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Foreword

In Indian arid region, soil pests, such as fungi, nematode, bacteria, parasitic plants,
arthropods and other organisms frequently cause heavy losses, by affecting both quantity
and quality of agricultural production. In severe cases, total devastation forces affected
farmers to either abandon the land or shift to less susceptible but often less profitable
crops. Due to limitation of suitable lands in arid region, crops are frequently or even
continuously planted on same piece of land, leading to rapid build up of host specific pest
population confounding the problems. There is, therefore, a need to evolve effective
management strategies to ensure crop productivity and yield stability under harsh arid
climate. These strategies must be technologically sound, economically viable and environ-
mentally safe.

Realizing the importance of this problem and need of the region, dedicated efforts of
a team of multi~disciplinary scientists in controlling soil-borne pathogens utilizing natural
resources of the region like intense solar radiation, on-farm wastes and native bio-control
agents have culminated in this bulletin.

The findings presented in the bulletin will be quite informative and useful for those
engaged in dissemination of low external input sustainable technologies for the manage-
ment of soil-borne diseases in Indian arid region. My compliments to the team of scientists
for this useful publication.

Dr. Pratap Narain
Director



Preface

In the arid regions of India, besides weather aberrations, diseases and pests
also become a limiting factor for successful crop production and are often responsible for
crop failures. Among the diseases, those caused by soil-borne pathogens are more preva-
lent due to favourable agro-climatic conditions for their development and repeated cultiva-
tion of susceptible hosts on the same piece of land. Yield losses due to wilt alone in cumin,
a cash crop, often reach to the extent that growers are left with no alternative except to
abandon its cultivation. Several folk songs depict the plight of hapless desert dwellers in
this regard.

These soil-borne pathogens survive in the form of testing structures and their
populations increase in the soil with each year of cultivation. To reduce the population of
these pathogens below the economic threshold level, efforts have been made at the Central
Arid Zone Research Institute, Jodhpur to evolve cost effective, environmentally sound
methods of management utilizing natural resources of the region. In this bulletin, an
attempt has been made to compile the results of various experiments conducted on biology
and pathology of soil-borne plant pathogens. We hope that low external input sustainable
technologies developed for the management of these diseases would certainly be useful for
increasing productivity of the valuable crops. This will provide an additional tool in the
hands of research and extension workers to benefit the resource constrained farmers of the
arid region.

We express our sincere thanks and gratitude to Dr. Pratap Narain, Director,
CAZRI, Jodhpur for constant encouragement. We are grateful to Prof. J. Katan, The
Buck Family Professor of Plant Pathology, The Hebrew University, Rehovot, Israel for
offering valuable scientific suggestions for many experiments. Scientific assistance ren-
dered by Dr. Ritu Mawar, Dr. Sunil Istael, Mrs. Meenu Bareja and Mr. J.S. Meena is
gratefully acknowledged. Thanks are also due to Mr. Rajan Lal, Mr. Arjun Singh and
Smt. Rukma devi, staff of Plant Pathology laboratory of the Institute,

SATISH LODHA
UDAY BURMAN
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Introduction

The Indian arid zone covers 12 per cent of country’s geographical area occupying
31.8 million hectares of hot desert. Pearl millet, clusterbean, moth bean, cowpea, sesame
and sorghum are the major crops grown under rainfed conditions while wheat, cumin,
mustard and isabgol are the principal crops grown in winter season where assured
irrigation is available due to ground water resources or inception of canal. With the
increasing biotic pressure, most of the arid and semi-arid regions are confronted with the
challenges of producing more per unit land with uncertain and dwindling supplies of
water.

In this region, besides weather aberrations, diseases caused by certain soil-borne
pathogens are responsible for low productivity of agricultural crops (T.odha and Singh.
1983; Lodha et al., 1986). In addition to losses caused to annual crops. occurrence of
these diseases in forestry and pastures takes away a major share (Lodha, 1983; Lodha ef
al., 1994). Because of the requirement for free water, diseases of aerial plant parts are
much less common than those involving roots when plants are grown in dry regions
where humidities are low and rains are infrequent and/or of short durations. Under these
conditions, pathogens like Macrophomina phaseolina, Ganoderma lucidum,
Cylindrocarpon lichenicola, Neocosmospora vasinfectum, Sclerotium rolfsii and species
of Fusarium (F. solani, F. equiseti and F. oxysporum) causes dry root rot and wilts in
many commetcially valuable and perennial plants (Akem and Lodha, 2000 ; Bohra and
Lodha, 1999 a, b; Lodha, 2000 a, b; Singh and Lodha, 1983) (Table 1).

Table-1. Important soil-borne diseases of crops in arid region

Pathogen Disease Crop (s)

Macrophomina phaseolina Leaf, Stem blight, Web | Mungbean, Mothbean,
blight, Root rot, | Clusterbean, Cowpea,
Charcoal rot Chickpea, sesame

F. oxysporum f. sp. Ciceri Wilt Chickpea

F. oxysporum f. sp, Ricini Wwilt : Castor

F. oxysporum f. sp. corianderi Wilt Coriander

F. oxysporum f, sp. Cumini Wilt Cumin

Sclerotium rolfsii Collar rot, Root rot Chickpea

Fusarium solani Root rot Chick pea, Jojoba

Rhizoctonia solani Root rot ‘ Chickpea

Ganoderma lucidum Root rot ~ | Shrubs and trees

Neocosmospora vasinfectum Slow wilt Clasterbean, Cowpea

Certain agro-climatic factors of arid region are attributed for the development of
few specific diseases caused by soil-borne pathogens. Low organic matter and microbial



population coupled with poor moisture retention capacity of soils favour survival and
multiplication of the main source of inoculum of soil-borne pathogens (Fig. 1).

Mono-
cropping

Poor moisture
retention

Favour
Low organic | | Low microbial [{ Less competitio survival of
matter population Less antagonism B M phaseolina

Low rainfall Intense competition for moisture /

(crops & weeds)

High soil
temperature

Fig. 1, Factors influencing survival of M. phaseolina in arid soils

. Inoculum of these pathogens increases in the agricultural lands with increased
years of cultivation of susceptible crops and the inoculum density in the soil is directly
proportional to disease intensity in the field. Studies conducted on loss estimation over a
period of eight years revealed that amongst soil-borne pathogens, M. phaseolina and
Fusarium are the major cause of serious crop losses (Table 2). Losses due to wilt
(Fusarium oxysporum £.sp. cumini) in cumin alone may reach 40%. Frequently growers
are left with no alternative except to abandon its cultivation after a few successive years
of cropping (Lodha and Mawar,2000a). Several folk songs depict the plight of hapless
desert dwellers that suffer enormously when wilt takes<away their expected rich harvest
within a fortnight. Thus, occurrence of M. phaseolina under rainfed conditions and F.o. f.
sp. cumini in winter season in the same fields has become a serious limiting factor for the

profitable production of oilseeds/legumes and cumin, respectively (Lodha and Mawar,
2000 a, 2002).



Table 2. Maximum disease severity and yield losses due to important soil-borne
pathogens of arid crops during 1977-84,

" Crops Variety Disease Mortality (%) | Yield Losses
(")
Clusterbean FS-277 Dry root rot 31.00 32.11
Cowpea V-8 Dry root rot . 6450 -
Cumin Local Wilt 40.07 36.35
Sesame T-13 Dry root rot 43.89 50.15
Pearl millet HB-3 Downy mildew 57.20 50.15

Studies on biology and pathology of M. phaseolina and F. oxysporum have been
done world wide with a view to evolve a number of management strategies to reduce
yield losses. These studies have broaden the horizon of knowledge that particular agro-
climatic region requires specific host of technologies to suit the socio-economic
conditions of the farming community of that region. The beneficial effects of these
should form an integral part of low-input sustainable agriculture (LISA). During past two
decades, research efforts were concentrated at the Central Arid Zone Research Institute,
Jodhpur to evolve management strategies against major soil-borne plant pathogens of the
region (Lodha, 1993;1997). Concerned with the conservation of fast deteriorating
environment, efforts have been diverted to evolve eco-friendly management strategies to
avoid dependence on expensive and hazardous chemical means of control because
biology and ecology rather than chemistry governs the sustainability in arid region.

Resistance

Breeding

Studies demonstrated that maximum expression of dry root rot required for
screening germplasm can be secured by inoculations of seedlings grown in M. phaseolina
infested soil at the time of moisture stress (Singh and Lodha, 1986; Lodha 1998). This
procedure was used to screen 28 elite genotypes rigorously to identify resistant sources.
In the absence of complete resistance, least susceptible genotypes ‘RGC 471 and ‘Kutch
8" were categorized moderately resistant while ‘HG 75’ and ‘AG 111’ as highly
susceptible. These genotypes were used for making three crosses i.e. ‘Kutch 8 x RGC
471°; ‘Kutch 8 x HG 75° and ‘“HG 75 x AG 111°. Progenies were subsequently advanced
to Fs and Fe generations (Lodha and Solanki, 1993).

There was a wide range of variation for dry root rot resistance among the F)’s
produced by these crosses. The Fy from Kutch 8 x RGC 471 showed resistance close to
either of the parent. The susceptibility vatue (33.1%) of F, was almost equal to the mid-
parent value (33.4%) indicating absence of dominance. Scaling test revealed the presence



of epitasis in “Kutch 8 x RGC 471 and ‘HG 75 x AG 111" crosses and appropriateness of
additive dominance model for ‘Kutch x HG 75°. In gene effect studies, additive, additive
x additive and dominance x dominance were more pronounced in R x S cross. These
findings are in close agreement with those of Rao and Shinde (1985) who reported
inheritance of resistance to be polygenic in sorghum for M. phaseolina induced charcoal
rot and found that non-allelic interaction played an important role.

It emerged {rom this study that in the absence of complete resistance, only
alternative left for the improvement of the population was to select plants possessing
more resistance to dry root rot. Thus, few strains combining field resistance as well as
high yield were selected (Lodha and Solanki, 1993). Of these, strain CAZG 27-1 ranked
first in all India testing in gum content (32.8%). In case of cowpea, of the 33 genotypes
evaluated against M. phaseolina, 26/4/1, V16, K39, 25/8/2 and CO; were found
moderately resistant (Singh and Lodha, 1986).

Relative tolerance of crops/genotypes

During screening of the germplasm of arid legumes against dry root rot, it was
observed that under similar conditions of soil moisture stress, genotypes of a crop or
different crops respond differently to Macrophomina. When cowpea, clusterbean and
moth bean were grown in grass-legume intercropping system, the effect of soil moisture
stress was earliest discernible on cowpea, which got heavy infection due to
Macrophomina (Table 3). With the onset of severe moisture stress, most of the cowpea
plants expressed dry root rot symptoms leading to high mortality (Lodha and Singh,
1984). However, under similar situations, clusterbean and mothbean, in that order, was
less infected. This indicated that there exist a strong correlation between water stress in
host and dry root rot incidence. Subsequently, relationship between water relation of host
before and after Macrophomina infection and susceptibility of cowpea, clusterbean and
mothbean genotypes were worked out in detail.

Table 3. M. phaseolina population and mortality of legumes in grass-legume inter-cropping.

Population (g soil)
Systems At symptom At harvest Mortality (%)
initiation
Cenchrus ciliaris (Cc) 6 16 -
Ce + clusterbean 96 100 438
Cc + cowpea 148 98 714
Cc + moth bean 40 64 285
Clusterbean 36 47 28.6
Cowpea ‘ 46 60 41.6
| Moth bean 28 38 142




Water relation parameters of the healthy and diseased plants of six cowpea
genotypes were studied at the time of mild and severe moisture stress (20 to 40 days after
sowing). It was observed that susceptibility of cowpea genotypes to Macrophomina
increased with increasing moisture stress. At 20 days after sowing, when scedlings
experienced mild stress (-8 bars), mortality due to dry root rot ranged from 5.3 to 11.3%.
While, at severe moisture stress (-13 bars), 22-35% plants of cowpea genotypes
experienced root rot mortality. Shoot water potential decreased significantly in the
healthy and diseased plants of susceptible genotypes ‘ARS Durgapura’ compared to
resistant ‘V-265" (Burman and Lodha, 1996). At severe moisture stress, susceptible
genotype reflected greater magnitude of changes in leaf transpiration, turgiscence and
temperature compared to those of resistant genotype (Burman and Lodha, 1996). At mild
soil moisture stress, vulnerability of ‘ARS Durgapura’ to M. phaseolina infection could
be partly attributed to low ¥ shoot of healthy seedlings. Poor root biomass and plugging
of vessels (Ilyas and Sinclair, 1974) under severe stress conditions reduced water uptake
in ‘ARS Durgapura’, concurrent higher transpiration rate made this genotype further
susceptible to M. phaseolina infection. Thus, increased susceptibility of a genotype to
Macrophomina infection could be assigned to impairment of water transport system.

Studies on different arid legumes demonstrated that mothbean is the most tolerant
to M. phaseoling infection. Cowpea plants became predisposed to fungal infection only
after its shoot water potential declined below -14 bars (Burman and Lodha, 2000).
However, clusterbean and mothbean reached that stage at —18 and —20 bars, respectively
(Table 4 ). Inspite of experiencing greater water deficit compared to clusterbean and
cowpea, moth bean maintained higher leaf turgiscence by lowering its transpiration rate
more than other studied legumes. Lowest leaf transpiration rates (0.27 to 0.29 ug Hy0
cm™ Sec’') were recorded in moth bean leaves while cowpea leaves registered maximum
(0.41 t0 0.61 pg H,0 cm™ sec™). Macrophomina infection reduced both transpiration and
leaf turgiscence probably due to impairment of water uptake process. However, genotype
of a crop could be differentiated on the basis of leaf RWC. Thus, the findings of this
study demonstrated that leaf RWC can be used as a parameter to screen genotypes against
Macrophomina. This parameter has also been suggested to screen drought resistance in
cowpea (Walker and Miller, 1986). If the apparent relationship, that mechanism of
drought tolerance also confers resistance to Macrophomina holds true (Pastor-Corrales
and Abawi, 1988), identification of a common parameter should facilitate evaluation of
drought tolerance as well as resistance against Macrophomina.



Table 4. ‘M.plmseolina induced changes in water relation parameters of some arid Jegumes,

Crop & Selerotia | Mortality Shoot water Transpgratign - Leaf .
genotypes (g" soil) (%) potential (-bars) | (ng cm” sec’) turgiscence(%)
H* D° H D H D
Cowpea
V-265 280 27.9 14.0 17.3 1.78 .18 64.8 28.0
AD 200 36.2 133 19.3 1.21 0.97 61.5 41.8
Clusterbean
RGC-471 80 93 17.0 21.7 0.43 0.41 67.0 54.9
HG-75 186 27.5 18.0 21.0 1.27 0.71 61.3 54.5
Moth bean
RMO-40 14 7.0 | 19.7 22.0 0.81 0.37 73.1 62.9
| Maru moth 6 128 | 190 23.7 1.12 0.47 70.6 70.0

"Healthy " Diseased

Chemical Control

M. phaseolina and Fusarium are predominantly soil-borne. However, importance
of seed-borne infection in the transmission of disease in newer areas of cultivation and in
onset of the seedling disease from germination itself can not be overlooked (Lodha, 1984,
Singh et al., 1972). Studies were, therefore, conducted to identify effective fungicide for
use as seed treatment. Fifteen fungicides viz., Fytolan, Thiride, Brassicol, Agrosan GN,
Dithane M-45, Cuman L., Dithane Z-78, Panoram, Calixin, Bavistin, Benlate, Kitazin,
Ridomil and Captan were evaluated at concentrations ranging from 10 to 2000 ppm.
Bavistin, Benlate and Thiride appeared to be the most effective as they could check the
growth of pathogen even at 10 ppm concentrations (Lodha 1984; 1986). Promising
fungicides were evaluated for their efficacy as seed dressers (0.2%) during 1981 and
1982 under green house conditions. Vitavax (0.2%) appeared as the most effective in
reducing pre-emergence (6.94%) followed by Bavistin (11.38%). However, lowest post-
emergence mortality was recorded with Thiride (17.62%) and Brassicol (18.34%)
compared to control (28.25%).

These fungicides alongwith streptocycline were also evaluated in the field.
Bavistin (0.2%) appeared significantly superior in reducing mortality (9.1%) followed by
Thiride (16.7%) and streptocycline + Bavistin (17.5%), Maximum yield was, however,
recorded with Dithane M-45 (435 kg ha™") followed by streptocycline + Bavistin (425 kg
ha. In the subsequent study on'dry root rot of cowpea, Bavistin, Benlate and Agrosan

GN appeared as the most promising seed dressers in reducing disease incidence (Singh
and Lodha, 1986). ‘



Physical Control — basic aspect
Fusarium oxysporum Y. sp. cumini

Knowledge of quantitative and qualitative aspects of inoculum dynamics is
necessary for improving the efficacy of physical and biological methods in controlling
Fusarium wilts. Studies on population dynamics of Fusarium are also required to
understand the suppressiveness of soils and to isolate specific antagonists from these soils
as bio-control agents. Therefore, investigation was undertaken to study effects of various

biotic and abiotic factor influencing population dynamics of F.o. . sp cumini in presence
and absence of cumin crop in arid soil.

For survival studies, inoculum of Fusarium was mixed with the field soil (2 Kg
soil) and ploughed uniformly to 30 cm depth by a hand spade in experimental plots (1 x 1
m) comprised of either of the twa treatments: 1 ~ cumin crop (cv. RZ 19) and 2 — fallow.
The soil samples were collected regulatly every month from 3 different depths, i.e. 0-5
cm, 6-15 cm and 16-25 cm from sowing until the harvest of cumin crop for moisture
determination and microbial analysis. In general, soil moisture was minimum at 0-5 cm

soil depth and increased with increasing soil depth throughout the experimental period in
both the treatments (Israel, 2002).

In presence of crop, maximum population of Fusarium was estimated at 0-5 cm
depth, but the population density tends to decline progressively with distance from the

surface
23-15.0 0-5 em 22-24
7.3 -6.6 6-15 cm 23-1.8
2.3 - 4.3. 16-25 em 23-14
A :‘ B

Fig 2. Vertical distribution of Fusarium (10 X CrUglyin
(A) presence and (B) absence of crop
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Significant positive correlations of Fusarium population were established with
maximum soil temperature (r = 0.50), bacteria (r = 0.51) and microbial population (r =
0.53). Highest population observed at top soil and its positive correlations with maximum
soil temperature and total bacterial population in the study indicate that lesser
competition due to actinomycetes and total fungi supporied greater survival of Fusarium
propagules at this depth. Path coefficient analysis also supported these findings where
highest direct effect on Fusariunt population was of total bacteria followed by microbial
population and maximum soil temperature. Maximum indirect effect of microbial
population was also via total bacteria (Table 5).

An initial population of 2.3 x 10’ CFU g gradually increased in the presence of
cumin crop and reached 8.6 x 10° CFU g in April after harvest of the crop. After sowing
of second cumin crop in November, population of Fusarium further increased and
reached 15 x 10° CFU g"' soil at the end of the second season. Thus, a 6-fold increase in
the population was estimated after two successive cumin crops in the same piece of land
at top soil layer. A 2.5-fold increase in population of Fusarium after one crop and 3.7-
fold increase after second successive crop of cumin explains why disease intensity
increases in the field with increased years of cultivation of a susceptible crops in the same
piece of land. Increase in population of Fusarium has been significantly correlated with
wilt incidence (Mawar and Lodha, 2002).

Simlar trend of increase in Fusarium population was also estimated at 6-15 cm
soil depth during crop season of even in the absence of crop. But the rate of increase was
significantly lower than that estimated at top soil layer. Population of all the three groups
of members also increased during first season of cumin bul maximum increase was
estimated in total fungi. However, in the absence of crop total actinomycetes and bacteria
increase considerably at this depth and remained almost same even after the harvest of
second cumin crop except in case of total bacteria where a sharp decline was estimated.

Positive correlation of maximum as well as minimum soil temperature at 6-15 cm
soil depth in presence of crop is in close agreement with the earlier findings that wilt
incidence was maximum between third week of January and first week of February
(Mathur and Mathur, 1966). The rate of increase in Fusarium population in the presence
of first and second cumin crop at 16-25 cm soil depth was relatively slower than that
estimated at 0-5 and 6-15 cm soil depths. However, a high residual factor estimated in
path coefficient analysis along with no significant correlation of any of the factors studied
indicated that survival of Fusarium propagules at 16-25 cm soil depth is influenced by
some other factors. Similar findings obtained through correlations and path coefficient



analysis in treatment combination 2 further support that in arid soils studied factors could
not influence survival of Fusarium propagules.

Table 5. Direct and indirect effects of certain factors influencing Fl.o. f. sp. cumini
population at different soil depths in the presence of crop

Factors Soil temperature Soil Bacteria Fungi Actinomycetes Microbial
Maximum Minimum moisture population

0-5¢cm

Maximum 206 176 -16] 0.61 -0.08 0.58 0.66

Soil temperature

Minimum -1.73 - 2.0 1.65 - 1.06 -0.31 -0.21 -1.07

Soil temperature

Soil moisture 0.29 030 -037 0.07 -0.03 0.09 0.07

Bacteria 7.03 1243 -4.353 23.81 13.08 0.39 23.68

Fungi -0.04 07 0.11 0.64 1.16 0.54 0.70

Actinomycetes 0.49 0.18 -044 0.02 0.81 1.75 0.21

Microbial -7.59 -12.47 491 -23.59 - 14.25 -2.89 -23.72

Population

Residual factor = 0.41

6-15cm

Maximum 091 084 -0.6] 0.37 0.30 0.14 0.38

Soil temperaturé

Minimum -0.71 -077 0.54 -0.49 -0.27 -0.08 -0.48

Soil temperature

Soil moisture  0.19  0.2] -0.29 0.15 0.08 -0.02 0.14

Bacteria -3547 5489 4287 - 85.23 -44,12 -25.87 - 84.80

Fungi -0.02 -0.02 0.02 - 0.04 -0.08 -0.05 -0.04

Actinomycetes - 145 - 095 -0.88 - 271 -6.17 -8.92 -3.54

Microbial 37.19  56.15 -4225 88.38 51.03 35.28 88.82

Population

Residual factor = 0.39

16 —25 cm

Maximum -1.13 -1.12 0.65 -0.63 -0.54 0.16 - 0.61

Soil temperature

Minimum 047 047 -0.26 0.25 0.22 -0.07 0.24

Soil temperature

Soil moisture ~ 0.04 0.04  -0.08 0.03 0.02 -0.01 0.02

Bacteria -4299 -4038 2894 -76.70 - 62.58 11.61 -75.88

Fungi -073 - 0.70 0.51 - 1.24 - 1.52 0.79 -1.14

Actinomycetes 1,80 186 -2.77 1.83 6.34 -12.12 0.06

Microbial 4225 39.53 -2690 76.63 58.10 -0.42 77.46

Population

Residual factor = 0.82
Bold letters denote direct effects.




To quantify the relative contribution of each factor on Fusarium population,
regression analysis was carried out for different soil depths. The multiple regression
equations so constructed are as under: :

0-Sem: Y =- 13.62 +091x;- 0.74x; - 3.36x3+ 22.15x4+ 0.81x5+ 1.74x6- 2.17x5 (R*=10.83)
6-15cm: Y =0.84 + 0.81x; - 0.14x, - 0.29x; - 36.43x4- 0.04x5- 3.65%5+ 3.64%; (R*= 0.57)
16-25 em: Y = 2.72 - 0.32x, + 0.31x,+ 0.03x3 - 3.08x4- 0.07xs- 0.35%+ 0.31x,  (R* = 0.72)
where,

Y, X1, X2, X3, X4, X5, X and X7 are estimated values of F. o. f. sp. cumini, maximum soil
temperature, minimum soil temperature, soil moisture, total bacteria, total fungi, total
actinomycetes and total microbial population, respectively.

In absence of crop also, population of Fusarium decreased with increasing depth.
However, in general, these population ranges were considerably lower than that estimated
in the presence of crop. The population remained almost stationary throughout the
experimental period at 0-5 and 6-15 cm soil depth. In path coefficient analysis, minimum
soil temperature had highest direct effect on Fusarium population followed by maximum
soil temperature (Table 6). In general, a stationary population maintained by Fusarium in
the absence of wilt susceptible cumin crop is the clear indication that our soils are deficit

of adequate quantity of antagonists making it conducive for the occurrence of wilt in
severe form.,

Further, increase in inoculum level in winter months of first season and then
subsequent decline in the absence of crop suggests that this species of Fusarium cannot
maintain its population for prolonged periods without some parasitic or saprophytic
activity. Several reports document on reduction in the population of Fusarium sp. in the
absence of host (Hall, 1996). In the absence of crop only 59 and 42 % of the variations in
the population of Fusarium is explained by various factors for 0-5 and 6-15 cm soil

depths, However, at 16-25 cm soil depths these factors could explain only 13 % of the
variations.

Since in our study, there was no evidence of active destruction of pathogenic
propagules, enhancement of specific antagonists like non-pathogenic strains of Fusarium
(Alabouvette and Conteaudier, 1992), fungal biocontrol agents like Trichoderma
harzianum, etc. (Elad et al., 1982), fluorescent Pseudomonas (Duijff et al, 1999) and
lytic bacteria (Greenberger, ef al, 1987) holds promise through manipulation of soil
environment by the application of effective amendments. Thus, next step in research will
be to look at specific antagonists and their interactions with the pathogen (Larkin et al.,
1993; Larkin and Fravel, 1999) for their use in integrated disease management
programme for enhancing yield of this high value crop.
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Table 6. Direct and indirect effects of certain factors influencing F.o. f. sp. cumini
population at different soil depths in fallow dry plots

Factors Soil temperature Soll Bacteria  Fungi Acfinomycetes Microbial
Maximum Minimum moisture population

0-Sem

Maximum 0.75 0.62 -0.09 009 ° -0.06 - 0.08 0.08

Soil temperature

Minimum -1.10 1.32 0.27 -0.52 0.07 0.58 -0.46

Soil temperature

Soil moisture 0.01 0.01 -0.07 0.00 -0.01 -0.00 0.00

Bacteria 0.04 0.14 - 0.03 0.35 022 -0.04 0.35

Fungi 0.06 0.00 -0.01 - 0.04 -0.07 -0.03 -0.04

Actinomycetes  0.01  0.05 -0.00 -0.01 -0.05 -0.13 - 0,02

Microbial 0.02 0.09 - 0.02 0.26 0.17 0.05 0. 02

Population

Residual factor = 0.80

6—15cm

Maximum 021 0.19 -0.10 0.09 0.13 -0.04 0.09

Soil temperature

Minimum 021 0.23 -0.14 0.12 0.17 - 0.06 0.12

Soil temperature

Soil moisture -0.09 0.11 0.19 -0.08 -0.09 0.01 - 0.08

Bacteria -2.60 3.18 - 275 6.08 231 1.51 6.06

Fungi 0.16 0.19 -0.13 0.10 0.27 - 0.00 0.10

Actinomycetes - 0.18 - 0.25 0.07 . 0.22 - 0.01 0.90 0.26

Microbial -2.67 -3.25 2.85 -6.29 -253 -1.89 - 6.31

Population

Residual factor = 0.75

16 -25cm :

Maximum 0.77 0.76 -0.37 0.04 - 148 -0.20 045

Soil temperature

Minimum -0.83 - 0.84 0.41 -0.51 '1.27 0.22 -0.48

Soil temperature '

Soil moisture 0.13 0.13 -0.28 - =012 0.09 -0.00 0.09

Bacteria 6.07 5.86 -3.28 -20.16 9.58 0.56 9.50

Fungi 0.00 0.00 -0.02 -0.21 0.02 "~ 0.08 0.03

Actinomycetes - 031 -0.32 '0.01 1.06 0.07 1.20 0.22

Microbial -594 -572 3.39 19.77 -9.98 -1.91 -10.06

Population ‘

Residual factor = 0.93
Bold letters denote direct effects
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Macrophomina phaseolina

Specific factors influencing survival of M. phaseolina in aridisols were studied
during absence of a crop in order to develop effective management strategies. A field
experiment was conducted for 9 months to study factors influencing the survival of M.
phaseolina population at different soil depths (L.odha et al., 1990 a).

Highest M. phaseolina population (233 sclerotia g soil) in November was
estimated at the 0-5 cm depth followed by that at the 20-30 cm soil layer (150 g™ soil),
the 10-20 cm layer (93 g soil) and the 5-10 cm layer (63 g’ " soil). The presence of a
"relatively high population of M. phaseolina in the surface soil afier harvest could be
attributed to more than one factor. During the later part of the preceding crop season,
rapid decomposition of the fallen infected-plant residues released a large number of
sclerotium inoculum in the top soil layer. Until harvest, this inoculum could survive
because of high soil temperature (35-40°C) and low soil moisture content (0.5 to 1%).
Short et al., (1980) have also reported higher M. phaseolina population in surface soils.

A sharp decline in M phaseolina population and a sudden upsurge of
actinomycetes was observed in subsequent months i.e. December and January. A
significantly high negative correlation (r = -0.91) between actinomycetes and M.
phaseolina population was established. Path coefficient analysis also supported these
findings. Minimum soil temperature had the highest negative direct effect on M.
phaseolina. The direct effect of actinomycetes population was also considerably high.

At 5-10 cm soil depth, M. phaseolina population was negatively correlated with
minimum and maximum soil temperature (r = -0.88 and —0.75) and positively correlated
with total fungi (r = 0.96). Increase in actinomycetes and decrease in M. phaseolina
population was more conspicuous only after February. Path analysis also showed the
highest negative effect of minimum soil temperature and the highest positive direct effect
of total fungi on M phaseolina. Reduction in M. phaseolina and increase in
actinomycetes population, at 10-20 cm soil depth was quite conspicuous during the
winter months. From January, rise in bacterial population and decline in actinomycetes
was noted. However, M. phaseolina was negatively correlated only with minimum and
maximum soil temperature (r = -0.75 and -0.73, respectively). The highest negative
direct effect of total bacteria followed by total actinomycetes on M. phaseolina further
demonstrated the antagonistic role of these factors,

At 20-30 cm soil depth, actinomycetes population declined after March and
consequently no further reduction in M. phaseolina population was observed. Soil
temperatures were not found to be significantly correlated with M. phaseolina population,
as there was no conspicuous difference between the two at this depth. Total bacterial
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population showed direct negative effect (-0.86) on M. phaseolina population indicating
their antagonistic role.

The antagonistic effects of some soil bacteria, actinomycetes and fungi on M.
phaseolina are well documented (Dhingra and Sinclair, 1975; Ghaffar er o/, 1969). In
our experiment, changes in bacterial and fungal populations had individually shown little
influence on the sharp reduction in M. phaseolina population in winters. Ghaffar ef al.,
(1969) also observed negligible effects of fungal population on M. phaseolina.

To quantify relative contribution of each factor on M. phaseolina population,
regression analysis was catried out for different soil depths. The multiple regression
equations so constructed are as under:

~

Y =11230+0.18x; —43.48x, — 12.13x3+ 3.76x4 — 5.23%5 + 6.72%5 ........ (0-5cm, R*= 0.987)
¥ =41.63 +2.80x, + 1.31%; — 0.36x3 — 0.15Xy — 0.63X5 + 0.60X ...vvervr...t (5-10 cm, R* = 0.995)
Y =33.332 +3.24x, — 119Xy — 6.27x3 — 0.20%; + 0.81x5— 5.31Xg «cvvvrrvnnne (10-20 cm, R*=0.957)
¥ =-160.94 + 45.23x, — 13.32x, + 6.4%5 - 0.53x,_52.40xs + 56.92%¢ . (20-30 cm, R* =0.952)
where,

Y, X1, X2, X3, X4, X5 and Xg are estimated values of M phaseolina, total fungi, total
bacteria, total actinomycetes, total microbial population, minimum and maximum soil
temperature, respectively. Thus, all the regression equations accounted for 95.2 to 99.5%
variability in the population of M. phaseolina. This together with the low residual factors
calculated by path coefficient analysis confirmed that during fallow no other factor could
be of greater importance than those studied. These studies demonstrate that among
various bioecological factors, microbial antagonism primarily by actinomycetes and soil
temperature had the maximum influence on the survival of M. phaseolina.

Influence of cropping sequences

Studies conducted over four years revealed that continuous and sequential
clusterbean cropping increased the population of M. phaseolina (Lodha et al., 1990a).
Significant variations were recorded with sequences involving fallow in the second or
third year. In clusterbean-fallow systems, M. phaseolina population declined markedly
after the fallow. It increased after the second crop of clusterbean but remained less than
that under continuous cropping (Lodha 1995a). In sequences involving clusterbean, moth
bean and pearl millet, differences among M. phaseolina populations were not significant
(Table 7). However, lowest population recorded in the sequences involving moth bean
indicated its relative tolerance compared to clusterbean (Lodha and Singh, 1984). During
fallow, absence of a crop and increase in soil moisture in the rainy season might have
hastened the decomposition of pearl millet residues resulting in a rapid increase of
competitive microorganisms which directly or indirectly reduced the population of M.

13



phaseolina (Lodha et al, 1990a).This study suggests that crop rotation' with less
susceptible crop will restrict the increase in M. phaseolina population in the soil.

Table 7. Influence of different cropping sequences on M. phaseolina (g soil)

Year

1980 1981 1982 1983
Grass Guar Guar Guar

6 38 49 64
Moth bean Guar

42 56
Pear| millet Guar

35 58
Fallow Guar

19 45

Thermal inactivation of F. o. f. sp. cumini

Extensive studies by many workers worldwide have shown that 30 minute
exposure at 65°C would kill most of the important plant pathogens, insects and weeds
(Bollen, 1985; Bollen et al., 1989). However, no information was available concerning
exposure times necessary to kill chlamydospores of Fusarium in the sub-lethal
temperature ranges (45-50°C) in amended and in lethal ranges (<60°C) in unamended
soil. [n order to determine effectiveness of sub-lethal heating in combination with
cruciferous residues, information was needed on the effects of soil temperatures and
exposure time on survival of Fusarium propagules.

Chlamydospores infested soil was exposed at 45°C, 50° C, 55°C, 60°C, 62°C and
65°C under wet and dry conditions for different time intervals separalely in a
thermostatically controlled water bath. Population of Fusarium was estimated at the
initial level and after exposure on selective medium. In another set, infested soil was
amended with 1% mustard pod residue and then exposed at 40, 45 and 50°C in open and
closed culture tubes. Mortality of Fusarium propagules was calculated through probit
analysis. '

Studies revealed that viability of chlamydospores was severely affected with
increase in temperature and duration of exposure (Israel and Lodha, 2003a). After 45°C,
with every increment of 5°C, the time required for complete inactivation of
chlamydospores reduced considerably. Similarly, the time taken under moistened
conditions was significantly less than that estimated under dry conditions. Thus LDy
caleulated for 45°C, 50°C, 55°C and 60 °C were 207, 64, 43 and 19 minutes, respectively
under moist conditions and for 60°C, 62 °C and 65°C, LDg, were 31 minutes, 9.7 sec. and
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3.4 seconds, respectively under dry conditions (Table 8). These were calculated by
computer-assisted programme using probit analysis (Fig. 3).

Table 8. Time-temperature-death relationship for Fusarium propagules at
different moisture levels,

Temperature | Moisture Equations LDy
) level
45 Wet ? =_5.2089 + 4.962 x 207 minutes
50 " N 64
55 . Y = -04845 + 3747 X 43 N
60 ” Y =3.1514 +1.919x 19,
60 Dry ¥ =3.0540 +2.500 x 31,
62 Wet N 5 seconds
62 Dry Y =223354+2705% 9.7 .
65 " Y =32608+4273x 3.4 ”
Y =3.9105+2403 x
Y =3.9520+4.404 x

Where Y=mortality of Fusarium propagules and x = time required in minutes/seconds.

Addition of mustard pod residue in soil at sub-lethal temperatures (40-50°C) was
found effective in reducing the viability of Fusarium propagules. Further, heat treatment
to amended soil both in open and closed environment showed significant variations in
eradication of viable Fusarium propagules. LD calculated for 40°C, 45°C and 50°C
were 169, 126 and 44 minutes, respectively under open conditions compared to 127, 88
and 34 minutes under closed conditions (Table 9). Survival of Fusarium chlamydospores
even upto 65°C in dry soils is a clear evidence of the heat tolerant nature of
chlamydospores, which might have well adapted to high soil temperature conditions
prevailing in hot arid regions. Our results on thermal inactivation under simulated
conditions, where LDqg calculated for 55°C was 43 minutes are in close agreement with
pronounced reduction in viable Fusarium propagules due to elevated temperatures (55-
58°C) achieved under polyethylene mulching in arid conditions (Lodha, 1995b).

These observations were further confirmed by the findings of present studies
where LDgy calculated for 60°C under moist conditions was 19 minute. With an
additional increment of 2°C, only 5 seconds were required to eliminate 90% of viable
Fusarium propagules indicated that temperature range of 60-62 °C is the most critical for
inactivating Fusarium under moist conditions but under dry conditions this range was
found to be 62-65°C.Significntly low LDgg estimated at 50 °C in amended compared to
unamended soil explains why higher Fusarium control was achieved in amended soils

with only one irrigation in our frequent figld experiments (Lodha, 1995b; Mawar and
Lodha, 2002).
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Fig 3. Probit graphs for percentage survival of Fusarium oxysporum f. sp.
cununi propagules in soil in relation to temperature and
time of exposure under wet and dry conditions.
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The information collected on thermal inactivation periods thus can serve as the
basis for estimation of time needed after summer irrigation of residue amended soil for

control of Fusarium (Fig

. 3).

Table 9. Time-temperature-death relationship of Fusarium in mustard residue
amended soils.

Temperature (°C) | Environment FEquations -| LDgg .
40 Open ¥ =.47208 + 4936 x | 169 minutes
40 Closed ¥ =.26868 +4265x | 127 minutes
45 Open ¥ =-6.7696 + 6216 x | 126 minutes
45 Closed ¥ =-7.8779 +7.288 x 88 minutes
50 Open ¥ = 0.8996 + 3.276 x 44 minutes
50 Closed ¥ =1.8561 +2.888 x 34 minutes

Where Y = mortality of Fusarium propagules and X = time required in minutes

Physical Control — applied aspect

Soil Solarization

Solar heating (soil solarization) achieved through mulching the moistened soil
with transparent polyethylene sheet during hot summer days has been found highly
effective for the control of many soil-borne pathogens throughout the world (Katan ez al.,
1976; Katan, 1981; Puliman et al., 1981). This technique is especially effective in the
regions where climatic conditions favour adequate heating of the soil. Since intense solar
irradiations and high temperatures are characteristic features of Indian arid region (Table
10), series of field experiments were conducted to evaluate this method of pathogen

control (Lodha, 2001).

Table 10. Maximum temperatures (°C) recorded during experiments on solar
heating in different years

1986 1987 1989 1993
Ambient 45 44 45 47
Dry soil 63 61 63 60
Irrigation (SI) . 53 51 55 51
SI + Solarization 58 58 58 61




Macrophomina phaseolina

A field experiment was conducted during summer of 1986 for 15 days (6-20
June). The treatments comprised of wet and dry plots with and without mulch. Mulching
was done with transparent polyethylene sheet (50 pm), In wet plots, one irrigation was
given 2 days before mulching. Soil temperatures were recorded at 2 h interval from 10.00
AM to 4.00 PM daily. Propagules of M, phaseoling were determined quantitatively, using
wet sieve, serial dilution and selective medium of Papavizas and Klag (1975).

Studies revealed that polyethylene mulching during hot days considerably
increase the soil temperature (Lodha, 1989; Lodha and Solanki, 1992). The maximum
soil temperature at 2.00 PM in mulched plots was 58°C (wet) and 69°C (dry) at 5 cm
depth, which in non-mulched plots did not exceed 53°C (wet) and 63°C (dry).

In 15 day mulching period, soil temperature reached 65°C or more for atleast 6
days while in other parts of world it never exceeded 65°C in dry mulched soils (Katan et
al., 1980; Sheikh and Ghaffar, 1984). These temperature ranges were higher than the
thermal death time-temperature (50°C for 90 minutes) reported for M. phaseolina (Bega
and Smith, 1962). Elevated soil temperature and a shift in favour of antagonistic
microorganisms reduced the population of M. phaseolina from 350 to 7 sclerotia g soil
at 5 cm soil depth but reduction decreased with increase in soil depth (Fig. 4). After 15
days, 149 and 275 viable sclerotia g soil were present in wet and dry mulched
treatments, compared with 279 and 335 sclerotia g soil in the corresponding controls at
30 cm depth (Lodha and Solanki, 1992). The decrease in population in the top soil is of
considerable importance because highest population and survival rate of M, phaseolina
sclerotia is at 0-5 cm soil depth (Lodha et af., 1990a).
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Fig 4. Effect of soil solarization on M. phaseolina populafion under
wet and dry conditions
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After solarization, a shift in favour of bacterial population antagonistic to M
phaseolina indicates that biological control mechanism also played a significant role in
the ultimate reduction of M. phaseolina propagules. Sclerotia are parasitized by soil
bacteria at high soil moisture (Kovoor, 1954). One beneficial consequence of the
microbial shift in mulched soil would be its protection from reinfestation.

Polyethylene mulching was also effective in controlling the population of weeds
in standing crop; reduction being greater in the wet-mulched plots. Common weed
species reduced due to solar heating were Cenchrus biflorus, Prosopis juliflora,
Heliotropium subulatum, ‘Cyperus rotundus, Cynodon dactylon, Boerhaavia diffusa and
Gisekia pharnaciodes. Control of weeds was also beneficial because weed compete with
principal crop for moisture and nutrients. Presences of weeds create soil moisture stress,
favourable for the multiplication and infection of M. phaseolina; and some weed species
also play host to M. phaseolina.

Clusterbean crop raised at mulched plots remained disease free till harvest,
whereas that grown at non-mulched plots showed 12-18% mortality (Lodha et al.,
1990b). Reduction in both the weed population and incidence of dry root rot could
increase the seed yield in wet-mulched plots, which 'was 77 and 30% higher than that in
the dry and wet non-mulched plots, respectively. This study established that hot arid
climate is most appropriate for soil solarization and elevated soil temperatures reduced
the viability of a heat-resistant pathogen M. phaseolina at top soil layer.,

Fusarium solani

F. solani is a root rot pathogen of several economically important plants like
Jojoba, Gayule, Eucalyptus, etc. (Lodha and Singh, 1983; Lodha and Bohra, 1995,
Kumar and Vishwanath, 1988). Further, its interaction with M. phaseolina caused more
diseases in jojoba (Bohra and Lodha, 1998). An experiment was performed in June 1986
for a period of 15 days (9-23) to ascertain efficacy of soil solarization on the viability of
chlamydospores of F. solani. The treatments consisted of two moisture levels, viz. dry
and wet with and without mulch. Mulching was done with a transparent polyethylene

sheet (50 pm). Soil temperatures were recorded by inserting thermometers at 5, 15 and 30
cm depth.

Studies revealed that polyethylene mulching increased the soil temperature and
resulted in pronounced reduction in the population of F. solani (Lodha and Vaidya,
1990). At the 5-cm depth, the maximal temperature difference was 12°C (dry) and 9°C
(wet) at 2.00 PM between mulched and non-mulched plots. As a result, an initial
population of 250 propagules g'1 soil declined to 13 in the dry soil and 7 in the moist soil,
during a period of 15 days, leading to a net reduction of 71.3 and 68.4% in dry and wet
mulched treatments, respectively. Soil temperature elevation at 15 cm depth was
relatively "low, which resulted in 53.4% (dry) and 60.8% (wet) reduction in viable
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Fusarium propagules in mulched plots. An increase of 4 and 3°C soil temperature,
however, could reduce the number of propagules by only 23 and 39% in dry and wet
mulched soils, respectively at the 30-cm depth.

The reduction in number of Fusarium propagules even in wet non-mulched soils
provides a new avenue of research in hot arid regions of India, where temperatures pf the
top soil layer (0-5 cm) often reaches 60°C. Apparently, in a dry soil this heating is
ineffective for the control of fungus since the soil remains dry during the summer.
Application of just one irrigation in the summer months (without polyethylene mulching)
can enhance soil thermal conductance and the thermal sensitivity of resting structures of
soil-borne plant pathogens. Katan (1981) has also suggested that merely moistening the
soil during summer may result in disease control in certain arid zones. In such region, this
may be termed as summer irrigation.

Cylindrocarpon lichenicola

Efficacy of soil solarization was tested for controlling dry root rot of jojoba
(Simmondsia chinensis (Link.) Schneider) seedlings caused by Cylindrocarpon
lichenicola in nursery soils. Transparent polyethylene mulching during May increased the
soil temperature by 10 and 7°C at 5 cm depth in dry and wet soils, respectively. In
solarized pits, the viable propagules of C. lichenicola were almost eradicated (Bohra et
al., 1996 ). In general, propagules of this weak pathogen showed sensitivity to high soil
temperatures prevailing during the experimental period even in the absence of plastic
mulch. Soil solarization further improved the sensitivity, eradicating the pathogen
completely in both the solarized pits except at 20 cm in dry mulched pits, where almost
90% reduction in the viable propagules occurred. The mortality caused by this pathogen
in the seedlings raised in solarized plots decreased significantly. Jojoba seedlings in
solarized plots were more vigorous in growth and the disease symptoms appeared only 4

months after planting. Solarization significantly increased the Iytic bacterial density
against C. lichenicola.

Extending efficacy of soil solarization

Our studies on soil solarization showed that a sizable proportion of M. phaseolina
propagules survived below 15 cm soil depth. This increased the chances of rebuild of
inoculum density after 2-3 years of soil solarization. Since repeated mulching with
polyethylene was expensive, it was thought worthwhile to integrate other non-chemical
methods of management for extending benefits of soil solarization for long-term.

Field tests were carried out to examine efficacy of soil solarization in conjunction
with urea (20 kg N‘ha"‘) and farmyard manure (10 ton ha™") for the simultaneous control
of dry root rot of clusterbean and wilt (F.o. f. sp. cumini) of cumin in the same field.
During the solarization period (1-15 June, 1987), maximum soil temperatures were
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always higher in the solarized than non-solarized plots at all the depths (Lodha, 1995b).
Increase in temperature coupled with amendments greatly reduced the population of
Fusarium in the samples buried in the soil. The fungal population declined from the
initial 400 propagules (P) g soil to 14 P g™' in dry mulched and further to 9 P g™ soil in
wet mulched plus N treatments at 5 cm soil depth amounting to a net reduction of 94.7
and 92.2%, respectively. Reductions at the 15 cm depth were 92.5% (wet) to 73.8% (dry).
At 30 cm depth, this reduction ranged from 74% in wet to 56.3% in dry soil for solarized
plots compared to non-solarized plots. The population of Fusarium remained suppressed
in solarized plots despite the cultivation of susceptible cumin crops (Table 11). After the
harvest of the second crop of cumin, the Fusarium population remained significantly
lower only in wet plus N plus manure compared to dry mulched plots. Solarization
greatly decreased the mortality of cumin in both seasons, which resulted in increased
yields. Incidence of wilt in all the treatments having moistened soil was also significantly
lower than that of dry soil. Maximum reduction in mortality was recorded in the wet
solarized plots amended with N plus manure. As a result, the cumin seed yield also
increased by 36-52% in all the solarized plots and was the highest in solarized wet plus N
plus manure plots. The per cent increase in the yield was more conspicuous in the second
year of cumin cultivation, where it ranged from 77-121% in all the solarized plots. (Table
11)

There was a pronounced reduction in the population of M. phaseolina also due to
solarization. The native population of 54 sclerotia g™ soil declined by 9.7% in non-
solarized dry plots, 68.5% in dry solarized and further to 85.2% in wet plus N plus
manure solarized plots. The population also remained at low levels in all the mulched
treatments after the harvest of the clusterbean in 1987 and after fallow in 1988. The
population in wet plus N plus manure and wet plus N non-solarized treatments was
significantly lower than those of dry non-mulched plots after fallow. Clusterbean raised
in the wet and dry solarized plots remained disease free until harvest, whereas there was
19 and 23% mortality due to dry root rot in the non-mulched wet and dry plots. This
resulted in an increase in seed yield (55.2-71.6%) in the solarized plots (Table 11),

Polyethylene mulching had pronounced effects on weed growth during the
cropping seasons. In the cumin crop, it reduced weed growth with respect to population
and dry weight by 68 and 75%, respectively compared to non-solarized controls. The
corresponding reduction in weed growth in the clusterbean crop was 75 and 60%. Soil
solarization also enhanced the available contents of K* considerably (8.8 ppm in non-
solarized soils to 17.5 ppm in solarized soils) and that of Ca*" to a marginal extent.
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Table 11, Effect of soil solarization and amendments of urea (N) and farmyard manure
(FYM) on soil population of F. o. f sp. cumini and M. phaseolina, wilt and dry root rot
incidence and seed yield of cumin and clusterbean.

Treatments Propagules (g~ soil) Disease Seed Yield
incidence(%) (kgha ™)
Fusarium | M. phaseolina | Cumin  Guar | Cumin Guar
1987 1989 | 1987 1988
Dry non-mulched 222 330 49 60 37.3 23 318 232
Wet non-mulched 162 | 255 31 51 29.7 19 371 277
Wet non-mulched+ | 149 | 239 25 50 23.7 15 420 326
N+manure
Wet 56 98 8 27 12.6 0 557 398
mulched+N+manure

In the moistened N plus manure solarized plots, a reduction in the formation of
new persisting propagules was observed. Propagule counts remained significantly lower
. than in dry mulched soil even after the harvest of two successive crops of cumin. Loffler
et al., (1988) reported reduced formation and enhanced lysis of chlamydospores of F.
oxysporum with urea-N application. Similarly, sclerotia of M. phaseolina germinate and
the subsequent hypha is readily attacked by soil bacteria and actinomycetes whose
population increase significantly in amended soils (Kovoor, 1954; Filho and Dhingra,
1980). Soil moisture alone affected the sensitivity of resting structures to a heat
treatment, resulting in considerable reduction of Fusarium (31.6%) and M. phaseolina
(42.6%) propagules at 30 cm in non-mulched soils. Incorporation of N plus manure
further reduced the population of Fusarium (37.1%) and M. phaseolina (57.1%). These
results suggest a novel approach for partial control of soil borne pathogen population in
hot arid regions of India by merely one irrigation in the summer months even without
polyethylene mulching in case the soil is amended with N plus manure. Reduction in the
population of weeds in the standing crop could have been caused by thermal killing of
weed seeds or germinating seedlings (Abdel-Rahim et al., 1988).
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Cultural Control — irrigated agriculture

Maustard oil-cake

Scarce information was available about the use of organic amendments in
aridisols for the control of soil-borne plant pathogens. Laboratory experiments were,
therefore, conducted to ascertain potentials of locally available crop residues/oil- cakes in
influencing M. phaseolina and Fusarium population in soil.

Three levels of residues of pearl millet (PMR) and clusterbean (CBR) equivalent
to 20, 40 and 60 kg N ha™! were incorporated in a known population of M. phaseolina
infested soil amended with 40 kg N ha'! or without nitrogen. Considerable reduction was
estimated in the population density of M. phaseolina in all the soil samples amended with
nitrogen enriched residues. This reduction was significantly more in the N + PMR
compared to N + CBR (Praveen-Kumar et al., 1998). Among three levels, maximum
reduction (96.3%) in M. phaseolina propagules was estimated in N + PMR equivalent to
40 kg N ha™' after 60 days. Reduction in pathogenic propagules was attributed to
combined effects of soil moisture, volatiles and enhanced microbial activity including
antagonism,

In a subsequent experiment, N + PMR, the best treatment was evaluated along
with other organic sources like mustard and castor oil-cake (1%) to ascertain efficacy
against M. phaseolina and Fusarium. A significant reduction in the population of M
phaseolina occurred in the cake and pearl millet residue amended soil (Table 12 ). In the
MC alone and N+ PMR + MC amended soil, 100% reduction was achieved within a
period of 30 and 45 days respectively (Sharma ef al., 1994 ). In N + PMR- amended soil,
number of viable propagules of M. phaseolina were reduced by 94% in 45 days. Moist
addition of urea (40 kg N ha™') decreased the C:N ratio and hastened the decomposition
of crop residues. Low C: N ratio amendments have been found effective in reducing the
population of M. phaseolina (Dhingra and Sinclair, 1974).

The population of Fusarium showed a dramatic rise (13 — 92 x 10%) after 15 days
in all the cake-amended treatments. However, in MC-amended soil, a 100% reduction
was achieved within 30 days (Table 12). After 60 days, the population declined in all the
treatments.Contrary to the effect on M. phaseolina, the propagule population of Fusarium
in the infested soil without amendments showed a gradual increase.
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Table 12. Effect of soil amendments on population of M. phaseolina (M]),
F.o. f. sp. cumini (F) and the antagonistic actinomycetes population g
soil after 45 and 60 days, respectively

Amendments" | M. phaseolina F. oxysporum Antagonistic actinomycetes

(x10°%) M (x 10 F (x 10%
N +PMR 152 1.3 43 43
N+ PMR + MC 0 8.3 23.3 10.6
N +PMR +CC 366 2.0 38.3 14.5
MC o 0.0° 273 11.0
CcC 200 1.3 24.0 6.6
None 1132 1.7 23 0.3
Initial population 2753 03 0.9 0.3

*N — Nitrogen (40 kg ha'') as urea; PMR — pearl millet; MC — mustard cake (1%); CC — castor cake
(1%) and bsame as incubation for 30 days

Crucifer plant residues incorporation in the soil was shown to reduce the
population of -soil-borne pathogens (Ramirez-Villapudua and Munnecke, 1987). The
effect was mainly attributed to the release of toxic volatiles such as mercaptan, methyl
sulphide and isothiocyanate (Gamliel and Stapleton, 1993). Incorporation of N+PMR in
MC and CC maintained higher populations of M. phaseolina and F. oxysporum till 30
days than when the cakes were added separately. This observation indicates that
incorporation of nitrogen-enriched crop residues might have affected the release of toxic
volatiles from cakes. The population of bacteria and actinomycetes increased
considerably in amended soils. Over 90% of the total actinomycetes were antagonistic to
M. phaseolina, with the highest numbers in N + PMR+ CC- amended soils (Table 12).
However, populations of actinomycetes antagonistic to Fusarium were less as compared
with M. phaseolina. Thus, apart from the toxic effects of cakes, increased population of
antagonists might have also contributed in reducing the population of both the pathogens.

These results demonstrate the efficacy of mustard oil-cake in controlling M
phaseoling and F.o. f. sp. cumini within a period of 30 days, Increased populations of
antagonistic actinomycetes, which were found to suppress F. oxysporum and M
phaseolina propagules (Mathur and Mathur, 1964; Lodha et al, 1990a), further
augmented the effect of amendments by inducing suppressiveness of sandy soils.

Natural Heating and Amendments

After ascertaining the efficiency of mustard oil-cake in simultaneous control of
both the soil-borne pathogens, a field experiment was undertaken to evaluate the efficacy
of cruciferous residues, mustard oil-cake (4 ton ha") and cauliflower leaf residue (5 ton
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ha!) combined with summer irrigation and/or solarization on the population of M
phaseolina at 0-15 and 16-30 cm soil depth (Lodha e al,, 1997). Two kg portions of M.
phaseolina infested soil were mixed uniformly to 30 cm depth in 28 sub-plots (3 x 1 m).
Right sub-plots were amended with air-dried ground-up mustard oil -cake (4 ton ha™") and
equal number with cauliflower residue (5 ton ha). One irrigation was applied to field
capacity in all sub-plots except four, which served as dry control. Four sub-plots of each
amendment and merely irrigated plots were covered with polyethylene sheet. Soil
temperatures were recorded at 7.5 and 22 cm depth. Polyethylene mulching was done for
15 days and then soil samples were collected from 0-15 and 16-30 cm depth to determine
population of M. phaseolina and lytic bacteria (Greenberger et al., 1987).

— 10.6 s 11.2—

DRY SOIL o DRY SOIL
SUMMER MUSTARD SUMMER
IRRIGATION @ OIL CAKE @ IRRIGATION
42.2 37.6

SOLARIZATION
" SUMMER
IRRIGATION . SOLARIZATION
88.8 69.%
95.8 93.6
98.6 97.0

Fig 5. Per cent reduction in M. phaseolina propagules in mustard oil cake amended soil
with summer irrigation /soil solarization at 0-15 ( A ) and 16-30 cm (B) soil depth

One summer irrigation (SI) of the dry plots (without amendment) initially reduced
the soil temperature to 37°C but a gradual increase to 51°C (7.5 cm) and 46°C (22 cm)
followed within 6-7 days. This caused 40% reduction in M. phaseolina counts at 0-30 cm
depth. In non-amended irrigated solarized plots (SI+S), the temperature was 3-7°C higher
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than in corresponding non-solarized plots. Amendment of soil with cruciferous residues
aungmented the efficiency of SI by eliminating a sizeable proportion of M. phaseolina
propagules in non-solarized plots (Fig. 5). Soil solarization of amended and irrigated
plots raised the maximal soil temperature to 4-6°C above that of the corresponding non-
solarized plots. The combined effect of moisture, amendments and temperature was
almost complete elimination of viable propagules of M. phaseolina, irrespective of soil
depth. Cruciferous residues increased the population of lytic bacteria slightly in irrigated
non-solarized soil but their density increased significantly in amended solarized soil,
particularly at 0-15 cm depth.

The results of this study revealed that combining cruciferous residues with
polyethylene mulching or natural heating of moistened soil improved the reduction in
populations of M. phaseolina in hot arid climate. Soil temperatures under natural heating
or solarization in the present study were higher than those observed in other pars of the
world with a similar climate (Mihail and Alcorn, 1984; Abdel-Rahim et al., 1988). The
sharp decline in the viability of pathogenic propagules in the top soil layer could be
attributed primarily to high soil temperatures (Sheikh and Ghaffar, 1984; Lodha and
Solanki, 1992). This is also supported by the fact that temperatures at 22 c¢m remained
relatively low (< 50°C) and mortality of the pathogen was also low at this depth.

In this study, pronounced reduction at the lower soil depth could be attributed to a
combination of mechanisms. A weakening effect of sub-lethal soil temperature (47-50°C)
may have facilitated the action of sulphur-containing toxic volatiles from cruciferous
residues and microbial antagonism (Lewis and Paparizas, 1970: Lifshitz et al, 1983).
After incorporation of cruciferous residues in moist soils, a greater release of toxic
volatiles such as methyl sulphide, mercaptan and isothiocyanates at high temperatures
was reported by Gamliel and Stapleton (1993). However, isothiocyanates were not
detected at low temperatures (Lewis and Papavizas, 1970; 1971) and these are mainly
responsible for the inhibition or reduction of soil-borne pathogens (Angus ef al., 1994). A
possible role of increased lytic bacterial density in reducing counts of M. phaseolina at
lower soil depth in mustard cake amended soil can not be excluded as these bacteria are
capable of lysing fungal mycelium ‘of soil-borne pathogens (Mitchell and Alexander,
1963). Thus, combining amendments of cruciferous residues with one irrigation during
hot summer days as a substitute for polyethylene mulching may be practical in the
cultural control of M. phaseolina (Lodha and Mawar, 1999). This finding has a potential
value and important implications for ‘irrigated pockets of hot arid zone of India’ as well
as for many countries in the appropriate climatic conditions.

Concept of sub-lethal heating

Reduction in soil population densities of plant pathogens is achieved principally
by fumigation, artificial heat treatment, solarization or use of organic amendments (Cook
and Baker, 1983; Elad ef al, 1982; Katan, 1981; Gamliel, 2000). The death rate of a

26



populatlon depends on both the dosages and exposure time, causing various degrees of
reduction in viability (Bega and Smith, 1962; Pullman et al., 1981). However, sub-lethal
dosages, which eliminate only a part of the population, also may affect the surviving and
possibly weakened propagules. Studies have shown that weakening of propagules of
various pathogens following sub-lethal treatments may result in reduced viability and
pathogenicity.

Exposing sclerotia of Sclerotium rolfsii to metham sodium caused reduced
viability resulting from microbial activity in the damaged sclerotia (Elad et al., 1980,
Lifshitz et al., 1983). Similarly, sub-lethal heating of conidia and chlamydospores of F. o.
f. sp. niveum at 38-42°C caused 0-33% reduction in propagules viability and resulted in a
weakening effect on the surviving propagules (Freeman and Katan, 1988).

Any management strategy, if integrated after a requisite threshold of weakening is
achieved, may require less energy, time and amount for improving the control (Fig. 6).
Such information on the effect of prior weakening of M. phaseolina and Fusarium
propagules on efficiency of Brassica amendments was not available. This information
can be used to work out appropriate time of application of cost-effective concentrations
of Brassica amendments to improve or augment control of M. phaseolina and Fusarium.

CR+ Si

Efficiency ?

TR ANV Y
e W we *\‘

Concept of sub-lethal heating

Fig. 6. Whether prolonged sub-lethal heating can increase the efficiency of cruciferous
 residues and summer irrigation (CR+SI) ?
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Integration of sub-lethal heating with Brassica amendments

Effect of different levels of sub-lethal heating, concentrations of Brassica
amendments (mustard oil-cake and pod straw) and summer irrigation was studied on
survival of M. phaseolina propagules (Lodha et al., 1999 a; Lodha and Mawar, 2000b).
The experiment was arranged in four sets (A-D) of 30 x 30 cm pits in order to study
effect of four intensities of heat levels. M. phaseolina propagules were separately
exposed to natural sub-lethal heating for O (A-April), 30 (B-May) and 60 (C-June) days
under open field and for 30 days (D-May) under shaded conditions (Fig 7). Three sets (A-
C), each comprised of 6 pits arranged in split-split plots design (1 m apart) were dug in 4
x 3 m plots in an open field. Pits for set D were dug under the dense canopy of trees 50 m
away from other pits. On March 30, soil of each pit was thoroughly mixed with 9 kg of

M. phaseolina infested soil and sub-samples were taken for the estimation of viable
sclerotia of M. phaseolina,

APRIL MAY JUNE
0 day SE
30 days SE 0 45 days
0 15
60 days SE days
Shade 0 Shade
a b a b
| | l |
1 30 1 31 1 30

Fig, 7. Schematic plan of the experiment showing varying intensities of sub-lethal
heating of M. phaseolina propagules in soil achieved by different days of
: summer exposure (SE). A-0 days, B- 30 days,
C- 60 days and D- 30 days under shade.

The soil in pits of set A was separately amended with Indian Mustard (Brassica
Juncea (L.) Czern. and Coss) oil-cake (0.09 and 0.18% w/w) or mustard pod-straw (0.18
- and 0,36 w/w) and then filled in randomly selected pits on March 31. Pits filled only with
equal amount of M. phaseolina infested soil served as wet and dry non-amended controls.
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On April 1, one irrigation was applied in plots having pits of set A except dry controls.
Soil from pits of sets B and C were withdrawn on April 30 and May 31, respectively and
amended separately with same doses of amendments. In set D also, soil was withdrawn
on April 30 but only higher doses of mustard oil-cake (0.18% w/w) and pod straw (0.36%
wiw) were separately mixed. Amended soil was refilled in the pits on the same day and
then irrigated on May 1 (B and D) and on June 1 (C).

Soil temperatures were recorded at 15-cm depth in one pit of each treatment of all
the sets from second day of irrigation. Soil samples were collected at depths of 0-15 and
15-30 cm on April 16 (A), May 16 (B and D), June 16 (C) and finally on July 1 from
each pit of all the sets. Half of the each sample was used to determine soil moisture by
gravimetric method, while the remaining soil was used for estimating the viable
propagules of M. phaseolina. Population of M. phaseolina was estimated on selective
medium (Meyer ef al., 1973).

During the experimental period (April — June), maximal air temperatures ranged
from 34.5 — 47.2 °C; solar irradiations 18.01 — 24.81 MJm‘zd"; available sunshine 8.1 —
11.8 hd"' and evaporation 7.5 — 19.2 mm water d"'. These meteorological parameters
remained higher in the first fortnight of June followed by those recorded under same
period in May and April in that order. Soil temperatures at 15 cm depth were maximal at
4,00 PM throughout the experimental period. The maximum soil temperature of
unshaded amended pits after irrigation reached 41- 45.1°C, however, under shade these
remained 6.5 to 11°C lower than corresponding unshaded pits.

Effect of moderate sub-lethal heating (Shade)

Temperature of dry soil under shade did not exceed 38°C during experimental
period. Only 9.6% reduction in viable propagules of M. phaseolina was estimated on
July 1(Lodha et l.,2003). The soil temperature dropped to 27°C soon after one SI in the
dry plots, but a gradual increase to 37°C followed within 9-10 days. In the samples
collected on May 16 and July 1, there were reductions of 11.7 and 16.8%, respectively in
the viable counts of M. phaseolina at 0-30 cm soil depth. Amendments with Brassica
residues increased the temperature by 0.5-1°C over non-amended irrigated soil.
Integration of mustard pod straw (0.36%) or oil-cake (0.18%) with summer irrigation
caused 49 to 57% reductions in M. phaseolina propagules by May 16, A small
improvement in this reduction was further estimated on July 1.Treatment contrasts, of
unshaded and shade conditions revealed that per cent reduction in M. phaseolina
propagules was significantly higher under unshaded conditions. Among amendments, oii-
cake appeared significantly better than mustard pod straw in reducing counts of M.
phaseolina at both the depths. ‘
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Effect of sub-lethal heating (Unshaded conditions)

Maximum temperature of dry soil (DS) during the first fortnight of April reached
44 °C. This reduced viable propagules of M.phaseolina by 3.3% at 0 - 30 cm on April 16,
Subsequent sub-lethal heating for the next 30 and 60 days reduced viability by 6.9 and
11.2% in the samples collected on May 16 and June 16, respectively. However,
significant reductions were further evident in samples withdrawn on July 1. The
reduction in M. phaseolina propagules, however, was significantly higher at 0-15 c¢m than
that at 16-30 cm soil depth.

One summer irrigation (SI) of the non-amended dry pits initially brought down
the soil temperature to 32 °C in April, but a gradual increase to 40.5 °C followed within
15 days. This reduced viable propagules of M. phaseolina by 31% at 0-30 cm soil depth.
When SI was applied in sub-lethal heating level 30 and 60 days (May and June), after an
initial drop to 34.5 and 37 °C, soil temperature reached 43 and 44.5 °C, respectively.
Increased sub-lethal heating coupled with a small rise in temperature at sub-lethal heating
level 2 (30 days) significantly improved (34%) the reduction in viable propagules of M.
phaseolina. However, sub-lethal heating level 3 (60 days) did not improve this reduction.
The magnitude of reduction increased in the final soil samples collected on July 1 from
pits of 0, 30 and 60 days (Table 13) but significant increase was estimated only from sub-
lethal heating level 1 (0 days) to 2 (30 days).

In amendment treatments, soil temperature remained 0.5-4.1°C higher for the first
6-8 days than those recorded in corresponding non-amended pits of different sub-lethal
heating levels. Summer irrigation augmented the efficiency of Brassica residues by
eliminating a sizeable proportion of M. phaseolina propagules at both the soil depths.
This reduction was significantly greater at higher concentration of both the amendments
and in oil-cake compared to pod straw. In general, the level of reduction was significantly
higher at 0-15 ¢m than that achieved at lower soil depth.

Analysis of variance showed that heat levels, amendments, depths, interaction of
amendments x heat levels and amendment x depth were significant (Table 13). The other
significant statistics across the levels of sub-lethal heating were the contrast of
amendment versus the control and oil-cake versus pod straw. When the same
concentration of amendments and one SI were applied at heat level 2 and 3, significant
improvement (16.1-26.6%) in reduction of M. phaseolina propagules was estimated in
the final soil samples compared to heat level 1, that was also significantly higher than that
occurred on 16™ of each month.

Amendment with Brassica residues retained comparatively more soil moisture
than non-amended controls after 15 days of irrigation. Moisture retention was higher at
15-30 ¢m compared to 0-15 cm soil depth in April than in other two months. Among both
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the amendments, mustard oil-cake retained greater soil moisture than pod-straw except
under shade conditions where reverse was true.

During experimentation, often temperatures of dry soil during day time were quite
close to the thermal death time-temperature (50 °C for 97 minutes) reported for M.
phaseolina (Bega and Smith, 1962). In our earlier study, considerable reduction (94.7%)
in counts of M. phaseolina was achieved by amendment of soil with 0.18% w/w mustard
oil-cake and one summer irrigation merely by natural heat (Lodha ef 4/., 1997). In the

Table 13: Effect of sub-lethal heating, Brassica amendments and summer irrigation on the
reduction of M. phaseolina population at different heat levels

Heat levels Brassica amendments
QOil-cake Pod straw No
(0.09%) (0.18%) (0.18%) (0.36%) amendment
"1 (April) 67.8 716 60.4 67.9 339
(55.42) (57.78) (50.65) (55.40) (45.38)
2 (May) 81.8 - 867 80.7 82.8 36.2
(64.93) (72.47) (65.49) (65.28) (49.87)
3 (June) 94.2 96.1 89.4 94.5 41.3
(76.28) (78.83) (71.21) (76.22)" (49.92)
Source of variation d.f. Mean square
Heat levels 2 4633 30%** o
Amendments 4 127623 %%*
Amend x heat levels -8 747 .70 %**
Amend vs. control 1 8760.60***
Qil-cake vs. pod straw 1 460.46***
Depth 1 584,24 %%
Amend x depth 4 7.87 NS
Heat levels x depth 2 4.37 NS
Heat levels x amend x depth 8 16.16 NS

present experiment, when sub-lethal heating for 60 days (April 1 - May 30) was given to
M. phaseolina propagules, almost an equal reduction (94.2%) was achieved at reduced
dose (0.09% w/w) of the same amendment. More than one mechanism might have
operated concurrently or in a sequence in eliminating viable propagules of M. phaseolina
from soil. Sub-lethal heating in dry soil for 90 days though reduced only 12.8% viable
sclerotia of M. phaseolina but exerted a weakening effect on the surviving propagules.
The effect was evident by significantly higher reduction in M. phaseolina propagules
following sub-lethal heating for 60 days (38.9%) compared to 30 days (34.5%), though

31



the prevailing soil temperatures were comparable. The weakening effect depends on
temperature level, exposure time and the environment into which the preheated
propagules are introduced. However, a certain threshold of heating has to be reached to
obtain a detectable weakening effect (Freeman and Katan, 1988). Significantly low levels
of reduction in viable counts of M. phaseolina estimated in amended pits under shade
compared to corresponding unshaded pits indicated that detectable weakening effect was
not achieved at moderate heat level.

Increase in rate of decomposition was tenable by greater difference in temperature
of amended soil in May and June (bright sunlight) compared to shade and merely
irrigated pits. Increased temperature in amended compared to non-amended soil resulting
from increased exothermic microbial activity may be an important factor for improving
control of M. phaseolina, a heat - tolerant pathogen. Availability of less residual soil
moisture after 15 days in pits irrigated in May or June compared to those irrigated in
shade or April is a supporting evidence for this action. However, presence of more
residual soil moisture in amended compared to non-amended pits probably encouraged
microbial antagonism against remaining but weakened sclerotia particularly by bacteria at
lower soil depth. In the final soil samples, population of bacteria and actinomycetes were
invariably higher in amended compared to non-amended pits. The bio-toxic effects of
volatile compounds from cruciferous residues and particularly those of allyl
isothiocyanate (Mayton et al., 1996) at high soil temperatures have been well
demonstrated (Lewis and Papavizas, 1971; Gamliel and Stapleton, 1993). However, the
quantity of pesticidal compounds produced during the decomposition may not be the only
cause for this reduction. Perhaps, biological control of weakened propagules also is likely
to play a role in the process. Increased colonization of heat treated sclerotia of Sclerotium
rolfsii by bacteria has also been reported by Lifshitz et al. (1983).

Cumulative effects of these factors resulted in improved reduction of M.
phaseolina propagules. Prior weakening of sub-lethal dosages of killing agents has been
suggested as a tool for achieving integrated control through a synergistic effect (Baker
and Cook, 1974). Combining healing and Trichoderma harzianum, both at sub-lethal
doses resulted in improved control of Sclerotium rolfsii (Elad et al., 1980) and Rosellinia
necatrix (Sztejnberg et al., 1987). Similarly, synergistic interaction between sub-lethal
heating and Talaromyces flavus caused increased mortality of the microsclerotia of
Verticillium dahliae (Tjamos and Fravel, 1995).

One major advantage of polyethylene mulching of the amended soil was that its
surface was sealed to get maximum benefit from release of toxic volatiles (Ramirez-
Villapudua and Munnecke, 1988), In the present concept of natural solar heating also.
fast drying of top Iem soil soon after irrigation leads to formation of a 2 mm crust. This
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may act as a sealing material and prevents fast exchange of gases. Further, sub-lethal
heating for long duration may substantiate this advantage where reduced dosages of
amendments were found sufficient to kill already weakened propagules of M. phaseolina.
This was evident with amendment of mustard oil-cake or pod residues where greater
reduction in pathogenic propagules was achieved at low concentration (0.09% w/w) after
60 days of sub-lethal heating compared to that achieved at high concentration (0.18%
w/w) after 0 and 30 days of sub-lethal heating. The results of our study demonstrate that
the incorporation of Brassica residues combined with summer irrigation has a greater
beneficial effect in reducing M. phaseolina viability during the crop-free period following
harvest. More so, phytotoxicity symptoms were also not observed in succeeding
clusterbean crop (July - October) in our field experiments.

After ascertaining efficiency of mustard oil-cake and pod straw, research efforts
were made to improve efficiency of pod straw by combining other readily available
sources of cruciferous residues including mustard oil-cake. Field experiments were
conducted in crop-free period (April-June) of 1998 and 1999 with an objective to
ascertain effect of cruciferous residues in controlling Macrophomina and Fusarium after
prolonged summer exposure to their resting structures (Mawar and Lodha, 2000a). In
1998, four amendment combinations viz., mustard residues (MR — 2.5 ton ha™), MR +
mustard cake (2.5 ton + 0.5 ton ha"), MR + Eruca (2.5 ton + 0.5 ton ha), MR +
cauliflower residue (2.5 ton + 0.5 ton ha™) along with non-amended dry and wet controls
were arranged in different pits in two sets for May (A) and June (B). These were exposed
to summer heat from April 1. Additional one set of infested soil was kept in laboratory at
room temperature for 60 days and brought in the field only on June 1 (C), while another
set of pits (D) were dug in shade and amendments and irrigation were given on June 1. In
1999, the experiment was repeated except that combination of Eruca and cauliflower
with MR and treatment sets of May were deleted.

During the experimental period, temperature of dry soil ranged between 42-46°C
and 40-43°C in May and June, respectively. One irrigation in dry soil initially brought
down the soil temperature to 37°C but it reached 40-41°C within 15 days in May and June
causing a reduction of 31 and 32.5% in viable propagules of Fusarium. Combining
amendments with summer irrigation improved this reduction (Lodha and Mawar, 2000
b). Maximum reduction (86.8%) was achieved when a small dose of mustard oil-cake
(0.5 ton ha™) was supplemented to mustard pod residues (2.5 ton ha) and summer
exposure was given for 60 days, compared to mustard pod residues alone (82.3%). This
reduction was significantly higher (15.3-15.6%) than that recorded in the treatment where
infested soil brought from laboratory was mixed with same amendments (Fig. 8).
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Fig. 8. Improvement in percent reduction in M. phaseolina (A) and F. oxysporum (B)
propagules due to increased sub-lethal heating

These combinations of cruciferous amendments were also effective in reducing
inoculum density of M. phaseolina below economic threshold level at 0-30 cm soil depth.
Combining mustard pod straw with oil-cake caused 87-90% reduction in viable
propagules of Macrophomina compared to that achieved by mustard residues alone (76-
80%). Prolonged exposure to dry summer heat for 60 days significantly improved the
reduction compared to zero and 30 days of exposure.

Comparatively higher reduction in M. phaseolina than Fusarium propagules
-achieved in this study may be a result of increased microbial antagonism against M.
phaseolina due to soil moisture (Dhingra and Sinclair, 1975; Lodha, 1996). Improvement
in reduction by supplementing a small dose of mustard oil-cake with pod residues could

be due to presence of higher concentration of biotoxic volatiles and nitrogen in oil-cake.
However, the suppressive activity of E. sativa with pod residues can be considered as
intermediate probably due to its low glucosinolates content (18.6 M moles m?) as
reported by Lazzeri and Manici (2000).

Subsequently, field experiments were conducted in the year 2000 and 2001 with
an objective to comparatively evaluate cruciferous residues and other effective weed
residues of the region in controlling Fusarium after prolonged summer exposure (Israel
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and Lodha, 2003b). In the year 2000, five amendments viz., Euphorbia, Verbisina,
Celosia, onion and mustard, each at 0.18% w/w concentrations alongwith non-amended
dry and wet controls were arranged in different pits in six sets (A-E). On April I,
Fusarium infested soil was filled in 9 kg capacity pits in field of sets A, B and E, while
soil of set C was kept separately in laboratory at room temperature but filled in pits only
on May 27. One lot each of 9 kg soil was filled in pits of set D and F. Pits of set A- D
were dug in an open field while E and F were dug under the dense canopy of trees. On
May 27, the soil in each pit of set A, B, C and E were amended individually with
aforesaid residues and irrigation was applied on May 28 in all the plots except of set D
and F. Polyethylene sheet was mulched in the plot having pits of set A. Soil temperatures
were recorded at 14.00 and 16.00 h at 15 cm depth in one representative pit of each set.
On June 30, the pouches containing Fusarium infested soil buried at 7 and 22 cm depth
were retrieved from each pit and processed for estimating viable propagules of Fusarium.
All the experimental details remained same in 2001, except that treatment of MR +
Verbisina (MR 0.18% + V — 0.04%), MR + Onion (0.18% + 0.04%) and MR + MC
(0.18% + 0.04%) were included, while Euphorbia and Celosia were omitted.

In general, a significant improvement in reduction of Fusarium propagules was
achieved with the increase in duration and intensity of heat. Under shade conditions, 32-
47% reduction in Fusarium propagules was estimated in all the amendments. Soil
brought from laboratory and exposed to bright sunlight improved this reduction (75.7-
86.5%). Further, a significant improvement was estimated in Fusarium infested soil
continuously exposed to dry heat for 55 days, where reduction ranged from 76.6-88.3%.
Elevation of soil temperature due to polyethylene mulching further augmented this
reduction in the range of 80.2-95.5%. In the year 2001, combining a small dose of onion,
Verbisina or mustard oil-cake with mustard residues further improved the reduction in
Fusarium propagules at all the heat levels. These combinations also improved the
reduction at the lower soil depth.

This study conclusively established that (i) combined application of mustard pod
residues (2.5 t ha™") along with mustard oil-cake (0.5 t ha™') or Verbisina (0.5 t ha™*) with
one summer irrigation are highly effective in control of Fusarium propagules. (ii)
Prolonged exposure to dry summer heat that exerted the weakening effect on pathogenic
propagules enhanced the efficiency of amendments and summer irrigation.

Different Doses of Mustard Oil-Cake and Pod Straw

A field experiment was conducted to ascertain effectiveness of different doses of
Brassica amendments in reducing viable propagules of M. phaseolina (Lodha and
Sharma, 2002). In 7 ecm’ pits, ground up residues with concentration ranging from 0.022
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to .27% (w/w) so as to give 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 and 1.0, 2.0, 3.0, 4.0, 5.0, and 6.0
ton ha" doses of mustard oil-cake and pod straw, respectively were amended in M.
phaseolina infested soil under shaded and unshaded conditions. Irrigation was given on
June 1 and soil temperatures were recorded at 5 cin depth for 15 days. During June 1-15,
1996, temperature of dry soil ranged from 42-55°C and 29-40°C under unshaded and
shaded conditions. In amended pits, soil temperature remained 0.5-3°C (unshaded) and
0.5-1.5°C (shaded) higher than non-amended pits. Brassica amendments significantly
reduced M. phaseolina under both the environments. Of the amendments, mustard oil-
cake was significantly better where complete reduction in viable propagules of M.
phaseolina was achieved at 0.9% (2 ton ha") compared to 0.22% (5 ton ha™) pod
residues (Table 14). Under shade conditions, magnitude of reduction in M. phaseolina
propagules was low but significant improvement in the reduction was estimated with
increased concentration of amendments. Efficacy of mustard oil-cake even at low
concentration (2 ton ha”) could be attributed to presence of 7-8% oil that release more
quantity of volatiles at high temperature besides having 5% nitrogen. Organic
amendments with high nitrogen have been shown to effectively control soil-borne
pathogens (Rodriquez-Kabana et al., 1990), The population of total aerobic cultivable
bacteria and actinomycetes increased significantly with the increased concentration of
mustard residues but in case of oil-cake after 0.09% significant decline was estimated in
the population of both the types of microbes (Table 15).

A significant improvement in lytic bacterial density upto a certain level was
estimated in all the amended pits compared to dry and irrigated non-amended pits.
Possible role of increased lytic bacterial density in reducing M. phaseolina counts can not
be excluded, as these bacteria are capable of lysing fungal mycelium of soil-borne
pathogens (Mitchell and Alexander, 1963).

There was an increase in the population of mesophilic and thermophilic fungi
with increasing concentration of amendments upto 0.09 and 0.18%, respectively.
Enhanced survival of mesophilic and thermophilic fungi under natural heating process
may induce soil suppressiveness. Heating cabbage-amended soil at 45°C has been found

effective in controlling Pythium and Sclerotium population (Gamliel and Stapleton,
1993).
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Table14. Effect of different Brassica amendments on survival of M. phaseolina propagules
under unshaded and shaded conditions

Amendments* | Concentration Reduction in M. | Dehydrogenase activity |
(ha) phaseolina (%) (P kat g soil)

Unshaded Shade Unshaded Shade
C +SI 0.5 88.8 27.6 15.9 15.8
1.0 91.6 383 16.1 16.5
1.5 97.2 359.1 18.3 17.3
2.0 100.0 43.1 19.5 17.7

2.5 100.0 47.9 16.7 192
3.0 100.0 59.7 16.9 16.9
MR + §I 0.5 88.0 40.4 143 16.2
1.0 94.4 45.6 16.5 17.7
1.5 %94.4 523 18.1 179
2.0 9712 524 19.8 18.5
2.5 100.0 59.7 20.6 17.7
3.0 100.0 63.8 17.8 17.6
Sl - 52.7 15.2 13.5 15.0

DS - 12.3 8.8 10.8 133~
LSD (P=0.05) - 15.5 6.3 1.3 1.2

*MC — Mustard oil-cake, MR — Mﬁstard residue, SI — Summer irrigation, DS — Dry soil

In our experiment, 44°C temperature was achieved by natural heating alone for
more than 4 h a day for atleast 10 days after irrigation. As a result, effective doses of
Brassica amendment for the control of M phaseolina in hot arid region have been
developed (Lodha and Sharma, 2002).
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Table 15 . Effect of different concentrations of Brassica amendment_§ 0“. total bacteria
actinomycetes, fungi and Iytic bacterial density (CFU g~ soil)

Amendments* Dose Bacteria | Actinomycetes Fungi Lytic.
(ton ha'') | (x10% (x 10%) Meso- Therno bactt‘a‘rlﬁ
phific phitic | (X 10°g")
MC + SI 0.5 2.6 113 2.3 1.3 4.7
1.0 4.1 11.6 3.0 1.3 4.7
1.5 4.4 12.0 3.6 2.6 6.0
2.0 4.8 13.7 5.0 3.7 6.5
2.5 3.7 8.0 2.7 33 5.8
3.0 2.1 53 2.7 1.0 5.9
MR + SI 0.5 2.5 12.0 3.0 1.3 6.1
1.0 2.6 12.3 33 23 6.2
1.5 3.1 13.0 3.6 2.7 6.2
2.0 5.9 19.3 4.0 33 7.0
2.5 9.6 243 3.6 33 6.6
3.0 10.7 23.3 4.3 3.6 3.2
SI - 2.4 8.0 2.3 1.0 2.8
DS - 1.7 7.1 2.1 0.7 1.6
LSD (P=0.05) ‘ - 0.9 53 1.9 1.5 1.6

" MC - Mustard oil-cake, MR ~ Mustard residue, SI — Summer irrigation, DS ~ Dry soil

Rationale

Biological Control

Studies on soil-borne plant pathogens led to development of many management
strategies. One of the basic component of these strategies is the use of efficient bio-
control agents to improve control of soil-borne plant diseases. While using bio-control
agent in Integrated disease management (IDM), basic requirement is that it should be a
resident isolate, relatively heat tolerant and able to survive in sandy soils of hot arid
region. Several native bio-control agents were isolated from amended soils in these years.

Trichoderma harzianum

A native strain of T. harzianum was isolated from aridisols. The effectiveness of
this strain was tested against major soil borne plant pathogens like Macrophomina
phaseolina, Fusarium oxysporum, F. solani etc. by dual culture method. Studies were

conducted on multiplication of this strain on indigenous substrates like Prosopis pods.
(Lodha et al., 1999b).
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Aspergillus versicolor

During the course of investigation, one native fungi isolated from the cruciferous
residue amended soil was repeatedly found to parasitize Fusarium oxysporum f. sp.
cumini. Antagonism of this fungus against Fusarium was confirmed by repeated dual
culture methods. The fungus was identified as Aspergillus versicolor by Agharkar
Research Institute, Pune. In a separate dual culture test, where discs of Fusarium were
placed at the periphery, whitish mycelial growth was visible only during the initial stage,
but at a later stage dense hyphal growth of 4. versicolor overgrew and completely
hyperparasitized Fusarial mycelial mat (Israel, 2002).

In Fusarium and A. versicolor infested soil, an initial population of 4.2 x 10* CFU
g soil of Fusarium drastically declined to 2.8 x 10° CFU g soil after 15 days of
incubation causing 93.3% reduction. In Fusarium and T. harzianum infested soil, after 15
days, 1.1 x 10* CFU g”' soil of viable propagules of Fusarium causing 73.8% reduction
were estimated under similar conditions. This declined further continued to the extent
that after 30 days only 0.3 x 10° and 15 days 1.5 x 10° CFU g soil of Fusarium were
estimated in 4. versicolor and T. harzianum infested soil, respectively (Israel,2002).

In liquid culture tests, a cell-free filtrate even at a low concentration of 0.5 ml of
both the biocontrol agents could inhibit mycelial growth of Fusarium (Israel, 2002). In
general, percent reduction was considerably high in presence of filtrate of 4. versicolor
. compared to that of 7. harzignum. In a separate liquid test, effect of age of filtrate of A.
versicolor and T. harzianum on mycelial growth of Fusarium was evaluated. There was a
significant improvement in reduction of Fusarium in 8 day compared to that in 4-day-old
cell free filtrate of both the biocontrol agents (Table 16). Further increase in age of
filtrate did not improve reduction. The reduction was higher in A. versicolor compared to
T. harzianum filtrate.

Table 16. Effect of age of metabolites on mycelial growth of Fusarium

Treatment Days Reduction (%) in Fusarium
myecelial growth

Aspergillus versicolor 4 33.2
(2-ml) 8 543

12 54.6

16 54.9

Trichoderma harzianum 4 41.9
(Z-ml) 8 ' 44 4

12 453

16 . | 46.2
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Population changes of 4. versicolor were followed for 120 days in a sandy soil
maintained at different gradients of moisture. There was a sudden upsurge in the
population of 4. versicolor at all the moisture gradients after 30 days of incubation, with
maximum being at 70% of MHC. At subsequent interval, populations fluctuated and
showed a marginal increase and decrease at 90 and 120 days, respectively. In general,
maximum survival and multiplication was estimated at 50% of MHC compared to any
other moisture gradient.

Studies related to thermal resistance to A. versicolor showed that this bio-control
agent was able to survive and multiply even at 65°C. There exist a positive correlation
between increase in time interval and increase in population of A. versicolor. However, at
60° C, a sharp decline in viable propagules of 4. versicolor occurred within 6 minutes of
exposure, but subsequently a gradual increase was estimated both under moist and dry
conditions. After 18 minutes of exposure, counts of A. versicolor were 2- and 3-fold
higher than that of initial level. Similarly, population of A. versicolor declined after an
exposure for 2 seconds at 62°C both under moist and dry conditions, but subsequently it
increased again. Thus, after an exposure of 8 seconds, counts of A. versicolor were higher
than that of initial level with more being under dry conditions. At 65°C also, where the
test was run only under dry conditions, population of A. versicolor increased at 8 seconds
exposure after an initial decline. :

- In a pot experiment, combined effects of biocontrol agents and Verbisina residues
were ascertained. Studies revealed that amending soil with 4. versicolor alone or in
combination with 7. harzianum (Fig.9) or Verbisina residues were significantly better in
reducing Fusarium population compared to non-amended control. Maximum reduction in
Fusarium population occurred where both the biocontrol agents (BCA’s) were integrated
with Verbisina residues. Of both the BCA’s, reduction in Fusarium propagules was
significantly better in A. versicolor amended soil. However, their combinations were
significantly better than their lone application. A marked increase in root length over
control was observed in the treatment with A. versicolor and T. harzianum and their
integration, Further, integration of both the BCA’s with Verbisina increased shoot length
and weight. Synergistic effect of both the BCA’s was clearly observed with the increase
in shoot length and weight compared to that recorded in control.

These studies demonstrate that hyperparasitism of 4. versicolor over Fusarium
was comparable with that of 7. harzianum. A. versicolor has also been reported as an
antagonist against M. phaseolina (Bhattacharya et al., 1985). Its potential in inhibiting
germination of uredospores of Puccinia helianthi has also been demonstrated (Patil er al.,
2000). Its mutant is known to produce an antibiotic ‘Mycoversilin’ (Samanta ef al.,
-1983). Apart from release of antibiotic, various hydrocarbons, alcohols, ketones, ethers,
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sulphur-containing compounds have also been identified as volatile metabolites from A.
versicolor (Sunsseson et al., 1995). Better survival and multiplication of 4. versicolor at
low soil moisture content and at high soil temperature are supportive evidence for its
adaptation in dry sandy soils, where temperature often reaches in the ranges of 50-60°C
during hot summer months.

INTEGRATION OF BIOCONTROL AGENTS

& A versicolor ,,,ib‘),’;MT. harzianum ¥
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Reduction of Fusarium (Foc) population in the presence of :
A. A versicolor — 87.1
B. T harzianum — 82.4

C. A. versicolor + T. harzianum — 92.1

Fig 9. The effect of integration of Aspergillus versicolor and T. harzianum on
survival of Fusarium (Foc) propagules in soil

Bacillus firmus

Cruciferous residue amended soil was screened for the presence of antagonists
against M. phaseolina. A soil bacterium exhibiting clear inhibition zone was isolated and
brought into pure culture. Dual inoculation test was carried out to confirm antagonism of
bacteria against M. phaseolina. Observations on the interaction of antagonistic bacterium
and M. phaseolina on Czapeck’s Dox agar indicated development of a clear inhibition
zone after 5-6 days of inoculation (Lodha er al., 2000). The growth of M. phaseolina
continued to remain restricted but developed a scarlet pigmentation after 4 days. To
confirm that antagonism is antibiosis in nature, several 3-mm discs were cut from
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bacteria free inhibition zone and placed at four equi-distant points on Czapeck’s Dox
agar. M. phaseolina discs were placed in the center of each petri dish. Observations taken
after four days indicated that bacterial free disc from scarlet pigmentation also inhibited
the growth of M. phaseolina though the area of inhibition zone was significantly reduced
compared to that recorded in presence of bacterium.

The bacterium was identified as Bacillus firmus by IMTC, Chandigarh, after
analyzing morphological, physiological and biochemical characteristics. This gram +ve
bacterium was able to grow at a temperature range of 22-45°C.

To study the pattern of inhibition in presence of different substrates, three solid
media PDA, Czapeck’s Dox agar and nutrient agar were used and well method was
adopted. The pattern and zone of M. phaseolina inhibition varied when both the microbes
were tested on media having different composition, Maximum inhibition was recorded on
nutrient agar to the extent that at the periphery of M. phaseolina colony sclerotial
formation was checked (Mawar, 2001).

Separate dual culture tests were performed to ascertain the activity of antagonistic
bacterium against prevalent soil fungi like Aspergillus terreus, A. niger, Paceilomyces
Susiformis, A. fumigatus, A. regulosus, A. awamosi and cumin wilt pathogen Fusarium
oxysporum £.sp. cumini and a bio-control agent T, harzianum. B. firmus failed to inhibit

growth of all the soil fungi including 7. harzianum. Scarlet pigmentation was also not
observed.

In a separate experiment, growth of M. phaseolina in presence of antagonistic
bacterium was significantly higher than that recorded with its cell free filterate. When B,
Sfirmus or its filtrate were incorporated in Czapeck’s Dox broth, maximum activity of B.
JSirmus on mycelial growth of M phaseolina was recorded when both were
simultaneously inoculated. However, the activity of B. firmus reduced with increased
time interval of its inoculation. It produced scarlet pigmentation in liquid medium also.

In a pot experiment, effect of B. firmus seed treatment on growth parameters and
nodulation of clusterbean seedlings was studied. The experiment had four treatments 1.
Field soil (without M. phaseolina), 2. M. phaseolina infested soil + B. firmus coated
seeds, 3. Field soil + B. firmus coated seeds and 4. M. phaseolina infested soil. After 25
days of sowing, observations on plant height, fresh weight and number of nodules were
recorded.Studies revealed that height, fresh and. dry weights of seedlings were
significantly higher in the treatments ‘where B. firmus coated seeds were sown in the field
soil (without M. phaseolina) compared to treatments where uncoated seeds were sown
(Tablel7). Presence of M. phaseolina along with B. firmus though affected all the growth

parameters studied but reduction was not significant compared to lone presence of B.
firmus.
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Nine different residues : mustard pod straw. mustard oil-cake, cauliflower, radish,
eruca, pearl millet, Euphorbia hirta, Aerva persica, Celosia argentia and three composts
of E. hirta, A. persica and C. argentea, which were found effective in the control of M.
phaseolina were evaluated as_growth substrates for the multiplication of bacterial

antagonist. Each substrate was amended @ 1% in separate soil lots and population of
bacterium was estimated after 20 days of incubation.

Amendment of soil with all the cruciferous residues except mustard oil-cake
significantly enhanced the multiplication of B. firmus within 20 days. Maximum
multiplication was recorded in residues of radish amended soil. However, it was
significantly equal to that recorded in mustard and cauliflower residue amended soil.
Among other residues, pear] millet supported maximum multiplication of B. firmus while
Euphoria residues inhibited its multiplication. Other weed residues also did not support
multiplication.

Table 17. Effect of B. firmus and M.phaseolina on growth parameters of
clusterbean seedlings

Treatments Fresh weight | Dry weight | Shoot height Nodules
(mg) (mg) (cm)

Field soil 385.8 129.0 9 0.5
M.phaseolina® 571.8 137.0 10 0.8
+B. firmus

B.firmus ” 613.0 157.0 12 4.3
M. phaseolina 366.0 119.9 9 0.5

[ TSD (0.05) 184.8 239 ) R

® Soil was infested with M.phaseoling sclerotia
® Seeds were treated with 10 ml solution of B firmus and carboxy methy! chloride

Characteristic feature of growing well on a wide range of temperature
corroborates well with faster multiplication of B. firmus in heated soil. Broadbent ef al,
(1971) also reported that the percentage of Bacillus isolates antagonistic to plant
pathogens increased with the temperature of soil treatments up to 60°C for 10 minutes,
and then declined. Nutrients from decomposing residue and certain compounds such as
ethylene, ammonia, acetone, ethanol, methanol, formaldehyde, acetaldehyde were
reported to stimulate germination of micro-organisms (Harman ef al., 1980). Many of
these and related compounds have been isolated and characterized from heated
cruciferous residues (Gamliel and Stapleton, 1993). Release of some antibiotic due to
interaction of both the microorganism is known as antibiosis. Analysis of mutants of B.
cereus shows a significant quantitative relationship between disease suppressiveness and
the production of two antibiotic, Zwittermicin A and Kanosamine (Silo-Suh et al., 1994;
Milner et al., 1996).
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Bioformulations

T: harzianum ~ Waru Sena 1.

Studies revealed that population of 7. harzianum increased gradually in composts
prepared from residues of P. juliflora, Calotropis and weeds compared to FYM and non-
amended control (Bareja and Lodha, 2002). Maximum survival was estimated in P.
juliflora compost. In subsequent experiment, better survival of T. harzianum was
estimated in mixture of P. juliflora compost and talc compared with that in only talc.
After achieving this success, in the year 2002, 300 packets (100 g each) were prepared of
this bioformulation and named as Maru Sena 1. These packets were sold to farmers in
Kharif season through Agricultural Technology Information Centre (ATIC).

A. versicolor — Maru Sena 2.

Among composts, maximum population and survival rate of A4 versicolor was
estimated in sterilized neem compost. Accordingly, a bioformulation of 4 versicolor in a
mixture of neem compost and talc was prepared and distributed to only selected farmers
as Maru Sena 2. Use of 4 versicolor has an additional advantage in hot arid region due
to its thermal resistance and ability to survive under low soil moisture conditions.
Information gathered through farmer’s fields gave encouraging results where 10-15%
reduction in wilt incidence was recorded in year 2001-02.

B. firmus - Maru Sena 3.

Bioformulation of B. firmus was prepared in locally available lignite and by
maintaining adequate soil moisture as Mara Sena 3.

Integration of Cultural and Bio-Control Agent

After working out potential value of cruciferous residues, sub-lethal heating on
survival of both the pathogens and antagonistic effect of bacterium against
Macrophomina, next step was to study effects of these strategies in an integrated manner
on both the diseases. A field experiment was, therefore, conducted (1998-2000) to study
combined effects of Brassica amendments and summer irrigation on survival of M.
phaseoling and Fusarium in soil, and dry root rot intensity on clusterbean (July-Oct) and
wilt of cumin (Nov-Mar) in the same field.

Two Brassica amendments, mustard oil-cake and pod straw (2.5 ton ha™') were
amended in pathogenic infested field either in the end of May with one summer irrigation
(MC+SI, MR+SI) or in July (MC+NS, MR+NS). In case of dry root rot of clusterbean,
antagonistic bacterium was also integrated as seed treatment (MR+SI+ST). Summer

irrigation, seed treatment and normal sowing (SI, ST, NS) were kept as corresponding
controls.
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Results of field study have shown that both the amendments combined with one
summer irrigation were significantly superior in reducing incidence of dry root rot and
wilt on clusterbean and cumin, respectively (Lodha et al, 2001; Mawar and Lodha,
2002). The soil temperature of amended soil after one summer irrigation in June ranged
from 38-44°C at 15 cm depth. These temperatures were 0.5-5°C higher than those
recorded in unamended soil for the same period and 6-16°C higher when amendments
were incorporated in July. Merely one summer irrigation in unamended plots reduced dry
root rot severity significantly by 34-39% compared with the unamended control without
irrigation (Table 18).

Bacillus coated seeds also reduced mortality, which was significantly lower than
SI alone. A single irrigation in summer further augmented the efficiency of cruciferous
residues to control dry root rot in both the years. Of the residues, mustard oil-cake was
38% more effective than mustard residues in reducing disease severity. However,
planting of Bacillus coated seeds in combination with MR+SI was significantly better
than MR+NS.

Table 18. Effect of cruciferous residues as soil amendment on population of M. phaseolina
and clusterbean mortality due to dry root rot on clusterbean

Treatment® Mortality (%) M.phaseolina population®
(sclerotia g”'soil)
1998 1999 1998 1999
MC + SI 4.7 5.1 180 120
MC +NS 9.8 8.7 220 168
MR + SI 7.2 6.5 206 148
MR + NS 103 10.7 248 188
MR + SI + ST 6.8 54 200 136
MR + NS + ST 7.2 10.6 240 170
SI 113 13.9 284 220
ST 7.9 11.6 352 388
&%ﬁo‘:ﬂded) 18.8 213 . 385 432

®MC, Mustard oil-cake (2.5 ton ha'); MR, Mustard residues (2.5 ton. ha'); NS,
amendment at the time of clusterbean sowing in July; SI, ‘Summer irrigation in June;
ST, Seed coating with Bacillus spp,

® Initial population was 340 sclerotia g soil.
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Maximum wilt incidence (26.8%) was recorded in the unamended control plots
(Table 19). A single summer irrigation, or soil amendment with residues either combined
with SI or applied in July at the time of clusterbean planting significantly reduced wilt
incidence. Amending the soil with MR or MC in summer or with mustard oil-cake in July
significantly reduced wilt incidence as compared with SI alone. Of the residues, mustard
oil-cake was significantly more effective than mustard pod straw with a 34% greater
reduction in wilt incidence, but differences relating to time of application were not
significant (Table 19). '

In an earlier study, it was found that amending the soil with urea-N and farmyard
manure improved the effectiveness of summer irrigation in controlling M. phaseolina and
Fusarium oxysporum (Lodha, 1995b). Substituting Brassica residues for these
amendments in the present study further reduced the pathogenic agents. This reduction
may be a cumulative effect of bio-toxic volatile compounds released during the
decomposition of the residues at prevalent high soil temperatures (38-42 °C) and
subsequent microbial antagonism. Amendment of the soil with mustard oil-cake caused a
significant reduction in populations of M. phaseolina and Fusarium (Sharma et al., 1994;
Lodha et al., 1997). A lower dose of this amendment in the present field experiment was
almost equally effective; probably because the prolonged exposure of infested soil to dry
heat exerted a weakening effect on pathogenic propagules (Lodha and Mawar, 2000b).

Table 19. Efficacy of cruciferous residues as soil amendment on population of
F. 0. §. sp. cumini and wilt incidence on cumin

Treatment’ Wilt incidence Fusarmm populatnon
(x 10 cfu g'soil)
1999 2000 1999 2000
MC + SI 52 7.2 8.5 4.2
MC+ NS 12.1 10.2 11.2 8.9
MR + 51 86 78 104 39
MR + NS 114 12.7 12.5 9.3
S1 17.8 15.2 13.2 13.8
Control  (non- 233 - 26.8 18.6 21.4
amended)

*MC - Mustard oil-cake (2.5 tonha'); MR, Mustard residues (2.5 ton ha™);
NS - amendment at the time of clusterbean sowing in July, SI, Summer
irrigation in June.
® Initial population was 17.5 X 10 cfu g soil

Statistically significant control of dry root rot merely by coating clusterbean seeds
with the Bacillus sp. is also of practical value in low-input sustainable agriculture (LISA)
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(Lodha et al., 2000). Greater control of dry root rot with this Bacillus in the 1998 crop
season was probably due to adequate soil moisture enhancing bacterial antagonism
(Dhingra and Sinclair, 1975; Lodha, 1996). The bacterial activity decreased with
decreasing soil moisture (Griffin and Quail, 1968). There was no significant
improvement in disease control when Brassica residues were combined with the Bacillus
coating of the seeds. This was most likely due to concurrent operation of two different
management strategies. However, coating will help in establishing the Bacillus sp. in
amended soil for inducing suppressiveness.

Subsequently a field experiment was conducted to study combined effects of
residues, summer irrigation and soil solarization on survival of Fusarium in soil and wilt
of cumin in field (Lodha et al., 2002a). Three promising weed residues viz. Euphorbia
hirta, Celosia argentia and Aerva persicae, residues of mustard and oil-cake were
utilized for the study. Experimental plots (4x3m) were arranged in completely
randomized block design with nine treatments.

Soil temperature in irrigated (SI) plots ranged from 50.9-51.7 °C, 42.9-50.6°C and
39.3-42.1°C at 5, 15 and 30 cm depth, respectively in both the years of study. In the
mustard residue amended (MR+SI) plots, an increase by 0-2.5 °C in soil temperature over
non-amended plots (SI) was recorded. Polyethylene mulching (SS+SI) elevated the soil
temperature by 2.5-13.1 °C compared to non-solarized plots, Further, temperatures in
solarized amended (MR+SS+SI) plots remained higher by 0.5-5.5 and 0-4.1 °C over
corresponding non-amended plots (SS+SI).

M. phaseolina population

A reduction to the tune of 9.2% in viable M. phaseolina propagules was recorded
merely by dry heating, which improved to 28.3% when one summer irrigation was given.
Polyethylene mulching augmented this reduction in the range of 73.5-100 %. However, at
30 cm soil depth only 72% viable propagules of M. phaseolina could be eliminated.
Combining mustard residues with polyethylene mulching completely eliminated {iable
propagules of the pathogen at 5 and 15 cm depth and also significantly improved
reduction at 30 cm depth. :

In non-mulched treatments, combining mustard residues with one summer
irrigation caused 68-92% reduction in M. phaseolina propagules at various studied
depths. Addition of a small dose of weed residues or mustard oil-cake augmented the
level of reduction. In case of MR+MC+SI, at 15 and 30 cm depth, the magnitude of

reduction in M. phaseolina propagules was significantly greater than that achieved “‘vith
polyethylene mulching. | ‘
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Dry root rot incidence

All the treatment combinations having polyethylene mulching, amendments,
summer irrigation and coating seeds with B. firmus were significantly better in reducing
dry root rot incidence on clusterbean compared to control (Table 20).

Table 20. Effect of cruciferouns and weed residues, soil solarization and summer
irrigation on incidence of dry root rot on clusterbean

Amendments® % dry root incidence
2000 2001

MR + 8§ + SI 23 5.1
SS + SI 2.8 6.1
SI 9.5 15.7
MR + S1 5.6 5.8
MR + MC + SI 43 7.4
MR + Weed + SI 45 8.3
MR + Weed + SI + B. firmus 4.9 §.0
B. firmus seed coating 6.9 11.6
Non-amended control 14.0 275

* MR —Mustard residues (2.5 tha™*); MC-Mustard oil-cake (0.5 t ha™);
S8 —Soil solarization; SI-Summer irrigation.

Summer irrigation alone reduced incidence of dry root rot by 39% compared to
control. Maximum reduction, however, was achieved in amended and non-amended
solarized plots but the level of reduction was significantly equal in both the treatments. In
non-solarized amended plots maximum reduction was achieved in the MR+MC+SI
treatment, which was significantly equal to the treatments having soil solarization in both
the years of study. Combining weed residues with those of mustard though improved
reduction in dry root rot incidence over mustard residues alone but was not significantly
better. Coating seeds with Bacillus also, considerably reduced dry root rot incidence
compared to control and the level of reduction was significantly equal to all the non-
solarized amended treatments in both the years of study.

Fusarium population

Treatments having amendments, soil solarization and summer irrigation alone or
in combination were significantly superior than control in eliminating Fusarium
propagules. One summer irrigation in dry heated soil caused 32.5 % reduction in viability
of Fusarium propagules. Soil amendment with mustard residue (MR+S]I) eliminated 78
% of the viable Fusarium propagules. However, amendment of soil with weed residue in
combination with mustard (MR+W+SI) could not improve this reduction. Addition of a
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small dose of mustard oil-cake with mustard residue (MR+MC+SI), on the other hand,
significantly improved this reduction.
Wilt incidence

All the treatment combinations having amendments, soil solarization, summer
irrigation, and Trichoderma harzianum were significantly superior than non-amended
control in reducing wilt incidence on cumin crop (Table 21).

Table 21. Effect of cruciferous and weed residues, soil solarization and
summer irrigation on wilt incidence on cumin

Amendments® % wilt incidence
2001 2002
MR +8S + SI 4.0 45
SS +SI 4.1 12.5
Si 11.9 27.4
MR + SI 6.0 16.7
MR +MC + SI 51 15.0
MR + Weed + SI 73 ‘ 18.7
Trichoderma harzianum 7.1 21.8
MR + Weed + SI + T. harzianum 7.4 16.1
| Non-amended control 16.0 382

* MR ~Mustard residues (2.5 t ha'); MC-Mustard oil-cake (0.5 tha™); SS— Soil solarization;
SI-Summer irrigation.

Summer irrigation alone had 7.4 % less wilt incidence than control (27.1%).
Mustard residue alone or in combination with mustard oil-cake or weed residue further
improved control of wilt on cumin crop. Application of bio-control agent, T. harzianum
resulted in 7.1-21.8 %wilt incidence. Polyethylene mulching of amended or non-amended
so1l had lowest wilt incidence (4.0-12.5 %) during both the years of study.

The ability of mustard pod residues to control pathogens and diseases,
demonstrated in this study, is important in resource-deficient farming since this source of
Brassica residue is cheaper and more readily available than oil-cake (Mawar et al., 2001).

Wheat-mustard-cumin rotation in the winter seasons ensures that Brassica residues are
available in March.
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Weed Suppression

During experimentation on use of Brassica amendments it was observed that
weed population and composition had significant variations in different treatments.
Complete reduction of weeds like Gisekia pharnaciodes L., Heliotropium subulatum
Hochst., and Eragrotis ciliaris (L.) R.Br. in mustard pod straw and Corchorus tridens L.,
H subulatum Hochst. and E. ciliaris L. in mustard oil-cake amended plots with one
summer irrigation was observed (Saxena and Lodha, 2003). These amendments also
reduced the weed population significantly in clusterbean during the rainy season.
Brassica amendments with summer irrigation at high soil temperatures (39-44 °C)
resulied in significant reduction to the extent of 42.6 and 10.9%, respectively, in the
population of summer and rainy season weeds in all the amended plots compared to their
application at the time of normal sowing in July at moderate soil temperatures (23-35
°C). The reduction in summer weeds was significantly equal with the amendment of
mustard oil-cake and pod straw. Among Brassica amendments, oil-cake gave better
results in terms on weed suppression compared to pod straw, irrespective of the time of
application. Of the 16 weed species recorded during rainy season, certain species like
Pulicaria crispa Cass., Cenchrus biflorus Roxb. and Cyperus rotundus L. were
completely eradicated whereas C. twridens, C. biflorus, H. subulatum, E.ciliaris,
Boerhaavia diffusa L., Digera muricata (L.) Mart.,, Crotolaria burhia Buch.-Ham.,
Eupharbia hirta L. and Prosapis juliflora (Sw.) DC. were suppressed.

Mustard oil-cake with one irrigation in summer increased the seed yield by 2.7
and 61.4% over incorporation of oil-cake in rainy season and non-amended control. The
corresponding values for mustard pod straw were 6.6 and 32.4%, respectively. Mustard
oil-cake was significantly superior than mustard pod straw irrespective of time of
application. Mustard pod straw gave 32.4% (MS+SI) and 24.2% (MS+NS) higher seed
yield over non amended control. Considerable improvement (20.3%) in seed yield in SI
treatment was also recorded.

Although the major benefit of combining Brassica residues with summer
irrigation was the reduction in the population of M. phaseolina, Fusarium, dry root rot

incidence on clusterbean and wilt incidence on cumin, but additional advantage accrued
was the partial weed suppression.

Biochemical aspects

Cruciferous residue as soil amendment have been reported to reduce the
population density of many soil borne pathogens (Angus ef al. 1994, Mohjtahedi ef al.
1993). In hot arid regions, cruciferous residues along with one summer irrigation results
in 70-80 % reduction in population of Fusarium (Lodha and Mawar 2000b). This is likely

50



{0 effect growth, water relations and metabolism of cumin plants under both healthy and
diseased conditions.

Field experiment was conducted for two consecutive years with four treatments
viz., Mustard oil-cake amendment (MC, 0.11 % or 2.5 ton ha') in May + Summer
irrigation (to bring 45 c¢m soil depth to FC ;SI), (MC + SI); Mustard residue amendment
(MR, 0.11%) in May + SI, (MR + SI); SI only and control. Data on wilt incidence were
recorded one day prior to sampling for shoot and root growth, plant water status and
metabolite content.

Symptoms of wilt due to Fusarium were not visible on cumin plants up to pre-
flowering stage. Amendment of soil with Brassica residues, in general, improved the
plant growth and their effect was more conspicuous on root compared to shoot growth.
The differences in plant water potential of cumin grown under different soil amendments
were not significant but relative water content (RWC) of leaves varied significantly at
pre-flowering stage. RWC was least in plants raised in treatments SI and MR+SI while
MC+SI resulted in higher RWC, which was statistically equal to control.

At post-flowering stage and onwards cumin plants succumbed to wilt in all the
treatments. Maximum plant mortality due to wilt was recorded in non-amended control
(25.0 %) followed by the treatment where only summer irrigation (SI) was given (16.5%)
and then in MR + SI (8.2 %). Mortality was lowest in the treatment MC+SI (6.2 %). In
addition to reducing Fusarium propagules and wilt incidence in field, significant changes
in water relation and metabolism of cumin plants were recorded in amended plots’
resulting in higher seed yield compared to non-amended plots (Table 22).

Table 22. Effect of cruciferous residues and summer irrigation on water relations of cumin
plants under healthy and diseased conditions at post-flowering stage.

Treatments® Plant Water Potential (-bars) Leaf Relative Water Content (%)
Healthy | Diseased Mean Healthy | Diseased Mean
MC+SI 19.0 23.6 21.3 71.3 72.7 72.0
MR+S1 16.3 23.6 19.9 69.1 63.1 66.0
SI 20.0 22.0 21.0 73.5 69.7 71.6
Non amended 16.3 26.7 21.5 67.4 54.0 60.7
control ,
Mean 17.9 239 - 70.3 64.8 -

*MC : Mustard oil-cake (2.5 t ha'); MR : Mustard residues (2. 5 t ha ) and SI : summer lmgatlon at the
filed capacity (10.4 % w/w).
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Differences among healthy plants in different amended plots were not significant
in terms of plant water potential at post-flowering stage, but RWC of cumin leaves was
invariably higher in plants from amended compared to non-amended plots (Table 22).
Plants in MR + SI treatment recorded maximum change in the content of free amino acid
and starch in shoot. Total soluble carbohydrates content in shoot, however, was
maximum in MC+SI.

The percent drop in plant water potential due to fungal infection was maximum in
non-amended plots followed by those amended with mustard residue, oil-cake and only
summer irrigation in that order. Relative water content of leaves also decreased due to
infection, maximum drop being in control plants followed by SI and MR + SI. Decrease
in water status of diseased plants in terms of water potential and RWC is probably due to
disturbance in water conductance and increased petiolar resistance due to plugging of .
vessels (Hall and Mc Hardy 1981). Less plant water deficit coupled with high RWC in
diseased plants from amended plots (Table 22) clearly indicated the favourable effect of
amendments on plant water status. Increase in available soil moisture in amended soil, as
one of the probable reason for such a response cannot be ruled out. In summer irrigated
plots, more moisture availability due to reduced weed population (Saxena and Lodha
2003) may also account for the better water status of the standing cumin crop to some
extent.

Amendments did not significantly influence the major fractions of leaf
carbohydrate (total soluble carbohydrates and starch) except reducing sugars, Wthh were
higher in amended compared to non-amended control (Fig 10).
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Fig 10. Effect of amendments on content of reducing sugars in shoots of’
healthy and diseased cumin plants
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This might have resulted in decreased fungal infection in amended as Fusarium
wilt occurs primarily at low sugar levels (Horsfall and Dimond 1957). The role of total
free amino acid level in the pathogen infection or its expression is ruled out in the present
study contrary to the increased susceptibility of trees to fungal wilt at high level of amino
acids (Bell and Marshall 1981). In roots, however, fungal infection significantly
decreased the content of total soluble carbohydrate.

Amendment associated increase in the content of different metabolites in shoot
and root may be due to direct positive effect on growth or indirectly due to better plant
water status and nutrient availability in soil system. A significant decrease in the content
of total soluble carbohydrates in diseased roots (Fig 11) may be due to adverse effect on
CO; exchanges (Orcutt and Nilsen 2000) besides preferential translocation of
photosynthates to the growing shoot apex (i.e. floral buds during post-flowering stage).
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Fig 11. Effect of amendments on content of total soluble carbohydrates in roots of
healthy and diseased cumin plants

The contents of N, P, K, Fe and Mn in shoot also decreased after infection. This
may be due to general impairment of mineral uptake, transport and utilization as reported
for other diseases (Rengal, 2001). This makes plants more vulnerable to fungal infection
as low levels of Mn deleteriously effects phenol synthesis (Rengal ef al. 1994). Like
wise, low levels of Fe and poor growth of diseased plants could be explained through the
adverse effect on chlorophyll synthesis and electron transport chain.
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Effect of saline irrigation water

Amendment of soil with cruciferous residues particularly those of mustard, have
been found to reduce soil population densities of M. phaseolina and F. oxysporum f.sp.
cumini in soil (Lodha et al., 1997, Lodha and Mawar , 2000b). Since use of cruciferous
residues for pathogen control requires irrigation in aridisols, the objective of present
investigation was to study influence of saline irrigation water on survival of these
pathogens in mustard residue amended soil (Mawar and Lodha, 2003).

Twenty five ml of the saline water each of the five EC levels (2.24, 4.44, 6.60.
8.88 and 10.60 dS), was added separately in 200 g of non-amended infested soil while
water of only three levels of EC, 2.24, 6.60 and 10.60 dSm™' was separately added in
amended (with 1% mustard residue ) infested soil. Polyethylene bags moistened with
equal amount of distilled water served as amended and non- amended controls,
Population changes of M. phaseolina and Fusarium were followed for a period of 120
days at monthly interval. The loss of moisture was replenished by adding 2 ml of
respective saline or distilled water at weekly interval. In general, there was a gradual
increase in EC with the addition of saline or distilled water in amended and non-amended
soil (Fig. 12).
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Fig 12. Effect of saline irrigation on development of electrical conductivity (EC)
and pH in amended and non amended soil (R- 1 %omustard residue),
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This increase was greater in amended than non-amended soils. No significant
variation could be measured in the soil pH recorded after 120 days in all the amendment
treatments and at EC 2.24 and 8.88 dSm™ in non-amended soils. However, considerable
increase in soil pH was measured in the treatments where saline water of EC 4.44, 6.60
and 10.6:dSm™" was frequently added in non-amended soils.

There was a gradual decline in the viable population of M. phaseolina by the
addition of saline or distilled water in amended and non-amended soil. More than 80%
reduction in pathogenic propagules in non-amended soil maintained at 100% of MHC
confirmed the significance of soil moisture alone in reducing Macrophomina population
due to enhanced microbial antagonism (Dhingra and Sinclair, 1975; Lodha, 1996).
However, the rate of decline was significantly greater in amended compared to non-
amended soil. In the final soil samples analysed after 120 days, reduction to the tune of
81.8 and 91.7% was estimated in non-amended and amended soil, respectively (Table
23).

Table 23. Effect of soil salinity on Macrophomina (sclerotia g"* soil) and
Fusarium population (x 107g"soil) in mustard pod
residue amended and non-amended soil

Electrical conductivity M.phaseolina F. oxysporum
(dsm) 30 days 120 days 30 days 120days

Non-amended 2.24 486 256 44 28
4.44 520 266 34 28

6.60 660 206 48 25

8.88 640 352 - 48 25

10.60 500 360 37 38

Amended 224 246 80 24 13
6.60 226 106 22 7

10.60 260 140 10 16
Control(non-amended) 560 246 48 34
Control(amended) 332 112 27 13

Initial population 1352 sclerotia g™ soil (M. phaseolina) and 76.2 x10™ g soil(Fusarium)

In all the amended treatments, a sharp decline in M. phaseolina was estimated at
first sampling date. This decline was significantly higher than that at the same EC levels
in non-amended treatments. In the final soil samples, reduction in M. phaseolina
propagules was 59% in amended compared to only 50% in non-amended treatments over
first sampling date. Maximum reduction (94%) was estimated at EC 2.24 dSm"' with the
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amendment of mustard residues. This reduction was silgniﬁcantly greater than that
recorded with the increased EC levels (6.60 and 10.60 dSm™) and control.

In the final soil samples analysed after 120 days, 83% propagules of Fusarium
were eradicated in amended compared to a reduction of 55% in non-amended control. At
first sampling date, a sharp decline in viable propagules of Fusarium was observed at all
the EC levels in amended treatments. This decline was significantly higher than that
recorded at same EC levels in non-amended treatments and amended control. The
reduction was greater at 6.60 dSm™' to the extent that almost 91 % of viable Fusarium
propagules were eliminated in the final soil sample (Table 23). On the contrary,
population of Fusarium propagules fluctuated at EC level 10.6 dSm™ at subsequent
intervals. Thus at this EC level, population of Fusarium in the final soil samples was
significantly higher than lower EC levels and amended control.

Our findings demonstrate that saline irrigation- water up to a certain level of
electrical conductivity did not alter the potential of mustard residues in reducing the soil
population densities of Macrophomina and Fusarium. Increased electrical conductivity in
amended soil could be a result of release of SO4 ™ ions during decomposition of mustard
residues at low temperatures, which are converted into bio-toxic volatiles at high
temperatures, Better survival of fungal propagules at high level of EC (10.60 dSm™)
observed in the present study explains in part why wilt of cumin is more severe in the
fields irrigated with saline water in arid region as the host is experiencing two concurrent
stresses.

High level of salinity nullified the impact of residue amendment in pathogen
control. Such situation may warrant supplemental use of other ameliorative measures like
gypsum in aridisols ( Joshi and Dhir, 1990 ). Adverse effects of salinity can also be
mitigated by amendments with farm yard manure and urea-N (Gupta et al., 1995).

Cultural Control- rainfed agriculture

Moisture Conservation Techniques

Soil water stress to host plants has been considered as the most important
predisposing factor for the development of Macrophomina induced diseases (Ghaffar and
Erwin, 1969; Sheikh and Ghaffar, 1979). Numbers of practices are recommended to
conserve soil moisture in water scarce region (Unger and Stewart, 1983). This study was
~ carried out to determine effect of moisture conservation practices on available soil
moisture and role of resident microbial population on survival of M. phaseolina
population, dry root rot intensity and seed yield of clusterbean (Lodha, 1996). The
experiment was conducted during 1984 and 1985 Kharif seasons. ‘
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The quantity of rainfall was 221 mm in 1984 and 142 mm in 1985. The post-
sowing period in 1984 did not favour the development of dry rot rot due to evenly
distributed rainfall. In 1985, a 30-days dry spell followed sowing, after that 60 mm of
rainfall was received within 3 days. The plants suffered from mild moisture stress during
the seedling growth and from severe moisture stress at 50 days after planting till harvest.
This situation favoured the development of dry root rot. All the moisture conservation
techniques (MCTs) i.e. farmyard manure @ 10 ton ha', low plant population (1.6 lakh
ha™') and muiching with a layer of pearl millet stover (3.5 ton hay alone or in
combination effectively retained soil moisture compared to control plants (Lodha, 1996).
There was a continuous and varied depletion of soil moisture in all the treatments during
absence of rain events. The increase in soil moisture at 45 DAP favoured the microbial
population but reduced the counts of M phaseolina population. At subsequent intervals
M. phaseolina population tended to increase in different treatments with a progressive
decline in soil moisture and bacterial counts. There was a significant positive correlation
between soil moisture and total bacteria in the treatment LPP + FYM (r = 0.67), LPP +
mulch (r = 0.51) and LPP + FYM + mulch (r = 0.84) plots. On the other hand, soil
moisture was negatively correlated with M. phaseolina in control (r = -0.52), mulch (r = -
0.74), FYM (r = -0.45), LPP + FYM (r = -0.61), LPP + Mulch (r = -0.61) and LPP +
FYM + Mulch (r = -0.58) plots. Total bacteria also were negatively correlated with M.
phaseolina in mulch (r = -0.58), LPP (r=-0.52) and FYM + LPP (r = -0.56) plots. In path
coefficient analyses, soil moisture had the highest negative effect on M. phaseolina in
control (-0.75), mulch + LPP (-1.05) plots. In LPP and Mulch + FYM amended plots,
total bacteria had the high negative effects (-0.65 and -0.62, respectively) on- M.
phaseolina, Total actinomycetes had highest negative effects on M. phaseoling in FYM (-
0.77) and FYM + LPP (-0.75) plots.

Dry root rot mortality was significantly lower in the treatments having MCTs in
1985. However, in 1984 only FYM and Mulch + FYM + LPP had significant reductions
in mortality over the control. These results demonstrated thaf mulching with a layer of
pearl mlllet stover (3.5 ton ha™), farmyard manure (10 ton ha™) and low plant density (1.6
lakh ha™') alone or in combination, effectively retained available soil moisture of varying
levels during different stages of crop growth. Conserved soil moisture affected increases
in native bacterial population with corresponding decrease in total fungi including M.
phaseolina (Fig 13). In the presence of adequate soil moisture, antagonistic role of some
soil bacteria in reducing the sclerotial population is well documented (Dhingra and
Sinclair, 1975) The bacterial activity decreased as soil moisture decreases (Griffin and
Quail, 1968). In the present studies, although bacterial population did increase at some
sampling intervals (e.g. in LPP, FYM + LPP), but in the absence of adequate soil
moisture necessary for their antagonistic activity, population of M. phaseolina was not
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reduced. These results suggested that soil moisture probably modified the behaviour of
competitors rather than directly influencing the M. phaseolina propagules. Highly
significant positive correlations of soil moisture with total bacteria, the negative
correlations of both with M. phaseolina population and the highest negative indirect
effects of soil moisture via total bacteria on M. phaseolina in many of the promising
treatments support this view.

Correlations between M. phaseolina population and mortality were significant (r
= (.66 to 0.69) at 60 to 90 DAP. The multiple regression equations worked out for these

stages were:
¢ = - 8.85+0.36x, +0.46x2 (R* = 0.47) - 60 DAS
¥ =-0.12.03 + 1.17x, + 0.30x, (R? 0.63) - 75 DAS

Y = 9.93+043%;+0.37x2 (R 0.49) -90 DAS

Where Y = plant mortality, x| = soil moisture and x; = M. phaseolina population.
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Fig 13. Effect of moisture conservation techniques on soil moisture (®),
actinomycetes (0), bacteria (§ ) and M. phaseolina population (¢).
A — control and B- mulch + FYM + Low plant population

Enhanced soil moisture and a decrease in M. phaseolina density significantly
reduced the dry root rot mortality (72%) and increased the seed yield by 58% (Lodha,
1996). This study established that in the presence of a crop (i) soil moisture and bacterial
population are the principal factors governing the population of M. phaseolina and (ii)
use of moisture conservation practices reduced the population of pathogen in soil and dry
root rot mortality of clusterbean in field.

58



Compost

Inactivation of M. phaseolina from residues

The incorporation of crop residues changes the soil characteristics in many ways
including enrichment of nutrients, and improvement in microbial activity, water holding
capacity, soil aeration and permeability. However, low moisture content, small microbial
populations and high temperature prevailing in arid regions prolong the process of
decomposition of crop residues when incorporated in a nutrient deficient sandy soil.
Another disadvantage of direct incorporation is that crop residues may carry plant
pathogens (Hoitink and Fahy, 1986). Composting is a method to inactivate pathogens and
decompose crop residues more rapidly. Most pathogens are inactivated during the heating
phase of composting (Bollen et al., 1989), but information on Macrophomina phaseolina
is available

Concerned with the risk of spreading M. phaseolina by amending compost in the
soil, we analysed several samples from on-farm composts and detected 60-80 sclerotia g’
of compost. M. phaseolina is a heat tolerant pathogen since sclerotia could withstand a
temperature range of 60-65°C (Bega and Smith, 1962; Mihail and Alcorn, 1984). Efforts
are therefore required to eliminate or bring down the sclerotial population of M. phaseoli-
na from composts before their incorporation in soil.

Amendment of soil with composts prepared from organic wastes have been used
with various levels of success for suppression of several soil-borne plant pathogens
(Hoitink and Fahy, 1986; Ben-Yephet and Nelson, 1999), but information on M.
phaseolina is not available. The present investigation deals with (i) the survival of M.
phaseoling during composting and (ii) the disease suppressive characteristics of compost
with respect to M. phaseolina (Lodha ef al., 2002Db).

Fully dried residues of pearl millet [Pennisetum glaucum (L). R.Br], clusterbean
[Cyamopsis tetragonoloba (L.) Taub.], cauliflower [Brassica oleracea var. capitata L.]
and a mixture of off-season weeds (Boerhavia diffusa L , Cenchrus biflorus Roxb.,
Cyanodon dactylon (L) Pers., Helioiropium subulatum Hocht., Tephrosia purpurea L)
were used for the preparation of composts. The process of composting was initiated under
partially anaerobic conditions in separate pits (1.7 m®) according to the principles of the
Indore type (Howard and Ward, 1931). A 5 cm cowdung layer completely saturated with
water was spread over the base of all the pits. In “each pit, a 30 cm layer was filled with 40
kg of residues enriched with 400 g gypsum (1%) and 800 g urea (2%). Each layer was
provided with 60% moisture (W/W) and then covered with a 10 cm thick layer containing
a mixture of 68 kg cowdung and 100 kg field soil (Fig. 14). Four such layers of residues
with soil-dung mixture were piled in each pit. The soil having a native population of M.
| phaseolina (135 sclerotia g" soil), as estimated on selective medium (Meye; et ql., 1973),
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was used in this mixture to enhance multiplication and activity of resident antagonists
that can survive peak heating (Lodha and Solanki, 1992) and to absorb part of the
liberated ammonia until being used by the microflora. Compost pits were finally covered
with a 5 cm layer of weeds. Loss of moisture was replenished by adding 20 L of water
every 10-15 days. C:N ratio of all the residues, cowdung, soil and each compost mixture
was estimated separately. Carbon was estimated by oxidizing it with chromic acid in
presence of H,SO,. The excess chromic acid was back titrated with ferrous ammonium
sulphate. For N estimation, samples were digested with H>SO, and distilled using Kjeltec
Auto System Il (Tecator). Once the composting process was over, matured composts
were uniformly mixed separately and three sub-samples (500 g) were collected randomly
from each compost to estimate C:N ratio. M. phaseolina and microbial populations
including antagonists were also estimated by standard procedures.

In clusterbean and pearl millet residue amended compost pits, several samples (20
g) each containing 2 g pieces (0.5-1.5 cm) of M. phaseolina infected roots and 18 g
uninfected (apparently healthy) residues of clusterbean, enriched with 2 or 4% urea-N,
were separately placed in small nylon pouches (120 um pore). These were tied with long
nylon strings and buried at 30 and 60 cm depth. Twenty four samples, corresponding to 3
replications for each depths (2), each urea-N concentrations (2) and each date (2), were
collected. Temperatures at both depths were recorded every day at 14 and 16 h for 6
weeks, because maximum temperature at 30 cm and 60 cm are attained at these two
periods of the day. Pouches were retrieved after 2 and 4 months with a minimum
disturbance from pits. These samples were air-dried and passed through a 2 mm sieve
before estimating viable propagules of M. phaseolina. After 4 months, all the composting
material of each pit was given three tumings at an interval of 15 days.

Composts retrieved from pits in May were separately spread over soil surface as a
10-12 cm thick layer in an open field during hot summer days of June and were
moistened once at 10% (W/W) with water. Temperatures at 5 cm depth were recorded
every day at 14 h. After seven days of exposure, three sub-samples (50 g) were collected
randomly from each compost for estimating the density of M. phaseolina propagules.
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Fig 14 . A cross-section of compost pit

Effect on dry root rot mortality and legume seed yield

Suppressive effect of composts on dry root rot was studied in a fixed layout using
completely randomized block design with five replications during 1994 and 1995. The
soil of the experimental field was naturally infested with sclerotia of M. phaseolina (640
g''soil) as determined on selective media (Meyer et al., 1973). After summer exposure 4~
week-old composts (after retrieval from pits) of pearl millet, clusterbean, weeds and
cauliflower residues (each 4 t ha™") were incorporated to a depth of 0-30 ¢cm by a spade in
separate plots (4x4 m). Plots without any amendment served’as control, Clusterbean
seeds (cv. HG 75, 8 rows plot”) were sown on 25th (1994) and 22nd July (1995) and
harvested on 5th Nov (1994) and 28th. Oct (1995). | |

Three soil samples from same depth were collected with a 2.5 cim diarr‘ie‘teir
tubular probe before amendment and 15 days after harvest from each plot. For each date,
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these were bulked to form one sample for each of the 5 replication and processed for
biological assays. Data on plant mortality due to dry root rot were recorded 12-15 days
before harvest in third and fourth row of each plot. Seed yield of clusterbean was also
recorded.

Population densities of M. phaseolina, total fungi, bacteria, actinomycetes and
Nitrosomonas were determined following standard procedures. Lytic bacterial density
was estimated following Greenberger ef al., (1987). Antagonistic actinomycetes were
also estimated (Ghaffer e al., 1969).

The process of composting was completed in all the pits in a period of 6 months.
Maximum temperatures observed were 48-51°C at 30 cm and 60-62°C at 60 cm depth
after 9-13 days and 14-18 days, respectively, after filling the compost pits. The heat
phase lasted 3 to 4 weeks. A reduction of 28 to 35% of the initial volume was observed in
compost pits with maximum being in the cauliflower pit. In general, considerable
decrease in C:N ratio was estimated in all the composts. Density of aerobic cultivable
bacteria was maximal in cauliflower compost but that of actinomycetes, fungi, lylic
bacterial and antagonistic actinomycetes were significantly higher in clusterbean com-
post. In the final composts, viable sclerotia of M. phaseolina were significantly lower in
cauliflower compost compared to other composts. ‘

Density of viable sclerotia of M. phaseolina was significantly lower in the
partially decomposed clusterbean residue samples retrieved from 60 cm depth compared
to those from 30 cm depth in both the pits. The counts of M. phaseolina were
significantly lower in the residues enriched with 4% compared to 2% urea-N. Viable
propagules of M. phaseolina reduced drastically in all the samples retrieved after 4
months with similar trend for all the treatments except that differences were not
significant in the samples enriched with urea-N at 30 cm depth from pearl millet pit.

During a 7 day period of natural heating, maximum air temperature ranged from
39-47°C. Moistening the composts with water initially brought down the maximal soil
temperature to 37°C but a gradual increase of 53°C at 5 cm depth followed within 2-3

days. As a result, 53-61% reduction in counts of M. phaseolina was estimated in different
composts.

During both years of field experiments, disease severity due to dry root rot was
significantly reduced and seed yield of clusterbean was significantly enhanced by soil
amendment with the different composts (Table 24). Among composts, the lowest disease
severity was recorded with pearl millet compost except in 1995 where disease
suppression was not significantly different from that obtained in the presence of weed
compost. However, seed yield was the highest in plots amended with cauliflower
compost. The increase in seed yield in amended treatments over control was more
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conspicuous in a normal rainfall year 1994 (28.1-52.3%) than in a low rainfall year such
as 1995 (28.9-38.4%).

Table 24. Effect of different compost amendment on dry root rot mortality
induced by M. phaseoling and seed yield of clusterbean

Compost amended soil” Mortality (%) Seed yield (kg ha™)
1994 1995 1994 1995
Pearl millet 2.0 4.4 508.3 296.8
Clusterbean 3.0 6.3 572.7 . 299.5
Weeds 4.2 6.8 585.7 311.4
Cauliflower leaves 2.2 6.0 604.1 318.7
Control 54 16.0 396.5 230.2
LSD (P<0.05) 1.2 5.5 54.5 45.5

" Soil was amended with 4 t compost pet hectare

Amendment of soil with compost, in general, increased the population of
antagonistic actinomycetes, lytic bacteria and Nitrosomonas and decreased the population
of M. phaseolina in soil (Table 25). Among composts, increase in antagonistic
actinomycetes was significantly higher in cauliflower compost amended soil that also had
maximum reduction of M phaseolina density. In both years, the population of
Nitrosomonas spp. was also significantly higher in cauliflower compost followed by pear!
millet compost amended soil compared to the other two composts.

Table 25. Densities of M. phaseolina, associated antagonists and
Nitrosomonas in compost amended soil.

Compost M. phaseolina’ Antagonistic Lytic bacteria  Nitrosomonas
amendment  (cfu g soil *) actinomycetes log cfu g-! log cfu g-'
log cfu g—'

1994 1995 1994 1995 1994 1995 1994 1995
Pear| millet 313 510 11.40 1146 1247 12,67 1033 10.51
Clusterbean 266 394 11.55 11.28 1264 12.87 10.15 10.19

Weeds 386 477 11.45 11.51 12.54 12,75 9.83 9.94
Cauliflower 253 381 11,90 12.20 12.69 12.85 1042 11.04
leaves ‘

Control 426 768 11.28 11.16 12.36 12.38 9.84 9.78
LSD 76 43 0.19 0.13 0.12 0.07 023 0.18
(P<0.05) ‘ ‘

*Populations estimated 15 days after the harvest of clusterbean crop.
"Initial population of M. phaseolina was 640 propagules g soil.
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Release of M. phaseolina inoculum from infected plant residues was significantly
reduced by organic composting. Many factors may be involved in reducing population of
M. phaseolina during composting (i) heat generated in the first phase ( Bollen, 1985), (ii)
toxicity of conversion products formed during or after the self-heating process
(Berestetsky and Kravchenko, 1984), and (iii) microbial antagonism in presence of
moisture (Dhingra and Sinclair, 1975). Amendment of soil with composts showing a
reduced density of M. phaseolina lead to a significant decrease of dry root rot severity
and a significant increase of seed yield of clusterbean both in normal and low rainfall
conditions.

In the present study low survival of M. phaseolina propagules, particularly at 60
cm could be attributed to elevated temperatures during the heat phase that reached values
reported to be lethal (60°C for 3 seconds) for sclerotia of M. phaseolina (Bega and Smith,
1962). This hypothesis is supported by the survival of a higher number of sclerotia in the
samples kept at 30 cm depth where maximum temperatures (48-51°C) were lower than at
60 cm depth. However, presence of viable sclerotia could still be retrieved in the samples
from pits after 2 months. This observation could be ascribed to the heat tolerant nature of
M. phaseolina propagules, which could withstand even a temperature range of 58-63 °C
achieved under polyethylene mulching in hot arid conditions (Lodha, 1989; Lodha and
Solanki, 1992; Mihail and Alcorn, 1984). Further reduction in viable sclerotia of M. -
phaseolina after the heat phase could be a result of combined effects of fungitoxic .
compounds and microbial antagonism in the presence of moisture and nitrogen. Several
workers have demonstrated production of fungitoxic volatile compound during
decomposition of crop residues (Berestetsky and Kravchenko, 1984; Spring et al., 1980).
Release of such volatiles from decomposing pearl millet residues was shown to reduce
density of viable propagules of M. phaseoling in a previous study (Sharma ef al,, 1994).
The release of volatiles, particularly isothiocyanates from cruciferous residues was shown
to be maximal, during the second and third week of decomposition (Lewis and Papavizas,
1970, 1971; Gamliel and Stapleton, 1993),

The higher reduction in viable propagules of M. phaseolina in the decomposing
tissues enriched with 4% urea-N than from 2% urea-N recorded in the present study
could result from a higher concentration of nitrogen. In our experiment, high populations
of antagonists estimated in final compost samples might have also accelerated
antagonism particularly activity of lytic bacteria in the presence of moisture and nitrogen.

Survival of M. phaseolina propagules in matured composts could be due to static
state of residues in pits where lethal temperatures was not reached at all the sites.
However, our effort to expose moistened composts to prevailing high temperatures was
found highly effective in further reducing the viable propagules of M. phaseolina. Sub-
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Jethal temperntures (48-53 °C) exerted a weakening effect on remaining sclerotia of M.
phaseolina v hich might have accelerated microbial antagonism.

Organic amendment may increase, decrease or not affect diseases caused by soil-
borne pathogens (Hoitink and Fahy, 1986). In the present study, disease suppression due
to addition of composts into the soil could possibly be ascribed to the following factors:
(i) composts support high levels of total microbial population including antagonists and
(i) composts improves the moisture holding of the soil which in turn could reduce the
pathogenic propagules and disease.

Increased densities of bacteria and actinomycetes along with antagonists by
amendment of compost in the field study could be ascribed to its blending with field soil
in each layer of residues during composting. Their population multiplied rapidly from
initial 1.6x10° g soil to 1.2x10° g compost at high temperature attained during heat
phase, more so, in the presence of nutrients like urea-N. Bacillus spp. that can withstand
peak heating may induce biological control in composts (Bareja et al., 2003). One
Bacillus strain was found to inhibit growth of M. phaseolina in separate in vitro tests.

Our results showed greater potentials of cauliflower compost amendment to
reduce M. phaseolina density compared to other composts, in which increased antagonist
density brought proportionate reduction in dry root rot incidence. Beneficial effects of
incorporating cruciferous residues on growth and yield of watermelon and wheat due to
disease suppression and increase in microbes beneficial to plant growth has been well
documented (Keinath, 1996; Kirkegaard er al, 1994). Increased seed yield in all the
compost-amended treatments may be a cumulative effect of reduced disease incidence,
more retention of soil moisture, availability of nutrients and qualitative and quantitative
improvements in microbiological properties. Improvement in the population of
Nitrosomonas in amended soil in our study is an indication of mineralization of N from
compost (Hadas et al. 1996). Nitrosomonas oxidizes ammonium to nitrite, which in turn
is converted into nitrate by Nitrobacter. Increased microbial populations particularly
those of antagonistic actinomycetes and lytic bacteria against M. phaseolina in compost
amended soil probably lead to long-term beneficial effects. The high microbial activity
and biomass caused by the “general soil microflora” in compost amended soil prévents
germination of pathogenic. propagules and infection. of the host, presumably through
microbiostasis (Hoitink and Boehm, 1999),

Our study demonstrated that after sanitation of crop residues from M, phaseolina,
amendment of compost in nutrient deficient sandy soil reduced dry root severity,
improved microbial properties of soil and seed yleld In resource deficient farming of arid
region, the beneficial effect of compost as an integral part of low-input sustainable
agricultre can also be a préctical way of managing soil-borne pathogens.

65"



In a subsequent study, efficacy of composts prepared from non-farm wastes was
ascertained against dry root rot pathogen, nitrogen fixation and seed yield of cowpea and
clusterbean (Lodha and Burman, 2000). Fully dried residues of pearl millet, a mixture of
on- and off- season weeds {Berhavia diffusa L. Cenchrus biflorus Roxb., Cynodon
dactylon (L) Pers, Heliotropium subulatum Hochst, Coelosia argentia L and Polycarpea
crispa Cass.} and green and fallen dried leaves and twigs of neem (Azadirachia indica)
were used for the preparation of composts in December, 1995.

Composts prepared from on-farm wastes were incorporated @ 4 tones/ha to a
depth of 30 cm in the first week of July in 1996 and 1997. Plots without any amendment
served as control. "HG75" clusterbean and ‘Durgapura’ cowpea seeds were sown in
Kharif season of 1996 and 1997. Population densities of M. phaseolina, antagonistic
bacteria and actinomycetes were estimated by “standard procedures. Nitrogenase activity
of roots were estimated by acetylene reduction assay activity. Data on dry root rot
mortality and seed yield were recorded.

Amendment of soil with pearl millet and weed composts were significantly
superior in reducing plant mortality due to dry root rot and enhancing seed yield of
cluster bean and cowpea in both the years compared to non-amended plots (Table 26).
Invariably, seed yield also was maximum in pear] millet compost amended plots in both
the years and crops. Activity of nitrogenase was maximum when both the crops were
grown in pearl millet amended plots (Table 26). The amendment with weed compost was
also significantly equal to pearl millet compost in reducing dry root rot disease. In both
the years, mortality due to dry root rot was less severe on clusterbean than cowpea under
identical growing conditions. Higher susceptibility of cowpea than clusterbean to M.
phaseoling in spite of similar conditions of moisture stress has been well documented
(Lodha and Singh, 1984; Burman and Lodha, 2000).

Higher reduction in disease incidence in soil amended with pear! millet compost
may be attributed to presence of some fungistatic or fungitoxic compounds. Residues of
pearl millet were also found highly effective in bringing down propagules of M.
phaseolina (Sharma ef al. 1994). Use of weed compost as soil amendment has a potential
advantage in nutrient deficient sandy soil as it was prepared purely from on- and off-
season weeds. Many weeds are also hosy of M, phaseolina though composting inactivate
M. phaseolina propagules during the heat phase to a greater extent. However, precaution

should be taken to use only those weeds which are tolerant o M. phaseolina for preparing
composts.
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Table 26. Effect of different compost on dry root rot intensity, seed yield
and nitrogenase activity of clusterbean and cowpea

Composts Clusterbean Cowpea
Mortality Seed Nitrogenase | Mortality Seed Nitrogenase
(%) Yield (n moles (%) Yield (n moles

(kg ha'y | CH, Ir'p™) (kg ha') | CH h'p™Y
" Weed 5.1 583 5920 12.1 423 5978
Neem 6.1 557 5353 14.8 370 4684
Pearl millet 5.2 659 6493 10.3 430 6731
Control 9.8 463 5261 20.0 339 6486

There was a considerable reduction in M. phaseolina propagules in amended
plots, which was greater in clusterbean than cowpea plots. There was a significant
increase in the population of antagonistic actinomycetes in the plots amended with pearl
millet and weed compost afler two years of study compared to that estimated in non-
amended plots (Table 27). Enhanced population of actinomycetes in compost amended
soils would induce suppressiveness because in fairly dry soils also their presence reduced
counts of M. phaseolina (Lodha et al. 1990a). Lytic bacterial density was also
significantly higher in all the amended compared to non-amended plots except when
clusterbean was sown in neem compost amended plots (Table 27). In general, population
of both the group of antagonists were maximum in plots amended with weed compost.
Activity of nitrogenase was maximum in crops grown in amended soil, but number of
nodules did not corroborated with nitrogenase activity. However, amendment with neem
compost was not found to benefit these legumes with respect to nitrogenase activity. It
may be due 10 release of some toxic compounds affecting the ability of rhizobium to form
effective nodules.

Table 27. Effect of compost on the population of antagonistic actinomycetes, lytic
bacteria and M. phaseolina in clusterbean and cowpea plots®

Composts Antagonistic Lytic bacteria M. phaseolina

actinomycetes (x 10° cfu ml’)® ( g"'soil)

(x 10° g"'soil) | ‘
Cluster- | Cowpea | Cluster- | Cowpea | Cluster- | Cowpea

bean bean ” bean
Weed 8.6 9.5 33.1 31.6 | 205 230
Neem 6.5 6.6 - 226 241 | 256 287
Pearl millet 8.5 - 8.1 326 | -31.6 240 253
Control | 6.1 . .63 | 203 18.1 . 306 | 362

" After the harvest of crops in November 1997
b Colony fotming units ‘ |



Disease suppression due to addition of compost into the soil could possibly be
explained due to following factors 1. composts improve the soil physical structure. thus
aeration of the roots improves, 2. composts support higher levels of total microbial
population including antagonists, M. phaseolina propagules might also be prevented to
infect the roots because of the presence of these antagonists, 3. Composts improves the
moisture holding capacity of the soil, which in turn could reduce the pathogenic
propagules and disease and 4. biological factors in compost amended soil also
contributed to increased nitrogenase activity resulting in vigorous plants that may resist
the attack of pathogen.

Increased seed yield may therefore be a cumulative effect of reduced disease
incidence, more retention of soil moisture, availability of nutrients besides qualitative and
quantitative improvement in microbiological properties.

Weed Residues

During cultivation under rainfed conditions, a number of weeds also compete with
principal crops for soil moisture and nutrients. Under moisture stress, few of these weeds
may be infected with M phaseolina thus help in increasing its inoculum density.
However, it is expected that many weeds may also be resistant to Macrophomina
infection. These can be used as soil amendment in rainfed agriculture. Therefore, an
experiment was initiated to study efficacy of weed residues against M. phaseolina. Of the
eleven weeds screened to confirm the association of M. phaseolina, roots of E. hirta, C.
depressus, H. subulatum and A. persica were found completely free but A. hispidisima, V.

divaricata and C. argentia roots had 10% infection. Other four weed species recorded
higher infection.

Five promising weeds alongwith one highly susceptible Polycarpea cormbosa
were selected for further studies on the basis of resistance or susceptibility to M.
phaseolina. Population changes of M. phaseolina were followed at an interval of 30 days
in sandy soil separately amended with ground-up residues (1%) of these weeds for 90
days under laboratory incubation (Mawar and Lodha, 2000b).

A significant reduction in the population of M. phaseolina was estimated in all the
weed residues except Polvcarpea amended compared to non-amended soil. In Celosia
and Euphorbia amended soil, 94 and 80% reduction in M. phaseolina propagules
occurred within 30 days and reached 100 per cent in 90 days (Fig 15). In Aerva,
Heliofropium and Corchorus, 87-94% reduction in pathogenic counts was estimated in
the same period. A dramatic increase (44-61%) in the population of antagonistic
actinomycetes was observed in Corchorus and Euphorbia amended soil (Table 28).
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In subsequent field experiment, efficacy of weed residues viz., Euphorbia, Aerva,
Celosia and Polycarpea was ascertained against dry root rot of clusterbean during Kharif
season of 1998 and 1999. Partially decomposed residues were separately incorporated @
0.5 t ha' to a depth of 30 cm before seeds were sown. Data on soil moisture, dry root rot
incidence and M. phaseolina population were recorded. Populations of antagonists were
also estimated.
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Fig 15. Population changes of Macrophomina phaseolina in weed residue
amended and non-amended soil at 30 days interval

Clusterbean plants remained disease free till harvest in Aerva residue amended
plots in 1998, Euphorbia and Celosia amendments were significantly superior than non-
amended control in reducing dry root rot incidence. However, maximum mortality due to -
dry root rot was recorded in Polycarpea amended plots (Table 29). In 1999 also same
trend was observed. Interestingly, Aerva and Celosia amendments restricted development
of dry root rot on clusterbean plants for a period of 21 days even after initiation of the
disease. In Polycarpea amended plots, there was a steep increase in disease intensity after
14 days. This finding is of great significance in delaying losses due to dry root rot in the
years of low rainfall or terminal drought.
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Another beneficial consequence of amending these on-farm weeds was attained
by way of improving soil moisture retention and overall microbial properties of sandy
soils particularly antagonistic actinomycetes. This has induced suppressiveness in soil
against M. phaseolina. Increased inoculum build-up and dry root rot incidence in
Polycarpea amended plots indicate that this and similar other weeds contribute in
multiplication and survival of M phaseolina sclerotia in soil. Farmers will have to make
little efforts to uproot Polycarpea from their fields before ploughing down efficient bio-
toxic weeds like Aerva, Celosia and Euphorbia to get a better harvest.

Table 28. Effect of weed residues on totzl numbers of bacteria, fungi, actinomycetes
and the antagonistic actinomycetes population " ("' soil)
after 90 days of incubation

Treatments Bacteria Fun%i Actinomycetes
(x10%) (x107) (x107)
Total Antagonistic

Aerva 21 145 102 15
Celosia 14 135 123 33
Corchorus 22 122 81 36
Euphorbiu 16 213 54 33
Heliotropium 12 95 79 12
Polycarpea 21 142 13 27
Control {(non ] 19 52 16
amended)

Occurrence under concurrent heat and moisture stresses, ubiquitous nature and
other associated factors are the principle reasons why more than 500 species, are
susceptible to M. phaseolina, Besides commercially valuable plants many on- and off-
season weeds are susceptible hosts of this pathogen (Singh ef al., 1990). Since sclerotia
are formed during pathogenesis and released in the soil after disintegration of host tissues
(Cook ef al., 1973). infected weeds also contribute in increasing inoculum density of M.
phaseolina in sol. These can be important sites where pathogen populations can increase
and serve as inoculum reservoirs for adjacent cultivated crops (Mihail ef al., 1987). Much
of the weed flora of arid region can be termed as on-farm wastes that can be utilized as a
readily available cheaper source of organic amendments. But susceptibility to M.
phaseolina restricts their in foto use. Screening done in the present study helped in
selecting field resistant weeds only. A sharp reduction in the counts of M, phaseolina
within 30 days of Aerva and Celosia residue incorporation in soil could be attributed to
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Table 29. Efficacy of weed residues as soil amendment on plant mortality
due to dry root rot on clusterbean

Treatments” Mortality (%) M. phaseolina C:N ratio
population
(g'soil)”

1998 1999 1999 1999
Aerva 0.5 13.00 223 13.3
Celosia 1.86 17.80 167 8.5
Euphorbia 1.43 13.10 213 17.5
Polycarpea 5.80 24.59 353 12.3
Control 4.33 2533 310 114

0.5 ton ha''; * After 15 days of harvesting in 1999,
Initiai population was 504 sclerotia g- soil in July 1998.

toxic nature of plant products and release of certain bio-toxic volatiles during
decomposition. Further, complete eradication of M. phaseolina propagules in Celosia or
Euphorbia amended soil within 90 days suggest the possibility of release of different
types of volatiles during different stages of decomposition in the presence of soil
moisture (Gamliel, 2000). Anti-microbial activity of various plant part extracts of Aerva
against M. phaseolina and virus has been well documented (Gehlot and Bohra, 1998;
Verma and Srivastava, 1985). Euphorbia is congidered as a natural source of certain
hydrocarbons and many phyto-chemicals (Sekar and Francis, 1998), and breakdown
products during decomposition may be bio-toxic in nature. Relatively less decline in
Corchorus and Heliotropium residue amended soil might be due to presence of low
quantity of volatiles compared to those released by Aerva, Celosia and Euphorbia.
Reduction of 70% of viable propagules of M. phaseolina in the non-amended moistened
soil confirmed the significance of soil moisture alone in reducing population of M.
phaseolina (Lodha, 1996), However, survival of almost equal counts of M. phaseolinu in
Polycarpaea amended and non-amended soil can be attributed to release of such
breakdown products during decomposition of Polycarpea residues that favoured survival
of M. phaseolina.

Studies have shown that amendment of soil with cruciferous residues and summer
irigation (irrigated) or with composts from on-farm weeds (rainfed) will extend
profitable cultivation of cumin and legumes for atleast two seasons. Thus, one needs to
amend these residues only once in three years.
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Conclusion

In arid regions of India, occurrence of soil-borne plant pathogens like
Macrophomina phaseolina causing dry root rot in many legume and oilseed crops under
rainfed conditions and Fusarium oxysporum f. sp. cumini causing wilt on cumin in winter
season has become a serious limiting factors for the profitable production of these crops.
The objective of integrating basic and applied research findings in developing
management strategies against these soil-borne pathogens of hot arid region has been
achieved to a reasonable extent in the work presented here.

We were conscious of the fact that agriculture in arid region ranges from resource
deficient (rainfed) to resource affluent (irrigated) cropping systems. If rainfed agriculture
is the main stay, lush green fields of wheat, chilies, cumin and yellow flower laden
mustard are also a common site in the irrigated pockets. Under such varied miliey,
management of these pathogens by any single method may not be adopted or result in
economic gains. Therefore, a host of technologies suited to specific conditions of farming
is a circumstantial requirement of the region. ‘

Since inoculum density of these pathogens in the soil is directly proportional to
disease intensity in the field, major efforts were made to bring down propagule density
below the economic threshold. Thus, influence of various physical, cultural and
biological management strategies on survival of M. phaseolina and F. oxysporum were
studied under laboratory and field conditions. Combining indigenous resources of the hot
arid region like intense and ample solar irradiations, high temperature during crop-free
summer periods, resident biocontrol agents and on-farm wastes (cruciferous and weed

residues), a host of technologies were developed specific to rainfed and irrigated
agriculture.

In any cropping system, seed treatment with effective seed dressers like
carbendazim (0.2%) has been found as a prerequisite requirement to eliminate
transmission of disease in soil particularly in newer areas and to check seedling infection.
Similarly, rotation with less susceptible crops like pearl millet or moth bean against M
phaseolina and non-hosts like wheat, mustard or isabgol against F. oxysporum will
restrict the increase of pathogenic propagules in the soil. Cultivation of field tolerant
strains is another prerequisite for minimizing losses.

Studies have shown that in rainfed agriculture, muiching the soil with pearl millet
stover (3.5 ton ha™), low plant density (1.6 against 2 lakh ha™), and soil. amendment with
farmyard manure (10 ton ha™) singly or in combination effectively conserved the soil
moisture and reduced the population of M. phaseolina and dry root rot incidence by 55-
72% in the field, thereby significantly increasing the seed yield of clusterbean. There
exists ample scope for the use of composts prepared from on-farm wastes that has long-
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term effects for control of M. phaseolina and other soil-borne pathogens besides
improving population of Nitrosomonas and resident antagonists like actinomycetes and
Iytic bacteria, soil fertility and moisture holding capacity of sandy soils. The highest
disease suppression and yield promotions were recorded in soil amendment with pearl
millet and cauliflower leaf residue composts (4 ton ha’), respectively. Further,
amendment with composis in general was beneficial in terms of nodulation and
nitrogenase activity in legumes. Our effort to inactivate pathogenic propagules of
Macrophomina during and after composting reduced the chances of spreading this
pathogen in the soil is first of its kind from India. Incorporation of on-farm weeds like
Aerva, Euphorbia and Celosia in soil before sowing of rainfed crops reduces dry root rot
incidence besides inducing soil suppressiveness.

In irrigated agriculture, soil solarization (polyethylene mulching) elevated the soil
temperature in the ranges found to be lethal for propagules of Macrophomina, Fusarium
oxysporum, F. solani and Cylindrocarpon lichenicola. The increase in temperature due to
polyethylene mulching in our experiments was maximum compared to those recorded
from other parts of the world. This resulted in pronounced reduction in disease incidence
and increased seed yield of economically valuable crops. Further, partial control of
Fusarium and Mucrophomina was also achieved just by one summer irrigation during
May-June. Amendment of soil with Brassicas (Mustard pod straw or oil-cake) augmented
the efficiency of summer irrigation’in reducing sizeable proportion of viable pathogenic
propagules of Fusarium and Macrophomina, a technology developed as a substitute for
expensive polyethylene mulching. This finding has a potential value and important
implications for irrigated pockets of hot arid zone of India as well as for many countries
in the appropriate climatic conditions. Control was further improved when pathogenic
propagules were first continuously exposed to dry summer heat for 60 days and then the
soil was amended with Brassica residues. Thus, after prolonged exposure of
Macrophomina and Fusarium infested fields to dry summer heat, amendment of soil with
a combination of mustard pod straw (2.5 ton ha™) and oil-cake (0.5 ton ha™') and one
summer irrigation considerably reduced the soil ‘pqpulation densities of both the
pathogens and disease intensity on clusterbean during rainy season and on cumin in
subsequent winter season in the same field. Generally, farmers are adopting a wheat-
mustard-cumin rotation. Mustard residues are, thus. available in March-April. Our
technology requires application of these residues in May end or early June during intense
solar irradiations and high temperaturés in crop-free period. Moreso, sufficient time is
available for the release of toxic volatiles before succeeding crop }is’ grown in rainy
season. Amendment of soil with these residues at this time allows adequate heating of
soil so as to get maximum beriefit of weakening effect on chlamydospores/sclerotia of
these pathogens. Once these volatiles are released under prevailing temperatures,
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decomposed material will also serve as an amendment to enrich nutrient deficient sandy
soils. Besides, disease control, partial weed suppression was also observed in Brassica
residue amended soil.

One additional benefit accrued due to Brassica amendment was in the form of
enhanced population and activity of certain bio-control agents like Bacillus firmus,
Aspergillus versicolor, Trichoderma harzianum and antagonistic actinomycetes inducing
soil suppressiveness. Survival and shelf life of 7. harzianum was improved and a bio-
formulation was developed as Maru Sena 1. while bioformulation of 4. versicolor in a
mixture of neem compost and talc was prepared and termed as Maru Sena 2. B. firmus
found specifically antagonistic to M. phaseolina is the first report from the world.
Integration of B. firmus seed treatment with Brassica amendments and summer irrigation
improved the control of dry root rot of clusterbean. Bioformulation of this bacterium has
been developed as Maru Sena 3. Studies on yet another bio-control agent Penicillium
oxalicum are in progress.

Technological interventions for management of these diseases have produced

encouraging results. Demonstrations for seed treatment with B. firmus resulted in
significant increase in seed yield of legumes.

Thus, efforts made during last two decades led to the development of eco-
friendly, viable and cost effective alternatives to manage soil-borne plant diseases in hot
arid region. In the resource deficient farming community of the region, the beneficial
effects of these technologies formed an integral part of low externally input sustainable
agriculture (LEISA).

74



References

Abdel-Rahim, M.F., Satour, M.M., Mickeail, 1 K.Y., Elbraki, S.A., Gristein, A., Chen, Y. and
Katan, J. (1988). Effectiveness of soil solarization in furrow-irrigated Egyptian soil. Plant
Disease 72 : 143-146.

Akem, C. and Lodha, S. (2000). Integrated management of soil-borne diseases of legumes in dry
regions. In Proceedings of International Conference on Integrated Plant Diseases
Management for Sustainable Agriculture. Indian Phytopathological Society, Vol. 1, 508-
511 pp.

Alabouvette, C. and Conteaudier, Y. (1992). Biological control of Fusarium wilts with
nonpathogenic Fusaria. In Biological control of Plant Diseases (E. C. Tjamos et al., eds.)
Plenum Press, NY, 415-426 pp.’

Angus, J.F., Garduer, P.A., Kirkegaard, J.A. and Deshmarchelier, J.M. (1994). Biofumigation:
1so-thlocyanates release from brassica root inhibit growth of the take all fungus. Plant
and Soil 162: 107-112.

Baker, K. F, and Cook, R. J. (1974). Biological control of plant pathogens. San Francisco: W.H.
Freeman Press, 433 pp.

Bareja, M. and Lodha, S. (2002). Enhancing the population of Trichoderma harzianum utilizing
on-farm wastes. In Symposium on Asian Congress of Mycology and Plant Pathology held
at Mysore from Oct 1- 4, 158 pp (Abstr.).

Bareja, M., Israel, S. and Lodha, S. (2003). Enhanced survival of antagonistic microorganisms
during the process of composting. In National Symposium on Plant Pathogens diversity
in relation to Plant health held at Hyderabad from Jan 16-18, 23 pp. (Abstr.).

Bega, R.V. and Smith, R.S. (1962). Time-temperature relationships in thermal inactivation of
sclerotia of Macrophomina phaseolina. Phytopathology 52: 632-635.

Bell, A.A. and Marshall, E.M., (1981). Biochemistry and physiology of resistance. In Fungal wilt
Diseases of Plants. (E.M., Marshall ef al., eds.) Academic Press, New York, 431-486 pp.

Ben-Yephet, Y. and Nelson, E. B. (1999). Differential suppression of dampmg -off caused by

Pythium aphanidermatum, P. irregulare and P. myriotylum in composts at different
temperatures, Plant Disease 83: 356-360.

Berestetsky, O. A. apd Kravchenko, L. V. (1984). Volatile products of plant residue
decomposition and their effect on soil microflora. In Soil biology and conservation of the
biosphere, Vol. 1 (Jszegi, ed.), , Academiai Kaido, Budapest, 419-425 pp.

Bhattacharya, D., Basu, S., Chattopadhyay, J.P. and Bose, S.K, (1985) Biocontrol of
Macrophomma root rot disease of jute by an antagomstlc organism, Aspergillus
versicolor, Plant and Soil 87 : 435-438,

Bohra, M.D. and Lodha, S, (1998). Effect of moculum levels and mteractlon of Macrophomma
Phaseolina and Fusarium solani on root rot severlty of JOJOba se;edlmgs Indian
Phytopathology 51:294-296.

Bohra M.D. and.Lodha, S. (1999 a). Cylmdrocarpon lzchemcola causmg dry root rot of Jojoba.
Indian Phytopathology 52 130-131.

75



Bohra, M.D, and Lodha, S. (1999 b). SUSCLPLJb[I]ty of;jojoba to soil-borne plant pathogens in hot
arid regions. Journul ofEc()/()gv anc/]’hvsm/o;n"’ 63-69.

“‘Bolna M.D:, Harsh, 1-N.’and Lodha‘ g, (l‘)% Sohl heatm;: fot- contf*dllmgj bathog,éns o 3|6ba
o (Smmmnds‘za chifensis) in Rutséry soils. Tadian Joutidr ()f Y grzcu/y/zn‘(r/ ‘S, ‘(enc es 66 :
679-683. AR
BoHen G (1985) Lsthal tempetaturesof soil fufigh I Ec’()/oq; tlf/d Manag’emehf o soil-borne
‘ plantpathogem (C Al Parker gl .. eds) The' Am’em\ian Phy‘r Faﬂ\{oldéy Sfi@r\ely St. Paul,

PR MN 191 pﬁ e ‘,,f;; E IR RLTIIEAA N

Bollen, G 1., Voker, D. and Wijnen, A. P, (1989). Inactivation of soil-borne plant pathouals clumw smdll
S 5C'1Ie composﬂnv of érop residuest: Nér/icrf Tandd Tournal af I‘fu)il'!’u//zufogvﬂ)s 19300 avner e,

‘Brdaclbt.nt PBdker, K and Whtshworlh Y. (1971, Bactetid and‘” au.'fnmﬁ% t’é’ﬁ“aHfa jonistic to
fungal 1001 pathogenb in Australia soils. dustraliun’ foz’nnal of B‘/()/()glc’(// Siivitie 24 925-
1944 - oo et et s ednd LS anhio LD o
Burmal’x’ U"a’nd Lbdha”S (19965 Afzichophipmindd p%c}keblm‘u mduéLd éh‘é‘nueél m plant water

relations of 1esnstant and susceptible cowpea genotypes Inditin ‘Phi'rb)]fz‘rh(‘)lb 1 49: 254-

WRARIT T fine etk vy e Seabend (ETO L S Ao b T st

Burman, U. and Lodha, S. (2000). Azlacroph()minu mfectlon and‘expi‘essi'oﬁ” i Felation to plant

st hwaterstatus of arid: legurhes: Jozw’mﬂfzvadrion'nll Bdt’cmié&?\i?’éaié’r)“S'lb‘13' 18..5a st

‘Cook GE:, Bdosalls, MG, Dkl 1D afd Odvod”GN 973) Sﬂrvi{/z{l‘(’)f'Mcho’plmmlna
phaseolma in corn and sorghum stalk rdsiditiel PIghit ) tséase Repdr 181 5’7 873"875

dek' "1 (Tt and Bakier s RIE, (1983)”!'17’@ Weilte' cnd Practide (f Bioioqual ”‘()ﬂlf()/ oft Piiht
e Pd‘t/mgerfs Al‘nehbanfpﬁyto‘pﬂthofégca'ﬁ‘goé‘!e{y’,'S{ PAE NN "5'39”"" e

ISRy I I Lt \.u o é\‘m \ Uk '\m\hu"\ W

thmgra 0. D “and Sinclair, 1B (1974). ffect of soil moisture and carbon; mlroge;n II?UOS on
ity 'sur\ xvat o Muéroph&mfiib“[f:has‘e‘dhna i $5yBedn Stéms fin”s6il. Pl 1) éase epirier
1034- 1035 \\y‘, “c\(pp'\\ Ve Narye w\(\;,\‘\‘u;w\n Lend B Bl

Dhm‘gra“o D‘ at* Sindlaik; 18] 975) S‘ﬁrvwal bf! Méicm)phomma pin)saﬁ?zna‘ Sé’félotla in bl
el effect v of sl MiHGishiig! ! earbohithitrogen "'ratnoﬁ ié'zir4b0f1 “sblitbes “and' nltloben
w01 coticentraionst thtoparhokpgv 65'0286-240 00 1) b i hue Lt o

’Dlli_j‘ff B, “Redtbét, G S Bakker P, A BN Lé‘per I E aﬁd Lelnadbéau"P“(TW‘)) Microbial

antagonism at the root level is mvol\?ed n- the supﬁte%sné’l of IS Wilt by the

Atert combjndtiontadl Den- p‘athogémm}‘imhntm oxvsporum Pol4=7 faiiel Pveudbmdnm btk
v WES 358 Rhytapﬂz‘ﬁm[dgy 891 FOFI-1G79 v v vl el nine aoiiiaoy il

Elad, Y., Katan;'! ant-Uhet? I‘;YWQSO-).“Physica',’blbIégica‘l“‘anﬂ‘~chemlc'a'f’donlro'l 'fntégratecl for

Voo hosoil-borne diseysesiii pptatoes iPhytopathologh 08422 wests Wbl

Elad) ¥l ‘Chet, 15 Boyls/ P dd Heiis, 4. (198”) Degf‘adatfon of bla\ﬁ“ fthdgeﬁ’fé fungi by
Trichoderma haizicmum. Canadian Journdl'of Microbiotsgy 7 S TOOL g5 e 1o

Fitho E Sy a'nd"Dhmgwa”E) P (1980) PEpulﬁh&n changek"%f Macrbp}mngzr{a )Jqseofzrrfa“m
v anselided sotlal frdnsathibyisnf British' Mvéolbgicah BlielyT4: 4% 481 ol

AT ITTRNSIRUROR!

Freeman S. and Katan, J. (1988). Weakening effect on plopagules of Fusar{qm by sup- le}hd
[RICRNTET) hefil’mg”]’hy}opdt‘hbfﬁgy 78: \‘185\6 ]66‘]! Wt i u’ v < l"FH' ! u” 48 ot

B L R A AR (AL L LT TR A R

76



Gamliel, A. (2000). Soil amendments: A non-chemical approach to the management of soil borne
pest. Actu Horticulturae 532 1 39-47. ‘ ‘

Gamliel, A. and Stapleton, J.J. (1993). Characterization of antifungal volatile compounds evolved
{rom solarized soil amended with cabbage residue. Phytopathology 83 : §99-905.

Gehlot. D. and Bohra. A. (1998). Antimicrobial activity of - vanous ‘plant p"ut extracts of Aerva
persica. Advances in Plant Sciences 11 :109-111. S
Ghaffar, A. and Erwin, D.C. (1969). [ilTect of soilo water stress on root rot of cotton caused by
Muacrophomina phaseolina. Phytopathology 59 : 795-797.
Ghaffat, A, Zentmyer; G A. and Erwin, D. C. (1969). Effect of organic amefidments on severity
“of Mucrophomina root rot-of cotton. Phytopathology. 59 : 1267-1269.
Greenberger, A, Yogev, A. and Katan, J. (1987). Tnduced suppress!vcness in solarized soils.
Phytopathology 77 1663-1667. ' ‘
Griffin, D. M. and Quail, G. (1968). Movement of bacteria in mmst particulate systems,
) ‘ Australion Jowrnal ()/B/()/oglul/ Sciences 21 : 579~582. ‘
Gupta, 1.C.. Sharma, D.P. and Gupta, SK. (1995). Alkali wastelands cnvironment and
- reclumation . Scientific Publishl'crs, Yodhpur, India, 273 pp.
Hadas, A., Kautsky. I.. and annoy, R. (1996). Minemlizé!ion of Composted manure and
microbial dyncnmLs in soil as affected by long- tcrm nmogen mdnag,ement Soil
Biology and Biochemistiy 28 : 733-738. o
Hall.: R (1996). [noculum' dynamics of Fusarium solani f. sp. phaseolz and mana;_.,ement of
" Fisarinm''root rot of bean. In Principles and practices' oj managing soil-borne plant
' peithogens. (R. Hall, eds.) APS Press, The' Amerlmn PhytOpathoIoglcal Socnety St. Paul,
Minncsota, USA, 279-310 pp.
Hall, R. and'Mc Hardy, W E. (1981). Water Relations. In Fumgal wilt D:vemewa/an/s (EM.
Marshall et «l., ed.) Academic Press, New York, 255-299 pp
Harman, G.E., Mattick, L. R.,"Nash, G. and Nedrow, B.L. (1980). Stimulation of fungal spore
germination and inhibition of sporulation in fungal vegetative thalli by fatty acids and
their volatile per-oxidation products. Canadian Journal of Botény 58 1 1541-1547.
Hoitink, H. A. J.'and Boehm, M. J. (1999). Biocontro! within the context of soil mlcmblal
communities : A substrate- dependent phenomenon Armz/al Rewew 0] Phytopathoiom
+37:427-446. ‘ k .
Hoitink, F. A. J:'and Fahy P. C. (1986). Basis for the control of sonlbome plant pathogens with
composts. Annual Review of Phytopathology 24: 93-114.
Horsefall, J:G. and Dimond, A:E. 1957. Plan Pathology An Advancea’ Tleatise Vol] Academm
Press, New York, 624 pp. ~ ' : e
Howard, A. and Ward, Y. D: (1931). The waste products of Agrtcu/ture and thezr utilisation as
humus. Oxford University Press. London 167 pp- '
[lyas, M. B. and Sinclair, J. B. (1974). Eﬂect of plant’ age upon ‘development of necrosis and
“occurrence 'of intraxylem sclérotia it soybean infected with Macrophmmna phaseo]ma
Phytopathology 64 : 156-157.

77



Israel, S. (2002). Effect of amendments on wilt of cumin caused by Fusarium oxysporum f. sp.
cumini Prasad and Patel in aridisols. Ph. D. Thesis. Jai Narayan Vyas University,
Jodhpur, Rajasthan, 141 pp.

Istael, S. and Lodha, S. (2003a). Thermal inactivation of Fusarium oxysporum f. sp. cumini in
Brassica amended and unamended soil. Phytoparasitica (In Press).

Israel, S. and Lodha, S. (2003b). Sub-lethal heating and Brassica amendments: Effect on survival
of Fusarium propagules. In National Symposium on Plant Pathogens diversity in relation
to Plant health held at Hyderabad from Jan. 16-18, 81 pp. (Abstr.).

Joshi, D.C. and Dhir, R.P. (1990). Reclamation of saline sediments deposited during flash flood
on agricultural lands in Indian arid zone. Arid Soil Research and Rehabilitation 4 : 141-
148.

Katan, J. (1981). Solar heating (solarization) of soil for control of soil borne pests. Annual Review
of Phytopathology 19 : 211-236.

Katan, J., Greenberger, A.H. and Grinstein, A. (1976). Solar heating by polyethylene mulching
for the control of diseases caused by soil-borne pathogens. Phytopathology 66 : 683-688.

Katan, J., Rotem, ., Finkel, Y., and Daniel, J. (1980). Solar heating of the soi! for the control of
pink root and other soil borne diseases in onions. Phytoparasitica 8 : 39-50.

Keinath, A.P. (1996). Soil amendment with cabbage ersidue and crop rotation to reduce gummy
stem blight and increase growth and yield of water melon. Plant Disease 80 : 564-570.

Kirkegaard, J.A., Gardener, P.A., Desmarchalier, J.A. and Angus, J.F. (1993). Biofumigation
using Brassica species to control pests and diseases in horticulture and agriculture. In
Proceeding Ausitralian Research Assembly on Brassica, New South Wales, Department of
Agriculture Wagga, Australia, 77-82 pp.

Kovoor, K. T. A. (1954). Some factors affecting growth of Rhizoctonia bataticola in soil. Journal
of Madras University 24 : 47-52.

Kumar, A. and Vishwanath, (1988). Fusarium solani causing wilt of eucalyptus. Current Science.
57 : 907-908.

Larkin, R.P. and Fravel, D.R. (1999). Mechanism of action and dose-response relationships
governing biological control of Fusarium wilt of tomato by non pathogenic Fusarium
spp. Phytopathology 89 : 1152-1161.

Larkin, R.P., Hopkins, D.L. and Martin, F.N. (1993). Ecology of Fusarium oxysporum f. sp.

niveym in soils suppressive and conducive to Fusarium wilt of watermelon.
Phytopathology 83 : 1105-1116.

Lazzeri, L. and Manici, L. M. (2000). The glucosinolates — Myrosinase system : A natural and
Practical tool for bio-fumigation. Acta Hortculturae . 532 : 89-95,

Lewis, J.A. and Papavizas, G.C. (1970). Evolution of volatile sulfur containing compounds from
decomposition of crucifers in soil. Soil Biology and Biochemistry 2 : 239-246.

Lewis, J. A. and Papavizss, G. C. (1971). Effect of sulfur containing volatile compounds and

vapors from cabbage decomposition on Aphanomyces eureiches. Phytopathology 61 :
208-214.

78



‘Lifshitz, R., Tabachnik, M., Katan, J. and Chet, 1. (1983). The effects of sub-lethal heating on
sclerotia of Sclerotium rolfsii. Canadian Journal of Microbiology 29 : 1607-1610.

Lodha, S. (1983). Wilt of ber (Zizyphus mauritiona) caused by Fusarium equiseti. FAO Plant
Protection Bulletin 31: 130-131.

Lodha, S. (1984). Studies on the control of dry root rot of guar. Indian Phytopathology
37:47(Abstr.).

Lodha, S. (1986). Studies on dry root rot of clusterbean caused by Macrophomina phaseolina
(Tassi) Goid. Guar Research Journal 4:11-12.

Lodha, S. (1989). Soil solarization for the control of Macrophomina phaseolina (Tassi) Goid. in
arid soils. Indian Phytopathology. 42: 170-171.

Lodha, S. (1993). Fight dry root rot of legumes and oilseeds. Indian Farming. 43: 11-13.

Lodha, S. (1995a). Population dynamics of Macrophomina phaseolina in aridisols: an overview,
In Proceedings of Global conference on Advances in Research on Plant Diseases and
their Management held at Udaipur from Feb,12-17, 23pp (Abstr.).

Lodha, S. (1995b). Soil solarization, summer irrigation and amendments for the control of
Fusarium oxysporum f. sp. cumini and Macrophomina phaseolina in arid soils. Crop
Protection 14 : 215-219,

Lodha, S. (1996). Influence of moisture conservation techniques on Macrophomina phaseolina
population, dry root rot and yield of clusterbean. Indian Phytopathology 49 : 342-349,

Lodha, S. (1997). Management of soil-borne plant pathogens in arid regions. In Proceedings of
Recent Advances in the management of Arid Ecosystem held at Jodhpur from March, 3-5.

Lodha, S. (1998). Effect of sources of inoculum on population dynamics of Macrophomina
phaseolina and disease intensity in clusterbean. Indian Phytopathology. 51: 175-179.

Lodha, S. (2000a). Utilization of on-farm wastes for managing root rot of legumes. In
Proceedings of International Conference on Integrated Plant Diseases Management for
Sustainable Agriculture, Indian Phytopathological Society Vol. 2, 795-800 pp.

Lodha, S. (2000b). Managing soil borne pathogens: An arid experience. Lead lecture. In West
Zone meet on Integrated Management of Crop Diseases. Journal of Mycology and Plant
Pathology 31 : 270. (Abstr,).

Lodha, S. (2001). Soil disinfestation utilizing solar heat: Indian context. Invited lecture. In
Proceedings of National Symposium on Eco-friendly Approaches for Plant Disease
Management held at Chennai from Jan, 22-24,

Lodha, S. and Bohra, M.D. (1995). Susceptibility of jojoba to soil-borne plant pathogens in hot
arid regions. In Proceedings of IX Inrernational Conference on Jojoba and its uses held at
Argentina from Sept 25-29, 6 pp (Abstr.).

Lodha, S. and Burman, U. (2000). Efficacy of composts on nitrogen fixation, dry root rot and
yield of legumes. Indian Jowrnal of Agricultural Sciences 70: 846-849.

Lodha, S. and Mawar, R. (1999). Combining cruciferous residues with summer irrigation for
managing soil-borne plant pathogens. Indian Farming, 50: 4-6.

79



Lodha, S. and Mawar, ‘R. (2000a). Disease of cumin and their management: (122-127 pp). in;
Diseases of Plantation. Craps and Spices. (M. K. Dasgupta, ed.) Visva Bharati Palli-
.Siksha Bhavana, Sriniketan, 148pp. | ) L

Lodhd S. and Mawar, R. (2000b). Utilizing solar heat for enhancmg efﬁolency of cmc1ferous

~ residues for disinfesting soil-borne pathogens from arid soils. 4cta Horticulturge 532
49-52, :
Lodha, S. and Mawar, R (2002). Diseases. 127-148 pp. In Guar in India (D Kumar and N.B.
: SmUh eds.). Scientific Pubhshetb(lndm) iodhpur 225 pp.. . e

Lodha, S. and Sharma, S. K. (2002). Effect of natural heating and different concentratlon of
Brassica amendments on survival of Macrophomzna phaseolma Indian Phytopur/m[om
55:303-305. ,

Lodha S. and Singh, M. ( 1984) Quantltatlve detcnmnatlon of Mac;ophomma phaw()lma m
gzass leg,ume mtet crOppmg 4nnals ofAz id Zone 23:259- 261 ,

Lodha, S. and Smgh S. (]983) .Szmm(mdsza c/nnenszs - anew, host for Fusanum solum Indiun
letopalhologv}‘!s 7”8 7”9 ,

Lodha, S. and’ So]ankl KR (]992) Inﬂuence of solar heatmg on the control of Mauoplmmnm

phaseolma and weeds in arid environment, Indian Journal of Ag1 icultural Sciences 62:
838-843.

Lodha, S. and Solanki, K R. (1993) lnhentance of dl Yy root rot 1esxstance in cluslerbean Indian”’
Ph}«topathologv 45 430 433,

Lodha, S, and Valdya A (]990) lnﬂuence of ';011 solarlzatlon on the v1ablllly ofFusm um mlam
!n arid elmronment Arm’ .501[ Reseuz L}I and Rehabmtatwn 3: 199-202.

Lodha, S Gupta G. K and Smgh S. (1986)? C!op dlsease‘swuatlon <1nd some new necords in
\ lndtan dlld zone. Amwls ofAr ul Zone 25 3] 1-320.

Lodha S Mathux B K. and Solankl K R (19903) Factons mﬂuencmg populatlon dynamxcs of
Macz ophomma phaseolma in arld eonls Pleant and Soil 125: 75- 80.

Lodha, S., Smgh M. and Sharma, B M, (1990b) Solarlzatxon  brings down soil bpme pathogens ;
i arld lands [ndzan f*al mmg 40 12 13,

Lodha S, waed\ N K Bhdndan D. C and Bohra M D ( 994) lnfectlon and colomzatxon

\

‘‘‘‘‘

Lodha S Sharma, S. K and Aggarwal R K (1997) Natural and solax heatmg, Qf lrugated sml

amended with cruciferous residues for improved control of Macrophomma phme()lma
| PlantPalholog}) 46 : 186-190. : , L ST

Lodha S.. Sharma, S. K. and Aggalwal R.. K (1999a) Efﬁcacy of solarnzatxon vig- arwsnalural
heatmf, of residues amended soils for mapagement-of soil-bprne pathogens. In. Soil
Solamahon and mtegl ated management of soil- borne pests, FA() Plant Rroduction, and -
Protection Papei 47 376 390 o ) O R

Lodha S., Bohra, M, D. and Harsh L N (1999b) Evaluatxon of PJ osopzs pods as a sourcemof

cmbohydrate for enhancmg glOWtil of 501! bome fungl lndzan Phytopatho{ogv 52 42-
45,

el

80



i hodhd,i.S. Sharmay: 8. Ko sandiMawar, oR 999(:)4 Integrated:Vanagement jof: Macsophoming
A i phaseolina inbot artd region:. liv Xl\( internationat Rlant Brordetiomeongress held at
. snderusalem; Isragl fram July 26304 72 pp(AbSlﬁ) N I T P PR IO

Lodha S.. Mawar, R. and Sharma, S. K. (2000). Bacillus firiust ‘Avgpecifie bigkontrol agent
i s \algainstiMacrophéning phdsepling isolatéd: from-cnuetferous residueamendad isoilcila
+ iSyrhposium on Biotdehiology ofillan: iPmrculmn dhgld aLNmanasufrmn\F@b 25-27.91pp

I
..:l Ay

(Abstl ) oy A i i“ln \\5\'\\ H\ l‘\\ A\
(Logdha, Sy UstactuShqnd Mawar, R (L0015 \Combatmg: didenses; {di bettérionirin Avield, inetdn
Farming. 522 X200 v-c o uihavy v i odeonie v uabe diie boibate Hoe

nbddhaysSy, Mawary R and dsrael: S, i(2002a)..Brassicta, améndmenits. dnd surhinéndreigdrion: Sofl
Disinfestation ~ Alternative .itoi saMethyd o Bromide't ina\Developiigs. «Countries,
o rz‘;.‘.s,z.\rEé’?f’,ﬁi‘slchaf(‘wk(df\)gle e U4”“’¢”V“”¢’”’?$W A B v 1 bogaens 01 Lo
Lodha, §,,iSharma, 8. K., and: AggarwalnR. K (2002b). Inactivation oft Macrephamina phaseolinu
propagules during composting and effigaay! of conipostsionidry rootrat-and seed yield of
ety Stsiesben- Enropean Jor gl of ot Bathology 198: 293261 v L
-Iyotihiay St oShagmay S, Mathur! BiKpand: A ggatwala R K (2003 ). Integrating subslethal hcatmg
with Brassica amendments and summer irrigation for gdonttol aof Mucrophoming
o \esvwiidseehing Plaptad Spil anfit 4834305 11 ooy A sbanesiz b 8 lisdonid
Loffler. H.I.M. Hoeman, A.. Nielander, H.B. and Schippel: Bx¢1988),Rédubed.ahlamydospore
W \f gmatlgn apdenhaneed lysis of chlamydosperes pf, flusapipn gysporum in. §0ilwith
addedurea or.ammeniui.gh i Blology.and Feriling ol S0 23 deGw

MathuryBel and Mathue, Rk, (5904), Studies, 1\anmhlo$;ﬁ betyvaen sofl actinomycetes,ang,
) fungl in vitro. Proceedings of Naiional Acaa’emv ofSczence 34 ,!350 35% v

Meathuri B b and Mathur. B-Le.(1968) Eusarinm:wiltoficmin  Influence;of rertain fagtoss.on
disease incidence. Proceedings of National Acadeny of Seiences 36+ 33138,

Mawat R (2Q 1 Influgnes; of on-fasm, wastes;on,survival oﬂMac,m,qhasmzmphaseoﬁn«,c’rasm)
"Goid. and Fusarium oxysporym £ p. mmu;mﬁ@sad ang-Pagel, in, aridisolsPh.D Thesis,
Jai Narain Vyas Uqwerany l.lodhpur 13

HOTESG I 0) R e m.. DD ey el rhw ?;BR Py .m0 el b uf[h A .f'l -*,sh,nn Yoie iui

\\\\\

‘ I
W it m[ Provgc{i ~lc’:ontro l]l “uw‘ n ,}pmp?gtﬁ‘esl“ beh ;:ru }iic;:ro re”sjrxduq: [2“ % I\{a c?n [
Symp snéum c\n R e.0 leazsta((c F;ntemzve a rzcu iurg el Ka n ? f

Yo eumiha T FEETIASIS ST R Hoad i m
G TA AR Y (m Wt iabh Hmangin mm\ Y ;\n\fr: sl [T utuu!n(u nie u,mmui
’t

Mavwar, R. and LodhaySc¢2000R)y Poisntialy,of mearrmwwdfwsmuemﬁ Qi amendments
o s BEIISL M eplaing phasgola, Joupnel of Ycplosy apd Pl Bedialoay 39,138
E‘i\r{.' i dAuﬁ Wisy et sinigsn bim i noitsuhog g sddprintae Wl eseeln

Mawar, R. and Lodha S, (2002) Integration of Brassica amendments; gndvsqmmpr jrrigation for
PR “p’]‘”f%’ ;}1’;&! molfl M ?fropho {nzyq \phaseolina and Fu.sarzym J0 ot panid  region.

erranea4 45 54 ,
it omtad o o Ul AN TR T O 'H-l(“f!b”{)[

Mawar, R and Lodha, S. (2063) ' lnﬂu,e(wm»@-f pal;ne lr'rlggt;\on'* w@;te‘r\,,@l,a.[survwal of
Macrophomina phaseolina and Fusarium oxysporum f. sp. cumini in mustard residue
amended soil. Egypticn Journal of Plant Pathology (Communicated).

83



Mawar. R., [srael, S. and Lodha, S. (2001). Potential use of solar heat, cruciferous residue and
summer irrigation for managing Macrophomina and Fusarium in arid climate. In
National Symposium on Eco-friendly Approaches for Plant Disease Management
held at Chennai (Jan. 22-24),

Mayton, H. S., Oliver, C., Vaughan, S. F. and Loria, R. (1996). Correlation of fungicidal activity
of Brassica species with allyl isothiocynate production in macerated leaf tissue.
Phytopathology 86 : 267-271.

Meyer, W.A., Sinclair, J. B. and Khare, M.N. (1973). Biology of Macrophomina phaseolina in-
soil studied with selective media. Phytopathology 63-613-620.

Mihail, J.D. and Alcorn, S.M. (1984). Effect of soil solarization on Macrophoniina phaseolina

and Sclerotium rolfsii. Plant Disease 68 : 156-1359.

Mihail, J.D., Young, D.J. and Alcorn, S.M. (1987). Macrophomina phaseoling : A pathogen ot
concern in arid lands. In : Arid lands-Today and Tomorrow (E.E. Whitehead et al eds.)
Westview Press, Colombo, 1305-1310 pp.

Milner, J.L., Silo-Suh, L.A., Lee, J.C., He, H., Clardy, J. and Handersman, J. (1996). Production
of Kanosamine by Bacillus cereus UW 85. Applied and Environmental Microbiology
62:3061-3065.

Mitchell, R. and Alexander, M. (1963). Lysis of soil fungi by bacteria. Canadian Journal of
Microbiology 9 : 169-171,

Mohjtahedi, H., Santo, G.S., Wilson, J.H. and Hang, A.N. (1993). Managing Meloidogyne
chitwoodi on potato with rapeseed as green manure, Plant Disease 77 : 42-46,

Orcutt D.M. and Nelson, E.T. (2000). The physiology of plant under stress. John Wiley, New
York, 683 pp.

Osuniaja, S.0. (1990). Effect of organic amendments on the incidence of stalk rot of maize. Plant

and Soil 127 : 237-241.

Papaviaz, G.C. and Klag, N.G. (1975). Isolation and quantitative determination of Macrophomina
phaseolina from soil . Phytopathology . 65 : 182-187.

Pastor-Corrales, M. A. and Abawi, G. S. (1988). Reaction of selected bean accessions 1o infection
by Macrophominu phaseolina. Plant Disease. 72 : 39-41,

Patil, P.V., Kachapur, M.R. and Anahosur, K.H. (2000). Role of phyllosphere microorganisms in
the control of sunflower rust caused by Puccinia helianthi. In Proceedings of
International conference on Integrated Plant Disease Management for Sustainable
Agriculture, Indian Phytopathological Society, Vol 2., 897-900 pp.

Praveen Kumar, Singh, Y.V,, Lodha, S. and Aggarwal, R K. (1998) Efficient management of
resources for sustainable crop production in arid region. Research Bulletin, CAZRI.
Jodhpur, 72 pp.

Pullman, G.S., DeVay, J.E. and Garber, R.H, (1981). Soil solarization and thermal death: A

loganthmlc relationship between time and temperature for four soil borne plant
pathogens. Phytopathology 71 : 959-964.



Ramirez-Villapudua, J. and Munnecke, D.E. (1987). Control of cabbage yellows (Fusarium
oxysporum f.sp. conglutinans) by solar heating of field soil amended with dry
cabbage residues. Plant Disease 71: 217-221.

Villapudua, J. and Munnecke, D.E. (1988). Effect of solar heating and soil amendments
of crucifeous residues on Fusarium oxysporum f. sp. conglutinans and other
microorganisms. Phytopathology 78 289-295.

D. N. V. and Shinde, V. K. (1985). Inheritance of charcoal resistance in sorghum. Journal of

Maharashitra Agriculture Univiversity 10 : 54-36.

Rengal, Z. (2001). The role of micronutrients fertilization in managing plant diseases. In
Perspective on the micro-nutrients nutrition of crops (K. Singh er al., eds.) Scientific
Publishers, Jodhpur, India, 53-69 pp.

Rengal, Z., Pedler, J. F., Graham, R. D. (1994). Control of Mn status in plants and rhizosphere :
genetic aspects of host and pathogen eflfects in wheat take all infection. In
Biochemistry of metal micronutrients in the rhizosphere (1.A. Manthey et al., eds.)
Lavis Publishers, CRC Press Boca Raton, FL, USA, 125-145pp.

Rodriguez-Kabana, R.D., Boube, D. and Young, R.W. (1990). Chitinous materials from blue crab
far contral of raot rot nematade : L[, Effect of soybean meal. Nematropica 20 : 153-
168.

Samanta, A.K., Kole, H.K., Goswami, S.K. and Bose, S.K. (1983). Mycoversilin, a new
antifungal antibiotic form a mutant derivative of Aspergillus versicolor. Indian
Journal of Experimental Biology 21 : 577-578.

Saxena, A. and Lodha, S. (2003). Integration of cruciferous residues and summer irrigation for
weed suppression in hot arid region. Indian Journal of Agricultural Sciences 73 :
145-147.

Sekar, T. and Francis, K. (1998). Some plant species screened for energy, hydrocarbons and

phytochemicals. Bioresource Technology 65 : 257-259.

Sharma, S. K., Aggarwal, R. K. and Lodha, S. (1994). Population changes of Macrophomina
phaseolina and Fusarium oxysporum f. sp. cumini in the oil cake and crop residue
amended sandy soils. Applied Soil Ecology 2 : 281-284.

Sharma, S. K., Bohra, M, D., Aggarwal, R.K. and Lodha S. (1995). Soil suppressiveness to
Fusarium wilt of cumin and dry root rot of legume induced by incorporation of
cruciferous crop residues. In Global Conference on ddvances in Research on Plant
Diseases and their Management held at RCA, Udaipur (Feb. 12-17), 23 pp.
(Abstr.). ¢

Sheikh, A. H. and Ghaffar, A. (1979). Relation of sclerotial inoculum density and soil moisture to
infection of field crops by Macrophomina phaseolina. Pakistan Journal of Botany
11:185-189. '

Sheikh, A. H. and Ghaffar, A. (1984). Reduction in viability of sclerotia of Macrophomina
phaseolina with polyethylene mulching of soil. Soil Biology and Biochemistry. 16 .
77-79.

Short, G.E., Wyllie, T.D. and Bristow, P.R. (1980). Survival of Macrophomina phaseolina in soil
and in residue of soyabean, Phytopathology 70 : 13-17..

Ramirez-

Rao,

83



Silo-Suh. L.A., Lethbridge, B.J., Raffel, S.J., He, H,, Clardy, J. and Handelsman, J. (1994),
Biological activities of two fungistatic antibiotics produced by Bacillus cereus UW
85. Applied and Environmental Microbiology 60: 2023-203 0.

Singh, R.D., Choudhary, S.L. and Patel, K.G. (1972). Seed transmission and control of Fusarium
wilt of cumin. Phytopathologia Mediterranea 11: 19-24

Singh, S. and Lodha, S. (1983). Euphorbia antisyphilitica - a new host for Macrophomina,
phaseolina. Indian Phytopathology 36 : 562-563.

Singh, S. and Lodha, S. (1986). Varietal resistance of cowpea to Macrophomina phaseoling
(Tassi) Goid. causing dry root rot and its control. Indian Journal of Agricultural Sciences
56 : 552-555. ’

Singh, S.K., Nene, Y.L. and Reddy, M.V. (1990). Addition to the host range of Macrophomina
phaseolina. Plant Disease 74 : 828.

Spring, D.’,E., Ellis, M. A., Spotts, R. A., Hoitink, H. A. J. and Schmitthenner, A. F. (1980).
Suppression of the apple collar root pathogen in composted hardwood bark.
Phytopathelogy 70: 1209-1212.

Sunsesson, A.L., Vaes, W.H.J., Nillson, C.A., Blomquist, G., Anderson, B. and Carlson, R.
(1995). Identification of volatile metabolites from five fungal species cultivated on two
media. Applied and Environmental Microbiology 61 : 2911-2918.

Sztejnberg, A., Freeman, S., Chet, §. and Katan, J. (1987). Control of Rosellinia necatrix in soil
and in apple orchard by solarization and Trichoderma harzianum. Plant Disease 71 :
365-369.

Tjamos, E. C. and Fravel, D. R. (1995). Deterimental effects of sub lethal heating and
Talaromyces flavus on microsclerotia of Verticillium dahlie. Phytopathology 85 : 388-
392.

Unger, P. W. and Stewart, B. A. (1983). Soil management for efficient water use : An overview.
In Limitations to Efficient Water Use in Crop Production ( H. Taylor et al., eds.)
American Soc. Agron., Madison, Wisconsin, 419-460 pp.

Verma, H.N. and Srivastava, A. (1985). A potent systemic inhibitor of plant virus infection from
Aerva sanguinolenta Blume. Current Science 54 : 526-528.

Walker, D. W. and Miller, J. C. (1986). Rate of water loss from detached leaves of drought
resistant and susceptible genotypes of cowpea. Horticulture Sciences 21 : 131-132.

84





