12

Egypt. J. Phytopathol., Vol. 44, No. 2, pp.187-204 (2016)

Prediction of some Faba-Bean Foliar
Diseases and their Relationship with

Climate

Change, under

Environmental Egyptian Conditions
Hassan H.A. ; S.M. Abolmaaty; Afaf Z.A.
Elmenisy~and N.Y. Abd El-Ghafar™

*Central Lab. Agric. Climate, ARC, Dokki, Egypt

** Plant Pathol. Dep., Fac. Agric., Ain Shams Univ.,

Egypt

Faba—bean (Vicia faba L.) is one of the most important legume
crops cultivated in Egypt. It is liable to attack by many foliar
diseases that cause severe losses in yield and quality in the crop under
Egyptian conditions.The present study was carried throughout 2000 to
2011 growing seasons at three governorates (Bani-Sweif, Behera and
Gharbia), on four foliar diseases (brown spot , rust , Bean Yellow
Moscia virus and Leaf Curl Virus) to study the relation between
climate change and disease severity for prediction of foliar diseases in
future seasons. Influence of climate change on severity of faba-bean
foliar diseases during growing seasons from 2000 to 2011, the highest
value of diseases were recorded with the rust diseases at Bani-Sweif
governorate and brown spot disease at Behera and Gharbia
governorates. Forecasting of severity of diseases during growing
seasons 2050s and 2100s compared with 2000s seasons in tested
governorates were considerable differences of severity of brown spot
during growing seasons 2050s and 2100s compared with 2000s and no
considerable differences severity of rust disease and virus diseases
during growing seasons 2050s and 2100s compared with seasons
2000s.

Keywords: Brown spot, climate change, Faba-bean, foliar diseases,
Forecasting and Virus diseases.

Faba bean attacks by various foliar diseases which considered the limiting factor
for its production in Egypt. Chocolate spot (Botrytis fabe), rust (Uromycesvicia-
faba) and Alternaria (Alternaria alternaria) and Stemphylium (Stemphylium
botryosum) leaf spots as well as virus diseases (Bean Yellow Moscia virus and Leaf
Roll Virus). These diseases can cause great yield losses and even wipe out crop

(‘Youssef, 2004).

Climate factors that influence the growth, spread and survival of crop diseases
including temperature, precipitation humidity, dew, radiation, wind speed,
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circulation patterns and the occurrence of extreme events. Higher temperature and
humidity and greater precipitation result in the spread of plant diseases, as wet
vegetation promotes the germination of spores and the proliferation of fungi and
bacteria and influence the life cycle of soil nematodes (Rosenzweig et al.,
2000).Environmental condition is complex term that includes many factors, which
must be behind a minimum threshold for disease to occur. A change in one
environmental factor may alter the effect of other environmental factors on diseases
development (Abdel-Hak et al., 1966).The relationship between weather and plant
disease are routinely used for forecasting and managing epidemics and disease
severity over a number of years can fluctuate according to climatic variation
(Scherm and Yang, 1995).There was positive relation between development and
severity of rust diseases and location, date or mean temperatures, at eight
governorates, during growing seasons 2005s, under Egyptian conditions. There was
not developed for severity of leaf rust disease, during growing seasons 2050s
compared with growing seasons 2005s. Meanwhile, severity of stripe rust disease
was predicted to decrease during growing seasons 2050s (Abolmaaty, 2006). The
present work aims to study the influence of climate change on severity of faba-bean
foliar diseases and prediction of foliar diseases under future condition.

Materials and Methodos

Influence of climate change on faba-bean foliar diseases:

This study was carried out in faba bean fields at two governorates in Lower
Egypt (Behira and Gharbia) and one governorate in Upper Egypt (Bani-Sweif).
Meteorological data were recorded through the growing seasons from December
2000 to April 2001. These data were obtained from the Central laboratory for
Agricultural Climate (CLAC). The data consist of average temperature (daily
maximum and minimum temperature) and relative humidity (daily maximum and
minimum RH %). The diseases severity was estimated as percentage of infected
fields. The data of disease severity were obtained from Ministry of Agriculture,
Administration intensive pest control, (unpublished data). The effect of each factor
separately was obtained by applying simple regression coefficients (Abolmaaty,
2006).

Relationship between climate change in future seasons and faba-bean foliar
diseases:

This study was carried out to severity of foliar diseases in expected future
climate change 2050s and 2100s. Climate change scenarios for locations were
assessed according to future conditions derived from MAGICC/SCENGEN software
of the University of East Angle (UK). In this study one scenario of climate data was
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used Al (Table, 1). The principal of MAGICC/SCENGEN data were used to
explore the consequences of a medium is allowing the user to explore the
consequences of a medium range of future emission scenarios. The user selects two
such scenarios from library of possibilities. The reason for two scenarios is to able to
compare a no action scenario with an action or policy scenario. Thus, in MAGICC/
SCENGEN the two emissions scenarios were referred to as a reference scenario and
policy scenario (Wigley et al., 2000). The data which generated from MAGICC/
SCENGEN are represented in one scenario Al. These scenarios are described by
IPCC(2001) as "The Al scenario describes a future world of very rapid economic
growth, global population that peaks in mid-century, declines thereafter, the rapid
introduction of new and more efficient technologies (Meehl et al.,2007). Severity of
both diseases from 2050s to 2100s years were estimated using disease severity of
chocolate spot (Botrytis fabae), rust (Uromycesvicia-faba), Alternaria leaf spot
(Alternaria alternaria) and Stemphylium leaf spot (Stemphylium botryosum)as well
as virus diseases (Bean Yellow Mosaic Virus and Leaf Roll Virus) from 2000 to
2011 season and using the programs Statistical for windows and MINITAB®
program, where the climate data in the future (2050s - 2100s) according to
Abolmaaty (2006).

Tablel. Simple model results of the climate change versus the current level of
climate. Global mean temperature change for the illustrative SRES
scenarios (Al)

Month 2025 2050 2075 2100
Al
Jan. 1.1 1.9 2.5 2.8
Feb. 1.1 1.9 2.5 2.9
Mar. 1.0 1.8 2.4 2.7
Apr. 1.0 1.7 2.2 2.6
May. 1.0 1.8 2.3 2.7
Jun. 1.3 2.3 3.0 35
Jul. 15 2.6 3.4 3.9
Aug. 1.2 2.1 2.7 3.1
Sep. 1.5 2.6 3.3 3.8
Oct. 1.3 2.3 3.0 3.4
Nov. 1.0 1.8 2.3 2.7
Dec. 1.0 1.8 2.4 2.7
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Results and Discussion

1. Influence of climate change on faba-bean foliar diseases:

The aim of the present experiments is to study influence of climate change on
severity of foliar diseases infecting faba-bean during 2000 to 2011 growing seasons
at Behera, Gharbia and Beni-Swief governorates, under environmental Egyptian
conditions.

1.1.Bani-Swief:Data in (Fig. 1) show that several fields of faba-bean, in Bani-Sweif
governorate were severity incidence of foliar diseases from 2000 to 2011 seasons.
The results reveal that mean severity of brown spot, rust and virus diseases were
10.5, 11.7 and 11.9%, respectively. The highest value of prevalence of diseases was
recorded for rust disease was 11.9%, where the mean temperature recorded 23.2°C
and the mean percentage of relative humidity recorded 54.8%. Statistical analysis for
the effects of mean temperature and relative humidity on faba bean foliar diseases,
during 2000 to 2011growing seasons at Bani-Sweif governorate are shown in Table
(2). The results also show that the mean temperature had high significant positive
effect whereas, "r" value were 0.87, 0.88 and 0.87 on the severity of brown spot, rust
and virus diseases, respectively. While, the mean percentage of relative humidity
had insignificant negative effects whereas, "r" value were -0.42, -0.31 and -0.46 on
the severity of brown spot, rust and virus diseases, respectively. The percentages of
explained variances (E.V) for the selected ecological factors at seasons were 76, 79
and 76% on the severity of brown spot, rust and virus diseases, respectively. “F”
values were 14.62**, 17.24*** and 14.50**, respectively.

1.2.Behera:Data shown in Fig. (2) show that several fields of faba-bean, at Behera
governorate were severity incidence of foliar diseases during seasons from 2000 to
2011. The results revealed that mean prevalence value of brown spot, rust and virus
diseases were 32.1, 14.1 and 18.4%, respectively. The highest value of prevalence of
diseases was for brown spot (32.1%). Whereas the mean temperature was 20.7 °C
and the mean percentage of relative humidity was 60.8%.Statistical analysis for the
effects of mean temperature and relative humidity on faba-bean foliar diseases,
during 2000 to 2011 growing seasons at Behera governorate are shown in Table
(3).The results show that the mean temperature had highly significant positive effect
whereas "r" value were 0.84, 0.72 and 0.870n severity of brown spot, rust and virus
diseases, from 2000 to 2011 growing seasons, respectively. While the mean
percentage of relative humidity had insignificant negative effects whereas, "r" value
were -0.54, -0.17 and -0.460n the severity of brown spot, rust and virus diseases,
during seasons from 2000 to 2011, respectively. The percentages of explained
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variances (E.V.) for the selected ecological factors at seasons were 71, 69% and

76%on the severity of brown spot, rust and virus diseases, during 2000 to

2011growing seasons, respectively. “F” values were 3.23*, 17.24*** and 14.50%%*,
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Fig.1. Relationship between climatic changes and severity of faba-bean foliar
diseases, from 2000 to 2011 seasons at Bani-Sweif governorate under field
conditions.

Table 2. Simple correlation and partial regression values of the climatic
changes and severity of some diseases corresponding percentage of
explained variance in faba-bean plant fields at Beni-Sweif governorate,
from 2000 - 2011 seasons

Seasons from 2000 to 2011

| Brown spot Simple Partial o ‘
‘ Toctodfantars Correlation Regression ‘
\ r P b S.E. P EV. |
‘ Avg.Temp. °C 0.87 0.0002 1.4709 0.31059 0.0011 ‘
AVg. T76%
RH % -0.42 0.172 0.0057 0.17243 0.9741
F=14.62**
Rust disease Simple Partial o
Correlation Regression
Festedfartor 9
r P b S.E. P E.V.

Avg.Temp. °C 0.88 0.0002  1.53719  0.27985 0.0004

9%

Avg. RH % -0.31475  0.319 0.13485  0.15537 0.408

F= 17.04%%*
Virus diseases Simple Partial .
Testedfactor Correlation Regression )
r P b SE. P E.V.
AvgTemp.°C  0.87265 00002 100306 021925 00013  _
Avg. RH%  -04607 01317 -003007 012172 08104
F= 14.50%*
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Fig.2. Relationship between of climatic changes and severity of faba bean foliar

diseases, during growing seasons from 2000 to 2011, at Behera
Governorate, under filed conditions.
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Table 3. Simple correlation and partial regression values of the climatic
changes and severity of some diseases corresponding percentage of
explained variance of faba-bean plant, at Behera governorate, from

2000 to 2011 seasons
Seasons from 2000 to 2011

Brown spot Simple Partial .
Correlation Regression ;
Tested factors . P b SE. p \E/
Avg. Temp. °C 0.87 0.0002 1.4709 0.31059 0.0011 67
Avg.RH % -0.42 0.172 0.0057 0.17243 09741 %

F=14.62**
Rust disease Simple Partial o
Tosted Correlation Regression

E
factors r P b S.E. P v
Avg. Temp. °C 0.88 0.0002  1.53719 0.27985 0.0004 79

Avg. RH % -0.31475  0.319 0.13485 0.15537 0.408 %

F=17.24***

Virus diseases Simple Partial 0
S Correlation Regression i
...... =
factors r P b S.E. P V.

Avg.Temp.°C  0.87265 0.0002 1.00306 0.21925 0.0013 76

Avg.RH % -0.4607  0.1317 -0.03007 0.12172 0.8104 %
F=14.50**

1.3.Gharbia: Data in (Fig. 3) show that several fields of faba bean, at Gharbia
governorate were severity incidence of foliar diseases from 2000 to 2011 growing
seasons. The results revealed that mean prevalence value of brown spot, rust and
virus diseases were 28.2, 13.1 and 16.3 % during seasons 2000-2011, respectively.
The highest value of prevalence of these diseases was for brown spot disease were
(28.2%) it during seasons 2000-2011. Whereas the mean temperature recorded
20.9°C and the mean percentage of relative humidity recorded 60.7%.

Statistical analysis for the effect of mean temperature and relative humidity on
faba bean foliar diseases, during 2000 to 2011 growing seasons at Gharbia
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governorate is shown in Table (4). The results also show that the mean
temperaturehad highlysignificant positive effect where, "r" value was 0.84, 0.72 and
0.86 on severity of brown spot, rust and virus diseases, during 2000 to 2011 growing
seasons, respectively.

Fig.3. Relationship between of climatic changes and severity of faba bean foliar
diseases, during 2000 to 2011 growing seasons at Gharbia governorate, under field
conditions.
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Table 4. Simple correlation and partial regression values of the climatic
changes and severity of some diseases corresponding percentage of
explained variance faba bean plant, at Gharbia governorate, during
from 2000 to 2011 seasons

Brown spot Simple Partial R
e e Correlation Regression ;
Rt r P b S.E. P E.V.
Avg. Temp. °C 0.84 0.0006 1.12 0.31 0.0059 .,

Avg. RH % -0.54 0.0664 0.03 0.19 0.8506 -

F=11.05**

Rust disease Simple Partial R
T Correlation Regression ;
TR r P b S.E. P E.V.
Avg. Temp. °C 0.72 0.007 1.15 0.54 0.0617 _,,

Avg. RH % -0.56 0.05 -0.21 0.33 05376 7

F=5.35*
Virus diseases Simple Partial N
ek Correlation Regression ;

U r P b S.E. P E.V.
Avg. Temp. °C 0.86 0.0003 1.27 0.29 0.0021  __,

Avg. RH % -0.49 0.1091 0.06 0.17 0.7434 T

F=13.25**

While the mean percentage of relative humidity had insignificant negative effect
where, "r" value were -0.54, -0.56 and -0.49 on severity of brown spot, rust and
both virus diseases, during 2000 to 2011 growing seasons, respectively. The
percentages of explained variances (E.V.) for the selected ecological factors at these
seasons were 71, 54 and 75% on severity of brown spot, rust and both virus diseases,
respectively. “F” values were 11.05**, 5.35* and 13.25**, respectively.

Climate change can have positive, negative or neutral impact on individual patho
systems because of the specific nature of the interaction of host and pathogen. Also,
climate change can influence the geographical and growth of plant species around
the world (Coakley et al., 1999). Nicholls (1997) analyzed historical trends in
Australian wheat yield and found that recent climate changes are responsible for as
much as 30 to 50% of the variation explained by an increase in minimum
temperature. In New Zealand (Presidge and Pottinger, 1990) concluded that disease
problems in the kiwifruit and pome fruit industries would probably amplified by
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increases in temperature and precipitation. In contrast, the impact on the vegetable
industry should be minimal because this industry is annual and intensive in nature
and management changes required to mitigate climate change impacts may be mode
more easily. A climate change has the potential to modify host physiology and
resistance and to modify host and resistance and to alter stages and rates of
development of the pathogen. The most likely impact could be shift in the
geographical of the host and the pathogen, which may be could changes in the
physiology of host-pathogen interactions and changes in crop loss. Change may
occur in the type, amount and relative importance of pathogens and affect the
spectrum of diseases affecting a particular crop. This would be more pronounced for
pathogens with alternate hosts (Coakley et al., 1999). Increase in temperature can
modify host physiological and resistance arise in temperature above 20°C can
inactivate temperature — sensitive resistance to stem rust in oat cultivars with Pg3
and Pg4 genes (Martens et al., 1967). In contrast, lignifications of cell walls
increased in forage species at higher temperatures (Wilson et al., 1991) to enhance
resistance to fungal pathogens (Strange, 1993). The disease may develop if plants
are stressed in a warmer climate. High temperatures may increase the damage
caused by the disease such as scleroderris canker lodge pole pine. Karlman et al.
(1994) and Lonsdale and Gibbs (1996)suggest that severe weather events are making
an important contribution to the emergence of plant diseases in new locations. There
is a greater likelihood that invasive disease can become established as climate
change can also allow some plants and pathogens to survive outside their historic
ranges (Harvell et al., 2002).

Prediction of faba-bean foliar diseases in future seasons:

This study was carried out to figure out the influence of climate change on
severity of brown spot, rust and two virus diseases of faba-bean, during 2050s and
2100s growing seasons, at three governorates, under Egyptian condition, using the
multiple equation regression analysis (MINITAB®).The severity of the studied
disease on faba bean has been predicted by regression estimated diseases severity
versus the accumulative diseases severity values during 2000 to 2011 growing
season and average temperature and humidity during the these seasons. Prediction of
diseases has been formed as Y= bgtbX;+bXo+.......... bgxq(Fahim, 2002). Nine
models were created to describe the severity disease by multiple regressions
(MINITAB® program, 1995). Regression between diseases severity values at during
growing season from 2000 to 2011 and average temperature and humidity during the
seasons resulted in the following relationship:

Egypt. J. Phytopathol., VVol. 44, No. 2(2016)
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(1) Bani-Sweif:

1.1. Brownspot y=1.2+1.47 X;+0.006 X, R*= 76.50%
1.2. Rust y =-26.0 + 1.54 X+ 0.135 X, R?= 79.30%
1.3. Virus diseases y = - 0.6 + 1.00 X;- 0.030 X, R?=76.30%
(2) Behera:
2.1.Brownspot y=12.0+1.23 X;-0.090 X, R*=76.30%
2.2. Rust y =-18.6 + 1.55 X;+ 0.009 X, R?=69.40%
2.3. Virus diseases y= - 5.8 + 1.17 X;- 0.001 X, R?=74.20%
(3) Gharbia:
3.1.Brownspot y=7.0+1.13X;-0.037 X, R*=71.10%
3.2.Rusty=1.7 + 1.16 X; - 0.210 X, R?= 58.30%

3.3. Virus diseases y=-13.8+ 1.27 X;+ 0.061 X, R*=74.60%

Where:

Y= prediction of disease severity,
Xj-average temperature (°C), and
Xo-average humidity (%).

Model 1, 2, 3, 4,5, 6, 7, 8 and 9 could Lower Egypt and Upper Egypt, respectively.
Formal tests have been used to evaluate statistical assumption. The coefficient of
determination R? were ranged 58.30-79.30. Climate change scenarios for Bani-
Swief, Behera and Gharbia Governorates were assessed according to future
conditions derived from MAGICC/SCENGEN Software of the University of East
Angle (UK) (Meehl et al., 2007)and these relation with severity of Brown spot, rust
and virus diseases of faba-bean.

From data presented in Fig (4) show that severity of brown spot, rust and both virus
diseases of faba-bean, during 2050s and 2100s growing season in tested
governorates were studied. In case of brown spot, high changes in severity of the
disease was expected during 2050s and 2100s growing seasons compared with
growing seasons 2000s, where recorded diseases severity was 11.7% during 2000s
season and was 28.31 and 30.79% during 2050s and 2100s seasons at Bani-Sweif
governorate, respectively.

Also, in case of Brown spot disease, highest changes in severity of the diseases
during growing season 2050s and 2100s compared with growing seasons 2000,
where recorded diseases severity was 25% during 2000s season and was 32.39% and
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34.77 during 2050s and 2100s seasons at Behera governorate, respectively. Slight
changes in severity of the diseases during growing season 2050s and 2100s
compared with growing seasons 2000s, where recorded diseases severity were
24.1% during 2000s season and was 25.41 and 23.42% during 2050s and 2100s
seasons at Gharbia governorate, respectively. In case of rust disease slight changes
in severity of the diseases during 2050s and 2100s growing season were expected
compared with growing seasons 2000s, where recorded diseases severity was 11.3
during 2000s season and was 8.17% and 10.66% during 2050s and 2100s growing
seasons at Bani-Sweif governorate, respectively. Highest changes in severity of the
diseases during 2050s and 2100s growing season were expected compared with
growing seasons 2000s, where recorded disease severity was 16.8% during 2000s
season and was 6.78% and 9.39 during 2050s and 2100s seasons at Behera
governorate, respectively. Also, slight changes in severity of the diseases during
2050s and 2100s growing season compared with growing seasons 2000s, where the
recorded disease severity were 15.9% during 2000s season and was 16.59 and
12.74% during 2050s and 2100s seasons at Gharbia governorate, respectively. In
case of virus diseases slight changes in severity of the diseases where recorded
diseases severity was 18.7% during 2000s season and was 16.32 and 18.03% during
2050s and 2100s seasons at Bani-Sweif governorate, respectively. Also, highest
changes in severity of the diseases during growing season 2050s and 2100s
compared with growing seasons 2000s, where recorded diseases severity was 24%
during 2000s season and was 13.62 and 15.6% during 2050s and 2100s seasons at
Behera governorate, respectively. Highest changes in severity of the diseases during
growing season 2050s and 2100s compared with growing seasons 2000s, where
recorded diseases severity was 24.1% during 2000s season and was 25.41 and
23.42%during 2050s and 2100s seasons at Gharbia governorate, respectively. Hulme
et al. (2002) predicate that temperature will rise by 0.5-1.5°C by the 2020s and by 2-
4°C by the 2080s.Warning will be great in summer than in winter and there will be
an increased frequency of very hot summers, partially by the 2080s. Total annual
projected to fall by up to 10% and % by the 2020s and 2080s, respectively.

Climate change may have minor impact on diseases compared with the impact of
crop management and genetic improvement (Kropff et al., 1993). Paruelo and Sala
(1994) stated in studies carried out on rice and Mize, respectively. Increase in
temperature can modify host physiological and resistance arise in temperature above
20°C can inactivate temperature — sensitive resistance to stem rust. Harvell et al.
(2002) suggested that severe weather events are making an important condition to
the emergence of plant diseases in new location.
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Fig.4. Forecasting of severity of brown spot, rust and both virus diseases of faba
bean, under climate change in Egypt, from 2050s to 2100s growing seasons
using estimated diseases severity in 2000s season, at different governorate.

Egypt. J. Phytopathol., VVol. 44, No. 2(2016)



PREDICTION OF SOME FABA-BEAN FOLIAR DISEASES .... 201

References

Abdel-Hak, T.M.; Kamal,A.H.; Keddis,S. and Shenouieda,l. 1966.Epidemiology of
wheat rusts in U.A.R.(Egypt). Plant Protection Department, Cereal Diseases
Research Division, Technical Bulletin, 1:1-46.

Abolmaaty, S.M. 2006. Assessment of the Impact of Climate Change on Some Rust
Disease For Wheat Crop Under Egyptian Environmental Conditions. Ph.D.
Thesis. Fac. Agric. Al- AzharUniv, 122p.

CoakleyS.M.;Scherm, H. and Chakraborty,S. 1999. Climate change and disease
management. Ann Rev. Phytopathol.,37; 399-426.

Fahim, M.A. 2002. Forecasting of Potato Late Blight Under the Egyptian
Environmental Conditions. MS. C. Thesis. Fac. Agric. Univ. Ain Shams, 114p.

Harvell, C.D.;Mitchell,C.E.; Wardis,J. R.; Altizer,S.; Dobson,A.P.; Ostfeld,R. R.
and Samual,M. D. 2002. Climate warming and disease risk for terrestrial and
marine biota. Since, 296:2158- 2162.

Hulme, M.; Jenkins,G.; Lu,J.;Turnpenny,X.; Mitchell,J. R.; Jones, T. D.; Lowe,R.
G.;Murphy,J.; Hassell,M.; Boorman,D.; McDonald,P.; and Hill, S. 2002. Climate
Change Scenarios for the United Kingdom: The UKCIP02 Scientific Report,
Tyndall Centre for Climate Change Research, School of Environmental
Sciences, University of East Anglia, Norwich, UK, 120 p.

IPCC, 2001.Climate change Impact, adaptation and vulnerability, Contribution of
Working Group Il to the Third Assessment Report of the IPCC, Cambridge
Univ. Press, Cambridge, UK, 1032 p.

Karlman, M.; Hansson,P. and Witzell,J.1994. Scleroderris canker on lodgepole pine
introduced in northern Sweden. Can. J. for Res., 24: 1948- 1959.

Kropff, M.J.;Cussman, K.G. and Penning,F.W.T. 1993. Increasing the yield plateau
in rice and the role of global climate change. J. of Agric. Meteorol.,48: 795-798.

Lonsdale, D. and Gibbs,J.N. 1996. Effects of climate change on fungal disease of
trees.In: Fungi and Environmental change, (Frankland, J.C., Magan, N. and
Gadd, G.M. eds). Symp. British Mycological Society, Cranfield University, U.K.
March pp: 1-9.

Egypt. J. Phytopathol., VVol. 44, No. 2(2016)



202 H.A. HASSAN et al.

Martens, J.W.; McKenzie,R.1.H. and Green,G.J. 1967. Thermal stability of stem rust
resistance in oat seedlings. Cana. J. of Bot.,45:451-458.

Meehl, G.; Stocker,T.; Collins,W.; Friedlingstein,P.; Gaye, A.; Solomon,S.; Qin, D.;
Manning, M.; Chen, Z. and Marquis,M. 2007. The Physical Science Basis.
Contribution of Working group | to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge Univ. Press,
Cambridge, UK and New York, NY, USA.

MINITAB, 1995. Minitab releases 12.2 extra. 3081 Enterprise Drive, State College,
PA.

Nicholls, N. 1997. Observed climate variability and change. In: The Science of
Climate Change. Houghton, J. T., and others (eds).Report of IPCC Working
Group | Cambridge, Cambridge University Press, pp. 137-192.

Paruelo, J.M. and Sala, O.E. 1991. Effect of global change on maize production in
Argentinean pampas. Climate Res.,3:161-167.

Prestidge, R.A. and Pottinger, R.P. 1990. The Impact of Climate Change on Pests,
Diseases, Weeds and Beneficial Organisms Present in New Zealand Agricultural
and Horticultural Systems. MAF Technology, Ruakura Agricultural Centre,
Hamilton, NZ.

Rosenzweig, C., Iglesias,A.; Yang,Y.B.; Epstein,P.R. and Chivian,E. 2000. Climate
Change and U.S. Agriculture: The Impacts of Warming and Extreme
Weather Events on Productivity, Plant Diseases and Pests. Boston, MA, USA:
Center for Health and the Global Environment, Harvard Medical School.

Scherm, H. and Yang,X.B.1995. Interannual variations in wheat rust development in
China and the United States in relation to EI-Nio/Southern Oscillation.
Phytopatholoy, 85: 970-976.

Strange, R.N. 1993. Plant Disease Control: Towards Environmentally Acceptable
Methods.London: Chapman& Hall.

Wigley, T.M.; Raper, S.C.;Hulme, M.and Smith, S.J. 2000. The magic/scengen
climate scenario generator version 2.4: Technical Manual Climatic Research
Unit, UEA, Norwich, UK, 48p.

Egypt. J. Phytopathol., VVol. 44, No. 2(2016)



PREDICTION OF SOME FABA-BEAN FOLIAR DISEASES .... 203

Wilson J.R.; Deinum,B. andEngels,F.M. 1991. Temperature effects on anatomy and
digestibility of leaf and stem of tropical and temperate forage species.Neth. J.
Agric. Sci., 39:31-48.

Youssef, M. A. 2004. Control of some foliar fungal diseases of Faba bean using
biotic and abiotic treatments. M.Sc. Thesis. Fac. Agric. Univ. Ain Shams.

Egypt. J. Phytopathol., VVol. 44, No. 2(2016)



204 H.A. HASSAN et al.

Joil) A (s padl) £ ganall () jal (largy i)
L) Gl s alial) e ysally Lgiivie g gald)
iy paal)

Cpjuitie”  alaad) g A& SLE T e daal G
TR ae G AU el Calad)

s Lo Ll ol S o e il Fliall S sl Janal*
\_pae

Lask W it — lail] ) gl p — Al ) N AlS — sa e Arala®F
a0 —

Ge el Al J il paley . eme (B A0 5 Jualaall aal (e J 5l iing
Gy Lae &y peaall Cig Hlall st saill aus 50 JOA (5 gl & sanal) () sl
Aaalid) el il Ll A o dad jall sda Ciiecai J peanall 3 €T )l
Jsill (5 it g sanall (ial sal pals a5 o (i sk ) — 5 a)
Laliall Jol gall oy 28Dl A 535 2011 3n 2000 (e sl an g JDIA
2050 Al a5 IS L yall AlaY) 305 s (Sl Al 32k
(MINITAB®) for  gbin daul g ilias) &Yl SR (0 2100
i J sl il el Al (al eV gill saliina¥) el bl s window
silae Ala) 3ot o gie e f Gl s 3 Sliies Fliall i cag
Cua 5 2011 in 2000 saill pud 5o IS Taall i je)  OAS Gy s
54.8% Al gha)ll 9 23.20C aud gall lli JMA 3 ) jall da )3 Jan g
sl 53 el ilhdlaa ) a8l Gia el dbia) 08 Jau sia e il
3yl allda pnhusic oS5 2011 s 2000 C}A}Aﬂleu\yd)sols
sl= % 60.7, 60.8 %o daamdll &y 5la Jll Jaws 510 5 20.9°C, 20.8 °C
2 5 st L I3 8l el Aa 5o Jan sl OIS las ) Qg ) 5
Anndl) 4 gl )l Ja gia i S Lt 2011 (s 2000 e saill andd 50 JDA
Cra Bl Sl A Ccilladlag)) 8 Alal) sad e (il (g sima
s _padll E)AAA” UA\)AL ‘LLA}“ 3G 5 il Jal sall (pn A8 A 3
gabin phainds 2011 ) 2000 Crasalll and sa JBA J 8l il
Caad al pe¥l Bady ) ghaty 5l 5 A3al) Ay Y(MINITAB® program)
La g, g peadll Cagplall chat daliag cladlae 2N 8 Slinwe dul )
liiaal) g plall cind ) @il (i yes Al B (e oSl

O eS DA aa 0 Y Laiy 2000 diad Ala) Ca g 5L 5(2100s - 20505)
Taliiadll g plall o g 5l i yall g facall (oayes dbal) 0
Adlad) oy ka5

Egypt. J. Phytopathol., VVol. 44, No. 2(2016)



