxin 1.15 1.2.3.4.5 1.2.4.5.8.13 1.4.5.13

Mancozeb 4.13.15 5.6.11.14 1.3.4.6.13.15 1.4.6.13

HEMC Nil 2.13 2.13 4.5.13
PCNB 8.11 1.2.4.5.8.15 1.3.4.6,8.15 1.4.5.6

Thiran 1.3.8.13 1,3.4.5.6 1.3.4.6. 4.5,6.8.13

Dehunidified cond. 1.2.3.4.5.6. 1.2.4,5.13 3.4.5.6.8. 1.3.4.5.6
Rool temp. 7.8.9.11.12. 16.17 13.15 8.11.13

13.14.15

Dehunidified cond. 4°C. 1.2.3.4.5.6 1.2.6.8, 1.2.3.5.6 1.2.4.5.8.
7.8.9.11.12. 15.17 17
13.14.15

Control (Plastic- 1.2.3.4.5.6 1.2.3.4.5 2.3.4.5.6 4.5.6.12.
containers 7.8.9.10.11. 6.8.11.13 8,11,13,15 17

12.13.14.15

Control (Cloth bags) l.2.3.4.5.6 1.2.3.4.5 1.2.3.4.5.6 1.3.4.5.6
(Cloth bags) 7.8.9,11.12 6.8.9.11.13 7,9,10,13,17 10.11.13.17

13.14

1. Actinonycetes. 2. Alternaria infectoria. 3. Aspergillus candidus, 4. A. flavu:
5. A. niger. 6. A. ochraceus. 7. Botryodiplodia theobromae. 8. Cladosporiur
herbaruu. 9. Hennoniella echinata. 10. Marasnius sp.. 11. Myrotheciun roridua
12. Trichurus spiralis. 13. Rhizopus oryzae. 14. sterile hyphae. 15. Pusariun
noniliforne var.intermediul 16. Chaetoniun globosun. 17. Penicillin: citrinun

1.31)
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Analysis of variance of data on germination 95 and vigour

index related to days of storage and different treatments in

dicated that a significant interaction was present (Table 41).

Table 41. Analysis of variance of germination and vigour
index of seeds of P. marszqaium stored for 1 year

Germination Vigour index
Sources

DE‘ PBS F DE‘ MSS Fii ktDay 3 3165.5 199.4 3 6199.5 175.0** tiTreatment 11 251.5 15.8 11 597.2 16.9it it
Day x treatment 33 55.5 3.5 33 191.1 5.4
Residual 144 15.9 - 135 35.4 —
it

significant at p = 0.01

4C.5. Seedling diseases and their management

4C.5.1. Collar not

4C.5.1.1. Occurrence

A few seedlings (< 1%) of less than 2-month-old were found

to be affected with a collar rot disease during May 1988 in a

nursery maintained at Peechi The disease was also recorded

in a few container seedlings (less than 2-month-old) during

June 1988 kept for transplanting at Kurigadda of Haliyal

Forest Range and Division, in Karnataka State .
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4C.5.1.2. Synptomatology and causal organism

‘Water soaked lesions appeared in the collar region which

develop into necrotic area Subsequently the affected tissue

decayed, causing a constriction at the collar region and the

seedlings toppled. Young seedlings of < 2- month- old were

usually found infected with collar rot disease. Rhizoctonia

solani Kuhn state of Thanatephorus cucumeris (Frank) Donk (IMJ

328621) was consistently isolated fromithe affected seedlings.

4C.5.1.3. Pathogenicity

Pathogenicity of the isolate was confirmed using 2

rronth-old healthy seedlings of P. marsupium. On the 3rd day

mycelium was observed growing on the root collar zone which

caused water soaked lesions. 1‘;pjcal synptone of collar rot

appeared from.5th day onwards and ca. 80% of the test seed

lings were toppled.

4C.5.1.4. In vitro evaluation of fungicides

In poisoned food method, carboxin, carbendaznm, and

MEMC were found effective at all the concentrations tested,

while ED 100 for PCNB and thiram was obtained at concentra

tions of 0.1% and 0.2% a.i. (Table 42).The above mentioned

five fungicides were further evaluated using soil fungicide

screening method. However, in this method it was found that

conplete inhibition over control was achieved by MEMC and car

boxin in two higher concentrations whereas carbendazim gave

EDIOO only at 0.2%(a.i.).
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Table 42. Evaluation of fungicides against R. solani causing
collar rot off in P. marsupiun using various methods

Fungicides and
concentration PFM

95 Inhiyition over control+
SFSVI

Captafol (Difoltan)

Captan (Deltan)

Carbendazim (Bavistin)

Carboxin (Vitavax)

Cogper oxychloride
(Fytolan)

Mancozeb (Dithane M-45)

MEMO (Emisan)

PCNB (Brassicol )

Thiram (Thiride)

Ziram (Ziride)

100
100
100

Not tested

Not tested

58.1
79.6
100

5903
100
100

Not tested

Not tested

Not tested

#Poisoned food method; fsoil fungicide screening method



In analysis of variance of data on % inhibition related

different fungicides and concentration for both the methods

separately indicates highly significant interaction (Table

43).

Table 43. Analysis of variance of data on 95 inhibition of
R. solani causing collar rot in P. marsupiun

Poisoned food method Soil fungicide method
Sources

DE‘ MSS E‘ DE‘ MSS E‘it itTreatment 9 2178.3 881.9 4 9726.2 989.9it itConcentration 2 433 . 3 175 . 4 2 4361 . 3 443 . 9it itTreatment x 18 86.0 34.8 8 383.4 39.0
Concentration

Residual 60 2 . 5 - 30 9 . 8 —
it

significant at p = 0.01

Since this disease was neither serious nor a common one,

no chemical control field trials were conducted

4C.5.2. Seedling blight

4C.5.2.1. Occurrence

Seedling blight disease was recorded in ca. 2to3
rtnnth-old seedlings in all the nursery beds raised at Peechi
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during 1989. The diseases was noticed during late June and it

continued till October end. Thereafter the incidence of the

disease gradually declined , as the plants grew old and

sturdy. Initially the incidence of the disease was 15.4%,

which increased to 32.3% in July, 32. % in August and then de

creased to 3.8% and 3.3% respectively in September and

October. The seedling blight disease was not observed in any

of the nurseries surveyed in Karnataka during June 1988.

4C.5.2.2. Synptomatology and causal organism

Initially, small brownish-yellow spots appeared in con

centric rings on the lamina of young leaves. These spots later

enlarged in size and coalesced to form.large necrotic areas

(Plate 14) which sometime covered nearly 2/3 of the lamina.

The infection spread rapidly through contact and rain splash.

The diseased leaves were shed causing premature defoliation.

Occasionally stem infection was also observed in some cases

and such seedlings dried up soon. On the affected leaves and

stem small off-white sclerotia developed. Sclerotium rolfsii

Sacc. (IMI No. 3536504) was consistently isolated from the

affected parts .
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PLATE 14. Pterocarpus marsupium. A, View of
the nursery bed; B, Initial leaf spots of
leaf blight disease; and C, blighted seed
lings caused by Sclerotium rolfsii.

137



4C.5.2.3. Pathogenicity

Pathogenicity of the isolate was confirmed by inoculat

ing ten 6 to 8- week-old seedlings of P. marsupium. Young and

mature leaves were inoculated by placing a sclerotium in a

drop of sterile water. Ten seedlings were also inoculated with

5-10 sclerotia around the root collar zone in soil and incu

bated as mentioned under 3.7.7. In the latter case none of the

seedlings developed infection . However, sclerotia placed on

the young and mature leaves germinated and caused leaf blight

within 5 to 7 days and seedling blight after 15 days.

4C.5.2.4.In vitro evaluation of fungicides

All concentrations of carboxin and thiram were found in

hibitory while MEMC, PCNB and captan were effective only at

higher concentrations. The efficacy of these fungicides (Table

44) was further tested using soil method, in which thiram and

carboxin were found to be very effective While MEMC was

effective with an ED100 at the concentration of 0.0125 95 and

0.02595 a.i. PCNB and captan were not effective (Table 44).

In analysis of variance of data on 95 inhibition related to

fungicides and concentration for both the methods separately

indicates highly significant interaction (Table 45).
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Table 44. Evaluation of fungicides against S. nolfsii causing
seedling blight in P. marsupiun using various methods

Fungicides and 95 a.i. 9% inhiyition over controlconcentration PEM SFSM
Captafol (Difoltan) 0.05 48.50.1 74.5 Not tested0.2 77.0
Captan (Deltan) 0.05 75.2 00.1 87.2 40.70.2 100 50.0
Carbendazim (Bavistin) 0.05 00.1 47.8 Not tested0.2 81.3
Carboxin (Vitavax) 0.05 100 1000.1 100 1000.2 100 100
Copper oxychloride 0.05 0(Fytolan) 0.1 0 Not tested0.2 18.5
Mancozeb 0.05 34.8

0.2 61.1
MEMC (Eknisan) 0.006 82.4 81.50.0125 100 1000.0250 100 100
PCNB (Brassicol) 0.05 84.6 13.00.1 100 16.70.2 100 22.2
Thiram (Thiride) 0.05 100 1000.1 100 1000.2 100 100
Ziram (Ziride) 0.05 27.80.1 60.0 Not tested0.2 70.0

‘Poisoned food method; +Soil fungicide screening method
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Table 45. Analysis of variance of data on % inhibition of
S. nolfsii causing seedling blight in Pzlmarsupium

Poisoned food method Soil fungicide method
Source DF MSS F DE‘ MSS F** itTreatment 9 9046.5 264.1 4 15103.1 3669.7** **Concentration 2 4937.3 144.1 2 1023.4 248.7ti **Treatment x 18 470.6 13.7 8 376.9 91.6

Concentration

Residual 60 34.4 - 30 4.1 
#*

significant at p= 0.01

4C.5.2.5. Control measures

Pilot scale field trials conducted during 1990 at Peechi

indicated that pre-sowing soil drenching of carboxin (0.2%

a.i.) or thiram (0.2% a.j.)or MEMC (0.0125% a.i.) was most

effective in controlling this disease. Control seed beds had

an initial disease incidence of 10% in June which increased to

16.4 % during July-August. In another treatment where the

seeds were dipped in various fungicides the disease appeared

late in July only in the treauments of captan (0.3% a.i.) and

mancozeb (0.3% a.i.) where the disease incidence was 9.7 and

6.9 % respectively. However, drenching of seed beds with car

bendazim (0.2% a.i.) and PCNB (0.2% a.i.) was not effective

and disease incidence of 7.7% and 8.2% was observed during

June itself.
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4D.1. Seed Health testing methods

Among the five different seed health testing methods,

the standard blotter method was found superior to others, in

the expression of most of the spermop‘lane micro-organisms in

both surface sterilised and non-surface sterilised seeds of

Xylia xylocarpa (Table 46 & 47). Actinomycetes expressed on

non-surface sterilised seeds in SB, 2,4-D and DF methods

whereas on sterilised seeds only in DF method. Eusarium‘pa11i

donoseum was detected on non-surface sterilised seeds in all

methods except MEA.method while on surface sterilised

seeds also, it was not detected in MA method. Except DF

method, Aspergillus f1avus'was recorded in higher percentage

in all the methods on non-surface sterilised seeds; its occur

rence on surface sterilised seeds in all the methods was not

significantly different fromieach other. In SB and MEA methods

the incidence of Rhizqpus oryzae and Penicilliumicitrinum ‘was

significantly different fromiother methods while the expre

ssion of R. oryzae in SB method was significantly different

involving surface sterilised seeds. Chaetomium globosum» which

was detected in SB and PDA methods on non-surface sterilised

seeds could not be detected by any of the other methods on

surface sterilised seeds. The incidence of Cdadosporium her

barun on non-surface sterilised seeds by SB method was signi

ficantly higher than that of other methods.
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Table 46. Percent incidence of spermoplane micro-organisms in
different seed health testing methods on non-surface
sterilised seeds of X. xyloaarpa

Methods
Micro-organism

SB 2 ,4-D DF PDA MBA* bActinomycetes 2a 2a 7 0a 0a
abAspergillus flavus Link. 101°C 18b° 23 5 21°b bA. niger van Tieghem 15b 15 1a 6a 19

A. ochraceus Wilhelm 03 15‘ 1'’ 03 05‘
A. versicolor 0a 0a 1a 0a la
(vuil1.) Tiraboschi

Chaetomium globosum Kunze. 2a 0a 0a 3a 0a
Cladosporium herbarum 18b 73 5" 25‘ 53
(Pers.) Link. ex Gray b bFusarium pallidoroseum 23 9 2a 6 0a
(Cooke.) Sacc.

ab ab abPenicillium citrinum Thom. 15° 6 3 5 12°
bRhizopus oryzae 40b 73 6a 118 29

Went & Prinsen Geerligs

Trichoderma sp. 03 2a 1a 03 ca
Trichothecium roseum la 0a 0a 0a 03
(Pers.) Link. ex Gray

sterile hyphae (white) 23 03 0a 1a 1“
Bacterium Gram <-) 5b 0a 1a 13 18‘
t
Mean values superscribed by the same 1etter(s) do not differ
significantly at p = 0.05 (Row-wise comparison).



In general, surface sterilisation of seeds reduced the

incidence of surface-borne saprophytic organisms like Actino

mycetes, A. flavus, A. niger, C. herbarum, P. citrinum, and R.

oryzae. Low incidence of Phomqpsis sp., which was not detec

ted on non-surface sterilised seeds in any of the methods, was

recorded only on sterilised seeds by PDA method (Table 47).

Table 47. Percent incidence of spermoplane micro-organisms in
different seed health testing:methods on surface
sterilised seeds of X. xylocarpa

Methods
Micro-organism

SB 2 , 4-D DE‘ PDA MEA

Actinomycetes 0a 03 5b 0a 0a
Aspergillus flavus 5a 3a la 3a 4a
A. niger 7b 3ab la la lab b b bCdadbsporium herbarum* 5 0a 2 2 2b b bEusariumypallidbroseum 2a 4 3 3 0a
Penicillium citrinum 43 0a 3a 3a 23
Phomopsis sp. 0a 05‘ 03 3a 0a

bRhizqpus oryzae 10 4a 4a 3a 2a
bBacterium Gram (-) 7b 3a la la la

*

Mean values with the same superscript(s) do not differ
significantly at p = 0.05 (Row-wise comparison)
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4D.2. Seed microflora and their significance

4D.2.1. Dry seed examination

The dry seed examination revealed the presence of appa

rently healthy, discoloured, and discoloured and shrivelled

seeds (Plate 15). The percent occurrence of apparently healthy

seeds was the highest (50.6%) followed by discoloured (28.6%)

and shrivelled (20.8%) seeds. The weight of 100 seeds was

also higher in apparently healthy seeds (40. 1 g), followed by

discoloured seeds (27.2 g) and shrivelled seeds (20.5g), while

the 100 seed weight of pooled sanple was 31.8 g.

4D.2.2. Incidence of macro-organisms in different
categories of seeds

In apparently healthy seeds the incidence of various

macro-organisms varied from 1-30% incidence of R. oryzae~was

the highest. From non-surface sterilised seeds only nine

udcro-organisms were recorded, while only five occurred on

surface sterilised seeds. The percent germination of appa

rently healthy seeds was higher as compared to other cate

gories of seeds in SB method. Discoloured seeds harboured

twelve species of micro-organisms on non-surface sterilised

seeds, whereas only nine species were detected on surface

sterilised seeds. The highest incidence (38%) was recorded by

R. oryzae. A total of fourteen species of micro-organisms
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PLATE 15. Seeds of Xylia xylocarpa showing
apparently healthy (A), discolored (B) and
shrivelled (C) categories.
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were recorded on shrivel led category of seeds varying in in

cidence from 2% -40% Botryodiplodia theobronae, not detec

ted in any of the other categories, was recorded on non

surface sterilised seeds of this category (E‘igs.17 & 18).

4D. 2 . 3 . Pathogenicity studies

The effect of various micro—organisms on seed germina

tion, seedling developnent, shoot and root lengths, and vigom

index is given in Fig. 19 & 20. The percent seed germinatior

was reduced from 5995 in untreated control to 18%, when the

seeds were inoculated with spores of A. flavus which causee

suspected radicle decay symptoms (Plate 16). However, the per

cent reduction in germination by other micro-organisms rangee

between 17 to 3496. Bacterium Gr_'~m(-), C. herbarum and F. pal

lidoroseum caused the maxinum distortion of seedlings. Delay

in seed germination was noted in seeds treated wit}

P. citrinum, A. flavus, A. niger and R. oryzae (Fig.19). Rhi

zopus or_yzae grew on treated seeds as well as on soil anc

caused seed decay. Profuse growth actinomycetes was alsc

noticed on the seed coat (Plate 17). However, none of the

micro-organisms tested caused any lesions on cotyledons anc

blight of seedlings. Shoot and root lengths were considerabl)

reduced in seeds treated with A. flavus. However, root lengtl

was slightly higher in seeds treated with R. oryzae, while the
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PLATE 16. Xylia xylocarpa. A, Profuse growth
of A. flavus on a seed; B, An emerging seed
ling showing radicle decay
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Profuse growth of Rhizopus cryPLATE 17. A,
Actjnomycetes growing on the seedzae and B,

coat of X. xylocarpa in a nursery.
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MICRO-ORGANISMS

Fig.19. Effect of various micro-organisms on seed germination and seedling

¢anI2113enacxe cxf Jr. xgzlcncztqgxa.

Aspergillus flavus, 2. A. niger, 3. Cladosporiul herbarul, 4. Fusariul pallidoroseun, 5. Penicillin: citrinun,

6. Rbizopus oryzae, 7. Bacter1u| Gran I-D, 8. Control.1 .



shoot length was less as compared with control. In other

cases root length did not show much difference, although the

shoot length did change. Vigour index was the lowest in seeds

treated with A. flavus, followed by C. herbarum, E3 pallidbro

seum, R. oryzae, bacteria, A. niger and P. citrinum (Fig. 20).

4D.3. Management of seed.microflora

4D.3.1. Hot water treatment

The germination percentage of the seeds subjected to hot

water treatment at 50°C for 30 min. and 60°C for 15 and 30

min., was significantly lower from untreated control and

treatment of 50°C- 15 min. The shoot length increased

considerably as compared with untreated control in treatments

involving 50°C-15 min., 60°C-30 min., while the root length

was observed significantly higher in treatment at 60°C-30

min. and 60°C-15 min. The vigour index in various treatments

did not show significant difference except the treatment of

50°C-30 min. (Table 48). Hot water treatment at different

temperature did induce sloughing-off the seed coat.
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A. flavue   j
A. nlger

C. herbarum

F. pallldoroaeumP. cltrlnum.\\\\
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H. oryzae

A. flavus

A. nlger

C. herbarum

F. pallldoroseum

P. cltrlnum
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B
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Fig.20. Effect of various micro-organisms on shoot
and root lengths (A); SK-‘.0d genninéation and vigour‘
index (8) of X. xylocarpa.
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Table 48. Effect of hot water treatment on seed germination
and growth of seedlings in X. xylocarpa

50°C 60°CObservations Control
15 min. 30 min. 15 min. 30 min.

Germination <9.) 52” 383 353 38a‘ 58b
Shoot length(mn) 125.5ab 77.28‘ 117.9ab 145.51’ 1175*’a a b b aRoot length.(nnU 44.4 57.3 89.8 93.9 49.9
Vigour index(VI) 8782.7b 5174.5a 7433.5b 9007.2b 9306.lb

No. of microorganism recorded 4 2 4 2 9
*

Mean values superscribed by the same letter (s) do not
differ significantly at p = 0.05 (Row-wise comarison)

The number of micro-organisms developed also reduced

from nine in control to two to four in different treatments

(Table 49). However, R. oryzae and A. flavus maintained their

high incidence in most of the treatments. Incidence of Rhizo

pus oryzae was not significantly different except in treat

ments of 60°C - 30 min. and control. Surprisingly E3 pa11idb

noseum was not suppressed both in control and 50° - 15 min.,

while it was completely inhibited in other treatments. The

incidence of A. niger was inhibited only in treatments of 50°C

herbarum, C.and 60°C-30 min., while A. versicolor, C. globa

sum and sterile hyphae were comletely inhibited in all the

treatments.
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Table 49. Effect of hot water treatment on the incidence of
spermoplane micro-organisms of X. xylocazpa

50°C 60°CMicro-organism Control
15 min. 30 min. 15 min. 30 min.

Aspergillus flavus 123” 105‘ 381°C 16b 22b°

A. niger 2a 0a 2a 0a 4b
A. versicolor 0a 0a 0a 0a 2a
c1adomn'um herbarum 03 0a 03 0'3 5b
Chaetamium globosum 0a 0a 0a 03 4b
Fusarium pallidoroseum 4a 0a 0a 0a 6b
Penicillium citrinum 03 ea 2a 03 14b
Rhizopus oryzae 48a 403 44a 62b 72b
sterile hyphae ()3 03 ea 03 23
t
Mean values with the same superscript(s) do not differ
significantly at p = 0.05 (Row—wise comparison)

4D.3.2.. Chemical Treatment

Thiram was the most effective fungicide in giving the

highest vigour index of seedlings fol lowed by mancozeb and

carbendazim. Germination percentage and vigour index of seeds

showed a significant increase in all the treatments as com

pared with control (Table 50). While the shoot length of vari

ous treatments did not differ significantly from the control,

155



the root length in in captafol was significantly lower than

the control .

Table 50. Effect of various seed dressers on seed germi
nation and growth of seedlings of X. xylocatpa

Germi- Mean Mean No.of
Treatment nation shoot root Vigour micro

( 96 ) length length index organism».(um) (um) recorded

Captafol 60bC* 105.73 41.03 8737.6bC 2

Captan 573 104.23 57.43 9l67.8bC 
Carbendazim 623° 103.93 44.93b 9267.8bc 2

Carboxin 613° 102.43 48.133 9110.933 

Mancozeb 65b° 106.13 55.033 10173.9b° 

MEMC 61bC 105.53 47.833 9265.433 —

PCNB 573 100.53 51.133 8561.5b 2
Thiram 743 102.43 53.533 11463.5d 2
Control 513 101.53 43.733 7660.23 11

t
Mean values with the same superscript(s) in a column do not
differ significantly at p = 0.05

All the eight fungicides were effective in inhibiting

the occurrence of a number of micro-organisms. While

carboxin, MEMC, captan and mancozeb inhibited conpletely the

development of all micro-organisms; only 2 micro-organisms
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were recorded in treatments with PCNB, thiram, carbendazim

and captafol. The incidence of the micro-organisms was signi

ficantly lower than in untreated control (Table 51), except in

the case of Memnoniella echinata and a bacterium. Intere

stingly , AL echinata was only recorded on seeds treated with

captafol and PCNB.

4D.4. Seed storage and its influnce on microflora,
seed germination and seedling development

4D.4.1. Incidence of micro-organisms

The incidence of seed micro-organisms on treated seeds

of X; xylocarpa showed that most fungi were either eliminated

or their incidence decreased gradually with the increasing

storage period. In treated seeds, the occurrence of storage

fungi viz., Aspergillus spp., Rhizqpus oryzae, Cdadbspo

rium herbarum, Penicillium citrinum etc., was low.

However, a profuse growth of.R. oryzae was recorded on

seeds treated with carbendazim. In the case of control seeds,

the occurrence of micro-organisms did not change appre

ciably, except for the appearance of M. echinata in a few

seed samples stored for 180 days and more. In seeds stored

under dehumidified conditions at room temperature and at 4°C,

the number of micro-organisms were less as comared to seeds

stored under laboratory conditions (Table 52 ).
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Table 52. Nicro-organisls recorded on seeds of X. rylocarpa stored for different
periods under various treatnents

Treatments Day-1 Day-90 Day-180 Day-365

ICaptafol 4.11 2.3.4 2.3 2.3
Captan Nil Nil Nil Nil
Carbendazin 4.9 9 9 9
Carboxin Nil Nil Nil 2.3.9
Nancozeb Nil Nil 3 3.9
NENC Nil Nil Nil 2.9
PCNB 2.11 2 5 2.3
Thiran 2.4 2 2 2,3
Dehunidified cond. 1.2.3.4.5.6.7. 2.3.7.9 2.3.8.9 2.3.5.8
Roon tenp. 8.9.10.12

Dehunidified cond. 4°C 1.2.3.4.S.6.7. 2.3.7.9 3.5.7.9 2.3.5.8
8.9.10.12

Control(Plastic- 1.2.3.4.5.6.7. 2.3.5. 2.3.5,7.8. 2.3.5.7.
containers) 9.18.12 7.8.9 9.11.12. 8.9.11

Control (cloth bags) 1.2.3.4.5.6.7. 2.3.5. 2.3.5,7.8. 2.3.5.7.
8.9.10.12 7.8.9 11.12 8.9

*1. Actinolycetes. 2. Aspergillus flavus. 3. A. niger. 4. Bacterium. 5. Clado
sporiul herbarun. 6. Chaetoniul globosun. 7. Fusariun pallidoroseun. 8. Peni
cilliun citrinun. 9. Rhizopus oryzae. 10. Trichoderna sp.. 11. Mennoniella
echinata. 12. sterile hyphae.
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4D.4.2.. Germination and seedling developnent

As the storage period increased the percent seed germi

nation in various treatments decreased gradually (Table 53) .

The control seeds which were stored either in cloth bags or in

closed plastic containers, where the initial germination of

about 52%, reduced to about 30% after 90 days of storage, and

ca. 1595 after 180 days of storage; there was complete loss

of viability at the end of one year. This was the case in

most of the fungicide treated seeds. However, the seeds

stored under low temperature and dehumidified condition, the

germination percent reduced from the initial 55% to 26% after

365 days of storage. Even the seeds stored at room

tenperature under dehumidified conditions, did not lose

germinability cortpletely and ca. 17 % seeds germinated even

after 1 year. The vigour index of seeds treated with thiram,

captan, captafol, mancozeb came down considerably at the end

of 1 year of storage. The vigour index of seeds stored under

dehumidified condition at 4°C and room temperature did not

differ significantly. Analysis of variance of data pertaining

to seed germination and vigour index of storage of seeds

of Xylia xylocarpa for 1 year showed that the interaction

between them was highly significant (Table 54).
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Table 54. Analysis of variance of germination and vigour
index of seeds X. xylocazpa stored for 1 year

Germination Vigour index
Source

DF MSS E‘ DE‘ MSS E‘* t t *Day 3 12382.4 390.8 3 23667.9 581.9* tTreatment 11 181.0 5.7 11 334.4 5.0* t
Day x Treatment 33 122.4 3.4 27 459.0 6.8
Residual 144 31.7 - 122 67.3 
* *

*significant at p = 0.01
significant at p = 0.05

4D.5. Seedling diseases and their control

40.5.1. Seedling blight

4D.5.1.1. Occurrence

There were no diseases recorded in the experimental nur

series raised at Peechi and Nilambur during 1988, and 1989

season, and in the various nurseries surveyed in Haliyal

Forest Division of Karnataka. However, a seedling blight dis

ease was recorded ((5%) in a few container seedlings (ca. 6

months old) kept for transplanting at Nilambur during

September 1989.
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4D.5.1.2. Synptomatology and causal organism

Initially the lower leaves turned light yellow and with

in a week all of them were affected and the apical portion of

seedlings showed wilting. In severe cases comlete defolia

tion occurred and the whole aerial portion dried up; however,

no root infection was observed (Plate 18). Rhizoctonia solani.

Kuhn anamorph of Thanatephorus cucumeris (Frank) Donk. (IMI

NO. 326296) was consistently isolated from the affected por

tions.

4D.5.1.3. Pathogenicity

The pathogenicity of the isolate was confirmed in an

artificial inoculation experiment. The typical disease symp

toms were observed after 5- 7 days of incubation in infested

soil.

4D.5.1.4.In vitro evaluation of fungicides

Laboratory screening using poisoned food method indi

cated that carbendazim and MEMC were the best fungicides in

inhibiting the radial growth of R. solani completely, followed

by PCNB, carboxin and thiram. However,these fungicides gave

promising results in the soil fungicide screening method only

at the highest concentration tested (Table 55). Carbendazim

(0.2% a.i.), carboxin (0.2% a.i.) and MEMC (0.0259a a.i.) were

the best fungicides in inhibiting the growth of the pathogen

completely.
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PLATE 18. Xylia xylocarpa .A, View of a
healthy nursery at Peechi; B, seedling
blight symptoms leading to complete defolia
tion.
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Table 55. Evaluation of fungicides against .R. solani causing
seedling blight in X. xyloaazpa using various methods

Fungicides and % a.i. % inhigition over controlconcentration PFM SFSM
Captafol (Difoltan) 0.05 72.20.1 76.7 Not tested0.2 79.3
Captan (Deltan) 0.05 72.60.1 75.2 Not tested0.2 77.8
Carbendazim (Bavistin) 0 05 100 21.10.1 100 43.30.2 100 100
Carboxin (Vitavax) 0.05 84.4 76.70.1 85.6 83.30.2 87.0 87.0
Copper oxychloride 0.05 64.6(Fytolan) 0.1 75.4 Not tested0.2 80.7
Mancozeb (Dithane-Mr45) 0.05 72.80.1 73.9 Not tested0.2 75.8
MEMC (Emisan) 0.006 100 57.40.0125 100 75.90.0250 100 100
PCNB (Brassicol) 0 05 83.3 20.00.1 83.3 32.20.2 88.9 33.0
Thiram (Thiride) 0.05 66.7 41.90.1 70.4 43.00.2 73.7 43 3
Ziram (ziride) 0.05 50.40.1 61.1 Not tested0.2 70.0
"Poisoned food method; fsoil fungicide screening method.



In analysis of variance of data on O6 inhibition in both

the methods showed significant interaction between fungicides

and concentrations (Table 56) .

Table 56. Analysis of variance of data on 95 inhibition of
R. solani causing seedling blight in X. xylocazpa

Poisoned food method Soil fungicide metho:
Source DE‘ MSS E‘ DF MSS F** tTreatment 9 1449. 4 176.6 4 5249.4 2015 . 1*t *Concentration 2 328 . 0 40 . 0 2 3876 . 4 1488 . 0t’ #Treatment x 18 33 .5 4.1 8 762.7 292 .8

Concentration

Residual 60 8.2 - 30 2.6 
it
*significant at p = 0.01
significant at p II C O O U1

As this disease was neither a serious nor a common one

and occurred only in a few container seedlings, no pilot scale

field trials attempted.
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5. DISCUSSION

In India, over 90 million hectares of land has been

classified as wastelands and the deficit of fuel wood and

fodder has been estimated to the tune of over 133 and 150

million ton respectively. To fulfill the twin objective of

afforesting the waste lands and to solve fuel wood and fodder

crisis, it was estimated that ca. 3 billion seedlings would be

required to plant every million hectare of waste land

(Bachketi, 1986). For meeting this demand of large scale

forestry activities, in spite of genetical advantage of clonal

propagation, seed is still the main source of planting mate

rial. Forestry is becoming increasingly dependent on a con

stant supply of good quality seeds. Quality seeds are essen

tial for the production of healthy crops. Till now studies on

cause for poor germination was directed at seed dormancy, seed

size and maturity and very little attention was given to the

seed deterioration due to micro-organisms. Seed health testing

is primarily concerned with the evaluation of the presence or

absence of disease causing organisms viz., fungi, bacteria,

virus and nematodes, with fungi, the most important group of

nficro-organisms causing loss of seed viability. Micro

organisms affect the developing fruit, invade the seed and

thus make the seed unhealthy. Further, when the fruit falls on

the ground, the seed is subjected to further invasion by
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forest floor decay mdcro-organisms. Spermoplane macro

organisms can cause decay and death of the seed or indirectly

weaken the seed thereby predisposing attack by soil fungi.

Seeds of several conifers and other soft wood and hardwood

tree species are prone to attack by fungi (Mittal et

a1., 1990). However, pathogenicity of many of these fungi has

been much debated, because most of the spenmoplane micro

organisms are usually moulds, and are saprophytic in nature.

But now they are also being studied as causal agents of pre

and post-emergence loses in forestry crops (Gibson,1957;

Mittal , 1979 Vijayan, 1988)

Current information on seed pathology of forest tree

species in India is very meagre and is mainly concerned with

listing of fungi associated with a particular seed lot (Mittal

et a1., 1990). No work has been carried out on i. the evalua

tion of seed health testing methods to come out with the best

method to record the maximum number of micro-organisms, ii.

tree seed storage and developnent of microflora and iii. tree

seed disorders and their management and hence the present

study was undertaken on the four major indigenous tree species

of Kerala.
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5.1. Seed pathological stuies

5.1.1.Seed health testing methods

The selection of a particular method for seed health

testing generally depends upon the type of micro-organisms

associated with the seed and possibly handling convenience.

Among the various seed health testing procedures developed to

test the health of the seed and identify the pathogens carried

with them, standard blotter (SB) and agar plate methods are

the most widely used (ISTA, 1966,1976,1985). Seed health

testing methods mainly developed for agricultural crops, have

never been evaluated for forestry seeds in India or else

where, and this is the first time such an attempt has been

made. This is considered essential in View of certain inherent

characteristics and requirement of forestry seeds. Forest tree

seed varies greatly in size and shape; for example seeds of

Haldina cordifolia are very minute, light in weight (10

million/kg) with viability extending up to an year (Troupe,

1985) while many dipterocarp seeds are winged, large and whose

viability last only for a few days (Mohanan and Sharma, 1991).

Considering the enormous variability in size, availability of

tree seeds and other factors, the prescribed number of seeds

for seed testing i.e., 400 (ISTA, 1976, 1985) is highly

impractical for forestry seeds. For exanple, in the present
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investigation, the size of the seeds of Pterocarpus marsupium

is the largest (49.5x42.5 um), followed by Xylia xylocarpa

(14 x 9.7'unn, Lagerstroemia .microcarpa (8.8 x 3.9 nut) and

Albizia odoratissima (6.6 x 4.7 nm) and thereby the number of

seed available per kilogram is also less. In addition, highly

variable flowering and fruit setting is observed in indigenous

trees and generally a good seed setting is recorded only in

alternate years. Hence, a.c£m;momdse was made in the selection

of number of seeds to over come practical problems for seed

testing and appropriately 400 seeds each of L..microcarpa and

A. odoratissima with small seed size and 50 and 100 seeds each

of P. marsupium and X. xylocazpa with large seed size were

respectively used. Based on the results obtained for large

sized seeds, it may be advisable to reduce the number of

seeds, as this is not only convenient for handling but also

there is no loss in the realistic picture of the spermoplane

microf lora .

Although, in the present investigation, SB method is

found highly suitable than:-other methods for routine seed

health testing of forest trees, other methods have their own

significance on the development of micro—organisms. Comparison

of various seed health testing methods (Table 57) indicates

that for all the four species used in the investigation SB
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method is found the best. SB method not only provides

quantitative and qualitative assessment of micro-organisms,

but ease in handling, less material requirements makes it very

economical .

In A1 bi zia odora ti ssima , act inomycetes and

001 letotrichum gloeomrioides and in L. microaarpa, Fusarium

solani are observed in higher incidence in 2,4-D method on

non- surface sterilised seeds, while a species of Phomopsis

expressed well in PDA and MBA methods on surface sterilised

seeds. Similar result is obtained in the case of Pterocarpus

marsupium where F. moniliforme var. intermedium grew well in

PDA and MBA methods, while higher percentage of M. roridum is

detected on non- surface sterilised seeds in SE and DE‘

method. In Xylia xylocarpa also, SB method appears to be

superior to other methods; however, F. pallidoroseum is

detected better in 2,4-D and SB method on non-surface

sterilised seeds than others. In the present investigation

also high incidence of F. moniliforme and F. solani in

blotter and PDA methods confirm the earlier observations of

Neergaard (1973) and Bilgrami et a1. (1979) who found that SB

and agar methods are best for F. moniliforme and F. solani for

the seeds of urad, mung and masour. High incidence of Fusarium

moniliforme var. intennedium recorded from P. marsupium in
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Table 57 . Oonparison of various seed health testing methods

Seed health testing methods

Tree species SB 2,4-D DE‘ PDA MEA
;;;'";.2, ;_2,;'";; ;;§'';; §;;'";; ;;;’"_2,;

A.odorat1'ssimaTN 14 8 8 6 8 8 9 7 7 7
TN1 3 2 3 1 3 1 2 - 2 1
MHI Ch Af PC PC PC PC Ch Af PC PC

L. microcarpaTN 9 9 8 S 10 6 10 6 9 7
TN1 6 2 3 3 3 - 1 - - 
MHI PC B E's F3 R0 R0 Ph Ph Af Ph

P. marsupiumTN 15 10 9 8 9 9 14 13 10 9
TN1 11 6 8 7 7 8 10 12 9 8
MHI Act R0 Act A0 Act A0 A0 A0 R0 Bt

X. xylocazpaTN 11 7 9 5 11 8 9 8 8 6
TN1 6 5 6 - 3 1 5 - 5 
MHI R0 R0 Af R0 Act Act R0 R0 R0 Af

NSS, Non-surface sterilised; SS, surface sterilised; TN, Total number
of micro-organisms recorded; TN1, Total number with >
M-‘II, Micro-organisms showing highest incidence; Act,

595 incidence ;
Actinomycetes ;

Af, Aspergillus flavus; A0, A. ochraceus; Bt, Botryodiplodia theo
bramae; B, Bacterium; Ch, Cladosporium herbarum; Fs, Fusarium solani;
Me, Memnoniella echinata; Ph, Phomopsis sp.; Pc, Penicilliwn citrinum;
R0 , Rhizopus oryzae
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pus oryzae in all the seeds except the seeds of P. .marsqpium,

and Myrothecium roridum in P. marsupium was encountered. On

the contrary, a few fungi are detected in high incidence in

2,4-D method as comared with other methods. They are

actinomycetes, A. flavus on the seeds of A. odbratissima;

Rhizqpus oryzaeron P. marsqpium and Eusariumlpallidbroseun

on X. xylocarpa. Earlier, Neergaard (1977) reported that 2,4-[I

method was effective in detecting Phoma spp. on crucifers and

soybean seeds (Prasad et a1., 1985) while Shivanna (1989)

observed that A. flavus and C3 dematium grew well in 2,4-E

method as compared with other methods.



agar plate method than SB method is in conformity with the

the observations of Nath et a1. (1970) who recorded 2 - 595

increase in the incidence of F. moniliforme on mung been

seeds. Similar results were also obtained by Vijayan (1988) on

non-surface sterilised seeds of Acacia catechu, Cassia glauca,

Dalbergia sissoo and Leucaena leucocephala and Mittal (1983b)

on Cedrus deodora. Higher incidence of F. solani on seeds of

L. microaarpa in SB method confirms the earlier observations

of Neergaard (1973) Bilgrami et a1. (1979) and Vijayan

(1988) in many crops.

The deep freeze (DF) method does not appear to be suit

able in routine seed health testing as in most of the cases

only saprophytic fungi grew. However, certain fungi such as

Chaetomium globosum and Myrothecium roridum expressed well in

DF than other methods in the non-surface sterilised seeds

of P. marsqpium. Earlier, the DF method was reported to favour

the growth of various species of Fusarium and Septoria in

cereals (Neergaard, 1973) and A1 ternaria porri in onion

(Limonard, 1966). However, various species of Fusarium and

Alternaria encountered in the study did not grow well in DE‘

method .

In 2,4-D method poor growth of certain micro-organisms

such as Alternaria a1 ternata on seeds of L. microcarpa, Rhizo
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pus oryzae in all the seeds except the seeds of P. .marsupium,

and Myrothecium roridum in P. marsupium was encountered. On

the contrary, a few fungi are detected in high incidence in

2,4-D method as compared with other methods. They are

actinomycetes, A. flavus on the seeds of A. odbratissima;

Rhizqpus oryzae on P..marsupium and Fusariumgpallidbroseum

on X. xylocarpa. Earlier, Neergaard (1977) reported that 2,4-D

method was effective in detecting Phoma spp. on crucifers and

soybean seeds (Prasad et a1., 1985) while Shivanna (1989)

observed that A. flavus and C2 dematium grew well in 2,4-D

method as compared with other methods.

Pre-treatment of seeds with chlorine is advocated in

seed health testing (ISTA, 1966) and counts of seed-borne

pathogens are generally reduced due to pre-treatment (Lin,

1948; Lo, 1973; De Tempe,1962,1963; Sutherland et al.,1978),

which indicates that these fungi are superficially located on

the seed surface. During the present investigation, however,

it was found that pre-treatment with sodium hypochlorite (5%)

does not always reduces the fast growing saprophytic fungi and

hence, 0.1% solution of mercuric chloride was used. Pre

treatment of seeds of A. odonatissima, L. Amicrocarpa,

P. .marsqpium.and X} xylocarpa reduce the incidence of most

saprophytic fungi. A few fungi which occurs in low percentage
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on non-surface sterilised seeds are eliminated completely.

However, the incidence of a Gram (-) bacterium shows only a

slight decline in A. odoratissima and L. microcarpa. Pre

treatment of seeds is advisable as it not only reduces the

counts of fast growing micro-organisms but also facilitates

the growth of certain slow growing fungi in blotter tests.

The present investigation has thus showed that among all

the methods tried SB method is the best for observing the

highest incidence /maximum number of most micro-organisms on

the seeds of four tree species tried. Furthermore, this method

is found to be very reliable for the detection of A. flavus,

A. niger, C. herbarum, Fusarium spp. , A1 ternaria infectoria

and R. oryzae. Although agar method also supported high inci

dence of the above fungi, 2,4-D and DE‘ methods were less

effective as compared with other methods.

5.1.2. Seed microflora and its significance

Dry seed examination of seeds is very useful as it dis

tinguishes different categories of seeds like apparently

healthy, discoloured, shrivelled, and discoloured and small

seeds. In all the four tree species, less weight observed for

most of the discoloured, shrivelled and small seeds as corn

pared with apparently healthy looking seeds, is possibly due
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to microbial deterioration of seeds during seed maturation

stage, which may have got further aggravated due to high humi

dity as also has been reported by Neergaard (1977). Adlakha

and Joshi (1974) have also observed that wheat seeds (Triticum

aestivwn L.) infected with Drechslera sorokiniana were weighed

light than the healthy seeds and were small and discoloured.

Black discolouration of wheat seeds was found to be due to

Alternaria alternata and various species of Curvularia and

Phoma (Agarwal, 1970). Johnson and Jones (1962) and Shivanna

(1989) reported that purple discolouration of cluster been is

due to Cercospora kikuchii and various other fungi

respectively.

All the category of seeds harboured both saprophytic and

parasitic fungi, the former being in abundance in discoloured,

shrivelled and small seeds. Removal of such discoloured and

shrivelled seeds before sowing will help in minimising the

carry over of fungal inoculum.to seedlings and subsequently to

the field. The apparently healthy seeds of all the four spe

cies always have low incidence of spermoplane micro-organisms

comared with the deformed discoloured and small seeds. This

observation conform to earlier report by Shivanna (1989) on

cluster beans that the fungi such as Alternaria alternata,
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A. flavus, A. niger, C. dematium, Cladosporium sp., F. equi

seti, F. semitectum, F. solani and Phoma spp. occurred in high

abundance on discoloured and deformed seeds than the healthy

seeds. During the course of present investigation, the storage

fungi viz., Afirgillus s1:p., Cladomriuzn herbarum, Peni

cillium citrinum and Rhizopus oryzae occurred in high per

centage, while colonisation by field fungi viz., Fusarium

spp. , Botryodiplodia theobromae, Colletotrichum gloeomrk

oides, Myrothecium roridum and Al ternaria infectoria was low.

The ability of saprophytic fungi to  in higher percent

age may be due to the rapid germination of spores, quick

hyphal invasion high competitive nature and their ability to

utilise a wide variety of substrata. In addition warm and

humid climate of Kerala possibly also helps to increase the

occurrence of storage fungi like Aspergill us spp. , Penicilliuzn

citrinum, Cladosporium herbarum and Rhizopus oryzae. A

similar statement has been advocated by Pongpanich (1990) in

Thailand who found that many of the fungi associated with 60

forest tree seeds were saprophytic and parasitic fungi were

rarely found .

Among the four tree species L. microcarpa records the

least number of micro—organisms (11 fungi and a Gram (-)

bacterium) followed by X. xylocarpa (13 fungi and a Gram (-)
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bacterium), A. odoratissima (13 fungi, a Gram (-) bacterium

and an actinomycete) and P. marszqaium (18 fungi and an actino

nycete). The fungal organisms belong to 16 genera viz., Alter

naria, Afirgillus, Botryodiplodia, Curvularia, Col leto

trichum, Cladosporium, Chaetomium, Fusarium, Marasmius, Myro

thecium, Memnoniella, Penicillium, Phomopsis, Rhizopus, Tri

chothecium, Trichoderma and mycelia sterilia (black and

white). Seeds of different tree species have common as well as

exclusively associated micro—organisms. The cotrmon micro

organisms include, Asperqillus flavus, A. niger, Penicillium

citrinum and Rhizopus oryzae. The exclusive fungi were

A. stellatus, C; gloeosporioides on A. odbnatissima; Curvu

laria lunata and Alternaria alternata on L..microcarpa; Alter

naria infectoria, Botryodiplodia theobromae and a Marasmius

sp. on P. marsupium, and F. pallidoroseum on X. xyloaarpa.

The observations are similar to those of Vijayan (1988) who

recorded 22 fungi on Acacia catechu , 13 on Cassia fistula,

14 on Cassia glauca, 16 on Cassia nodosa, 16 on Dalbergia

sisso 26 on Leucaena leucocephala and 19 on Shorea nobusta.

He also reported that the seeds of different tree crops have

common as well as exclusively associated seed micro-organisms.

The common ones include Alternaria alternata, Aspergillus fla

vus, A. niger , A. tamari, Rhizopus nigricans and mycelia

sterilia.
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Surprisingly, in artificial inoculation trials, a large

number of micro-organisms, hitherto known to be saprophytes,

show their pathogenic behaviour to germinating seeds of four

tree species. Of the 11 micro-organisms tested, Aspergillus

flavus, A. stellatus, C. herbarum, F. moniliforme, F. solani,

13 sguralis and R. oryzae proved to be harmful to Albizia odb

ratissima. In Lagerstroemia microcazpa, out of 9 micro

organisms tested, A. niger, F. solani and M. echinata are

found to be pathogenic, while A. flavus, B. theobromae,

F. moniliforme var. intermedium and R. or_yzae are pathogenic

to Pterocarpus marsqpium. In Xylia xylocarpa, A. flavus,

C. herbarum, E’. pal lidoroseum and R. oryzae are pathogenic.

This may be inferred from the results that high incidence of

such saprophytes should not be ignored as they are capable of

affecting the seed health considerably.

Occurrence of various species of Aspergillus on forest

tree seeds has been reported by earlier workers (Urosevic,

1961; 1979; Mittal, 1979; Sharma and Mbhanan, 1980; Archana

and Mehrotra, 1982). Majority of the Aspergillus spp. detected

on seeds of various forest tree species (Vijayan 1988) were

seed inhabiting and caused seed rot and reduced germination.

In all the four tree species tested A. flavus cause consider

able damage to seed health by bringing down the germinability
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and seedling vigour, being maximum in P. marsupium and

X. xylocarpa. It also produces suspected 'afla' root like

symptoms in X. xylocarpa as reported in other crops (Chohan

and Gupta, 1968). Afirgillus niger causes synptorta similar to

that of A. flavus and is highly pathogenic to the seeds of

L. microcazpa and to a lesser extent to X. xylocarpa but it

does not cause any post-emergence mortality as reported in

other crops by Gibson,1957; Kumari and Karan, 1981; Mittal,

1983a, 1986; Munjal and Sharma, 1976.

Myrotheciwn roridum which has a wide host range (Munjal,

1960; Shivanna and Shetty, 1986), reduces the germination of

the seeds of P. marsupium. There is no report on M. roridum

affecting seeds of forestry tree species. However, this fungus

has been reported to be seed-borne pathogen causing heavy

seedling mortality in tomato (Srivastava and Tandon, 1966),

Mung bean (Nath et a1., 1970), cotton (Srinivasan and Kannan,

1974). Dake (1980) and Shivanna (1989) have also reported

M. roridum causing reduced germination in cotton and cluster

bean respectively. Recently M. roridum has been reported to

cause leaf spot in Bombax ceiba (Shanna et a1., 1985). How

ever, the chances of M. roridum becoming internally seed-borne

in P. marsupium are very less, as fruits of P. marsupium are

very hard .
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Various species of A1 ternaria and Curvularia have been

reported to be seed-borne pathogens (Neergaard, 1977). How

ever, in the present investigation, A. infectoria occurring on

the seeds of P. microcarpa does not appear to be pathogenic.

Curvularia lunata causes germination loss and reduces the

seedling growth in L. microcarpa. This fungus has been re

ported to be pathogenic in agricultural crops such as cluster

bean (Chand and Verma, 1961; Shivanna, 1989) Eucalyptus hybrid

(Mittal, 1986) Picea abies and Pinus sylvestris (Urosevic,

1961) and some conifers (Munjal and Sharma, 1976).

Fusarium moniliforme, a wilt causing pathogen (Booth,

1971) isolated from Albizia odoratissima and Pterocarpus mar

supium brings about reduction in seed germination and distor

tion of seedings. Nath et a1., (1970) have also observed re

duction in seed germination in mung bean due to F. mon1'11'

forms. This fungus is also known to cause lesion on seedlings

and mortality in cowpea (Vigna chinensis (L.) Kumari and

Karan, 1981) and in soybean (Lee, 1984) and cluster bean

(Shivanna, 1989).

Fusarium pallidoroseum, isolated from the seeds of Xylia

xylocarpa also causes reduction in seed germination and disto

rted seedlings. Recently, Mohanan and Leise (1991) reported

foliar infection of various species of rattans caused by
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E3 pallidbroseum. Eusarium solani which has a wide host

range is known to affect the seed germdnability in mung bean

(Nath et a1.,1970), broad bean (Vicia faba L.), bean

(Phaseolus vulgaris L) and pea (Pisum'sativum'L) (Neergaard,

1977). Fusarium solani recorded from Albizia odoratissina

and Lagerstroemia microcarpa causes decay of seeds, reduction

in seed germination and distortion of seedlings which is in

agreement with earlier studies (Shivanna, 1989; Vijayan,

1988).

Rhizopus oryzae, a common saprophyte , caused severe

germination loss in X. xylocazpa and grows profusely on the

germinating seeds affecting the vigour. However, it causes

only moderate germination loss in P. marsupium and its high

incidence should be given due consideration during seed health

testing for this fungus hitherto known to be pathogenic. In an

another study , artificial inoculations by R. oryzae reduced

seed germination and affected the growth and development of

seedlings of Eucalyptus hybrid (Mittal, 1986). Urosevic (1961)

reported decrease in germination in Picea abies and Pinus

sylvestris by species of Rhizqpus. Pathogenic behaviour of

various species of Rhizqpus to some conifers (Munjal and

Sharma, 1976); Shorea robusta, Pinus roxburghii and Pinus

uallichiana (Mittal and Sharma,1982 abcd) conform with the

present observations.
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The results clearly indicate that the dry seed examina

tion yields very important information in respect of spermo

plane micro—organisms and it should be recommended for the

forestry seeds as also has been practiced for seed health

tests in maize (Kumar and Shetty, 1983). Ranoval of such

‘abnormal ' and unhealthy seeds and appropriate seed treatment

procedures can help in minimising the carry over of fimgal

inoculumlto seedlings and subsequently to the field. From the

above results it is evident that in addition to known patho

gens, occurrence of various saprophytic fungi, which act as

facultative parasites is harmful to the seeds of four tree

species tested. In order to reduce/minimise the loss in

viability/germinability of seeds due to these micro-organisms

appropriate means should be adopted right from the seed

collection to seed storage.

5.1.3. Management of seed microflora

It is quite apparent from the results that seed micro

flora harbouring the four forest tree species not only

deteriorates the quality of seeds but also affects subse

quently the seed health. To prevent the bio deterioration of

seeds, it is essential to manage the seed microflora to an

acceptable level. Generally scarification of seeds of some

183



forest tree species like Acacia nilotica, A. catechu, A. auri

culifbrmis, A. campylicantha, A. albida, Albizia lebbcek,

Cassia fistula, C. siamea, Leucaena leucocephala, Delonix

regia, Bauhinia variegata, B. racemosa and Strychnos nuxVo

nfica to increase the genmination percentage (Ram Prasad and

Kandya, 1992). But no work has been done on the effect of hot

water treatment on the suppression of seed microflora and

hence the present study.

Among the various methods tried, hot water treatment at

50° and 60° for 15 and 30 min. duration gives inconsistent

results for seeds of various tree species. In A. odbratissima

60°C-30 min. is highly effective as it gives the best vigour

index (VI). Interestingly, hot water treatment does not con

trol E3.moni1ifbrme in all the treatments, and significantly

higher incidence is recorded, particularly at 50°C and 60°C-15

min. exposures. Persistence of this fungus may be due to

deep seated infection and its resistance to high temeratures

(Neergaard, 1977).

Since hot water treatment is inhibitory to the germina

tion of seeds of L..microcarpa and P.,marsupium, especially at

longer duration, it cannot be practiced even though, various

micro-organisms are either eliminated or their incidence red

uced. In X. xylocarpa, though the hot water treatment does not
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affect the seed germination significantly and reduces the

ndcroflora at 50°C-15 min. as compared with control, other

parameters do not have any significant increase and hence, it

cannot be practiced. The results of this study gets support

from the following literature available on hot water treatment

of seeds of various plant species. Shivanna (1989) reported

that hot water treatment of cluster bean seeds at 50°C- 30

min. and 60°C- 30 min. decreased the incidence of many

fungi. He further observed that the seed treatment at 50°C and

55°C for 15 and 30 min. did not affect the seed germinability,

while at 60° C, seed germination was considerably reduced. He

also observed that the root length was reduced only at 55° C

and 60° C for 15 - 30 min., while the shoot length was inhi

bited in all the treatments. These observations are similar

to present findings where, excepting A. odbratissima, in all

other cases, hot water treatment was inhibitory to seed germi

nation and other parameters. On the contrary Venkatasubbaiah

et a1. (1984) reported that hot water treatment of seeds of

Leucaena leucocephala at 85°C for 5 min. gave a better germi

nation of 63 % as compared with control seeds (44%). They also

observed that reduction in fungal contamination might be due

to the sensitive nature of mycoflora to heat therapy or their

superficial presence. However, fungal species like Eusarium
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solani, and F. moniliforme, Trichoderma harzianum, Verti

cilliun sp. and Cladofiriuzn sp. etc. were prevalent on hot

water treated seeds. These observations are similar to this

study as fungi such as F. tI'Dni1i.\fOI1TE, Chaetomium globosum,

Gram (-) bacterium, C. herbarum on A. odoratissima; F. solani,

C. globosum, P. citrinum on L. microaazpa, A. flavus, F. moni

liforme var. intennedium, Memnoniella echinata, Chaetomiwn

globosum and Cladosporium herbarum on P. marsupium and A. fla

vus and F. pallidoroseum on X. xylocazpa are not completely

eliminated and continue to be prevalent on seeds treated with

hot water. This may be attributed to their deep seated nature

as well as resistance to high temperature (Neergaard, 1977).

Recently, Donald and Lundquist (1984) also reported that hot

water treatment of E‘uca1)ptus seeds at 50 ° for 5, 10 and 20

min. not only restricted fungal development but also enhanced

seed germination. Zazzerini et a1.(l985) used hot water treat

ment as a means of controlling various species of A1 ternaria

on safflower seeds. In the present investigation also A. in

fectoria recorded on the seeds of P. marsqpium is completely

eliminated by hot water treatment.

It may be concluded from the results that although the

hot water treatment shows some degree of protection against
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micro-organisms, it has deleterious effects on seed health ex

cept in A. odbratissima. In View of this, hot water treatment

cannot be used widely for forestry tree species without proper

investigation.

In recent times, seed treatment with fungicides has be

cxueean integral part of routine seed storage in agricultural

crops due to their protective as well as therapeutic values.

Seed dressing with fungicides not only reduces the incidence

of microflora, but also gives protection from. soil-borne

pathogens. In the present investigation, eight commonly

available seed dressers are evaluated against seed-borne in

fection, seed germination and growth of seedlings of

A. odoratissima, L. microaarpa, P. marsupium and X. xylocarpa.

It is evident from the results that different fungicides be

haved differently to various seeds and micro-organisms. No

single seed dresser is the "most effective" for all the four

types of seeds tested. It is possibly due to differences in

seed micro-organisms, their incidence and the physiology of

the mature seed. A comparison of results indicates the two

best fungicidal treatments in influencing various parameters

like shoot and root lengths, seed germination and vigour index

of various species (Table 58). Captan emerges as the best

fungicide for improving the seed health parameters in all the



Table 58. Two best fungicidal seed treatlents in ilproving various parameters

Seed Shoot Root Vigour Suppression
Species gerni- length length index of Iicronation flora

A. odoratissina Captan Captan Carboxin Captan Captafol

Carboxin Carbendazil HEHC Carboxin Hancozeb

L. Iicrocarpa Captan Hancozeb Carborin Hancozeb Captan

Hancozeb Carboxin HEHC Carboxin Hancozeb

P. narsupiul Captan Captan Thiran Captan HEHC

Thiran Captafol Captafol Thiral Captan

X. xylocarpa Thiral Carbendazil Captan Thiral Captan

Hancozeb Hancozeb Hancozeb Hancozeb Hancozeb

four species tested. In A. odbratissima, captan is the best

fungicide as far as the seed germination, shoot length and

vigour index is concerned. In L.nmicrocarpa it is superior to

others in imroving the seed germination and suppression of

seed microflora. In the case of P..marsqpium, seed germination

shoot length and seedling vigour are influenced by captan.

Root length and suppression of seed microflora are influenced

by the same fungicide in X; xylocarpa. This observations is in

agreement with the studies by Vijayan (1988) where captan

brought about higher seed genmination, root elongation and in

hibition of micro-organisms in seeds of Cassia glauca. Unlike
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other treatments, E3 solani was suppressed on the captan trea

ted seeds. Captan has also been reported to be effective

against E‘. moniliforme and F. oxyfirum and F. equiseti

(Sinha and Khare, 1977). The incidence of F. solani, E2 .moni

Iiforme and E3 eguiseti were reported to be significantly

reduced due to thiram, followed by mancozeb and captan in

cluster beans (Shivanna, 1989). In the present investigation,

captan inhibits the growth of many micro-organisms, except P.

citrinum on A. odoratissima and F. monilifonne var.interm9diurn

and R. oryzae on P.,marsqpium. Captafol, mancozeb, captan and

PEPE! are the best fungicides in reducing the incidence of

mdcroflora on treated seeds. However, a Gram (-) bacterium

could not be controlled by any of the seed treatments and in

fact its incidence shows significant increase in MEMC, car

boxin and mancozeb treatments. Curiously the incidence of

Fusarium .moni1ifbrme is significantly higher on the PCNB

treated seeds than the control. PCNB is also found less

effective to F. moniliforme, F. solani and E‘. eguiseti

affecting cluster bean seeds (Shivanna, 1989) .

Mancozeb (Dithane-M-45) appears to be the second best

fungicide in giving better seed health parameters (Table 58)

than others. Seeds of L. microcarpa treated with mancozeb show

the best vigour. In X. xylocarpa mancozeb rank second best for
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all the seed health parameters. In suppressing the seed micro

flora of A. odoratissima, mancozeb is the best fungicide.

Mancozeb is also reported to be second best fungicide in re

ducing the incidence of Fusarium solani, F. moniliforme and F.

equiseti in cluster bean seeds (Shivanna, 1989). The influence

of mancozeb appears to be superior in L. microcarpa and Xylia

xylocarpa in giving better vigour index than control. In

seeds of Cedrus deodora, Mittal (l983b) also observed that

Dithane-M-45 treatment resulted in increased growth and devel

ognent of seedlings and reduction of fungal infection.

Vijayan (1988) also reported complete control of microflora of

Cassia fistula by seed dusting with Dithane-M-45 or Bavistin

or captan @ 0.25% seed weight.

In the present study, thiram shows promise only in X.

xylocazpa in giving the best seed germination and vigour

index. In P. marsqpium, it ranks second for seed germination

and vigour index, while its effect is not significantly diffe

rent from control in L. microcarpa Thiram is found inhibi

tory to seed germination and vigour in A. odoratissima. The

fungal infection of many vegetable crops is known to be re

duced by thiram. Thiram was found to be as effective as

captafol, mancozeb and captan on elongation of root of acacia

catechu but it could not suppress the growth of some of the
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micro-organisms. In Dalbergia sissoo thiram was the second

best in root elongation and the best in the suppression of

micro-organisne (Vijayan, 1988). Thiram has been also repor

ted to accelerate the seed germination by reducing the fungal

infection considerably in Pinus roxburghii (Mittal and

Sharma, 1982c). They also found that thiram and mancozeb are

the best fungicides for P. wallichiana as only one fungal

species could develop on the seeds (Mittal, 1982d). On the

contrary thiram was not effective as a seed dresser in Shorea

robusta (Mittal and Shanna, 1982b).

Certain fungicidal treatments affect the seed germina

tion and growth of seedlings adversely. Captafol, MEMC and

thiram not only reduce the germination but also decreases the

vigour index in A. odoratissima Captafol treated seeds of

L. microcarpa show reduced vigour index and carbendazim and

mancozeb retard the vigour index of P. marsupium . The reduct

ion in germination and seedling vigour is possibly due to the

toxicants or non-compatibility of seed dressers. Mittal

(1986) while working on microflora of Eucalyptus hybrid and

its control has also reported adverse effects of all the nine

fungicides viz., captan, Agrosan GN, Brassicol, Ceresan,

thiram, Dithane M-45, Panoctine, RH-2161 and Bavistin on the

germination and seedling develognent.
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In addition fungus such as Rhizqpus oryzae shows occa

sional growth in other treatments grows profusely on treated

seeds of carbendazim. Mittal and Sharma (1981c) while

working on the effect of some fungicides to control some

tree seed-borne fungi also found that Bavistin SD

(carbendazim) was not effective against P. canadbnse and

.R. oryzae. The inhibition of Curvularia lunata on the seeds of

L.4microcarfa was controlled by all the treatments except car

bendazim, which is in agreement with similar studies (Karwasra

et. a1., 1979). Shivanna (1989) reported that the increase in

the germinability of fungicide treated seeds of cluster bean

may be due to the reduction or elimination of fungal inoculum

associated with the seed surface and the decrease in vigour

may be due to fungi still remained inside the seeds or due to

the retardation of growth of seedlings by the phytotoxicity of

the fungicides. The same explanation may also be true for the

trend of results obtained for seed dressers in the present

study

The present investigation has thus confirmed the use of

seed dressers for improving the seed germination and seedling

vigour, and for the control of seed-borne microflora of

forestry seeds. But there is a need for caution in the indis

criminate use of fungicides as they may affect the seed health

adversely as observed in the present investigation.
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5.1.4. Seed storage and its influence on microflora,
seed germination and seedling growth

Various factors such as moisture content, temerature

and relative humidity affect the germinability of seeds during

storage (Harington, 1972; Christensen,1973; Roberts,l983). In

addition, the seed-borne micro-organisms, especially fungi

play a dominant role in determining the quality and longevity

of seeds (Christensen, 1957,1973; Christensen and Lopez,

1963). According to Neergaard (1977) many fungi belonging to

species of Alternaria, Cblletotrichum, Drechslera and Phoma

possibly survive on the seeds for many years. Storage fungi

are generally classified as saprophytes like species of Asper

gillus, Cdadbsporium, Curvularia Penicillium and Rhizqpus

and field fungi are parasitic fungi which include species of

A1 ternaria , Botryodipl odia , C01 1 etotrichum, Fusari um,

Graphium, Macrophomina, Phomopsis and Stemphylium as re

ported in numerous forestry tree species (Pongapanich, 1990).

The longevity of some seed-borne parasitic or field fungi is

only for a few months in storage, while many other saprophytic

fungi may survive on tree seeds for many years (Pongapanich,

1990). Species of Aspergillus and Penicillium have been re

ported to be principal fungi responsible for deterioration of

stored seeds (Justice and Bass, 1978). The continued presence
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of storage fungi on seeds of forestry importance as observed

in the present study is a matter of concern.

Generally, field fungi dominate in the first phase of

storage and storage fungi or saprophytes become dominant

later. This may be due to the gradual change in the nutritive

condition of the seeds. The gradual reduction in the incidence

of field fungi during prolonged storage may be attributed to

the lowering of moisture content of seeds before storage. The

initial low moisture content of the seeds do not favour the

colonisation by storage fungi. However, the increased activity

of other fungi during the subsequent period of storage makes

the seed vulnerable to the attack by storage fungi as possibly

happens with the seeds of the four species in the present

study. This is in agreement with the observations made by

Shivanna (1989) who reported that the storage period of 18 

21 months can bring down the incidence of some seed-borne

fungi like M. roridum and F. oxymrutn on the seeds of cluster

beans. After the advent of storage fungi, the field fungi de

cline slowly and gradually. He had also reported the increase

in the incidence of storage fungi like Aspergillus flavus,

A. versicolor and Penicillium sp. which be attributed to the

decline of field fungal population and increase in the moist

ure content of seeds of cluster bean.
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During the course of the present investigation, it was

found that the seeds stored up to 12 months show gradual re

duction in the number of some seed-borne micro-organisms in

all the four tree species; the number of micro-organisms reco

rded on seeds stored under dehumidified condition are less as

compared with the seeds stored under laboratory conditions. In

A. odbratissima, most of the storage fungi recorded initially

are observed till the end of storage period. However, in seeds

stored under de-humidified conditions at 4°C and room.temera

ture most field fungal population is eliminated. However seeds

stored at room temperature, harboured low incidence of

Fusarium solani. In the case of L. imicrocarpa, Fusarium

solani occurs up to 180 days of storage. .Myrothecium roridum

and Fusarium moniliforme var. intermediwn recorded on the

seeds of Pterocarpus marsupium are either eliminated or re

duced over 1- year period of storage. In .X. xylocarpa,

Eusariumippallidbroseum is recorded till the end of storage

but under de-humidified conditions it is eliminated after 180

days of storage. Generally, species of Fusarium except

Eusarium.moni1iforme are known to survive for 2 to 3 years on

seeds (Neergaard, 1977) and seeds stored under dehumidified

conditions at low and room temerature harboured less number

of micro-organisms as compared with control seeds. These

findings are in agreement with studies conducted by Shivanna
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(1989). All the Eusarium spp. encountered on the seeds of

four tree species are pathogenic, and storage of seeds under

dehumidified conditions may be useful in eliminating these

pathogens.

In the present investigation, the seed germination of

all the four indigenous tree species gradually declines, as

the period of storage increases. Generally viability of

forestry seed vary from species to species and for most tree

species seldom exceeds three years under natural conditions

(Crocker and Barton, 1953) which could be increased to many

folds under regulated storage conditions (Barton, 1961).

Reduction in germinability due to increase in storage fungi

has also been reported in maize (Lopez and Christensen,

1967) and in cluster bean (Shivanna, 1989). Abdullah (1970)

has attributed the fall in seed germination during storage

period due to the toxic metabolites excreted by fungi, which

could be either parasites or saprophytes.

In recent tnmes seed dressing with fungicides has

become an integral part of routine seed storage of Agricul

tural crops. Seed treatment with fungicides not only control

seed microflora but also known to improve seed genmination in

some forestry tree species (Jamaluddin et .31., 1985; Mittal,

1979; Mittal and Sharma, 1981abc; Vijayan 1988). Literature



pertaining to reduction of seed germination due to fungicide

treatment and storage in forestry seeds are lacking. Recently

Nbreno and Vidal (1981) and Moreno et a1., (1985) reported

imrovement in the viability of maize seeds by reducing the

moisture content of seeds and.storing them with fungicides at

85 % r.h. They found that the seeds treated with benomyl,

captan, captafol, carbendazim, chlorothalanil, and thia

bendazole with 9.8 % initial moisture content showed 82-93%

germination after 150 days of storage, in comarison with 14%

in untreated control. In the present study, seeds stored

with fungicides under laboratory conditions show gradual de

cline in germination and seedling vigour as comared with un

treated control seeds,indicating that storing seeds after seed

treatment with various fungicides is not found effective.

The present study clearly shows that seeds can be stored

under dehumidified conditions at low or room temerature with

out much loss in germinability and seedling vigour as comared

with seeds stored under normal laboratory condition and trea

ted with fungicides. Earlier Gupta and Sood (1978) reported

that in Dendrocalamus strictus, storage of seeds over calcium

chloride prolong the viability for more than 34 months, while

the untreated seeds lost the viability in eight months.

Later, Soman and Seethalakshmi (1989) reported a rapid

loss in the viability of seeds of Bambusa arundinacea stored
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in a plastic container at laboratory conditions within two

months; the seeds stored at low (4° C) and room temerature

over calcium chloride in partially evacuated/non-evacuated

desiccators, germdnation deterioration was gradual, reaching

10% or less after 413 days. The results of the present in

vestigation also show a similar trend. Seeds kept in non

evacuated desiccators over anhydrous calcium chloride lose the

germinability slowly as compared with seeds stored in plastic

containers in the laboratory. The possible explanation given

for this is storage over anhydrous calcium chloride brings

about reduction in weight of the seeds and partial evacuation

helps to provide low levels of oxygen which helps to minimise

the rate of respiration. Further the seeds stored under low

temperature have reduced rate of metabolic activities and in

activation of enzymes helps to retain the seed viability. Some

studies have also provided indirect evidences of micro

organisms in affecting Lhe seed viability. Soman and

Seethalakshmi(1989) reported that filter paper cultures re

vealed the presence of fungi like Aspergillus, Cephalosporium,

Cladofirium, Fusarium, Penicilliwn and Trichoderma which also

would have contributed towards the decline in germinability

of B. arundinacea. Recently Mohanan (1990) while working on

the seed microflora of stored bamboo seeds observed a compara

tively low incidence of seed micro-organisms on seeds stored
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under low temperature(l5°C) and higher germination (82%) as

compared with the seeds stored at 28:2°C (63%).

Thus, the present investigation revealed that the seed

nucroflora is decreased gradually during the period of stor

age; but some of the important pathogens like E3 .moni1iforme,

E’. solani, F. pallidorosewn, M. roridum, C. gloeomrioides,

and B: theobromae»do not completely disappear during storage

and continue to harbour the seeds till 180 days of storage.

However, none of the above mentioned pathogens cause any see

dling diseases in the tree species studied. Such pathogens

having greater viability during long storage can be eliminated

by appropriate seed dressing chemicals. But storing seeds tre

ated with fungicide cannot be practiced for the forestry seeds

as they lose the viability rapidly as observed in the case

of four tree species.

5.2. Seedling diseases and their management

In Kerala the tropical moist deciduous forests occupy

4010 sq. km of the total forest area of 9400 sq.km (KSLUB,

1989) which mainly consists of valuable indigenous trees. How

ever, information on seedling diseases and their management of

many indigenous trees is comletely lacking. Sharma et

a1.(l985) made a valuable and exhaustive survey of diseases in

199



nurseries and plantations of seven forest plantation species

in Kerala and reported a number of diseases, majority of them

of minor significance. They also found that in nurseries

facultative parasites such as Rhizoctonia solani and Sclero

tium rolfsii have emerged as serious pathogens. Rhizoctonia

solani has already gained the reputation of being a worldwide,

destructive and most serious plant pathogen attacking a very

wide range of plant parts (Parmeter, 1970).. R. solani has al

ready become a serious pathogen in Albizia falcataria causing

web blight (Sharma and Sankaran, 1987), in teak causing collar

rot (Mohamed Ali and Florence, 1992), in Bombax ceiba and in

Ailanthus triphysa causing collar rot (Sharma et al, 1985). In

addition, it has been recorded to cause web blight of Azadi

rachta indica (Sankaran et a1., 1986), daming-off of

Causarina equisetifolia (Mohanan and Sharma, 1989) collar rot

of Acacia auriculifomus (Mohanan and Sharma, 1988), and

damping-off of Eucalyptus sp. (Sharma et a1., 1985).

Sclerotium rolfsii is a common soil-borne pathogen and

is known to parasitise seedlings of various tree species

(Browne, 1968). Sblenotium rolfsii, another opportunistic

pathogen has also been found to cause many diseases of seed

lings such as collar rot of Gnelina arborea (Maria Florence

and Sankaran, 1987), leaf blight of Azadirachta indica

(Sankaran et a1, 1986), collar rot of Swietenia nacrophylla
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(Sankaran et a1., 1984), leaf blight of Pterocarpus santalinus

(Sankaran et a1., 1988) and seedling wilt of Eucalyptus sp.

(Sharma et a1., 1985) and other forest seedlings (Maria

Florence et a1., 1985). These findings are in agreement with

the observation of the present investigation where many of the

nursery diseases reported for the first time from the indi

genous species also belong to facultative parasites such

as Rhizoctonia solani and Sblerotium rolfsii. Rhizoctonia

solani causes post emergence daming-off of L. .microcarpa,

collar rot of P. marsupium and seedling blight of X. xyle

carpa, while a seedling blight caused by S. rolfsii is re

corded only from.P..marsupium. It is of paramount imortance

to observe such "ubiquitous and opportunistic" pathogens infe

cting the native species. It clearly shows that R. solani and

S. rolfsii infect the native species too and we may have to

assess, how serious they may become, when these species are

raised in large scale.

In vitno evaluation of fungicides using two methods

gives interesting results. Fungicides which give promising

results in the poisoned food method (PFM), failed to give the

same when screened in soil fungicide screening method (SFSM).

For example, R. solani causing daming-off of L. microcarpa is

inhibited by MEMC and carbendazim at all the concentrations
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in poisoned food method while in soil fungicide screening

method 100% inhibition is obtained only in the highest concen

tration of 0.0125% and 0.2%(a.i.) respectively. In the case

of collar rot isolate of R. solani from P. marsupium complete

inhibition is obtained by carbendazim, carboxin, MEMC and

thiram in poisoned food method while complete inhibition was

observed in MEMC (0.0125 and 0.02509. a.i.) and carboxin (0.1

and 0.2% a.i.) and in carbendazim only at the highest concen

tration (0.2% a.i.) in soil fungicide screening method.

Rhizoctonia solani causing seedling blight of X. xylocarpa was

inhibited completely in poisoned food method by carbendazim

and MEMC in all concentrations, while in soil method it is

achieved in the highest concentration only. In the case of S.

rolfsii causing seedling blight of P.,marsqpium also, complete

inhibition is obtained by carboxin, PCNB, thiram in poisoned

food method, while comlete inhibition is recorded in thiram

and carboxin; PCNB is not effective in soil method. This

clearly indicated that for sclerotial fungi like R. solani and

S. rolfsii soil fungicide screening method is more reliable

than the poisoned food.nemhods (Sharma and Sankaran, 1987).

This could be one of the reasons for obtaining erroneous re

sults in field screening, using the most effective fungicide

obtained through poisoned food method for sclerotial

fungi (Martin et a1., 1984).
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Rhizoctonia solani and S. nolfsii affecting different

plant parts such as collar, seedling, etc.,

possibly suggest the existence of strains/biotypes

pathogens.

clear

of a species

in these

The fungicidal screening experiments also give a

indication to this effect since no single chemical

proved to be the most effective one for controlling various

diseases (Table 59). This finding is in.agreement‘with studies

carried out with R. solani isolates from different crops such

as mung bean (Kataria and Grover,1978) and Albizia falcataria

(Sharma and Sankaran, 1987).

Table 59. Nursery diseases of four tree species and their
pathogens and the most effective fungicide for
controlling them

Tree No. of diseases Most serious Most effective
species and pathogen disease and fungicide for the

associated pathogen serious disease

A. odbratissima Nil Nil Nil
L. microcarpa 2; R. solani, Damping off; MEMC

P..midd1etonii R. solani (0.006% a.i.)

P. marsqpium 2; R. solani, Seedling blight carboxinS. rolfsii S. rolfsii (0.2%a.i.)
X. xylocarpa 1; R'. solani. Nil carbendazim

(0.2% a.i.)
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Differential behaviour of various isolates of R. solani

to various fungicides have been earlier reported by Sharma et

a1.(1985); Sankaran, (1987); Mohamed Ali and Florence,(1992).

A few fungicides found effective against R. solani and

S. rolfsii in earlier studies did not show much promise against

these pathogens in this study. For example pentachloronitro

benzene (PCNB) was found to be very effective against

R. solani and had been widely used to control Rhizoctonia dis

eases (Galindo et al; 1982; Bains and Jhotty 1983; Gurkin and

Jenkins, 1985). Another fungicide found effective against

Rhizoctonia diseases was carbendazim (Shehata et a1., 1982.

Grover and Kataria, 1985). Carboxin was also reported to be

effective against R. solani (Martin et a1., 1984). However, in

the present investigations, only MEMC is found consistently

effective in bringing about comlete control while other

fungicides behave differentially. These are in agreement with

earlier observations that in spite of the fact that quite a

large number of fungicides have been tried and found effective

against R. solani there is a lack of agreement between

different reports on the efficacy of a particular fungicide

(Grover and Kataria, 1985; Sharma et a1, 1985; Sharma and

Sankaran, 1987).
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Even though MEMC has come out as the best fungicide in

controlling most of the seedling diseases reported in the pre

sent study, a word of caution has to be put forward as the in

jurious properties of MEMC is well known (Torgeson, 1969) and

therefore is banned from use in most of the developed

countries. However, its continued availability in most of the

developing countries, due to the less cost and its high effec

tiveness against such pathogens cannot stop its usage, but one

should be restrained to use it indiscriminately especially

near the habitats.

In vivo studies confirm the promise of the soil method

in identifying the most effective fungicide as R. solani is

controlled only by pre-sowing soil drenching of MEMC (0.006%

a.i.) while the other fungicides found effective in other

:methods are not effective. In the case of P..marsupium, Scle

.notium rolfsii causing seedling blight is effectively con

trolled by pre-sowing soil drenching of one of these fungi

cides (carboxin (0.2%) or thiram (0.2%) or MEMC (0.0125% a.i.)

found promising in the soil method. Of the various methods of

fungicidal application attempted the results clearly suggest

that for affording effective protection against R. solani

and S. rolfsii, the soil of the nursery beds should be treated

with fungicides, especially MEMC before sowing. Seed dressing
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or soaking was not very effective. These observations get

suport from the earlier results of Sharma and Sankaran (1987)

who reported effective protection against Rhizoctonia web

blight of seedlings of Albizia falcataria was achieved by tre

ating the nursery soil of the nursery with carbendazim before

raising the seedlings.

The present investigation reveals that the four indi

genous tree species viz., Albizia odbratissima, Lagerstroemia

microcarpa, Pterocazpus marsupium and Xylia xylocazpa have

very few seedling diseases and that none can be treated as of

serious nature spreading into epidemic proportions. This con

firms the generally held view that trees in their natural

habitat seldom suffer from serious disease problems In

accordance with the concept put forward by Elton (1958) on the

susceptibility of monoculture stand, literature also suggests

that exotics are inherently more prone to diseases than native

or indigenous species (Heather and Griffin, 1978; Vaschko,

1983).

Based on the above discussion it may be concluded that

A. odonatissima and X} xylocarpa emerge as the best indi

genous tree species for afforestation programme, considering

that they have (i) less seed pathological problems, (ii) none

or very few seedling diseases of uneconomic importance and



(iii) higher seed germinability. However, to make the plant

ing programne a success, before a species is finally decided

for a given geoclimatic area, other factors such as pest pro

blems and silvicultural aspects of these species also have to

be taken into account. It is hoped that these findings will go

a long way in the planting of indigenous tree species in its

natural habitat, as it will not only improve the ecosystem,

but also help to exploit the plantation potential of useful

indigenous tree species, especially when the wood resources in

the country are depleting rapidly due to deforestation.
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SUMMARY

In forestry, availability of healthy seeds is an im

portant factor in raising planting stock. Initial seed health

and storage conditions are the major factors governing the

germinability of seeds. Like seeds of agricultural and horti

cultural crops, forest tree seeds are also liable to be aff

ected by micro-organisms during storage, which affects the

germination, and reduces the viability. Further introduction

of seed-borne diseases into newly sown crops/areas on account

of using unhealthy seeds is also not ruled out. Availability

of healthy stock of seedlings is intrinsic for raising planta

tions and to meet this requirement elimination of nursery

diseases by appropriate chemicals is of prime imortance. As

exotic tree species may become susceptible to various native

pathogens, it is generally considered better to select indi

genous tree species for large scale plantations as they are

well adapted to local environment. However, before taking up

large scale afforestation progranme involving any indigenous

tree species, it is essential to have knowledge about seed

disorders and seedling diseases and their management. with a

View to select appropriate tree species with fewer seed dis

orders and seedling disease problems for use in further plant

ation programme, four indigenous tree species such as Albizia

odoratissima (L.f) Benth., Lagerstroemia microcazpa Wt.,
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Pterocazpus marsupiwn Roxb. and Xylia xylocarpa (Roxb.) Taub.

were evaluated to meet the above parameters.

The results of the study are presented in two parts.

The seed pathology constitutes the first part, while the seed

ling diseases and their management form the second part. Seed

health testing methods, seed microflora and their

significance, management of seed microflora, seed storage and

its influence on seed germination and seedling growth were

carried out under seed pathological studies. The occurrence of

various seedling diseases, their symtomatology, causal

organisms and pathogenicity tests, in vitro evaluation of fun

gicides and disease control measures in the nursery are

included in the second part.

1. SEED PATHOLOGICAL STUDIES

1.1. Seed health testing methods

The main objective of this study was to ascertain the

most suitable seed health testing method for forestry tree

species. Five seed health testing methods viz., standard

blotter (SB), 2,4-D, deep freeze (DF), potato-dextrose agar

(PDA) and malt extract agar (MEA) using both surface steri

lised and non-surface sterilised seeds were evaluated to

obtain maximum information on seed microflora.
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In Albizia odoratissima, of the fifteen micro

organisms recorded on non-surface sterilised seeds, except

actinomycetes, all were detected in SB method; actinomycetes

were detected only in 2,4-D and DF methods. Low incidence of

Fusarium solani (Mart.) Sacc. was observed only in SB method.

Surface sterilization with 0.1% HgCl2 reduced the incidence of

many micro-organisms except a Gram (-) bacterium.

In Lagerstroemia microaarpa PDA, DE‘ and SB methods

were equally effective as most of the micro-organisms grew

well. Alternaria alternata (Fr.) Keissler was detected only in

PDA and DE‘ methods and a Gram (-) bacterium had significantly

higher incidence in SB method as compared with others. Surface

sterilisation reduced the incidence of certain micro-organisms

and eliminated a few others.

In Pterocarpus marsupium, 15 micro-organisms were re

corded with varying intensities in SB method followed by other

methods. Actinomycetes did not appear in MEA method. Alter

naria infectoria E. Simmons Botzyodiplodia theobromae Pat.

and Myrothecium roridum Tode: Fr. grew well in SB, MBA and DF

methods respectively. Surface sterilisation brought down the

percent incidence, as well as the number of micro-organisms in

all the methods.

210



Xylia xylocarpa recorded a total of 11 micro-organisms

in SB method. E'usar1'um pallidoroseum (Cooke.) Sacc. and C1ado

sporiwn herbarum (Pers.) Link ex Gray were detected mainly on

non-surface sterilised seeds. Surface sterilisation of seeds

reduced the incidence of a number of storage fungi and to a

lesser extent the field fungi.

1.2. Seed microflora and their significance

The studies were mainly taken up with a View to gene

rate data on micro-organisms associated with the seeds of four

tree species and ascertain how do they affect the quality of

seeds, which consequently may affect / influence the seedling

vigour .

Macroscopic examination revealed the occurrence of

apparently healthy, discoloured and discoloured and deformed

seeds in A. odoratissima. The incidence of seed microflora was

higher in deformed seeds as compared to other categories. The

germination percentage was lower viz., % in deformed seeds

whereas it was 21% in apparently healthy seeds, indicating the

superiority of selecting apparently healthy seeds for sowing.

Of the 15 micro-organisms detected by different methods in. . . . 1 . .
A. odoratissima viz. Actinomycetes , Aspergillus flavus Link. ,. . 3 . 4 .A. niger van Tieghem , A. stellatus Curzi. , A. versicolor

5
(Vuill.) Tiraboschi Cladosporium herbarum (Pers.) Link ex
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6 . . . 7
Gray , Colletotrichum gloeomrioides (Penz.) Penz & Sacc.. . . 8 . 9
Fusarium moniliforme Sheld. , F. solani (Mart.) Sacc. , Myro. . 10 . . . . . 11 .thecium roridwn Tode:Fr Penicillium citrinum Thom , Rhizo. . 12 . . .5113 oryzae Went & Prinsen Geerligs , Trichurus spiralis

13
Hasselbr. , sterile hyphae” and a bacterium Gram (-) 15,

except 1,5 10 and 14, all were tested for their pathogeni

city. Fusarium moniliforme, F. solani, C. herbarum, A. stell

atus, T. spiralis and R. oryzae affected the seed germination

and growth of seedlings. Vigour index was the lowest in treat

ments involving both the species of Fusarium followed by

Cldomrium herbarum, A. flavus, A. stellatus, T. spiralis and

R. oryzae.

In Lagerstroemia microcarpa also apparently healthy,

discoloured and discoloured and broken seeds were encountered.

The incidence of various micro—organisms was higher in the

latter two categories as compared with apparently healthy

seeds. Twelve micro-organisms viz.,A1ternaria alternatal,. 2 . 3 .mpergillus flavus , A. niger , Curvularia Iunata (Wakker). . 4 . .5 . . .Boedijn , Fusarium solani , Memnoniella echinata(Riv.)6 . 7 . . . . . 8 .Galloway , Phomopsis up. Penicillium citrinum , Rhizopus9 . 10 . . 11or_yzae sterile hyphae (black) , sterile hyphae (white) ,. 12 .and a bacterium Gram (-) were recorded by different methods

on the seeds of L. microcarpa. Except 10 and 11, all were
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checked for their pathogenicity. F. solani was found to be

highly pathogenic since it reduced the germination (5%) as

compared with control (13%) . The vigour index was the lowest

in F. solani (226) followed by A. niger (292), while the un

treated control recorded a vigour index of 595.

Dry examination of seeds in Pterocarpus marsqpium

also revealed three categories of seeds. The number of micro

organisms was lower in apparently healthy seeds as compared

with other categories. Surface sterilisation greatly reduced

the incidence of micro-organisms and improved germination per

centage. The micro-organisms recorded by different methods. 1 . . . 2 .were Actinomycetes , Al ternaria infectoria , Afirgillus can. 3 . . 4 . 5didus Link ex Link, A. flavus , A. niger , A. ochraceus. 6 . 7 . . 8Wilhelm. , A. versicolor Botryodiplodia theobromae , C1ado. 9 . 10 .
mrium herbarum , Chaetomium globosum Kunze. , Fusarium. . . . . 11
moniliforme Sheldon var. intermedium Neish & Leggett. , Mem. . 12 . 13 . . 14noniella echinata , Marasmius sp. , Myrothecium roridum ,. . . . . 15 . . .Penicillium citrinum , Trichothecium roseum (Pers.) Link ex16 . . . 17 . 18 .Gray , Trichurus spiral 1S Rhizopus oryzae and sterile19 .
hyphae (black) of which 2,4,5,6,8,9,11,14,12,17 and 18 were

tried for pathogenicity. A. flavus, B. theobromae and F. moni

Iiforme var. intermedium caused reduced germination; in

addition the latter also caused decay of seeds (2%). The
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vigour index was the lowest in the case of seeds treated with

B. theobromae, A. flavus and E’. moniliforme var. intermedium

indicating that they are pathogenic to seeds of P. marsupium.

In Xylia xylocarm also apparently healthy, discolored

and discolored and shrivel led seeds were encountered. The in

cidence of various micro—organisms was higher in the latter

two categories as compared with apparently healthy seeds.. 1 . 2 . 3Actinomycetes , Aspergillus flavus , A. niger , A.4 . 5 . 6 .
ochraceus , A. versicol or , Chaetonuum g1 obosum Cladomrium7 . . 8 . . . . .herbarum , Fusarium pallidoroseum , Penicillium citrinum. 10 . 11 . .
Rhi zopus oryzae , Trichoderma sp . , Trichothecium roseum12 . . . 14, sterile hyphae (white)l3 and a bacterium Gram (-) were

recorded. Pathogenicity of only 2,3,7,8,9,l0 and 14 were

tested A. flavus reduced the seed germination considerably.

Bacterium C. herbarum and F. pal 1 idoroseum caused distortion

of seedlings. Vigour index was the lowest in seeds treated

with A. flavus, C. herbarum, F. pallidoroseum and R. oryzae.

1. 3. Management of seed microflora

Various methods such as hot water treatment and fungi

cidal seed dressing were evaluated for their efficacy in re

ducing the seed-borne micro-organisms and consequently inprove

the seedling vigour. The efficacy of hot water treatment was

evaluated at 50°C and 60°C for 15 and 30 min. In the chemical
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control experiment, conmonly available seed dressers viz.,

captafol, captan, carbendazim, carboxin, mancozeb, MIEMC

(Methoxy ethyl mercuric chloride), PCNB (Penta chloro nitro

benzene), and thiram were tested

In general, hot water treatment was effective in

Albizia odoratissima as higher vigour index was achieved over

control in all the treatments. The number of micro-organisms

also reduced from 12 in control to 6 - 9 in other treatrrents;

M. echinata and C. globosum were the new fungi recorded after

hot water treatrrent. Captan was the best fungicide as far as

the seed germination and shoot length were concerned followed

by carboxin, mancozeb, and carbendazim On the contrary,

MEMC, captafol and thiram appeared to be harmful as there was

reduction in the germination percentage.

In the case L. microcarpa, though the number of

micro-organisms was reduced, the hot water treatment was not

at all effective as the seed germination was conpletely inhi

bited in 60° and 50°C-30 min. treatments. In treated seeds,

Curvularia lunata and C. herbarum were conpletely eliminated

and incidence of F. solani was significantly reduced.

Curiously, high incidence of P. citrinum was recorded on the

treated seeds. Chemical treatnent with mancozeb was most
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effective followed by carboxin, MEMC, carbendazim and captan.

Captafol and PCNB were not effective.

The hot water treatment was not effective in the case

of P. marsupium also. Although germination of seeds of P. _mar

sqpium was greatly reduced in 50° and 60°C-30 min. treatments,

at 15 min. exposure it remained unaffected. Root length was

greatly enhanced at 50°C and 60°C - 30 min. while shoot

length did not change appreciably. However, the number of

micro-organisms reduced from 13 in control to 5-10 after hot

water treatment. In chemical control studies, captan was the

most effective fungicide in respect of seedling vigour, fol

lowed by thiram, captafol, MEMC and carboxin. In none of the

treatments germination was affected All the fungicides were

effective in reducing the number of micro-organisms; MEMC com

pletely inhibited the growth of all the micro-organisms

In Xylia xylocarpa hot water "treatment was not eff

ective as it reduced the seed germination except for treat

ment at 50°C-15 min. The number of micro-organisms also re

duced from 9 in control to 2-4 in various treatments. Inter

estingly, A. flavus and R. oryzae recorded higher incidence in

trust of the treatments as compared with control. Thiram was

most effective as a seed dresser fol lowed by mancozeb and

carbendazim. Though, the germination was enhanced in these
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treatments the shoot length did not change appreciably. Seeds

treated with captan, carboxin, MEMC and mancozeb were compl

etely free from micro-organisms

1.4. Storage and its influence on microflora, seed germination
and seedling growth

Seeds of all the four tree species were stored separa

tely in plastic containers and cloth bags for one year in the

laboratory. Other treatments included fungicidal seed dressing

storage of seeds in a desiccator over calcium chloride at

room temperature and at 4°C The number of micro-organisms

were enumerated at Day-1, Day-90, Day- 180 and Day-365 follow

ing SB method. At each sampling the germination percent and

vigour index were also worked out for all the treatments.

In A. odbratissLma, most storage fungi recorded ini

tially continued their presence till the end of the storage

period. However, seeds stored under dehumidified conditions

recorded less number of micro-organisms as compared with lab

oratory storage. Field fungi like E3 moniliforme and E2 sol

ani were not observed after 90 days of storage under dehumi

dified conditions. The'germination and vigour index gradually

decreased as the period of storage increased. In seeds stored

under dehumidified conditions at 4°C, the germination percen

tage reduced from 24% to 11% after 1 year
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Similar results were obtained for the seeds of L. micr

ocarpa. Most storage fungi continued to appear till the end

of storage period. The number of micro-organisms was less on

seeds stored under dehumidified conditions. The seed germina

tion showed a reduction from 10% to 4% in control untreated

seeds while it varied from 10% to 7% in seeds stored at 4°C

under dehumidified conditions.

In P. .marsupium, the incidence of field fungi like

M/rothecium roridum and F. moniliforme vanintermedium were

either reduced or they were completely eliminated during the

period of storage. Seeds treated with fungicides recorded only

storage fungi. The number of micro-organisms was less in

seeds stored under dehumidified conditions as comared with

other treatments. The vigour index gradually decreased as the

storage period increased. Storage of seeds at 4°C under

dehumidified condition was effective as the reduction in ger

munation was only from 23% to 14% over 1-year of storage as

compared with 24 % to 4% in control.

X. xylocarpa also yielded similar results. The number

of micro-organisms was less on seeds stored under dehumidified

condition at room temperature and 4°C as comared with con

trol. Storage of seeds treated with fungicides was not effec

tive as the germination was completely lost over 1 year period
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of storage. In dehumidified conditions at room temperature and

4°C, germination percentage showed a reduction from 55 at Day

I to 17-26 at Day- 365, respectively.

2. SEEDLING DISEASES AND THEIR MANAGEMENT

In nurseries no seedling diseases were recorded from

Albizia odoratissima indicating that it is virtually free from

seedling diseases.

From L. microcarpa, two seedling diseases viz., damping

off and root rot were recorded of which the former was a seri

ous disease, caused by Rhizoctonia solani Kuhn. Evaluation of

fungicides against R. solani using poisoned food method (PFM)

indicated that only carbendazim, MEMC, carboxin, PCNB and thi

ram were the most effective ones. However, in soil fungicide

screening method (SFSM) , carbendazim and MEMC only gave 100%

inhibition over control at the highest concentration of 0.2%

and 0.012595 (a.i.) respectively. Small scale nursery trials

indicated that pre-sowing soil drenching with MEMC (0.0069a

a.i.) gave adequate control of damping-off. Root rot disease

was not found to be a serious one as only < 1% container seed

lings were affected. In Vitro evaluation of fungicides

against Pythium middletonii Sparrow. using PE‘M indicated MEMC



and thiram as the most effective fungicides inhibiting the

pathogen at all the three concentrations tested.

Pterocarpus Amarsqpium recorded two seedling diseases

viz., collar rot caused by R. solani and seedling blight

caused by Sblerotium rolfsii Sacc. Collar rot did not appear

to be a serious disease as it occurred in low incidence. High

incidence (ca. 32%) of seedling blight was observed during

monsoon period (June - September). In vitro evaluation indi

cated the superiority of MEMC against R. solani followed by

carboxin, and to a lesser extent carbendazim. Other fungi

cides were not effective. Against 3. rolfsii carboxin and

thiram were found effective in all concentrations tested in

PHM, while MEMC and captan brought about inhibition only at

higher concentrations. A pilot scale nursery trial indicated

that pre-sowing soil drenching of carboxin or thiram (0.2%

a.i.)cnrbfiTK!(0.0125% a.i.) was most effective in controlling

seedling blight completely.

X. xylocarpa recorded no seedling disease in nurseries

except an economically unimportant seedling blight disease

caused by R. solani in a few container seedlings. In vitno

evaluation of fungicides using PFM indicated that carbendazim
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and MEMC were the most effective ones followed by PCNB, carbo

xin and thiram while these gave promising results only at

the highest concentration tested in SFSM.

From the study, it may be concluded that the seeds of

four indigenous tree species harboured rich seed microflora as

in the case of agricultural crops with storage or saprophytic

fungi as the predominant ones. Although a few field fungi re

corded in the study did not cause any seed-borne diseases in

nurseries. Besides, the tree species tested have a few conmon

seed microbes as well as some microbes exclusively associated

showing substrate preference. In general, SB method was supe

rior to others as more micro-organisms were recorded and sur

face sterilisation of seeds reduced the micro-organisms both

qualitatively and quantitatively. Dry examination of seeds re

vealed the presence of apparently healthy, discolored and

shrivelled and deformed seeds and the incidence of micro

organisms in the former category was less as comared with the

others. Hot water treatment was not at all effective for the

four forestry species tested. However, fungicidal seed dress

ing was effective as it reduced the incidence of many micro

organisms as well improved the seedling vigour. Storage of

seeds treated with fungicides was not found effective in main

taining the viability of seeds; however, storage of seeds
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under dehumidified conditions can be tried in special circum

stances. Very few seedling diseases were found to be associ

ated with the four indigenous tree species and this support

the generally held View that indigenous tree species rarely

suffer from serious disease problem.
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