- Diseases of Medicinal and
| Aromatic Plants and their
i Management

Editors
Rakesh Pandey
A.K. Misra
H.B. Slngh"
Alok Kgl i
Dinesh Singifi

Scanned by CamScanner



Diseases of Medicinal and
Aromatic Plants and Their
Management

Editors
Rakesh Pandey, A.K. Misra,
H.B. Singh, Alok Kalra and
Dinesh Singh

Indian Phytopathological Society Today & Tomorrow's Printers and

Division of Plant Pathology ‘ Publishers
Indian Agricultural Research Institute 4436/7, Ansari Road, Daryaganj,

Pusa, New Delhi-110 012 New Delhi - 110 002

1
Scanned by CamScanner



Contents

Forewards
Preface

1 Diseases of major medicinal and aromatic plants
and their management
H K. Chourasia and Akanksha Raman |-28

2  Diseases of turmeric and their management
G. Vinayarani, K.N. Madhusudhan' and H.S. Prakash 29-46

3 Diseases of aromatic grasses and their management
Ratul Moni Ram, Rahul Singh Rajput, Jyoti Singh

and H.B. Singh 47-65
4 Diseases of datura, withania, ocimum and their

management

Sunita Chandel and S.K. Gupta 67-91

Important diseases of some vegetatively propagated
spices and their management
C.N. Biju, A.I. Bhat and S.J. Eapen 93-140)

9 ]

6 Geranium fungals wilt: Biology, epidemiology

and management
D. Prasad. K.P. Singh and Aravind T 141-153

7 Diseases of some subtropical fruit crops of
therapeutic value and their management

A.K. Misra 155-185

8  Fungal diseases of some important medicinal plants
Akansha Jain and Sampa Das 187-198

9 Diseases of ashwagandha, henbanes, pathcholi,

coleus and their management
Akanksha Singh, Rupesh Choubey, Shiwangi Singh
and Rakesh Pandey 199-247

Scanned by CamScanner



T T |

Diseases of Medicinal and Aromatic Plants and

Their M 1 47-
Eds: Rakesh Pandey, A K. Misra. 118§ r Management (2019): 47-65

ingh, Alok Kalra and Dinesh Singh
Today and Tomorrow Printers and Publisher, New Delhi. India

3
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management
Ratul Moni Ram, Rahul Singh Rajput, Jyoti Singh' and H.B. Singh

Department of Mycology and Plant Pathology, Institute of Agricultural
Sciences, Banaras Hindu University, Varanasi- 221 005, India

'Department of Botany, Faculty of Science, BHU, Varanasi - 221 005,
India

E-mail: hbsl(@rediffmail.com

The medicinal and aromatic plants (MAPs) are contributing a
remarkable portion in the economy through their utilization in the
formulation of synthetic drugs, herbal dietary supplements, functional foods
and beauty products. As the demand is increasing, there is an urgent need
to protect these plants from biotic and abiotic factors for optimum
propagation and yield. Certain studies confirms the growth of MAPs in
some abiotic stresses such as salinity, drought but they are unable to confront
the fungal pathogens due to which severe quantitative and qualitative loss
takes place.

Distribution of MAPs from from different vegetation has been
depicted in Fig. 1. Besides that, MAPs also aids in sustaining livelihood
of tribal communities as they gather raw material from wild and sell it in
the local market.

In India, total 960 MAPs plant species are used for trading purposes
in which around 170 are the most traded species in world herb market with
100 million tons per year of demand. The status of MAPs in India have

been briefly reporeted by Chatterji et al. (2001) (Fig 2).
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Fig. 1. Distribution of important trading MAPs species obtained by variou

e

*One  of  the nichest megﬁ;
hodiversity of the world |
* Contribnted 20% of world Plant
brodiversity (Chatterjee, 2001) X
* 80% share of NIAPs contributed |
tuough  the wild forest region|
(Chatterjee, 2001) ¢
*Approximately 6000 medicinal
and aromatic plant species reported |
(Khare 2008) :

|
.

" [
i

18

Fig. 2. Overview of MAPs status in India

Aromatic grasses such as lemongrass, palmarosa and vetia'_';i,t
best suited for salt stressed. There are various biotic and abiotic fac
which hinder the successful production of MAPs and causing consider
!oss il.l yield (Singh et al,, 2004). Diverse group of fungi exhibit Pathf on
mvasions on different parts of MAPs causing several aerial, folic
underground diseases (Ganguly and Pandotra, 1962). Despite of in¢
dcma‘md, their supply is insufficient due to low production and i }
quality as a result of damages done by pests and diseases (Nagpal' and

3
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Karki, 2004; Singh et al., 2016). Till date only little attention has been
paid to the diseases affecting MAPs. With changes in climate, cultural
practices and other control practices, the global production of crops.,
including MAPs, is under serious challenge (Elad and Pertot, 2014). Now,
the need of the scenario is to consider the least known aromatic and

medicinal plants and to nominate them as succeeding crops for well being
of humankind.

Aromatic grasses belong to Cymbopogon species. They are known
to suffer from a number of diseases caused by fungi, bacteria, viruses and
nematodes. Though many of the diseases have only academic importance,
several diseases cause extensive damage to these grasses. Many diseases
beside reducing the oil yield affect the quality of the oil as they interfere
with the biosynthetic pathway of the oils. The succesful cultivation of

Cymbopogon spp. can only be achieved when the crop remains free from
the attack of different pathogens.

The main objective of this chapter is to discusses the current status
of MAPs, their need, encountering disease and management of aromatic
grasses with examples of four popular grasses and how these measures
can be integrated to make profitable and eco-friendly crop cultivation.
Integrated pest management (IPM) in medicinal plants aid in developing
suitable package of practices for an easy adoption even by small and
marginal farmers in India. In future, this strategy which is replicable in
other medicinal plants may have perspective by the way of market demand
in India and export potential.

1. LEMONGRASS [Cymbopogon sp.]

Lemongrass is a widely cultivated tropical perennial herb crop of
the family Poaceae. The vernacular name lemongrass is given due to its
specific typical lemon like odour from leaves and its essential oil. There
are two natives of lemongrass found, in which west Indian native
(Cymbopogon citratus) belongs to South Asia and while, east Indian native
(C. flexuosus) associated with northeast and southern part of India, Sri
Lanka is known as “Malabar or Cochin grass”. The genus Cymbopogon is
comprises three different species, C. citratus (DC.) Stapf., C. flexuosus
(Nees ex. Stued.) Wats. and C. pendulus (Nees ex. Stued.) Wats., a genus
of Asian, African, Australian and tropical island. Cymbopogon citratus is
commonly cultivated for culinary and medicinal purposes because of it’s
scent, resembles with lemons (Citrus limon).

Lemongrass is widely used as a culinary herb in Asian cuisines

=
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and also as medicinal herb in India. It has a subtle citrus flavor and can be
dried and powdered, or used as fresh. Most economical product of lemop
grass is “Lemongrass oil”, which is derived from the leaves and have g
typiacl lemon like odour. It is an eassential aromatic oil, which is
commercially worldwide known as “Cochin oil” due to its most shippment
from Cochin port. In India, Kerala has leadership, in terms of production
and export of lemongrass oil. Globally, the annual production of lemongrass
oil is apporximatelly 1000 metric tons, which come from 16,000 ha land
area. In India annual production is approximatelly 300 to 350 metric tons
and is cultivated on 3000 ha land area (http://nhb.gov.in ). It also has
pesticidal and preservative properties. It is also used as an additive to tea.
and in preparations such as kadha, which is a traditional herbal brew used
in Ayurvedic medicine. Lemongrasss leaves contain essential oil. which
have an active compund known as citral. This citral compund used for the

preparation of cosmetic, perfumes, flavours (alfa-lonone) and synthetic
vitamin A (beta-lonone).

Lemongrass is attacked by various diseases, among which,
following are of major importance (Table 1).

lable 1. Major diseases of Lemongrass

Disease Causal agent

R

Long smut Tolyposporium christensenii. Ustilago andropogonis

Red leaf spot Colletotrichum graminicola

Leaf blight Curvularia andropogonis, Rhizocronia solani

Rust Puccinia nakarishikii

Grassy shoot Balansia sclerotica

Eye spot (Leaf spot) Drechslera sacchari H leucostvium, D. vicroria and
D. helm

Leaf blotch C verruciformis

Root rot Botrydiplodia theobromae

Leal spot and clump rot Fusarium equiseti, F verticillium

1.1 Long smut

The dicanca fe . v ond

[]]L dlbtﬂ.\t 1S LE]U.\Cd h} hulh T‘{)I-l'i)()q\‘[)()"i“"l Chr"srlvn_\'l'”” \ln
Ustilago andropogoni. The flowers in the inflorescence are transforme®
into, slender, tubular to conical cream-coloured sori. These sori flake of

at maturity, starting from the tip and hang in shreds.

_
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pisease management: Spraying of Dithane Z-78 (@ 0.2%) just before
flower initiation and treating the seeds with Cersan (0.2%) or Emisan-6(@
o/kg of sced before sowing, effectively manage the disease.

1.2 Red leaf spot

The main causal agent of the disease is Colletotrichum graminicola.
The typical symptom of the disease is formation of brown spot with
concentric rings in the centre, which usually appear on the lower surface
of leaves. The spots may also be formed on midrib and leaf sheath and
later merge 1o form bigger patches.

Disease management : The disease can effectively be managed by
applicalion of carbendazim (0.1%) just after the emergence of the disease
at an interval of 20 days. However, 3 sprays of Dithane M-45 (0.2%) at an
interval of 10-12 days 1s also recommended for disease management.

1.3 Leaf blight

The disease is caused by both Curvularia andropogonis and
Rhizoctonia solani. The disease appears in the form of minute, circular,
reddish brown spots mostly 1-2 x 0.5-1 mm in size on leaf tip and margins.
The spots later coalesce to form elongated reddish brown necrotic lesions,
which results in premature drying of leaves (Fig. 3). Infection usually occur
on older leaves (Thakur and Hussain, 1975, Chauhan and Singh, 1981).

Disease management: The diseases can effectively be managed by
spraying Dithane Z-78 (0.2%) with an interval of 10-12 days or Copper
oxychloride (0.3%).

Fig. 3. Healthy (A) and (B) blighted leaf symptoms of lemongrass

il Boailal g
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1.4 Rust

The disease was first 1
Later disease was also reporte
(Gardener, 1985).

The disease 18 caused

eported by Bandara (1981) from Sri Lank,
d from California (Koike, 1999) and US‘/{

by Puccinia nakarishikii. The pathoge,
appears as golden brown pustules on the leaf laminae and occasionally
sheaths. The symptoms are in the form of discrete, llpear brown uredini;
appear on the lower surface of the leaves associated with chlorotic stregk
The lesions are circular to elongate, sparsely scattered and 1-30 mm ir;
length and 1-3 mm in width (Koike and Molinar, 1999). The lesions become
pustular later and generally confined to lower surface (Fig. 4). The maip,
negative effects of lemongrass rust on the plant are, defoliation, poor leaf
and low oil yield (Gardner, 1985). The rust disease is normally not fata] ¢
lemongrass plants, even though defoliation may be severe.

Disease management: The disease can effectively be managed by spraying
of Dithane Z-78 (0.2%) or Copper oxychloride (0.3%) or Plantavax (0.1%)
at intervals of 10-12 days. Identification of resistant and susceptible alleles
for reaction to the rust pathogen have been reported by Singh et al. (1999)
which facilitate in management of pathogen. |

Fig. 4. infect
ig. 4. A) Rust infection on lemongrass, B) Close up of rust pustules on lemongrass leaf

1.5 Little leaf or grassy shoot

sympton;rsthzlisszit;e lfs S Ly ?alansia sclerotica. The characteristic
normal inflores ¢ form of stunting and little leaf formation in place of
S e ocbence. It is one of the most severe diseases of lemongrass
The infection | served on var. Kerala during 1983 (Gupta er al., 20001

1on leads to stunting, little leaf formation and bushy apl;earance
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1.6 Leaf spot

This disease i‘s caused by various fungi viz., Drechslera sacchari
(Butler): H. leucostylum, D. victoria and D. helm and have been reported
from various lemongrass cultivating regions of India. The charactristic
symptom of this disease is production of brown colour spots with dark
purple borders and pale centres in oval shapes. In severe condtion these

spots turn in large necrotic spots.

Disease management: Spraying of systemic fungicides i.e. Mancozeb (@
0.2 10 0.3%) at 15 days interval is found effective for disease management.

1.7 Leaf blotch
Leaf blotch disease in lemongrass was reported by Barua and
agent of this disease is C. verruciformis. In

Bordoloi (1983). The causal
[ndian context, C urvularia andropogonis Causes SeVere disease during rainy

seaseon (Alam ez al., 1997). The pathogen produces characterisitic symptom
on leaves as circular, minute, reddish-brown spots on the leaf tips and
margins. During favourable environmental conditions the spots increase
in the size and space with necrotic appeareance which leads to premarture
dying of leaves. The older leaves of plants have more susceptibiltiy as
compared to young leaves. Spraying of systemic fungicides Z.e. Manco;eb
(@ 0.2 to 0.3%) between 15 days interval is found effective for managing

the disease.

2. PALMAROSA [Cymbopogon martini]
i is a species of grass in the genus

tive to India and Indochina, but widely

Cymbopogon martin
¢ oil. It is best known by the

Cymbopogon (lemongrasses) N2 |
cultivated in many places for its aromatl .
common name pal}rlnsrosa (palm rose) as it produces r-ose like 'ﬁ*agirk;nc(:;.
In other regions, some venecular names also used fqr it ;. e. moshia, t ta. 1S,
gingergrass, roshaand rosha grass and Indian geranium. The .plant con auzl
high value of essential oil, which has geraniol (75-?0%) as gqtlveICOﬁzﬁeé
This compund is used in the perfumery, cosmetics, traditional o i

A d as an effecetive
and h i ’ arosa oil has been founc as
ousehold industries. Pair ¢ grain pests: mosquito, ete. It aslo

and ecofriendly insect repellent for stor

s

all |
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shows an antihelmintic and antifungal propeties. It grows as wild Plan
species in India. In some regions, it is found more pormintent i,
Maharashtra, Madhya Pradesh and Andhra Pradesh. It produCeS'
approximately 15 metric tonnes of essential oil annualy. Major diseageg
are listed in table 2.

Table 2. Major diseases of Palmarosa

. i
Disease Causal agent
. s e ey
Red leaf spot Colletotrichum graminicola
Leaf blight Curvularia andropogonis, Ellisiella caudata

Grassy shoot Balansia sclerotica

Long smut Tolyposporium christensenii

Curvularia blotch C. andrographis, C. trifolli

2.1 Red leaf spot

The disease is caused by Colletotrichum graminicola and prevalent
in all the Palmarosa growing regions and appears during rainy season.
Under warm and humid conditions, the disease spreads rapidly and may
cause up to 35 per cent reduction in the oil production. The disease
perpetuates on the left-out stumps and stubbles in the field. The symptoms
can be seen as small brownish spots, scattered all over the ventral surface
of the leaves. The disease also colonies the leaf sheaths and midrib (Thakur
and Hussain, 1975). Later they enlarge and gets turn into brown patches.
On the necotic lesions of the leaf, black fruiting bodies of the pathogen

can be seen.

Disease management: The disease can effectively be managed by applying
two sprays of Bavistin (0.1%) just after the first appearance of the disease
at an interval of 20 days. In addition to it, spraying of Dithane M-45 (0.3%)
at an interval of 10-20 days has also been found to manage the disease

effectively.

2.2 Leaf blight

It is a very serious disease of Palmarosa, which may lead to
epiphytotics in palmarosa growing zones. The disease leads to an average
loss of 32 per cent in oil content and 17.8 per cent geraniol in the oil. The
typical symptoms of the disease are formation of circular and reddish brown
spots on leaf margin and tips (Janardhanan er al., 1980). In addition t0
Colletotrichum graminicola, Curvularia andropogonis and E. caudata have
also been found to be associated with the disease, The disease is usually

e
Scanned by CamScanner



pf‘”“mt during rainy season and a

hogen- The leaf sheath also gets affected
p tes through plant debris or self sowp pla.n

pisease management: The disease can effe
apP“"a"ion the foliar spary of broad spectrum
ofCapmeI (@ 0.3%) or Dithane Z-78 (0.29

T

ctively be managed by
ngicide i.e. chlorothalonil

Fig. 5. Leaf blight of Palmarosa

1.3 Little leaf or grassy shoot

The causal agent of the disease is Balansia sclerotica (Pat.) Hohnel
(Janardhanan et al., 1991). The disease attacks the floral parts and
consequently the oil yield and seed production is adversely affected. The
characteristic symptoms are, stunting and formation of little leaf on the
?lants in place of normal inflorescence. The conidial stage of the pathogen
5 also usually seen on leaves and infloroscense of the infected leaves, but
I's pathogenicity on the crop has not been established.

the disease, Dithane

. . t of
Dise L tive management O
ase management: For effective manag at an interval of 10-

ﬁ7:a(0'3%) should be applied before flowering stage
ys.

X S
'-er'ikrl‘er

Scanned by CamScanner



56

2.4 Smut

This is an inflorescence borne disease, adversely affects the o
yield and seed production. The disease is caused by 7})/_1);):).«;/)01-,‘“,,
christensenii. The symptoms are characterized by the transformatigy, 0"
seed into the smut sori, which are slightly long covered by dul| ye

‘ oy,
membrane (Fig 6).

Disease management: The disease can be managed by treating seeds With
organomercurial fungicides before sowing in the nursery, Spraying of
Dithane Z-78 (0.3%) just at the time of flower initiation has also proved ¢,
be effective in managing the disease.

Fig. 6. Healthy (left) and smut affected (right) inflorescence of palmarosa

2.5 Curvularia blotch

This disease is prevalent in palmarosa growing areas of U.P., M.P,
Bihar, Karnataka and J&K and is caused by Curvularia andrographis and
C. trifolli. Disease occurs in epiphytotic form during August and October.
Small eye shaped, orange/brick red necrotic lesions appear and coalesce
together resulting in premature drying of leaves.

Disease management: Foliar application of Mancozeb (@ 0.3%) at 13
days interval at initial stages of infection, effectively manage the disease.

Leaf spot, grey blight and clump rot caused by C. verruciformis;
Pestalotiopsis mangiferae and Drechslera colocasia respectively are als0
diseases of palmarosa but are of minor importance.
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) JAVA CITRONELLA [Cymbopogon winterianus)

Java citronella is originally from Sri Lanka and is also widely grown
in India: Guatemalé? Hon.dur;ls_, Malaysia and several other countries.
CWnbOPngon winterianus 1s the source of the high quality java citronella
essential oil, whereas, the 9ther MauIcty OfC}tI‘Onella. C. nardus is the source
f the Ceylon es.sentlal oil, but it is considered inferior in quality to the
java citronella oil.

Java citronella has the higher alcohol content among the citronella
oils. With its clear lemon pre scent, it is used for preparing perfumes.
This plant is used for a multitude for various purposes as in food flavoring,
nosquito repellents, perfumery, deodorants, soaps and cosmetics industries.
Chemicals like the geraniol, hydroxycitronellol and citroneliol are some
components of the java citronella used in the perfumery industry. Geraniol
and citronellol function as antiseptics and are used in disinfectants. The
java citronella with its lemony scent makes the oil highly useful in the
aromatherapy. It’s aromatic and medicinal properties have rendered the
java citronella a highly useful plant. The java citronella oil is obtained
from the leaves and stem of the plant. The oil contains the citronellal,
geraniol and hydroxy citronellol, which are highly useful in perfume
making. With regard to its medicinal properties, it is useful in treating
fevers, rheumatism, minor infections, stomach related and menstrual
problems. The java citronella oil is used for making insect repellents. The
oil is also regarded as a great stimulant, with its fresh and invigorating
scent. Having astringent properties, it can be used to improve upon an oily
complexion skin. It is useful in treating insomnia. Aromatherapy recognizes
its utility and benefits with regard to the immune system, nervous system
as well as for skin.

Many diseases affect the commercial cultivation of Java citronella
(Table 3), including leaf blight caused by Curvularia andropogonis (Alam
and Husain, 1976; Alam et al., 1983), Drechslera australiensis (Ramaiah
and Chandrashekar, 1981), purple leaf spot caused by Colletotrichum
graminicola (Sarwar et al., 1980), lethal yellowing caused by Pythium
aphanidematum (Alam et al., 1992), collar rot and wilt caused by Fusarium
monilifome (Alam et al., 1994).

Table 3. Major diseases of Java citronella

Disease
e ——
Leaf blight

Causal agent

Curvularia andropogonis, Drechslera australiensis

ﬂlfit_hj)j and banded leaf spot Rhizoctonia solani
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Fusarium monoliforme \

Curvularia andropogonis

Collar rot and wilt

Leaf blotch
Pythium aphanidermatum, Fusarium Monol
o,

Lethal vellowing e
Leaf crinkling Unknown etiology
Puccinia cymbopogonis

Rust
Mosaic Sugarcane mosaic Virus
|
G i b onis, Melliola ¢y
Leaf spot Phyllostricta cymbopog Melliola cyy, bOPOgan&
—

3.1 Leaf blight

The disease is caused by both Curvularia andropogonpis ang
Drechslera australiensis Two different types of symptoms viz., leaf bligh
and leaf spot appear on the leaves. Initially, leaf blight symptoms appgar
as small, circular to ovoid reddish brown lesions on the leaf lamina, Which
extend and coalesce resulting into fairly big size longitudinal necrotje
lesions. In the later stage, these longitudinal necrotic lesions coalesce and
leaves gradually dry up. In case of leaf spot, initial symptom appear g
minute, yellowish brown spots, which enlarge and spots coalesce, by
lesions produced are not as elongated as leaf blight symptom. The disease
drastically reduces both the quantity and quality of oil.

Disease management: The disease can be managed effectively by spraying
of Mancozeb (0.1%) at an interval of 15 days.

3.2 Sheath rot and banded leaf spot

The disease was first reported by Singh et al. (1997) from Tarai
region of Uttar Pradesh and the causal agent was reported as Rhizoctonia
solani. The symptoms which develop on leaves and sheaths are
characteristic concentric spots that cover large areas of sheaths and leaves.
Discoloured lesions first appear on the leaf sheaths near the soil surface
and gradually spread around the sheath and inward into the sheath tissues.
Rotting remain restricted to the lower side of the plant and in advanced
cases a weft of greyish fungal mycelium develop within the sheath.
Numerous small, round to irregular, dark-brown sclerotia develop over
’.[he mycelial mat and inside the leaf sheath (Fig 7). Early infection resul
In complete killing of the plant. The disease is very severe in some fields
(5-35% plants affected), where Stagnant water prevail for a long period-
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Fig. 7. A) Typical sheath rot symptom by R. solani (arrow indicating sclerotia formed
on leaf sheath). B) Banded leaf spot and blight symptoms on leaves

Disease management: The disease can succesfully be managed by
application of Hexaconazole 75% WG @ 100 mg/ lit. First spray at the
time of disease appearance and 2nd spray 15 days later. In addition to it,
soil and seed treatment with T. harzianum is also effective in reduction of
the disease.

3.3 Collar rot and wilt

Alam ef al. (1994) reported the collor rot and wilt disease of Java
citronella by Fusarium moniliforme. In the initial stages of infection, the
plants produce crinkled, curled and chlorotic leaves. At advanced stages,
the plants develop collor rot resulting in drying and death of infected plants.
Rhizoctonia solani has also been reported to cause collor rot of citronella

(Singh et al., 1997).

Disease management: Foliar application of Mancozeb (@0.3%). at 15
days interval at initial stages of infection effectively manage the disease.

3.4 Leaf blotch

Leafblotch is caused by Curvularia andropogonis. The symptoms
of the disease appear as small pink coloured spots of 1-2 x 8.5-1 mm Size,
which are scattered on halli blade in initial stages (Alam and Husain, 1976).
Later, the spots coalesce resulting in blotch symptoms. A loss of more than
31 per cent oil and 11.8 per cent geraniol content has been reported due to

leaf blotch disease. This may be due to the production of a toxin by the

pathogen (Alam et al., 1997). C. andropogonis infected leaves of Java

citronella show discoloration due to changes in phenol metabolism of host.

At later stages typical browning symptoms are observed on leaves. T.hﬁ
young seedlings may be attacked before emergence at any point, from ﬁvlvhw
the infection spreads rapidly and the seedling 1s over run by the fungus
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and diey (preseergence danmping=ol0. merged soodlings, uaually
attackaed at the voots ov stom at just below the goil Tine, The infeeted nru}m
bovomie water soakad and discoloved and they soon collapse from by,
part of the seadling, stem becoming softor and much thinner than
unafivetad pacts ot the plant nolder plants, the pathogens may kil rootlyy,
o induce lestons on the roots and stomy, The lesions result inplang,
becotning stunted and ultimately wither and die.
Disease management: The disease can be managed olfectively by spraying
of Mancoseh (0.1%) and Benlate (0.1%) at ancinterval of 15 days, Alyo,
drenching of 0. 1% Dithane M-43 is recommend for managing damping
oft
3.5 Lethal yellowing

The casual organism of lethal yellowing is Pythium
aphanidermatum. The voots of infected plants show marked discoloration
and the cortical vegion is completely disintegrated and is cut off from the
vascular tissues. ln addition to Pvthium, Fusarium moniliforme has also
been found to be associated with the disease (Alam ef al., 1994; Carrea,
1969). The main characteristic dilference between the two pathogens is
that in case of latter, symptoms usually appear in form of patches.

Disease management: Use of healthy slips and treatment with Ridomil
(0.19%) ot Thiram (0.3%) prior too planting helps in reducing the disease
incidence. In addition to it, application of biocontrol agents such as
Trichoderma and Gliocladium has been found to be effective in disease
suppression.
3.6 Leaf crinkling

In this disease the young leaves get twisted and crinkled. The
ctiology of the disease is not been clear till date. This disease is more
prevalent in summer season.

Disease management: For proper management of the disease, the affected
plants are sprayed with monocrotophos (0.1%) at weekly interval.
Application of manure also facilitates in managing the disease.
Monocrotophos may be sprayed from February onwards at 15-20 days
intervals. In addition to it, application of Thimet @ 7 kg per hectare is also
recommended for successful management of the disease.

3.7 Rust

The rust of Java citronella has been reported from various regions
viz., New Guinea (Cummins, 1971), India (Goswami and Singh, 1973;

e
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1.8 Other minor diseases

In addition to the above mentjon discases, there are several other
pathogens, which cuulsc leal spots of minor oceurence, They are
Colletotrichun graminicola, Periconiq byssoides, Alternaria alternata
Cladosporium herbarum, Spegazzinia lessarthrq, /lrr/frm/mrryun;
cymbopogonis ete, '
Disease managemen: Treatment of terminal cuttings with ¢
solution (1 g/1) before plantation is an effective protection
pathogens.

sarbendazim
against fungal

4. KHUS [Vetiveria zizanioides)

Khus is a widely distributed plant in South Asia such as Burma,

Ceylon and also found in South Afvica. It (Vetiver) is a widely known
aromatic grass native to Indian sub continent. The plant has been harvested
for 3000 years for its medicinal and economical use. The plant is also
native to India, and it is mostly found in North India. The western name of
the plant is derrived from the Tamil word Vettiver meaning “hatcheated
up™. The plant grows well in riverside, rich marshy soil in plains and lower
hills. In North India, it is cultivated in Rajasthan, Punjab, and Uttar Pradesh,
Whereas, in South India, it is arown in Kerala, Tamil Nadu, Andhra Pradesh
and Karnataka, Bharatpur is the biggest khus oil industry in India.

The most important chemical constituents present in the plant e
benzoic acid, vetiverol, furfurole and vetivone. The spongy and aromtic
00ts are being used for preparing goods viz., mats, fans, dgor-screens efc.

he extreme purity of the oil makes it fit for consumption and als.o to
“nhance flavor in summer sharbats, ice creams and digestives. The roots
Are rich source of fracrant volatile oil, which has.got a lllgll demz.t;ld in
Oth national and international market for its use in cosmetics, pertume,

o . = \
leteries and allied industries.
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Khus is mainly known to be affected by leaf spots anq blight diseg
(Table 4), which remarkably limits its yield both on quantity and qUaHSE

basis. ly
Table 4. Major diseases of Khus
Disease Causal agent \
Curvularia leaf spot and blight ~ Cwrvularia trifoli T
Leaf spot and blight Phoma herbarum
Leaf spot Gloecospora sorghi, Helminthosporium Sp.
Cyst Heterodera zeae

T

4.1 Curvularia leaf spot and blight

Leaf spot and blight caused by Curvularia trifoli is ope of the
major diseases of khus (Sarwar, 1969). The infected leaves show tap ¢,

dark spots, which later turn black in colour. The infected plants become
yellow and ultimately dry out.

Disease management: The disease can effectively be managed by 2-3
spraying of Copper based fungicide (0.3%) having 50% metallic Copper

@ 120-160 gallon/ha or drenching with copper oxychloride or Bordeaux
mixture (0.1%).

4.2 Leaf spot and blight

The disease was first time reported by Zhang et al. (2017) from
China. The causal agent of the disease is Phoma herbarum. The initial
symptoms were round or irregular dark brown spots that become fusiform
or irregular with reddish-brown margins. When ample moisture is present,
lesions coalesce resulting in blight. Disease resulted in a reduction in the
number of leaves and branches and at jts peak, entire plants gets blighted.

4.3 Leaf spot

This disease is caused by both Gleosporium sorghi and
Helminthosporium sp. The first report of the causal agent as G sorghi was
by Puranik and Suryanarayanan (1966). The main characteristic symptoms
of the disease is appearance of small, diffused spots on leaf margins of

may be scattered throughout the Jeaf and sheath (Jain 1995). The spots ar¢
oblong, oval and brown in colour.

Disease management: Application of Copper based fungicides @ 0.3%
effectively controls the disease,
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4 Nematode infestation

Lal and Mathur (1982
-1hus plant by Heterodera -l:fp??ed the nematode intestation of roots
of . - e symptoms involve dev e
cyston the roots. ¢ development of

pisease management: The disease can be

: . . anaged thr : T
of leaf extract o botanicals such as Tagerys gec through application

erecta.
The_tou_r abO}‘e mentioned aromatic grasses
their aromatc oil which has got multifarous zlction Arormatic
only prOVi(_ieS raw material for drugs, but also‘ plaL\nl:nt \p’lm-us b
manufacturing of cosmetics, dietary supplements, t‘uncitio‘mlLt’E ) l;“lc' “:
qromatic oils. So, the biotic invasion of such plants in the foxt'm c:foc(i'b‘ jm*
is a major constraint in deriving superior plant products. It has ﬂlSolbl:g?
ostimated that with the fast climate changing scenario, resurﬂenc‘e of boLtl:
pest diseases is likely to get elevated. Plant disease managen:ent strategies
are usually designed for cereals, pulses, oilseeds and ve}etables while a
very modest attention is being paid in management o} MAPs. Thus,
management of diseases of MAPs is of utmost importance after evaluating
their enormous benefits and the incurring losses due to disease. An
integtated disease management strategy should be developed emphasizing
the eco-friendly management practices for leading MAPs disease free,
which itself are remedy of very serious ailments.
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