LS cEsgsRARRE “+— 7 MU

B 4= 1P

TR FPHE FH

Y R E R AR




AEBHLERKER T -7 AEEH

 EURPEWEE

A FHH  E%

E R RR A




BHERME (CIP) HiiR

HEYRPENIGE /AR, FHPAEH —tm. +

Bk i ptt, 2008. 2
LEBELMER “T—1” MRIEH
ISBN 978-7-109-12032-7

A

LAt 1 QFT--@F - Il HARs-3E-w
%R-HH IV. Hol

A B F1E CIP % (2008) 45012114 &

B E AR AR A H AR
EETEHER BRI 25D
(HRBLERAS 100026)
HiEGE FEER

JEEPMERIERAFTNR  HEBEILRRITFET
20084E 3 HES 1 AR 2008 4F 3 AJLEE 1 ENRI

FFA: 720mmX 960mm 1/16 Epgk. 15.25
FH 280 FF
SEHr: 24.80 70
LA R B BUETR] . 2EIT45HR, #1 HARAE RAT IR H)




il

Al

BERARROFAR, UERA-—MAKRECEAETAS
BHaiR, FLE, GAENEETHEMA, HLANE AR
BHFWHEENZEEDAY, EEXRBIFEFERNARY
BA, RNFABFEREEXIFWAT. FWaR, EFF545#
CHARERSUEE N RATEE, ARE - RE PR E AR
BHBIRRAELXRELAEN; B—FHE, FRBE, XER
H-HEFRWXFILERYEL., BN, ERARXERHHES
PRAE LN MIR, YARBEELRERY. AT, LLEEBELH
HHEHRAZR, TEXNALT VAT ESANA, HELHALA
HOWER, HEEYREEE L EAERTRE AR S
EETRZE, ARAEGS ¥ EBEEAAZIL, BT kL,
HE¥EENEFE P RIEITNRS, EETHE L RERSH,
HLERK “TE”, ETEYE, CREMARSHE, TRER
B EUREAE SRR C AR, b T T %A A M
AAFEEELER LT, . EURBE L L HIE, B L
Yt T BORHA -

YA 60~80 FHE X NEREE, FANEY XY B
PR TENRF RN, PR TFXH., EHEIEY, AR
KWEXHTTEYE L R4S, HEXAH B RN HT T
E, AR, TEAHEMFESE, Bkt RB5%. RUps.
EWGE. EEHY . RAWRBEAXBEL AN R, 484

1




YR T LREE

HABHEHBRANE., HER PRI FHBENER TR G, 28T
HEE. RX. BRERA, 28, BREEAMSE i 6 MET#
T, 2 FRERFHEMFAHTHILE (41430745, A%
FREHEFETAAE - ABANRXFE, ETEIHER,
MAEMRK CERE, FWEALELRS, FERLENT HFHE X,
REMRFIBTRXFEEFRXEAM, EXAARFHAE, &
FomFKFHR, Tﬁi%mzﬁﬁﬁfkﬁéiﬁ%%ﬁﬁi,
DA B BT

%~ ﬁmé%ﬁiﬁﬁ%ifiﬁm%%ﬂ%k%ﬁﬂﬂ%%\
REHB BB EFELHE, X2 TEE T EARE -+ T
BTEEHRLAFRERAR, RO LAKEMENEEL5E,
Bt BREFTERTME T HAET T ER L A S FH A H
. OEFE BB L VEANRBRSE, ETAETELETLET.
FoTHEAME -+ RO L ERL A ERAFHE., Rlak
RMEEFHENRE, F_TRTES _+Z8T. -+ X%ET
PE-ANBTHTERLAFEZEHRHT., AL EHBHES
B AT T

EREART, RARFELMIHERLAY. THR LA

WWERE A, PERVAFFERRLAFHAEWLRS
Bi% Eﬁf%ﬁ%ti’, REZERLAFIEAMELXLFLARZ
W B #lﬁﬂ&ﬁﬁﬁﬁ%%&%%%?kﬁi% Ek—IF
RREN R

% #
2008 4£ 1 A




T & MAK (ZELLAZE)
FEH (TERLAF)

BIEH (R ESGEHFHTD
# A (LTR L A%
ZEFFE (FEREAS
BER (HHELAS

S % EEHEKIGEHEHID
ZAE TR R A %)
HZEF AHRLAS
A CPELLAS)
PIG2 (H R A %)
BEE (ZH KL KFE)
BERIAE (M AR LA )
BES (LERLASE
BB (PERY A
BALLT (W FTR K )
BN (FERL A




T

Al

Unit 1
Unit 2
Unit 3
Unit 4
Unit 5
Unit 6
Unit 7
Unit 8
Unit 9
Unit 10
Unit 11
Unit 12
Unit 13
Unit 14
Unit 15
Unit 16
Unit 17
Unit 18
Unit 19
Unit 20
Unit 21
Unit 22
Unit 23
Unit 24
Unit 25
Unit 26

Plant and DISEaSE «e«eeeecerrerrerurmmernmmmsmrsnnsennsssonsessaessssasssessassssasnseanene 1
Plant Disease Management «-seeeseeee ereeererereneereireeaaeraeetaeetearraraareia 5
An Arms Race between Host and Pathogen in Genes «eeeoeereeenene. 14
Root-Knot Nematode Parasitism and Host Response ««--eseeseeeenenns. 20
Tomato Spotted T Y S SN 27
Crown Gall ereereerriereiieiiiiiiiii i s s ees s aeas e s eaas, e rerrenes 33
WHheat RUSLS  rereerrerarsecrertaisreiiisissiiietsiosineerresssecnconssneensesssesssssssans 40
Smut Diseases of Cereal Crops «+++c-ceeeerseeiiiiiiiiniiiiiiiiniiiinnniniiine.. 51
WHheat TAKe-all «eeeeseeerererererrmsernsresssinsstssesessseseseseseessessssssresseaens 60
Apple Scab «oreeereenerinieniir e 66
Introduction tO TNSECt  «orereererecrtiimirioiiiiiiiiciiiiiiraerenserareanenanrenes 72
Wheat Aphid «-+ieeeeeerrereimeereremnereneseesseesinsnnaes e 83
European Corn Borer «-eeevveeee et ibetieeieeeriaetreeeetraeateanrriaeaarans 88
Insect Pests Of Tree Fruits «oceceecererertocseeiaeaciorerenienieeresescerenenns 93
Insect Pest of Cotion «eereerrrermmiiiciiicrneiii et ceeen e S 99
Enhancing Insect Resistance in Rice through Biotechnology ----- 106
Insect Pests pf SUGArCANE «+ereverterireniiteieiiinini e 113
Insect Pests of Cruciferous Crops seeeeeiesiieiiiiin e 120
Stored Product INSect Pests «ecveretrearariemeruriarirernenineresenserensasasens 128
The Role of Pesticides in Agricultural Crop Protection -eeeeee. 136
Working towards More Efficient Application of Pesticides -«++e--- 141
Biodegradation of Pesticides «ere-reeerreeremmiiiiiiiiiiriiienreineereniennnn. 147
Classical Biological Control of Weeds in Europe «-reeeesereeeninncen 154
Trichoderma: a Biocontrol Agent «oeveiiiiiiii 163
Biological Control of Insect Pests «occeeevveereeivereeriienrenrirrnienrenenns 169
Why Study Rodent Populations?  «eeereeeriivimiieiini e, 177




BYRPELIGE

Unit 27 Insect Pest Management in Potatoes ««-rreeevrrmererimecniiiiieiiii, 182
Unit 28 Integrated Pest Management (IPM): Definition, Historical
Development and Implementation and the Other IPM  «oeevvennnins 189
Unit 29 Abstracts in Entomology ......................................................... 198
Unit 30 Abstracts in Plant Pathology ................................................... 204
VOCabu|ary ............................................................................................. 210




Unit 1 Plant and Disease

P

{/)

Plants make up the majority of the earth’s living environment as trees,
grass, flowers, and so on. Directly or indirectly, plants also make up all the
food on which humans and all animals depend. Even the meat, milk, and eggs
that we and other carnivores eat come from ahimals that depend on plants for
their food. Plants are the only higher organisms that can convert the energy of
sunlight into stored, usable chemical energy in carboflydrates, proteins, and
fats. All animals, including humans, depend on these plant substances for
survival.

Plants, whether cultivated or wild, grow and produce well as long as the
soil provides them with sufficient nutrients and moisture, sufficient light
reaches their leaves, and the temperature remains within a certain “normal”
range. Plants, however, also get sick. Sick plants grow and produce poorly,
they exhibit various types of symptoms, and often parts of plants or whole
plants die. It is not known whether diseased plants feel pain or discomfort.

The agents that cause disease in plants are the same or very similar to
those causing disease in humans and animals. They include pathogenic
microorganisms, such as viruses, bacteria, fungi, protozoa, and nematodes,
and unfavorable environmental conditions, such as lack or excess of nutrients,
moisture, and light, and the presence of toxic chemicals in air or soil. Plants
also suffer from competition with other, unwanted plants (weeds), and, of
course they are often damaged by attacks of insects. Plant damage caused by
insects, humans, or other animals is not usually included in the study-of plant
pathology.

Plant pathology is the study of the organisms and of the environmental
factors that cause disease in plants; of the mechanisms by which these factors
induce disease in plants; and of the methodsl of preventing or controlling
disease and reducing the damage it causes. Plant pathology is for plants largely
what medicine is for humans and veterinary medicine is for animals. Each
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discipline studies the causes, mechanisms, and control of diseases affecting the
organisms with which it deals, i.e., plants, humans, and animals,
respectively.

Plant pathology is an integrative science and profession that uses and
combines the basic knowledge of botany, mycology, bacteriology, virology,
nematology, plant anatomy, plant physiology, genetics, molecular biology and
genetic engineering, biochemistry, horticulture, agronomy, tissue culture,
soil science, forestry, chemistry, physics, meteorology, and many other
branches of science. Plant pathology profits from advances in any one of these
sciences, and many advances in. other sciences have been made in attempts to
solve plant pathological problems.

As a science, plant pathology tries to increase our knowledge about plant
diseases. At the same time, plant pathology tries to develop methods,
equipment, and materials through which plant disease can be avoided or
controlled. Uncontrolled plant disease may result in less food and higher food
prices or in food of poor quality. Diseased plant product may sometimes be
poisonous and unfit for consumption. Some plant diseases may wipe out entire
plant species and many affect the beauty and landscape of our environment.
Controlling plant disease results in more food of better quality and a more
aesthetically pleasing environment, but consumers must pay for costs of
materials, equipment, and labor used to control plant diseases and, some-
times, for other less evident costs such as contamination of the environment,

In the last 100 years, the control of plant diseases and other plant pests
has depended increasingly on the extensive use of toxic chemicals (pesticides).
Controlling plant diseases often necessitates the application of such toxic
chemicals not only on plants and plant produce that we consume, but also into
the soil, where many pathogenic microorganisms live and attack the plant
roots. Many of these chemicals have been shown to be toxic to nontarget
microorganisms and animals and may be toxic to humans, The short-and léng-
term costs of environmental contamination on human health and welfare caused
by our efforts to control plant diseases (and other pests) are difficult to
estimate. Much of modern research in plant pathology aims at finding other
environmentally friendly means of controlling plant diseases. The most
promising approaches include conventional breeding and genetic engineering of
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Unit 1 Plant and Disease

disease resistant plants, application of disease-suppression cultural practices,
RNA-and gene-silencing techniques, of plant defense-promoting nontoxic
substances, and, to some extent, use of biological agents antagonistic to the
microorganisms that cause plant disease.

The challenges for plant pathology are to reduce food losses while
improving food quality and, at the same time, safeguarding our environment.
As the world population continues to increase while arable land and most other
natural resources continue to decrease, and as our environment becomes
further congested and stressed, the need for controlling plant disease
effectively and safely will become one of the most basic necessities for feeding
the hungry billions of our increasingly overpopulated world.

Because it is not known whether plants feel pain or discomfort and
because, in any case, plants do not speak or otherwise communicate with us, it
is difficult to pinpoint exactly when a plant is diseased. It is accepted that a
plant is healthy, or normal, when it can carry out its physiological functions to
the best of its genetic potential. The meristematic (cambium) cells of a healthy
plant divide and differentiate as needed, and different. types of specialized cells
absorb water and nutrients from the soil; translocate these to all plant parts;
carry on photosynthesis, translocate, metabolize, or store the photosynthetic
products; and produce seed or other reproductive organs for survival and
multiplication. When the ability of the cells of a plant or plant part to carry out
one or more of these essential functions is interfered with by either a
pathogenic organism or an adverse environmental factor, the activities of -the
cells are disrupted, altered, or inhibited, the cells malfunction or die, and the
plant becomes diseased. At first, the affliction is localized to one or a few cells
and is invisible. Soon, however, the reaction becomes more widespread and
affected plant parts develop changes visible to the naked eye. These visible
changes are the symptoms of the disease. The visible or otherwise measurable
adverse changes in a plant, produced in reaction to infection by an organism or
to an unfavorable environmental factor, are a measure of the amount of disease
in the plant. Disease in plants, then, can be defined as the series of invisible
and visible responses.cof plant cells and tissues to a pathogenic organism or
environmental factér¥ that result in adverse changes in the form, function, or
integrity of the plant and may lead to partial impairment or death of plant parts
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or of the entire plant.
The kinds of cells and tissues that become affected determine the type of

physiological function that will be disrupted first. For example, infection of
roots may cause roots to rot and make them unable to absorb water and
" nutrients from the soil; infection of xylem vessels, as happens in vascular wilts
and in some cankers, interferes with the translocation of water and minerals to
the crown of the plant; infection of .the foliage, as happens in leaf spots,
blights, rusts, mildews, mosaics, and so on, interferes with photosynthesis;
infection of phloem cells in the veins of leaves and in the bark of stems and
shoots, as happens in cankers and in diseases caused by: viruses, mollicutes,
and protozoa, interferes with the downward translocation of photosynthetic
products; and infection of flowers and fruits interferes with reproduction,
Although infected cells in most diseases are weakened or die, in some diseases,
e-g , in crown gall, infected cells are induced to divide much faster
(hyperplasia) or to enlarge a great deal more ( hypertrophy) than normal cells
and to produce abnormal amorphous overgrowths (tumors) or abnormal organs,
Pathogenic microorganisms, i. e. , the transmissible biotic agents that can
cause disease and are generally referred to as pathogens, usually cause disease
in plants by disturbing the metabolism of plant cells through enzymes, toxins,
growth regulators, and other substances they secrete and by absorbing
foodstuffs from the host cells for their own use., Some pathogens may also
cause disease by growing and multiplying in the xylem or phloem vessels of
plants, thereby blocking the upward transportation of water or the downward
movement of sugars, respectively, through these tissues. Environmental
factors cause disease in plants when abiotic factors, such as temperature,
moisture, mineral nutrients, and pollutants, occur at levels above or below a

certain range tolerated by the plants.

& BRASRAA
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. What are the causes pathogenic to plants?

. What is plant pathology?

1
2
8. Why does the author say “Plant pathology is an integrative science and profession”?
4

. According to the author, plant pathology is facing challenges. What are the

challenges?

5. Why does the author consider that the kinds of cells and tissues become

affected determine the type of physiological function that will be disrupted first?

& BEIH

George N. Agrios. 2004. Plant Pathology. Fifth Edition. Academi Press




Unit 2 Plant Disease Management

The goal of plant disease management is to reduce the economic and
aesthetic damage caused by plant diseases. Traditionally, this has been called
plant disease control, but current social and environmental values deem
“control™ as being absolute and the term too rigid. More multifaceted
approaches to disease management, and integrated disease management, have
resulted from this shift in attitude, however. Single, often severe, measures,
such as pesticide applications, soil fumigation or burning are no longer in
common use. Further, disease management procedures are frequently
determined by disease forecasting or disease modeling rather than on either a
calendar or prescription basis. Disease management might be viewed as
proactive whereas disease control is reactive, although it is often difficult to
distinguish between the two concepts, especially in the application of specific
measures,

The many strategies, tactics and techniques used in disease management
can be grouped under one or more very broad principles of action. Differences
between these principles often are not clear. The simplest system consists of
two principles, prevention and therapy.

The first principle (prevention) includes disease management tactics
applied before infection (i. e.., the plant is protected from disease), the second
principle (therapy or curative action) functions with any measure applied after
the plant is infected (i. e. , the plant is treated for the disease). An example of
the first principle is enforcement of quarantines to prevent introduction of a
disease agent (pathogen) into a region where it does not occur.

The second principle is illustrated by heat or chemical treatment of
vegetative material such as bulbs, corms, and woody cuttings to eliminate
fungi, bacteria, nematodes or viruses that are established within the plant
material. Chemotherapy is the application of chemicals to an infected or
diseased plant that stops (i. e., eradicates) the infection. Although many
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attempts have been made to utilize chemotherapy, few have been successful. In
a few diseases of ornamental or other high value trees, chemotherapy has
served as a holding action that must be repeated at intervals of one to several
years. For example, antibiotics have been infused into plants to'reduce severity
of phytoplasma diseases of palms (lethal yellowing) and pears (pear decline)
and fungicides have been injected into elms to reduce severity of Dutch elm
disease (caused by Ophiostoma ulmi) but in all cases the chemotherapeutant
must be reapplied periodically. There also are some “systemic” fungicides ‘such
as the sterol biosynthesis inhibiting (SBI) and demethylation inhibiting (DMI)
fungicides that diffuse into the plant tissues to some extent and eliminate
recently established infections.

Four general disease control principles, however, exclusion, eradication,

protection and resistance are accepted commonly today.

Exclusion

This principle is defined as any measure that prevents the introduction of a
disease-causing agent (pathogen) into a region, farm, or planting. The basic
strategy assumes that most pathogens can travel only short distances without
the aid of some other ageﬁt such as humans or other vector, and that natural
barriers like oceans, deserts, and mountains create obstacles to their natural
spread. In many cases pathogens are moved with their host plants or even on
nonhost material such as soil, packing material or shipping containers.
Unfortunately, exclusion measures usually only delay the entry of a pathogen,
although exclusion may provide time to plan how to manage ‘the pathogen when

“it ultimately arrives. Karnal bunt (caused by Tilletia indica) of wheat is an
example of a pathogen originally from India that was anticipated. Measures
were established to prevent its introduction, but it finally found its way into
the United States. Soybean rust (caused by Phakopsora pachyrhizi) has been
found recently in the southeastern U. S. and precautions have been undertaken
to prevent further spread. Due to its destructiveness, South American leaf
blight (SALB) (caused by Microcyclus ulei) is a feared disease in the major
rubber producing region of Indonesia;, and contingency plans have been
proposed to chemically defoliate rubber trees by aerial application of herbicides
if the pathogen is detected. It is hoped that this would prevent establishment
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of the pathogen in the region.
An important and practical strategy for excluding pathogens is to produce

pathogen-free seed or planting stock through certification programs for seeds
and vegetatively propagated plant materials such as potatoes, grapes, tree
fruits, etc. These programs utilize technologies that include isolation of
production areas, field inspections, and removal of suspect plants to produce
and maintain pathogen-free stocks. Planting stock that is freed of pathogens
can be increased by tissue culture and micropropagation techniques as well as
be maintained in protective enclosures such as screenhouses to exclude
pathogens and their vectors. Exclusion rﬁay- be accomplished by something as
simple as cleaning farming equipment to remove contaminated debris and soil
that can harbor pathogens such as Verticillium, nematodes or other soilborne

organisms and prevent their introduction into non-infested fields.

Eradicatiqn

This principle aims at eliminating a pathogen after it is introduced into an
area but before it has become well established or widely spread. It can be
applied to individual plants, seed lots, fields or regions but generally is not
effective over large geographic areas. Two large attempts at pathogen
eradication in the United States were the golden nematode ( Globodera
rostochiensis ). program on Long Island, New York and the citrus canker
(caused by Xanthomonas axonopodis pv. citri) program in Florida, However,
neither of these attempts was a lasting success.

Eradication of the golden nematode involved removing infested soil,
fumigating soil in infested fields and éventually abandoning infested potato
fields for housing developments and other uses. Citrus canker eradication
involved widespread removal and burning of diseased trees and, in some cases,
destruction of entire citrus groves and nurseries. The disease appeared to be
contained and the pathogen eradicated, but the disease has reappeared and new
attempts at eradication are ongoing.

Eradication can also be on a more modest scale such as the removal of
apple or pear branches infected by the fire blight bacterium ( Erwinia
amylovora). Eradication may also be accomplished by destroying weeds that
are reservoirs of various pathogens or their insect vectors,
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Soil fumigation has been a widely used eradication strategy. This
technology involves introducing gas-forming chemicals such as carbon
disulfide, methyl bromide, or chloropicrin into soil to kill target pathogens.
However, undesirable side effects such as killing beneficial organisms,
contamination of groundwater, and toxicity of these chemicals have resulted in
less reliance on this approach for disease management.

Crop rotation is a frequently used strategy to reduce the quantity of
pathogens, usually soil-borne organisms, in.a cropping area. Take-all of wheat
(caused by Gaeumannomyces graminis ) and soybean cyst nematode
(Heterodera glycines) are two examples of soil-borne diseases that are easily
managed by short rotations of 1 and 2 years, respectively, out of susceptible
crops, which may include susceptible weed hosts such as grasses in the case of
take-all. T

Burning is an effective means of eradicating pathogens and is often
required by law to dispose of diseased elm trees affected by Dutch elm disease
(DED), citrus trees infected by citrus canker or of bean fields infected by halo

blight bacteria (Pseudomonas syringae pv. phaseolicola).

Protection
! ®
This principle depends on establishing a barrier between the pathogen and

the host plant or the susceptible part of the host plant. It is usually thought of
as a chémical barrier, e. g. » a fungicide, bactericide or nematocide, but it can
also be a physical, spatial, or temporal barrier. The specific strategies
employed assume that pathogens are present and that infection will occur
without the intervention of protective measures. For example, bananas are
covered with plastic sleeves as soon as the fruit are set to protect the fruit from
various pests including fruit decay fungi.

Protection often involves some cultural practice that modifies the
environment, such as tillage, drainage, irrigation, or altering soil pH. It may
- also involve changing date or depth of seeding, plant spacing, pruning and
thinning, or other practices that allow plants to escape infection or reduce
severity of disease. Raising planting beds to assure good soil water drainage is
an example of cultural management of plant diseases such as root and stem
rots. Many cultural practices can be modified to manage the occurrence,
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