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Abstract:

Free-air carbon di-oxide enrichment (FACE) helps to study increase carbon di-oxide on plants and ecosystems
grown insitu under controlled conditions without enclosure. Study was conducted on plots prepared on
agricultural land of Plant Pathology Department of Dr. P D K V’S College of Agriculture, Nagpur at GPS
location 21.132238, 79.070187. Plots were sown with seeds in 10 rows of ten seeds each with a distance of
10-15cm from each other. In one plot only one type of seeds were sown. Experiment was carried out in 2017,
2018 and 2019 with sowing completed in first week of July. Simultaneously same process was followed in
controlled Open Top carbon di-oxide Chambers. The soybean crop seeds are the cash crops of Vidarbha region.
The above results were analyzed for vegetative growth and diseases. However, significant (P<0.05) negative
relationship between temperature was observed with crops like, Other pulses (r?= -.957, P<0.05), Groundnut
kharif (r>= -.843, P<0.0), Wheat (r?>= -.688, P<0.05) and Rabi Jowar (r>= -.581, P<0.05). Thus, it may be
concluded from the study results that the raising temperature has an adverse impact on the crop productivity.
Furthermore, it is also evident that further studies involving more parameters should be carried out to
understand in depth causality of the decline in crop productivity.
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INTRODUCTION:

Free atmospheric CO; is only carbon source for
plants. Recent increased concentration of CO;
limits carbon di-oxide assimilation in Cz crops with
increasing carbon dioxide concentrations up to
800-1000 ppm  stimulates  photosynthesis
(Amthor, 2001). It’s reported that increased carbon
di-oxide concentration does not directly translate
in increased biomass, or yield. Crops such as
cereals not only depend on photosynthesis but also
on the length of the active phase of leaf
photosynthesis and the (N) sink capacity of the
grains. Fangmeier et. al. (2000) reported that
barley (Hordeum wvulgare, L.), carbon di-oxide
increased the nitrogen (N) sink capacity of the
grains but also accelerated flag leaf senescence,
which, in turn, reduced the length of the period of
photosynthetic.

The effects of elevated CO, have been
simultaneously studied with non-limiting supply of
water, nutrients and temperatures for crop growth.
Under these controlled conditions, average yield
stimulation for C3 crops with a doubling of CO; has
been estimated at 30%, while estimates based on
results from field-scale experiments under more
realistic conditions were lower. According to
Kimball et. al. (2002), CO, stimulates biomass in
Cs grasses by an average of 12% grain vyield in
wheat (Triticum aestivum, L.) and rice (Oryza
sativa L.) by 10-15% and tuber yield in potato
(Solanum tuberosum, L.) by 28% while the yield
increase in C4 crops is much lower. Under
restricted nutrient (mainly N) in free-air CO;
enrichment (FACE) setup, a mean increase of
wheat grain yield by only 7% was reported, in
contrast to a higher water-limited conditions.
Hence CO; increase wheat grain yield in water-
limited plants may nearly compensate for effects of
water shortage (Amthor, 2001).

Analogous to pastoralist crops, dry matter product
in species of temperate champaigns on rich soils
responds appreciatively to an increase in CO2. In a
FACE trial, yield of imperishable ryegrass (Lolium
perenne, L.) swards with high N- toxin input
increased from 8 up to nearly 30 after 3 times and
in white clover (Trifolium repens, L.), a legume
entering N via natural N2 obsession, Yyield
increased from 11 to 20 (Hebeisen et.al., 1997).
Yield stimulation of a admixture of both species
equalled 18, anyhow of time, fertilization position
or slice frequency.

Free- air CO, enrichment (FACE) trials allow
study of the goods of elevated CO- on shops and
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ecosystems grown under natural conditions
without quadrangle (Ainsworth, 2005). The results
confirm from former chamber trials light- logged
carbon uptake, quotidian C assimilation, growth
and above- ground product increased while
specific splint area and stomatal conductance
dropped in elevated CO,. There were differences
in FACE. Trees were more responsive than
herbaceous species to elevated CO,. Grain crop
yields increased far lower than anticipated from
previous quadrangle studies. The broad direction
of change in photosynthesis and product in
elevated CO, may is analogous in FACE and
quadrangle studies, but there are major quantitative
differences trees were more responsive than other
functional types; C4 species showed little response
and the reduction in factory nitrogen was small and
largely reckoned for by dropped Rubisco. The
results from this review may give the most
presumptive estimates of how shops in their native
surroundings and field- grown crops will respond
to rising atmospheric CO; but indeed with FACE
there are limitations, which are also bandied.

Cotrufo et. al., (1998) reported that elevated CO;
and N concentration in plant tissues and data to
support the hypothesis that reductions in the
quality of plant tissue commonly occur when
plants are grown under increased carbon di-oxide
conditions. Analysis of existing reports showed an
average 14% reduction of N concentrations in
plant tissue grown under elevated CO; regimes.

Climate influences both the occurrence and the
temporal and spatial distribution of plant diseases.
The major factors controlling disease growth and
development are temperature, light, and water;
similarly, these factors affect host plant species and
condition (Rosenzweig et. al., 2001; Agrios, 2005).
The environment can affect plant pathogens such
that survival, vigour, multiplication rate,
sporulation, direction and distance of inoculum
dispersal, spore germination, and penetration can
be influenced (Kang et al., 2010). Plant diseases
develop within a welldefined, optimal range of
climatic variables (such as temperature, rainfall,
relative humidity, etc.); however, the occurrence
and severity of a disease in an individual plant is
determined by the variation of each climatic
variable within the optimal range for disease
development, such that climate affects all life
stages of the pathogen and host (Agrios, 2005). In
general, high humidity and temperature must be
favourable and cooperate in the initiation and
development of plant diseases and in the
germination and multiplication of fungal spores of
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most pathogens (Agrios, 2005). In addition,
powdery mildew conidia are anomalous in their
ability to germinate at low humidity. Some
germinate even at 0% relative humidity (Yarwood,
1978), such as the conidia of Erisiphe (Khan et. al.,
1998); the spores of Erysiphe necator germinate at
temperatures of 6 to 23 °C and relative humidity of
33 to 90% (Bendek et. al., 2007). Because the
response of plant pathogens to climate change
varies widely, the occurrence of pathogens must be
characterised as a function of temperature and
humidity. Climate is becoming more extreme and
unpredictable (Paul et. al., 2009), and climate
change is affecting plants in natural and
agricultural ecosystems (Stern, 2007). Climate
change is also disrupting and altering the
distribution of pests and diseases, which poses a
threat to agriculture (Rosenzweig et. al, 2001;
Scherm et. al, 2000; IPCC (2001); Williams and
Osborne, 2009). Changes in precipitation patterns
and temperature can cause severe epidemics in
crops as some types of pathogens prefer others
(Coakley et. al., 1999; Chakraborty, 2005;
Rosenzweig and Tubiello, 2007).

If these changes create unfavorable conditions for
pathogens, disease may be reduced or may not
occur at all. The severity depends on the
characteristics of individual pathogens and their
evolution in relation to environmental factors, as
well as the extent of temperature and moisture
changes in agroecological areas. The range of
many pathogens is limited by climatic conditions
for infection and development. Studies in this
direction have been conducted and in many cases
geographic  spread has been  predicted
(Chakraborty and Dutta, 2002; Baker et. al, 2000;
Boshoff et. al, 2002; Evans et. al. 2008). When the
host is present, pathogens with short life cycles,
high reproductive rates, and effective dispersal
mechanisms respond rapidly to climate change,
resulting in faster adaptation to climatic conditions
(Coakley et. al., 1999). Nevertheless, little research
has been conducted on the effects of climate
change on plant diseases in the 21st century
(Garrett et. al., 2006). Therefore, future research
should focus on obtaining relevant information to
determine how pathogens will respond to climate
change. Harvell et al. (1999) demonstrated that
warm winters with high nighttime temperatures
facilitate pathogen survival, accelerate vector and
fungal life cycles, and promote aerial sporulation
and fungal infection. In addition, the results of the
aforementioned study suggest that the number of
pathogens migrating northward increases as
temperatures rise, making previously inhospitable
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areas more suitable now. Climate change will
modify host physiology and resistance and alter
pathogen developmental stages and rates; for
example, studies by Eastburn (2010) on soybean
found that elevated CO.and O3 caused changes in
soybean crown density and leaf age. In
Arabidopsis, Lake and Wade (2009) found more
stomata in resistant cultivars and fewer in
susceptible cultivars, and resistant cultivars
become more susceptible to powdery mildew;
Gregory et. al. (2007) detected no effect on potato
growth or crown structure such that b-1-3
glucanase levels increased; Kobayashi et. al.
(2006) found that in rice, the number of shoots per
plant was increased under elevated CO,. The most
likely effect of climate change is the poleward shift
in agricultural climate zones, resulting in a shift in
the geographic distribution of host pathogens.

MATERIAL AND METHODS:

Study Area:

The study was conducted on 10 plots established
on agricultural land of the Dr. P D K V'S College
of Agriculture, Nagpur, GPS, 21.132238,
79.070187. Each plot, seeds were sown in 10 rows
of 10 seeds each. The seeds were sown at a distance
of 10-15 cm from each other. In one plot, only one
type of seed was sown.

In 2017, 2018 and 2019, the seeds were sown in
the first week of July, depending on the rainfall and
climatic conditions. Simultaneously, the seeds
were also sown in controlled open CO2 chambers
in the Department of Plant Pathology, Dr. P D K
V'S College of Agriculture, Nagpur. The seeds
sown were the cash crops of Vidarbha region
which was decided by conducting the survey of
previous databases of Nagpur districts of
Agriculture Statistical Department at and which
crops are highly affected by the diseases in
Vidarbha district. Soybean (Glycine max, L.) was
selected as the crop.

The crops were also grown under elevated
conditions such as elevated CO2 or elevated
temperature or both in open CO2 chambers (OTC).

IDENTIFICATION OF PLANT DISEASES
Preliminary Diagnostic Equipment for Diseases
Identification:

These include a hand lens, a sharp knife, a clear
glass or jar container, a plastic container, and
rubbing alcohol. A hand lens is often necessary to
see fungal growth on a lesion. The knife is used to
make cross-sections of the stem tissue. Clean the
knife after each use with a cloth or cotton swab
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soaked in rubbing alcohol. The glass jar is used for
the bacterial flow test, and the reservoir is used as
a moisture chamber to induce fungal growth from
infected tissue.

Disease Diagnostic Information and Prepara-
tion of Samples

Attempting to diagnose a disease involves several
steps. First, it is almost impossible to diagnose if
the plant is dead or very close to death. A good
sample will contain several examples of the
symptoms and ideally several samples that show
how the disease is progressing in the plant.
Information on how many plants are affected,
when the symptoms appeared, how the disease
developed in the field, and how severe it is.
Additional help is available at plant diagnostic
clinics run by Dr. P. D. K. V.'s Department of Plant
Pathology in Nagpur.

Isolation of Sample:

Samples were brought to the laboratory in separate
sterilized polythene bags. (Alexopoulos, 1961 and
Malik, 1996). The sample surface was sterilized
for 3 min with 1% NaOCI and rinsed in four
successive changes of sterile distilled water. The
surface sterilized fruits showing symptoms of
diseases were then sliced into 2mm? pieces and
plated on to sterile potato dextrose agar (PDA) in
Petri dishes in three replicates. The plates were
incubated in an inverted position at 26-30°C for
five days.

Identification of Fungal Disease:

Identification of isolated fungi was done taking
into consideration macro and micro morphological
characteristics. Colonial growth aerial mycelium
presence or absence colour of the colony wrinkle
and ferrous presence pigment production etc.
where some of the morphological characters
recorded the infected tissue where observed under
the compound microscope by staining them with
lacto phenol or cotton blue (Barnett and Hunter,
1998).

Statistical Analysis of data

In the present study all the data generated was
analysed using applicable statistical tests with the
help of PASW18.0 software (formerly known as
SPSS18.0). The significance position was chosen
to be 0.05 (or equally, 5) by keeping in view the
consequences of such an error. That to make the
significance position as small as possible in order
to cover the null thesis and to help, as far as
possible, from inadvertently arriving at false
conclusions.
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RESULT & DISCUSSION:

Soybean Plant

Root Height

The Table 6.15 illustrates the comparison between
root height of soybean plant grown at ambient and
elevated (by 1 to 3°C) temperature. It was evident
from the data that after one week of seed
germination, average root growth at ambient
temperature was 23.2+1.8mm, however, the
average height of soybean root at an elevated
temperature (by 1 to 3°C) was 21.2+2.5mm. The
comparative assessment indicated significant
(P<0.05) difference in the root height after 1 wk.
Furthermore, after 15 days of plantation, the
average root growth at ambient temperature was
26.4+3.6mm, which was significantly (P<0.05)
more than that observed (23.8£4.5 mm) at an
elevated (by 1 to 3°C) temperature. In addition to
this after 1 month of plantation average root
growth at ambient temperature was 28.1+5.2mm,
which was significantly (P<0.05) higher than that
observed (25.4+8.2mm) at an elevated (by 1 to
3°C) temperature. Furthermore, after 2 months of
plantation the average root growth at ambient
temperature was 37.9+6.8mm, which was
significantly (P<0.05) more than that observed
(35.6+3.5mm) for soybean plants grown at an
elevated (by 1 to 3°C) temperature. It was apparent
from the comparative assessment of the data that
there was a significant (P <0.05) difference in the
root height of soybean plant grown at ambient
temperature and elevated temperature (Fig.6.11).
Thus, it may be concluded from the experimental
data that there was an increase in the root height at
higher temperature for the soybean plants.

Shoot Height

The Table 6.16 shows the comparison between
shoot height of soybean plant grown at ambient
and elevated temperature. It was evident from the
data that after one week of seed germination,
average shoot growth at an ambient temperature
was 35.3+3.2mm, however, the average height of
soybean shoot at an elevated temperature (by 1 to
3°C) was 33.1+4.0mm. The comparative
assessment indicated remarkable (P<0.05)
difference in the shoot height after 1 wk of
plantation. Furthermore, after 15 days of
plantation, the average shoot growth at ambient
temperature was 39.1+4.8mm, which was
significantly (P<0.05) higher than that observed
(36.4+15.8mm) at an elevated (by 1 to 3°C)
temperature. In addition to this after 1 month of
plantation average shoot growth at ambient
temperature was 42.6£2.1mm, which was
significantly (P<0.05) higher than that observed
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(38.5£6.1mm) at an elevated (by 1 to 3°C)
temperature. Furthermore, after 2 months of
plantation the average shoot growth at ambient
temperature was 48.8+6.2 mm, which was
significantly (P<0.05) different than that observed
(45.0£2.9mm) for soybeanplants grown at an
elevated (by 1to 3°C) temperature. It was apparent
from the comparative assessment of the data that
there was no significant difference in the shoot
height of soybean plant grown at ambient
temperature and elevated temperature (Fig.6.12).
Thus, it may be concluded from the experimental
data that there was no noticeable change in the
shoot height at higher temperature for the soybean
plants.

Total Height

The Table 6.17 indicates the comparison between
total height of soybean plant grown at ambient and
elevated temperature. It was evident from the data
that after one week of seed germination, average
total growth at an ambient temperature was
55.14+5.2 mm, however, the average total height of
soybean at an elevated temperature (by 1 to 3°C)
was 54.3+4.7mm. The comparative assessment
indicated no significant difference in the total
height after 1 wk. Furthermore, after 15 days of
plantation, the average total growth at ambient
temperature was 66x4.7mm, which was
significantly (P<0.05) higher than that observed
(63.2+16.9mm) at an elevated (by 1 to 3°C)
temperature. In addition to this after 1 month of
plantation average total growth at ambient
temperature was 68.4+6.2mm, which was
moderately ~ higher  than that  observed
(63.9+£13.5mm) at an elevated (by 1 to 3°C)
temperature. Furthermore after 2 months of
plantation the average total growth at ambient
temperature was 83.4+7.1mm, which was
significantly (P<0.05) more than that observed
(80.6+4.2mm) for soybean plants grown at an
elevated (by 1 to 3°C) temperature. It was apparent
from the comparative assessment of the data that
there was significant (P <0.05) difference in the
total height of soybean plant grown at ambient
temperature and elevated temperature (Fig.6.13).
Thus, it may be concluded from the experimental
data that there was decrease in the total height at
higher temperature for the soybean plants

Biomass

The Table 6.18 shows the comparison between
biomass of soybean plant grown at ambient and
elevated temperature. It was evident from the data
that after one week of seed germination, average
biomass at an ambient temperature was 9.2+2.1g;
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however, the average biomass of soybean at an
elevated temperature (by 1 to 3°C) was 8.9+1.69.
The comparative assessment indicated no
significant difference in the biomass after 1 wk.
Furthermore, after 15 days of plantation, the
average biomass at ambient temperature was
15.2+2.3g, which was significantly (P<0.05)
higher than that observed (13.4+2.7g) at an
elevated (by 1 to 3°C) temperature. In addition to
this after 1 month of plantation average total
growth at ambient temperature was 16.1+3.1g,
which was significantly (P<0.05) higher than that
observed (13.4+8.99) at an elevated (by 1 to 3°C)
temperature. Furthermore after 2 months of
plantation the average total growth at ambient
temperature  was 18.4+4.5g, which was
significantly (P<0.05) more than that observed
(16.0+£1.0g) for soybean plants grown at an
elevated (by 1 to 3°C) temperature. It was apparent
from the comparative assessment of the data that
there was significant (P <0.05) difference in the
biomass of soybean plant grown at ambient
temperature and elevated temperature (Fig.6.14).
Thus, it may be concluded from the experimental
data that in general there was a decrease in the
biomass at higher temperature for the soybean
plants.

Conclusions drawn on the basis of data
obtained from the Farmers of Study region
The Table 6.19 shows responses of farmers
regarding the effect of change in climate on plant
yield. It was evident from the responses that
according to 77.5% farmers climate change
adversely affect the plant yield. 13% farmers
indicated that plant yield was affected due to
climate change. However, 9.5% farmers indicated
that the plant yield will be unaffected due to change
in climate. It apparent from the information that
according to significantly (P<0.05) high
percentage of farmers the plant yield adversely
affected due to change in climate

It was observed that a significantly (P<0.05) high
percentage of farmers indicated that the climate
change has adversely affected the crop vyield
(Fig.6.15).

CONCLUSION

In the present study the data pertaining to the crop
productivity for the study region was obtained
from the Govt. offices. Upon receipt of the data it
was processed to determine the relationship
between the variables i.e. crop productivity and the
temperature. The results obtained after performing
Pearson Correlation Coefficient analysis are
presented in following Table. It was evident from
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the results that in general there was negative
relationship between the crop productivity and the
temperature. However, significant (P<0.05)
negative relationship between temperature was
observed with crops like, Other pulses (r?= -.957,
P<0.05), Groundnut kharif (r’= -.843, P<0.0),
Wheat (r>= -.688, P<0.05) and Rabi Jowar (r’= -
.581, P<0.05). Thus, it may be concluded from the
study results that the raising temperature has an
adverse impact on the crop productivity.
Furthermore, it is also evident that further studies
involving more parameters should be carried out to
understand in depth causality of the decline in crop
productivity.

ACKNOWLEDGEMENT:

Authors acknowledge to help rendered by Dr. P D
K V’S College of Agriculture Nagpur for
providing farmland for experiment purpose.

CONFICT OF INTEREST:

As far as this study is considered authors have no
conflict of Interest. Authors have not received any
type of grants for conducting above

REFRANCES

1. Amthor, J.S., 2001, Effects of atmospheric CO2
concentration on wheat yield: review of results
from experiments using various approaches to
control CO2 concentration. Field Crops Res.
73:1-34.

2. Fangmeier, A., Chrost, B., Hogy, P. and
Krupinska, K., 2000, CO2 enrichment enhances
flag leaf senescence in barley due to greater
grain nitrogen sink capacity. Environ. Exp. Bot.
44:151- 164.

3. Kimball, B.A., Kobayashi, K. and Bindi, M.,
2002, Responses of agricultural crops to free-
air CO; enrichment. Adv. Agron. 77: 293-368.

4. Amthor, J.S., 2001, Effects of atmospheric CO>
concentration on wheat yield: review of results
from experiments using various approaches to
control CO; concentration. Field Crops Res.
73:1- 34.

5. Hebeisen, T., Lischer, A., Zanetti, S., Fischer,
B.U., Hartwig, U.A., Frehner, M., Hendrey,
G.R., Blum, H. and Ndsberger, J., 1997, The
different responses of Trifolium repens L. and
Lolium perenne L. grassland to free air CO-
enrichment and management. Global Change
Biol. 3: 149- 160.

6. Ainsworth, Elizabeth A. Long, 2005, What
have we learned from 15 years of free-air CO;
enrichment (FACE)? A meta-analytic review of
the responses of photosynthesis, canopy

Eur. Chem. Bull. 2023, 12(Special issue 10), 3895 - 3904

Section A-Research Paper

properties and plant production to rising CO»,
New Phytologist, 351-372.

7. Cotrufo, M. Francesca, Ineson, Phil and Andy
Scott, 1998, Elevated CO. reduces the nitrogen
concentration of plant tissues, Global Change
Biology, 43-54.

8. Cynthia Rosenzweig, Ana Iglesias, X.B. Yang,
Paul R. Epstein and Eric Chivian, 2001,
Climate Change and Extreme Weather Events;
Implications for Food Production, Plant
Diseases and Pests, Global Change and Human
Health, 2, (2): 90-104.

9. Qinjun Kang, Peter C. Lichtner, Hari S.
Viswanathan, Amr |. and Abdel-Fattah, 2010,
Pore Scale Modeling of Reactive Transport
Involved in Geologic COjSequestration,
Transport in Porous Media, 82, (1): 197-213.

10.Yarwood, C. E., 1978, History and taxonomy of
powdery mildews. The powdery mildews, 1-32.

11.Khan, M. R., Khan, M. W., & Pasha, M. J.,
1998, Effects of sulfur dioxide on the
development of powdery mildew of cucumber.
Environmental and experimental botany, 40(3):
265-273.

12.Bendek C.E, Campbell P.A,Torres R, Donoso
A, Latorre B.A., 2007, The risk assessment
index in grape powdery mildew control
decisions and the effect of temperature and
humidity on conidial germination of Erysiphe
necator. Spanish J. Agr. Res., 5(4): 522-532

13.Paul H, Ernsting A, Semino S, Gura S, and
Lorch A, 2009, Agriculture and climate change:
real problems, false solutions. Oxford, UK:
EcoNexus.

14.Stern, N., 2007, The Economics of Climate
Change. Cambridge University Press, 712.

15.Cynthia Rosenzweig, Ana Iglesias, X.B. Yang,
Paul R. Epstein and Eric Chivian, 2001,
Climate Change and Extreme Weather Events;
Implications for Food Production, Plant
Diseases and Pests, Global Change and Human
Health, 2(2): 90-104.

16.Scherm, H., Sutherst, R. W., Harrington, R.,
and Ingram, J. S. 1., 2000, Global networking
for assessment of impacts of global change on
plant pests. Environmental Pollution, 108(3):
333-341.

17.IPCC. (2001), Climate change 2001: the
scientific basis. Geneva: IPCC/WG 1, 2001.
881p. (Assessment Report, 3).

18.Williams, P. H., and Osborne, J. L., 2009,
Bumblebee vulnerability and conservation
worldwide. Apidologie, 40(3): 367-387.

19.Stella Melugin Coakley, Harald Scherm and
Sukumar Chakraborty, 1999, Climate Change

3900


http://link.springer.com/journal/10718
http://link.springer.com/journal/10718
http://link.springer.com/journal/10718
http://link.springer.com/journal/10718/2/2/page/1
http://link.springer.com/journal/10718/2/2/page/1
http://link.springer.com/journal/11242
http://link.springer.com/journal/11242
http://link.springer.com/journal/11242
http://link.springer.com/journal/11242/82/1/page/1
http://link.springer.com/journal/10718
http://link.springer.com/journal/10718
http://link.springer.com/journal/10718
http://link.springer.com/journal/10718/2/2/page/1
http://link.springer.com/journal/10718/2/2/page/1

Impact Of Elevated Coz Concentrations On Prevalence Of Major Plant Diseases

On Soybean In Nagpur District

And Plant Disease Management, Annual
Review of Phytopathology, 37: 399-426

20.Sukumar Chakraborty, 2005, Potential impact
of climate change on plant-pathogen
interactions, Australasian Plant Pathology, 34,
(4): 443-448.

21.Cynthia Rosenzweig and Francesco Nicola
Tubiello, 2007, Adaptation and mitigation
strategies in agriculture: an analysis of potential
synergies, Mitigation and Adaptation Strategies
for Global Change, 12 (5): 855-87.

22.Sukumar Chakraborty, S Dutta, 2002, How will
plant pathogens adapt to host plant resistance at
elevated CO2 under a changing climate, New
Phytologist, 159, (3), 733-742.

23.Baker, R. H. A., Sansford, C. E., Jarvis, C. H.,
Cannon, R. J. C., MacLeod, A., & Walters, K.
F.

24.A., 2000. The role of climatic mapping in
predicting the  potential  geographical
distribution of non-indigenous pests under
current and future climates. Agriculture,
Ecosystems & Environment, 82(1), 57-71.

25.Boshoff, W. H. P., Pretorius, Z. A., & Van
Niekerk, B. D., 2002. Establishment,
distribution and pathogenicity of Puccinia
striiformis f. sp. tritici in South Africa. Plant
disease, 86(5), 485-492.

26.Evans, N.; Baierl, A.; Semenov, M.A;
Gladders, P. and Fitt, B.D.L., 2008, Range and
severity of plant disease increased by global
warming. Journal of The Royal Society, 5,
p.525-531, 2008.

27.Stella  Melugin Coakley, Harald Scherm,
Sukumar Chakraborty, 1999, CLIMATE
CHANGE AND PLANT  DISEASE
MANAGEMENT, Annual Review of
Phytopathology, 37: 399-426

28.Garrett, K. A., Dendy, S. P., Frank, E. E,,
Rouse, M. N., & Travers, S. E., 2006, Climate
change effects on plant disease: genomes to
ecosystems.Annu. Rev. Phytopathol., 44, 489-
509.

Section A-Research Paper

29.Harvell CD, Kim K, Burkholder JM, Colwell
RR, Epstein PR, Grimes DJ, Hofmann EE, Lipp
EK, ADME Osterhaus, Overstreet AM, Porter
JW, Smith GW, Vasta GR, 1999, Emerging
marine diseases—climate links and
anthropogenic factors, Science, 285: 1505-
1510

30.Eastburn, D. M., Degennaro, M. M., Delucia, E.
H., Dermody, O., and McElrone, A. J., 2010,
Elevated atmospheric carbon dioxide and ozone
alter soybean diseases at SoyFACE. Global
Change Biology, 16(1): 320-330.

31.Lake, J. A, & Wade, R. N., 2009, Plant—
pathogen interactions and elevated COg:
morphological changes in favour of pathogens.
Journal of experimental botany, 60(11): 3123-
3131.

32.Gregory, P. J., Johnson, S. N., Newton, A. C.,
and Ingram, J. S., 2009, Integrating pests and
pathogens into the climate change/food security
debate. Journal of experimental botany, 60(10):
2827-2838.

33.Kobayashi, T., Ishiguro, K., Nakajima, T., Kim,
H. Y., Okada, M., and Kobayashi, K., 2006,
Effects of elevated atmospheric CO;
concentration on the infection of rice blast and
sheath blight. Phytopathology, 96(4): 425-431.

34.Alexopoulos, CJ., 1961, Introductory
Mycology, John Wiley and Sons, Inc., New
York.: 229-30.

35.Malik, B.S., 1996, A Laboratory Manual of
Microbiology, Part Il Pathogenic
Bacteriology and Mycology, 4th Ed: 137-46.

36.McClenny, N., 2005, Laboratory detection and
identification of Aspergillus species by
microscopic observation and culture: the
traditional approach. Medical Mycology
Supplement,43: 125-128.

37.Barnett, HL, and Hunter, B.B., 1972, Illustrated
genera of Imperfect Fungi.Burgess Publishing
Company, Third edition.

Time Period Temperature Mean Root Height SD | MD t P

After 1 Wk Ambient 23.2 -1.0 | 3.162 | <0.05
Elevated (by 1 to 3 degree celsius) 24.2 2.5

After 15 days Ambient 26.4 -2.4 | 3.886 | <0.05
Elevated (by 1 to 3 degree celsius) 28.8 45

After 1 Month Ambient 28.1 -2.3 | 4.101 | <0.05
Elevated (by 1 to 3 degree celsius) 30.4 8.2

After 2 Months Ambient 35.6 -2.3 | 3.336 | <0.05
Elevated (by 1 to 3 degree celsius) 37.9 35

Table 6.15: Comparative assessment of root height of soybean plants grown in ambient and elevated
temperatures in agricultural land of Nagpur District.
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Fig.6.11: Mean Root Height of Soybean Plant
Time Temperature Mean | SD | MD t' P
Period
After 1 WK Ambient 353 | £#3.2 | 2.2 | 3.116 | <0.05
Elevated (by 1t0 3°C) | 33.1 | +4.0
After 15 Ambient 39.1 | #4.8 | 2.7 | 4.234 | <0.05
days Elevated (by 1 to 3°C) | 36.4 | £15.8
After 1 Ambient 426 | 2.1 | 4.1 | 6.253 | <0.05
Month Elevated (by 1t0 3°C) | 38.5 | 6.1
After 2 Ambient 48.8 | £6.2 | 3.9 | 5.625 | <0.05
Months Elevated (by 1t0 3°C) | 45.0 | +2.9

Table 6.16: Comparative assessment of shoot height of soybean plants grown in ambient and elevated

temperatures in agricultural land of Nagpur District.
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Time Period Temperature Mean SD MD t' P
After 1 Ambient 55.1 5.2 0.8 1.223 NS

WK Elevated (by 1 to 3°C) 54.3 4.7

After 15 Ambient 66 +4.7 2.8 3.124 | <0.05

days Elevated (by 1 to 3°C) 63.2 +16.9

After 1 Ambient 68.4 6.2 45 6.532 | <0.05
Month Elevated (by 1 to 3°C) 63.9 +13.5

After 2 Ambient 83.4 7.1 2.8 3.124 | <0.05
Months Elevated (by 1 to 3°C) 80.6 4.2

Table 6.17: Comparative assessment of total height of soybean plants grown in ambient and elevated
temperatures in agricultural land of Nagpur District
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Fig.6.13: Mean Total Height of Soybean Plant

Time Temperature Mean | SD | MD t' P
Period
After 1 Wk Ambient 92 | +21| 03 | 0449 NS
Elevated (by 1 to 3°C) 89 | %16
After 15 Ambient 152 | £2.3| 1.8 | 2.988| <0.05
days Elevated (by 1 to 3°C) 134 | £2.7
After 1 Ambient 16.1 | £3.1| 2.7 | 3.896 | <0.05
Month Elevated (by 1 to 3°C) 13.4 | 8.9
After 2 Ambient 184 | +45| 2.4 | 3.212 | <0.05
Months
Elevated (by 1 to 3°C) 16.0 | £1.0

Table 6.18: Comparative assessment of Biomass of soybean plants grown in ambient and elevated
temperatures in agricultural land of Nagpur District
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Fig.6.14: Mean Biomass of Soybean Plant

Effect Frequency Percentage
Unaffected 19 9.5
Affected 26 13.0
Adversely Affected 155 77.5
Total 200 100

Table 6.19: Responses of farmers regarding effect of change in climate on plant yield
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Fig.6.15: Effect of change in climate on plant yield
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