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(ABSTRACT) 

The potential of Pandora neoaphidis (Remaudiére & Hennebert) Humber 

as a fungal pathogen for the control of the tobacco aphid, Myzus nicotianae 

Blackman, on tobacco was evaluated in a 4-year study between 1992 and 1995. 

The objectives of this study included determination of the seasonal incidence of P. 

neoaphidis in populations of tobacco aphid on tobacco and nonsolanaceous host 

plants, within plant distribution of the pathogen in aphids on tobacco, influence of 

tobacco cultivars and cultural practices on the incidence of the pathogen, methods 

of artificially introducing the pathogen into tobacco aphid populations and their 

potential in controlling aphids relative to chemical control, virulence of the 

Virginia isolate of the pathogen to tobacco aphid and green peach aphid, M. 

persicae (Sulzer), from different geographic locations in the eastern United States, 

and influence of temperature and type of substrate on the developmental 

morphology of the pathogen. 

Infections as high as 91% occurred in aphid populations on tobacco under 

favorable weather. The pathogen survived at moderate levels in the red morph of



tobacco aphid on nonsolanaceous hosts during fall, parts of winter and spring. P. 

neoaphidis infections in aphids tended to increase towards the upper leaf positions. 

Incidence of the pathogen in aphid populations varied widely on various cultivars 

and types of tobacco. Planting date, topping of tobacco, and stage at which 

tobacco was topped did not influence the incidence of P. neoaphidis in tobacco 

aphids. Artificial introduction of P. neoaphidis successfully established infections 

in tobacco aphids, but failed to prevent the build up of aphid populations. P. 

neoaphidis was equally virulent to the red and green morphs of the tobacco aphid, 

and the green peach aphid. The developmental morphology of P. neoaphidis was 

influenced by temperature and was similar on the surfaces of living substrates, 

tobacco aphid and tobacco leaf, but different on the inert surface of the coverslip.
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CHAPTER I 

Introduction and objectives 

Tobacco cultivation in the United States dates back to 1612 when John 

Rolfe planted his first experimental crop at Jamestown, Virginia. Since then 

tobacco in Virginia has been closely tied to the state’s economic growth and 

development (Virginia Department of Agriculture and Consumer Services 

(VDACS) 1992). Though there has been a reduction in per capita consumption of 

tobacco products in the United States since 1986 (USDA 1995), other potential 

uses for tobacco are being developed for the future. Tobacco contains extremely 

high-quality proteins which could be extracted and used as natural additives to 

increase the nutritional value of some foods (VDACS 1992). Potential uses of 

tobacco by-products include the manufacture of pharmaceuticals, films, animal 

feed, coloring agents, cosmetics, paper, and textiles. Genetically engineered 

products such as anti-viral drugs and human blood protein also could be produced 

from tobacco using a new technology called ‘Geneware’ (VDACS 1992). 

The tobacco industry contributes to $129.3 billion of the US gross national 

product (The Golden Leaf 1993). Tobacco is Virginia’s leading commercial crop 

in production and cash receipts accounting to 28 and 9% of state’s total crop and 

agriculture incomes, respectively (USDA 1995). Virginia is fifth in crop



production among 16 tobacco growing states. In 1994, 48 million kilograms of 

tobacco, valued at $183 million, was grown on 18,800 ha in Virginia (USDA 

1995). Virginia is the second largest tobacco manufacturing state in the US and 

the tobacco industry, directly or indirectly, generates 5% of state’s total 

employment (VDACS 1992), 

The tobacco aphid, Myzus nicotianae Blackman, is the most important 

insect pest of tobacco in North America and causes serious reductions in both 

yield and quality of tobacco leaf (Cheng and Court 1977, Mistric and Clark 1979, 

Cheng and Hanlon 1985, Lampert 1989, Reed and Semtner 1992). The tobacco 

aphid can reduce tobacco yields by 10-30% (Reed and Semtner 1992). Its damage 

also reduces the value of the cured leaves, especially those from the lower one-half 

of the plant (Mistric and Clark 1979, Reed and Semtner 1992). The tobacco aphid 

damages the crop by sucking the plant sap and depositing honeydew on the leaves 

(Kulash 1949, Feinstein and Hannan 1951, Mistric and Clark 1979). Infested 

leaves show premature yellowing and necrosis along the margins and at the base of 

the petiole (Dominick 1949). Sooty mold develops on the honeydew secretions 

and may cause additional discoloration of the leaves (Kulash 1949, Dominick 

1949). In Virginia, the tobacco aphid is a serious annual problem, and is the target 

of more than 50% of the insecticides applied to tobacco. The tobacco aphid is also 

an important vector of several tobacco pathogens including tobacco etch virus, 

tobacco leaf mottle virus, and PVY (Chamberlin 1958, van Emden et al. 1969, 

2



Lucas 1975). Development of resistance of the tobacco aphid to insecticides 

posed problems with chemical control in the recent years and the number of 

effective aphicides has considerably decreased (Koziol and Semtner 1984, 

McPherson and Bass 1990, Harlow and Lampert 1990, Abdel-Aal et al. 1992, 

Chryssochoou and Bloukidis 1992). 

The future availability of effective aphicides is uncertain. In addition, 

problems associated with insecticide use make it necessary to find alternatives to 

chemical control. Cultural practices help to reduce aphid problems on tobacco. 

These practices include adjustments in transplanting date (Semtner 1984, 

McPherson et al. 1993), selection of early maturing cultivars, proper nitrogen 

fertilization, and early topping (Semtner unpbl.). However, none of these can 

prevent economic losses under heavy aphid pressure (Semtner 1984, Semtner 

unpbl.). Beneficial insects provide some natural control of the tobacco aphid 

under certain conditions. However, they, too, are ineffective in preventing 

extensive aphid population buildups, under favorable host plant and environmental 

conditions (Hamid 1987, Norowi and Semtner 1990). 

Fungi of the order Entomophthorales attack insect hosts from more than 32 

families in the orders Orthoptera, Hemiptera, Homoptera, Lepidoptera, Coleoptera, 

and Hymenoptera and often cause epizootics in the host populations (MacLeod 

and Miller-Kégler 1973). There have been several studies of entomophthorales 

infecting various aphids on different crops (Wilding 1975, Milner et al. 1980, Feng 
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et al. 1990, Feng et al. 1991, Elkassabany et al. 1992). The genera of the 

entomophthorales that infect aphids commonly are Conidiobolus, Entomophthora, 

Erynia, Neozygites, and Zoophthora (Latgé and Papierok 1988). 

The entomophthoralean, Pandora (Erynia) neoaphidis (Remaudiére and 

Hennebert) Humber causes epizootics late in the tobacco season and can greatly 

reduce aphid infestations and under conditions of high humidity and high aphid 

populations, the disease spreads very rapidly and can kill most aphids (Semtner 

unpbl.). Dean and Wilding (1971) reported that many populations of cereal 

aphids, Metapolophium dirhodum (Walker) and Sitobion avenae (F.) were killed 

by Entomophthora aphidis Hoffman in Fresenius, E. planchoniana Cornu, and E. 

thaxteriana in barley fields in England. P. neoaphidis successfully controlled 

various aphids (76 to 100%) including Aphis gossypi Glover in China 

(Anonymous, 1976). P. neoaphidis appears to be the most common species 

infecting the tobacco aphid in Virginia (Semtner unpbl.). 

The increased concern over pesticides in the environment has resulted in 

increased research efforts in integrated pest management. The goals of integrated 

pest management research are to develop ways to reduce the use of chemical 

insecticides and to learn more about nonchemical contro! methods that do not 

pollute the environment. In addition, several forms of the tobacco aphid are highly 

resistant to several insecticides that provided effective control in the past. The 

potential is also great for the occurrence of other highly resistant strains of the 
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tobacco aphid. 

Pathogens of the tobacco aphid occur naturally in most tobacco fields each 

summer. Information on the ecology of these pathogens could be used to develop 

strategies for reducing aphid infestations on tobacco without the need to apply 

pretransplant or foliar insecticides for aphid control. This research was conducted 

to study various aspects of the relationship of P. neoaphidis with the 

environmental factors, season, leaf position within the tobacco plant, tobacco 

cultivars, cultural practices, and host plants of the tobacco aphid, and to evaluate 

its the potential for aphid control. To improve the knowledge on P. neoaphidis at 

basic level, virulence of the pathogen to the tobacco aphid and the green peach 

aphid, M. persicae (Sulzer),and the influence of temperature and type of substrate 

on its developmental morphology were also investigated. 

The primary objectives of this research were to, 

1. Investigate seasonal incidence of P. neoaphidis in M. nicotianae on flue-cured 

tobacco in summer and evaluate the influence of environmental factors, 

2. Investigate seasonal incidence of P. neoaphidis in the red morph of M. 

nicotianae on various nonsolanaceous host plants during fall, winter, and 

spring, 

3. Investigate seasonal incidence and within-plant distribution of P. neoaphidis in 

the red morph of M. nicotianae on flue-cured tobacco,



. Study the occurrence of P. neoaphidis in populations of tobacco aphid on 

different tobacco types, tobacco introductions, and a breeding line and evaluate 

the influence of cultural practices, 

. Evaluate the methods of artificially introducing P. neoaphidis into the 

populations of M. nicotianae and the potential of the pathogen in controlling 

aphids in comparison with chemical control, 

. Determine the virulence of the Virginia isolate of P. neoaphidis to different 

biotypes of M. nicotianae and a biotype of M. persicae from different 

geographic regions in the eastern United States, and 

. Determine the influence of temperature and the type of substrate on the 

developmental morphology of P. neoaphidis.
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CHAPTER II 

Review of literature 

Myzus nicotianae Blackman. Blackman (1987) described the tobacco aphid, 

Myzus nicotianae Blackman, as a tobacco-feeding form of Myzus closely related to 

the green peach aphid, M. persicae (Sulzer). Both species have 2n=12 

chromosome karyotypes and are heterozygous for the same autosomal 

translocation. Blackman and Spence (1992) electrophoretically distinguished 

these two species based on the mobility of the enzyme glutamate oxaloacetate 

transaminase. M. persicae is monomorphic, while M. nicotianae is polymorphic 

for this enzyme. Before Blackman’s description, M. nicotianae was grouped with 

M. persicae. M. nicotianae is morphologically similar to, but genetically isolated 

from M. persicae. M. nicotianae is permanently parthenogenetic (anholocyclic) in 

North America. However, sexually reproducing (holocyclic) populations are seen 

in some parts of the world. M. nicotianae is distributed in North and South 

America, the Mediterranean, the Middle East, Africa, the Indian sub-continent, 

and South-East Asia (Blackman 1987). Blackman (1987) reported that M. 

nicotianae has occurred as a distinct form on tobacco since the 1920s in Europe, 

the 1930s in Africa, and the 1970s in North America. He did not include any 

aphids in his study that were collected from tobacco in North America before 
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1975. However, he indicated that earlier records on tobacco in North America 

were also probably M. nicotianae. Chamberlin (1958) summarized the early 

history of Myzus on tobacco in the United States. In recent years, the common 

green morph of the tobacco aphid has been replaced by a red morph (McPherson 

1989, Reed and Semtner 1991). This red morph is more tolerant of high 

temperatures and has higher rates of development, survival, and fecundity than the 

green morph (Lampert and Dennis 1987, Reed and Semtner 1991). In addition, it 

has greater resistance to many aphicides (McPherson and Bass 1990, Harlow and 

Lampert 1990). The number of effective aphicides has decreased considerably 

since the mid-1980s and chemical control has been difficult where the red forms 

predominate (Harlow and Lampert 1990). Chryssochoou and Bloukidis (1992) 

reported that the tobacco aphid has become resistant to acephate in Greece. 

Koziol and Semtner (1984) found resistance to acephate in the tobacco aphid. 

Abdel-Aal et al. (1992) found insecticide resistance in the tobacco aphid 

in all of the red morphs and in the green morphs with the translocated chromosome 

karyotype. This organophosphate resistance was attributed to high 

carboxylesterase activity. Abdel-Aal et al. (1992) also reported that some 

electrofocusing-detectable esterase isozymes were associated with malathion 

resistance. 

Pandora neoaphidis (Remaudiére and Hennebert) Humber. The 
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entomophthoralean, P. neoaphidis (Zygomycotina: Entomophthoraceae) was 

previously known as Entomophthora aphidis Hoffman in Fresenius, E. aphidis 

Hoffman sensu Thaxter, Erynia aphidis (Hoffman in Fresenius) Humber & Ben- 

Ze’ev, and E. neoaphidis Remaudiére & Hennebert. The life cycle and 

morphology of P. neoaphidis was described by Butt et al. (1990). When the 

primary conidium becomes attached to the aphid body it either produces a 

secondary conidium or germinates by means of germ tube (Fig. 2.1). A 

penetration structure called the appressorium is produced at the end of the germ 

tube. It breaches the aphid cuticle and penetrates through a circular hole. 

Protoplasts are produced and invade the haemocoel and tissues within 36-48 h 

after inoculation. Later rhizoids, which terminate in digitate holdfasts, emerge 

from the midventral region of the aphid, and attach the insect to the leaf cuticle. 

Finally pseudocystidia (sterile supporting structures) and conidiophores 

enzymatically and mechanically break through the aphid cuticle (Butt et al. 1990). 

Seasonal incidence of P. neoaphidis in M. nicotianae on tobacco. There were 

various studies on P. neoaphidis infecting different species of aphids (Milner et al. 

1980, Glare et al. 1986a, Feng et al. 1990, Poprawski et al. 1992). Summers and 

Newton (1989) reported 100% infection of sugarbeet root aphid, Pemphigus 

populivenae Fitch by P. neoaphidis in California. P. neoaphidis dominated other 

fungi in populations of Metopolophium dirhodum (Walker), Diuraphis noxia 
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Fig. 2.1. Life cycle of P. neoaphidis in the aphid host. 
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(Mordvilko) in barley, corn, and spring and winter wheat (Feng et al. 1990). P. 

neoaphidis and other entomophthorales require moisture saturated conditions for 

germination and host invasion (Wilding 1971, Carruthers and Hural 1990). 

Influence of water potential on conidial germination of P. neoaphidis was reported 

by Morgan et al. (1992). Wilding et al. (1986) found that irrigation greatly 

increased the proportion of Aphis fabae Scopoli killed by P. neoaphidis in field 

beans. P. neoaphidis and Zoophthora radicans (Brefeld) Batko destroyed a dense 

population of Acyrthosiphon pisum (Harris) (74% infection) in the legume ground 

cover in an orchard watered with a sprinkle irrigation system (Pickering et al. 

1989). No fungus-induced mortality occurred in a nearby plot with drip irrigation. 

However, Feng et al. (1991) observed a better correlation of infections of P. 

neoaphidis and Conidiobolus spp. with cereal aphid population densities than with 

environmental factors. 

Seasonal incidence of P. neoaphidis in the red morph of tobacco aphid on 

nonsolanaceous hosts. Production of resting spores as an overwintering 

mechanism is not known for P. neoaphidis (Rockwood 1950, Ben-Ze’ev and 

Kenneth 1982, Waterhouse and Brady 1982, Wilding and Brady 1984). There is 

only one report of in vitro resting spore production (Uziel and Kenneth 1986), but 

the identity of those resting spores is uncertain. Its conidia are known to survive 

winter temperatures in soil and on foliage (Latteur 1977, Morgan et al. 1992, 
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Schofield 1995). Earlier reports revealed that P. neoaphidis (syn. Empusa/ 

Entomophthora aphidis) was viable for 3-32 wk in the cadavers of aphid hosts at 

temperatures ranging between 7 and -196°C (Rockwood 1950, Remaudiére and 

Michel 1971, Wilding 1973, Wilding et al. 1986, Feng et al. 1992). In vitro grown 

cultures were of P. neoaphidis were viable for four months at about 2°C 

(Rockwood 1950). The pathogen survived in the cadavers of aphid hosts for 32 

wk at 0°C and for 3.5 mo at a temperature range between 2 and -196°C and 

produced infective conidia when the cadavers were moistened (Remaudieére and 

Michel 1971, Wilding 1973). Feng et al. (1992) observed formation of spherical 

hyphal bodies (SHB) in P. neoaphidis during late autumn and suggested that the 

pathogen may overwinter as SHB. Feng et al. (1992) also reported that the 

pathogen was viable after 6 mo of storage at 4°C. P. neoaphidis also survived in 

the soil as conidia for 4 to several months at -3 to 5°C (Latteur 1977, Morgan et al. 

1992). Schofield et al. (1995) reported survival of conidia of P. neoaphidis on the 

leaf surface for 32 d at 5°C. These reports suggest that the pathogen overwinters 

in the host body, or in soil, or on foliage. Reports on the incidence of P. 

neoaphidis during parts of winter are available (Feng et al. 1990, Elkassabany et 

al. 1992), however, information is not available on its seasonal incidence 

throughout the winter. 

Within plant distribution of P. neoaphidis in M. nicotianae on flue-cured 
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�i�n�d�i�c�a�t�i�v�e� �o�f� �p�o�s�s�i�b�l�e� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �i�n�f�e�c�t�i�o�n� �l�e�v�e�l�s� �i�n� �t�o�b�a�c�c�o� �a�p�h�i�d�s� �i�n�h�a�b�i�t�i�n�g� 

�d�i�f�f�e�r�e�n�t� �l�e�a�f� �p�o�s�i�t�i�o�n�s� �o�f� �a� �t�o�b�a�c�c�o� �p�l�a�n�t�.� �L�a�m�p�e�r�t� �(�1�9�8�9�)� �f�o�u�n�d� �t�h�a�t� �t�h�e� �n�u�m�b�e�r� 

�o�f� �t�o�b�a�c�c�o� �a�p�h�i�d�s� �w�a�s� �h�i�g�h�e�r� �i�n� �t�h�e� �m�i�d�d�l�e� �1�/�3� �o�f� �t�h�e� �t�o�b�a�c�c�o� �p�l�a�n�t�,� �w�h�i�l�e� �t�h�e� 

�d�e�n�s�i�t�y� �o�f� �a�p�h�i�d�s� �w�a�s� �h�i�g�h�e�r� �i�n� �t�h�e� �u�p�p�e�r� �1�/�3� �o�f� �t�h�e� �p�l�a�n�t�.� �T�h�e� �e�p�i�z�o�o�t�i�c�s� �o�f� �P�.� 

�n�e�o�a�p�h�i�d�i�s� �a�n�d� �a�n�o�t�h�e�r� �f�u�n�g�a�l� �p�a�t�h�o�g�e�n�,� �S�c�h�i�z�o�l�a�c�h�n�u�s� �p�i�n�i�r�a�d�i�a�t�a�e� �(�D�a�v�i�d�s�o�n�)�,� 
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�w�e�r�e� �i�n�f�l�u�e�n�c�e�d� �b�y� �l�e�v�e�l� �o�f� �i�n�o�c�u�l�u�m� �a�n�d� �d�e�n�s�i�t�y� �o�f� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �(�W�i�l�d�i�n�g� 

�1�9�7�5�,� �S�o�p�e�r� �a�n�d� �M�a�c�L�e�o�d� �1�9�8�1�)�.� 

�O�c�c�u�r�r�e�n�c�e� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �o�n� �d�i�f�f�e�r�e�n�t� �t�o�b�a�c�c�o� �c�u�l�t�i�v�a�r�s� �a�n�d� �i�n�f�l�u�e�n�c�e� �o�f� 

�c�u�l�t�u�r�a�l� �p�r�a�c�t�i�c�e�s�.� �T�h�e�r�e� �a�r�e� �n�o� �r�e�p�o�r�t�s� �a�v�a�i�l�a�b�l�e� �o�n� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �h�o�s�t� �p�l�a�n�t�,� 

�i�t�s� �c�u�l�t�i�v�a�r�,� �o�r� �t�h�e� �c�u�l�t�u�r�a�l� �p�r�a�c�t�i�c�e�s� �o�n� �P�.� �n�e�o�a�p�h�i�d�i�s� �o�c�c�u�r�r�e�n�c�e� �i�n� �a�p�h�i�d� 

�p�o�p�u�l�a�t�i�o�n�s�.� �A�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �v�a�r�y� �o�n� �d�i�f�f�e�r�e�n�t� �t�o�b�a�c�c�o� �i�n�t�r�o�d�u�c�t�i�o�n�s� �a�n�d� 

�c�u�l�t�i�v�a�r�s� �i�n� �r�e�s�p�o�n�s�e� �t�o� �t�h�e� �r�e�s�i�s�t�a�n�c�e� �o�f� �t�h�e� �t�o�b�a�c�c�o� �p�l�a�n�t� �(�T�h�u�r�s�t�o�n� �1�9�6�1�,� 

�T�h�u�r�s�t�o�n� �e�t� �a�l�.� �1�9�7�7�,� �J�o�h�n�s�o�n� �1�9�7�8�,� �1�9�8�0�)�.� �T�h�e� �s�t�a�g�e� �o�f� �t�o�b�a�c�c�o� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� 

�c�u�l�t�u�r�a�l� �p�r�a�c�t�i�c�e�s� �a�l�s�o� �i�n�f�l�u�e�n�c�e�s� �t�h�e� �l�e�v�e�l� �o�f� �a�p�h�i�d� �i�n�f�e�s�t�a�t�i�o�n�s� �(�T�h�u�r�s�t�o�n� �1�9�6�1�,� 

�S�e�m�t�n�e�r� �1�9�8�4�,� �L�a�m�p�e�r�t� �1�9�8�9�,� �M�c�P�h�e�r�s�o�n� �1�9�8�9�)�.� �P�o�p�u�l�a�t�i�o�n�s� �o�f� �t�o�b�a�c�c�o� �a�p�h�i�d�s� 

�i�n�c�r�e�a�s�e� �u�n�t�i�l� �t�h�e� �t�o�b�a�c�c�o� �i�s� �t�o�p�p�e�d� �a�n�d� �d�e�c�l�i�n�e� �r�a�p�i�d�l�y� �t�h�e�r�e�a�f�t�e�r� �(�S�e�m�t�n�e�r� �1�9�8�4�,� 

�L�a�m�p�e�r�t� �1�9�8�9�,� �M�c�P�h�e�r�s�o�n� �1�9�8�9�)�.� �U�s�u�a�l�l�y�,� �e�a�r�l�y� �t�r�a�n�s�p�l�a�n�t�e�d� �t�o�b�a�c�c�o� �s�u�f�f�e�r�s� 

�f�r�o�m� �e�a�r�l�y� �a�n�d� �h�i�g�h� �a�p�h�i�d� �i�n�f�e�s�t�a�t�i�o�n�s� �(�S�e�m�t�n�e�r� �1�9�8�4� �a�n�d� �M�c�P�h�e�r�s�o�n� �1�9�8�9�,� 

�M�c�P�h�e�r�s�o�n� �e�t� �a�l�.� �1�9�9�3�)�.� �T�h�e�s�e� �v�a�r�i�a�t�i�o�n�s� �i�n� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �m�i�g�h�t� �i�n�f�l�u�e�n�c�e� �t�h�e� 

�l�e�v�e�l� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�n�f�e�c�t�i�o�n� �a�s� �i�t� �a�p�p�e�a�r�e�d� �i�n� �t�h�e� �i�n�f�e�c�t�i�o�n�s� �i�n� �t�h�e� �A�.� �p�i�s�u�m� 

�(�W�i�l�d�i�n�g� �1�9�7�5�)� �a�n�d� �a�l�s�o� �i�n� �c�a�s�e� �o�f� �a�n�o�t�h�e�r� �f�u�n�g�a�l� �p�a�t�h�o�g�e�n�,� �S�c�h�i�z�o�l�a�c�h�n�u�s� 

�p�i�n�i�r�a�d�i�a�t�a�e� �(�S�o�p�e�r� �a�n�d� �M�a�c�L�e�o�d� �1�9�8�1�)�.� �L�e�a�f� �s�u�r�f�a�c�e� �c�h�e�m�i�c�a�l�s� �o�f� �t�o�b�a�c�c�o� �a�r�e� 

�k�n�o�w�n� �t�o� �b�e� �t�o�x�i�c� �t�o� �p�h�y�t�o�p�a�t�h�o�g�e�n�i�c� �f�u�n�g�i� �(�C�r�u�i�c�k�s�h�a�n�k� �e�t� �a�l�.� �1�9�7�7�,� �S�e�v�e�r�s�o�n� �e�t� 

�a�l�.� �1�9�8�5�,� �M�e�n�e�t�r�e�z� �e�t� �a�l�.� �1�9�8�7�,� �M�e�n�e�t�r�e�z� �e�t� �a�l�.� �1�9�9�0�)�.� �V�a�r�i�a�t�i�o�n� �o�f� �l�e�a�f� �s�u�r�f�a�c�e� 

�c�h�e�m�i�s�t�r�y� �o�c�c�u�r�s� �a�m�o�n�g� �d�i�f�f�e�r�e�n�t� �t�o�b�a�c�c�o� �c�u�l�t�i�v�a�r�s� �(�G�i�r�a�r�d�e�a�u� �e�t� �a�l�.� �1�9�7�3�,� 
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�S�e�v�e�r�s�o�n� �e�t� �a�l�.� �1�9�8�4�,� �J�o�h�n�s�o�n� �e�t� �a�l�.� �1�9�8�5�,� �S�e�v�e�r�s�o�n� �e�t� �a�l�.� �1�9�8�5�)� �a�n�d� �t�h�i�s� �c�o�u�l�d� 

�i�n�f�l�u�e�n�c�e� �P�.� �n�e�o�a�p�h�i�d�i�s� �a�n�d� �i�t�s� �i�n�f�e�c�t�i�o�n�s� �i�n� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d�,� �a�l�t�h�o�u�g�h� �s�u�c�h� 

�i�n�f�l�u�e�n�c�e� �o�n� �e�n�t�o�m�o�p�a�t�h�o�g�e�n�i�c� �f�u�n�g�i� �i�s� �n�o�t� �k�n�o�w�n�.� 

�I�n�t�r�o�d�u�c�i�n�g� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�n�t�o� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �t�o�b�a�c�c�o� �a�p�h�i�d�s� �f�o�r� �t�h�e�i�r� �c�o�n�t�r�o�l�.� 

�C�o�n�i�d�i�o�b�o�l�u�s� �o�b�s�c�u�r�u�s� �R�e�m�a�u�d�i�é�r�e� �&� �K�e�l�l�e�r� �(�=�E�n�t�o�m�o�p�h�t�h�o�r�a� �t�h�a�x�t�e�r�i�a�n�a� 

�(�P�e�t�c�h�.�)� �H�a�l�l� �&� �B�e�l�l�)� �a�n�d� �Z�o�o�p�h�t�h�o�r�a� �r�a�d�i�c�a�n�s� �(�B�r�e�f�e�l�d�)� �B�a�t�k�o� �(�=�E�n�t�o�m�o�p�h�t�h�o�r�a� 

�s�p�h�a�e�r�o�s�p�e�r�m�a� �s�e�n�s�u� �T�h�a�x�t�e�r�)� �w�e�r�e� �t�h�e� �f�i�r�s�t� �t�w�o� �s�p�e�c�i�e�s� �o�f� �f�u�n�g�i� �u�s�e�d� �a�g�a�i�n�s�t� 

�v�a�r�i�o�u�s� �a�p�h�i�d�s� �a�n�d� �t�e�t�r�a�n�y�c�h�i�d�s� �i�n� �t�h�e� �g�r�e�e�n�h�o�u�s�e�s� �a�n�d� �i�n� �t�h�e� �f�i�e�l�d�.� �I�n� �v�i�t�r�o� �g�r�o�w�n� 

�c�u�l�t�u�r�e�s� �o�f� �t�h�e�s�e� �f�u�n�g�i� �p�r�o�v�i�d�e�d� �g�o�o�d� �c�o�n�t�r�o�l� �o�f� �p�e�a�c�h�-�p�o�t�a�t�o� �a�p�h�i�d�s� �a�n�d� 

�t�e�t�r�a�n�y�c�h�i�d�s� �(�E�g�u�i�n�a� �a�n�d� �T�s�i�n�o�v�s�k�i�i� �1�9�7�2�,� �E�g�u�i�n�a� �e�t� �a�l�.� �1�9�7�7�,� �T�s�i�n�o�v�s�k�i�i� �a�n�d� 

�E�g�u�i�n�a� �1�9�7�2�)�.� �P�.� �n�e�o�a�p�h�i�d�i�s� �u�s�e�d� �a�s� �m�y�c�e�l�i�u�m� �p�r�o�d�u�c�e�d� �i�n� �a� �f�e�r�m�e�n�t�e�r� �g�a�v�e� 

�s�a�t�i�s�f�a�c�t�o�r�y� �c�o�n�t�r�o�l� �o�f� �s�e�v�e�r�a�l� �s�p�e�c�i�e�s� �o�f� �a�p�h�i�d�s� �o�n�l�y� �u�n�d�e�r� �h�e�a�v�y� �a�p�h�i�d� �d�e�n�s�i�t�i�e�s� 

�o�n� �l�e�t�t�u�c�e� �(�D�e�d�r�y�v�e�r� �a�n�d� �R�a�b�a�s�s�e� �1�9�8�2�)�.� �F�i�e�l�d� �t�e�s�t�s� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �s�h�o�w�e�d� �t�h�a�t� 

�a� �h�o�m�o�g�e�n�a�t�e� �o�f� �t�h�e� �f�u�n�g�u�s� �g�r�o�w�n� �o�n� �a�g�a�r� �p�l�a�t�e�s� �f�a�i�l�e�d� �t�o� �e�s�t�a�b�l�i�s�h� �i�n�f�e�c�t�i�o�n� �i�n� 

�A�p�h�i�s� �f�a�b�a�e� �p�o�p�u�l�a�t�i�o�n�s� �(�W�i�l�d�i�n�g� �e�t� �a�l�.� �1�9�8�6�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� 

�p�o�w�d�e�r� �o�f� �f�u�n�g�u�s�-�k�i�l�l�e�d� �a�p�h�i�d�s� �a�n�d� �r�e�l�e�a�s�e� �o�f� �l�i�v�i�n�g� �l�a�b�o�r�a�t�o�r�y�-�i�n�f�e�c�t�e�d� �a�p�h�i�d�s� 

�w�e�r�e� �s�u�c�c�e�s�s�f�u�l� �i�n� �e�s�t�a�b�l�i�s�h�i�n�g� �i�n�f�e�c�t�i�o�n� �(�W�i�l�d�i�n�g� �e�t� �a�l�.� �1�9�8�6�)�.� �I�n� �f�i�e�l�d� 

�e�x�p�e�r�i�m�e�n�t�s�,� �L�a�t�t�e�u�r� �a�n�d� �G�o�d�e�f�r�o�i�d� �(�1�9�8�2�)�,� �o�b�t�a�i�n�e�d� �p�o�o�r� �c�o�n�t�r�o�l� �o�f� �c�e�r�e�a�l� �a�p�h�i�d�s� 

�t�r�e�a�t�e�d� �w�i�t�h� �t�h�e� �m�y�c�e�l�i�u�m� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �c�u�l�t�u�r�e�d� �i�n� �n�u�t�r�i�e�n�t� �b�r�o�t�h�.� �T�h�i�s� 

�p�a�t�h�o�g�e�n� �w�a�s� �l�a�t�e�r� �f�o�u�n�d� �t�o� �b�e� �a�n�o�t�h�e�r� �s�p�e�c�i�e�s�,� �w�i�t�h� �l�o�w� �p�a�t�h�o�g�e�n�i�c�i�t�y�,� �c�l�o�s�e�l�y� 
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�r�e�l�a�t�e�d� �t�o� �P�.� �n�e�o�a�p�h�i�d�i�s�.� 

�W�i�l�d�i�n�g� �e�t� �a�l�.� �(�1�9�9�0�)� �w�e�r�e� �s�u�c�c�e�s�s�f�u�l� �i�n� �e�s�t�a�b�l�i�s�h�i�n�g� �i�n�f�e�c�t�i�o�n� �i�n� �c�e�r�e�a�l� 

�a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �b�y� �a�p�p�l�y�i�n�g� �d�r�i�e�d� �P�.� �n�e�o�a�p�h�i�d�i�s�-�k�i�l�l�e�d� �a�p�h�i�d�s�.� �W�i�l�d�i�n�g� �(�1�9�8�2�)� 

�r�e�p�o�r�t�e�d� �t�h�a�t� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �p�o�w�d�e�r� �o�f� �f�u�n�g�u�s�-�k�i�l�l�e�d� �p�e�a� �a�p�h�i�d�s� �(�2�.�8� �m�g�/�p�l�a�n�t�)� 

�i�n�i�t�i�a�t�e�d� �i�n�f�e�c�t�i�o�n� �a�s� �e�f�f�e�c�t�i�v�e�l�y� �a�s� �t�h�e� �r�e�l�e�a�s�e� �o�f� �l�i�v�i�n�g�-�i�n�f�e�c�t�e�d� �a�p�h�i�d�s�.� �T�h�e� 

�i�n�f�e�c�t�i�o�n�s� �w�e�r�e� �h�i�g�h�e�r� �i�n� �a�p�h�i�d�s� �i�n� �i�r�r�i�g�a�t�e�d� �t�h�a�n� �i�n� �u�n�i�r�r�i�g�a�t�e�d� �f�i�e�l�d�s�.� �W�i�l�d�i�n�g� 

�(�1�9�8�2�)� �a�l�s�o� �o�b�s�e�r�v�e�d� �a� �t�w�o�-�f�o�l�d� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �y�i�e�l�d� �o�f� �b�e�a�n�s� �i�n� �p�l�o�t�s� �t�r�e�a�t�e�d� �w�i�t�h� 

�t�h�e� �p�a�t�h�o�g�e�n� �t�h�a�n� �i�n� �u�n�t�r�e�a�t�e�d� �p�l�o�t�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �p�a�t�h�o�g�e�n�-�t�r�e�a�t�e�d� �p�l�o�t�s� �o�n�l�y� 

�h�a�d� �h�a�l�f� �o�f� �t�h�e� �y�i�e�l�d� �o�f� �i�n�s�e�c�t�i�c�i�d�e�-�t�r�e�a�t�e�d� �p�l�o�t�s�.� 

�V�i�r�u�l�e�n�c�e� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �t�o� �t�o�b�a�c�c�o� �a�n�d� �g�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d�s�.� �B�i�o�t�y�p�e�s� �o�f� �t�h�e� 

�p�e�a� �a�p�h�i�d�,� �A�.� �p�i�s�u�m� �s�h�o�w�e�d� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e�i�r� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �P�.� �n�e�o�a�p�h�i�d�i�s� 

�(�M�i�l�n�e�r� �1�9�8�2� �a�n�d� �1�9�8�5�)�.� �I�s�o�l�a�t�e�s� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �a�l�s�o� �d�i�f�f�e�r�e�d� �i�n� �t�h�e�i�r� �v�i�r�u�l�e�n�c�e� 

�t�o� �r�e�s�i�s�t�a�n�t� �a�n�d� �s�u�s�c�e�p�t�i�b�l�e� �b�i�o�t�y�p�e�s� �o�f� �t�h�e� �p�e�a� �a�p�h�i�d� �(�M�i�l�n�e�r� �1�9�8�2� �a�n�d� �1�9�8�5�)�.� 

�T�w�o� �o�u�t� �o�f� �1�1� �i�s�o�l�a�t�e�s� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�n�f�e�c�t�e�d� �b�o�t�h� �r�e�s�i�s�t�a�n�t� �a�n�d� �s�u�s�c�e�p�t�i�b�l�e� 

�b�i�o�t�y�p�e�s� �o�f� �t�h�e� �p�e�a� �a�p�h�i�d� �o�n� �a�l�f�a�l�f�a� �l�e�a�f�l�e�t�s� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �s�t�u�d�i�e�s� �i�n� �A�u�s�t�r�a�l�i�a� 

�(�M�i�l�n�e�r� �1�9�8�2�)�.� �T�h�e� �p�r�e�v�a�l�e�n�c�e� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �a�l�s�o� �v�a�r�i�e�d� �a�m�o�n�g� �d�i�f�f�e�r�e�n�t� 

�s�p�e�c�i�e�s� �o�f� �a�p�h�i�d�s� �(�D�e�a�n� �a�n�d� �W�i�l�d�i�n�g� �1�9�7�1� �a�n�d� �1�9�7�3�,� �C�a�m�e�r�o�n� �a�n�d� �M�i�l�n�e�r� �1�9�8�1�,� 

�F�e�n�g� �e�t� �a�l�.� �1�9�9�0�,� �F�e�n�g� �e�t� �a�l�.� �1�9�9�1�)�.� �I�t� �w�a�s� �n�o�t� �k�n�o�w�n� �i�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�s� �e�q�u�a�l�l�y� 

�v�i�r�u�l�e�n�t� �t�o� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d� �a�n�d� �t�h�e� �g�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d�,� �M�.� �p�e�r�s�i�c�a�e� �(�S�u�l�z�e�r�)� �a�n�d� 

�t�o� �d�i�f�f�e�r�e�n�t� �b�i�o�t�y�p�e�s� �o�f� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d�.� 

�1�9



�I�n�f�l�u�e�n�c�e� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t�a�l� �m�o�r�p�h�o�l�o�g�y� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �o�n� 

�t�o�b�a�c�c�o� �a�p�h�i�d� �c�u�t�i�c�l�e�,� �t�o�b�a�c�c�o� �l�e�a�f�,� �a�n�d� �c�o�v�e�r�s�l�i�p�.� �M�i�l�n�e�r� �a�n�d� �B�o�u�r�n�e� �(�1�9�8�3�)� 

�r�e�p�o�r�t�e�d� �n�o� �c�o�n�s�i�s�t�e�n�t� �e�f�f�e�c�t� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �i�n�f�e�c�t�i�v�i�t�y� �o�f� �t�h�e� �p�r�i�m�a�r�y� �s�p�o�r�e�s� �o�f� 

�P�.� �n�e�o�a�p�h�i�d�i�s�.� �T�h�e�y� �a�l�s�o� �o�b�s�e�r�v�e�d� �t�h�a�t� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �l�e�a�f� �w�e�t�n�e�s�s� �p�e�r�i�o�d� �f�o�r� �2�4� �h� 

�a�f�t�e�r� �i�n�o�c�u�l�a�t�i�o�n� �r�e�s�u�l�t�e�d� �i�n� �a� �h�i�g�h�e�r� �i�n�f�e�c�t�i�o�n� �i�n� �b�l�u�e�-�g�r�e�e�n� �a�p�h�i�d�,� �4�.� �k�o�n�d�o�i� 

�S�h�i�n�j�i� �i�n� �a�l�f�a�l�f�a�.� �H�i�g�h�e�r� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�i�e�s� �n�e�a�r� �s�a�t�u�r�a�t�i�o�n� �a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� 

�c�o�n�i�d�i�a�l� �g�e�r�m�i�n�a�t�i�o�n� �a�n�d� �h�o�s�t� �i�n�v�a�s�i�o�n� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �a�n�d� �o�t�h�e�r� 

�e�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s� �(�W�i�l�d�i�n�g� �1�9�7�1�,� �C�a�r�r�u�t�h�e�r�s� �a�n�d� �H�u�r�a�l� �1�9�9�0�,� �Y�u� �e�t�.� �a�l�.� �1�9�9�5�)�.� 

�S�t�u�d�i�e�s� �o�f� �N�o�r�d�i�n� �e�t� �a�l�.� �(�1�9�9�3�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �a�n� �i�s�o�l�a�t�e� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �o�b�t�a�i�n�e�d� 

�f�r�o�m� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d� �d�i�d� �n�o�t� �p�r�o�d�u�c�e� �c�o�n�i�d�i�a� �o�r� �i�n�f�e�c�t� �a�p�h�i�d�s� �a�t� �t�e�m�p�e�r�a�t�u�r�e�s� 

�h�i�g�h�e�r� �t�h�a�n� �3�0�°�C� �o�r� �a�t� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�i�e�s� �9�8�%�.� �H�o�w�e�v�e�r�,� �B�r�o�b�y�n� �e�t� �a�l�.� �(�1�9�8�7�)� 

�s�h�o�w�e�d� �t�h�a�t� �t�h�e� �i�n�f�e�c�t�i�v�i�t�y� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �c�o�n�i�d�i�a� �p�e�r�s�i�s�t�e�d� �l�o�n�g�e�s�t� �a�t� �m�e�d�i�u�m� �t�o� 

�l�o�w� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�i�e�s� �(�f�o�r� �1�4� �d� �a�t� �4�0�%� �a�n�d� �f�o�r� �>�2�1� �d� �a�t� �5�%� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y�)� �o�n� 

�a�l�f�a�l�f�a� �l�e�a�v�e�s�,� �a�n�d� �f�o�r� �2�1� �d�a�y�s� �a�t� �4�0�%� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �o�n� �c�o�v�e�r�s�l�i�p�s�.� �T�h�e�y� �a�l�s�o� 

�r�e�p�o�r�t�e�d� �t�h�a�t� �c�o�n�i�d�i�a� �l�o�s�e� �t�h�e�i�r� �i�n�f�e�c�t�i�v�i�t�y� �f�a�s�t�e�r� �a�t� �h�i�g�h�e�r� �h�u�m�i�d�i�t�i�e�s� �a�s� �t�h�e�y� 

�p�r�o�d�u�c�e� �s�u�c�c�e�s�s�i�v�e� �g�e�n�e�r�a�t�i�o�n�s� �o�f� �c�o�n�i�d�i�a� �a�n�d� �e�x�h�a�u�s�t� �t�h�e�i�r� �e�n�e�r�g�y� �r�e�s�e�r�v�e�s�.� �T�h�e� 

�r�e�s�p�o�n�s�e� �o�f� �t�h�e� �p�a�t�h�o�g�e�n� �a�l�s�o� �v�a�r�i�e�s� �o�n� �d�i�f�f�e�r�e�n�t� �s�u�r�f�a�c�e�s�.� �T�h�e� �l�o�s�s� �o�f� �i�n�f�e�c�t�i�v�i�t�y� 

�P�.� �n�e�o�a�p�h�i�d�i�s� �c�o�n�i�d�i�a� �w�a�s� �f�a�s�t�e�r�,� �w�h�i�c�h� �m�e�a�n�s� �g�e�r�m�i�n�a�t�i�o�n� �w�a�s� �h�i�g�h�e�r�,� �o�n� 

�c�o�v�e�r�s�l�i�p�s� �t�h�a�n� �o�n� �b�e�a�n� �l�e�a�v�e�s� �a�t� �7�0�-�7�7�%� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �(�B�r�o�b�y�n� �e�t� �a�l�.� �1�9�8�7�)�.� 

�I�n� �t�h�e� �c�a�s�e� �o�f� �A�s�c�h�e�r�s�o�n�i�a� �a�l�e�y�r�o�d�i�s�,� �a�n�o�t�h�e�r� �f�u�n�g�a�l� �p�a�t�h�o�g�e�n�,� �c�o�n�i�d�i�a�l� 

�2�0



�g�e�r�m�i�n�a�t�i�o�n� �w�a�s� �h�i�g�h�e�r� �o�n� �t�h�e� �c�u�t�i�c�l�e� �o�f� �g�r�e�e�n�h�o�u�s�e� �w�h�i�t�e�f�l�y�,� �T�r�i�a�l�e�u�r�o�d�e�s� 

�v�a�p�o�r�a�r�i�o�r�u�m� �(�W�e�s�t�w�o�o�d�)�,� �t�h�a�n� �o�n� �c�u�c�u�m�b�e�r� �l�e�a�f� �(�F�r�a�n�s�e�n� �1�9�9�5�)�.� �T�h�e� �m�o�d�e� �o�f� 

�g�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �e�n�t�o�m�o�p�h�t�h�o�r�a�l�e�a�n�,� �Z�o�o�p�h�t�h�o�r�a� �r�a�d�i�c�a�n�s� �B�a�t�k�o� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�d�i�f�f�e�r�e�d� �o�n� �t�h�e� �t�h�r�e�e� �b�o�d�y� �r�e�g�i�o�n�s� �o�f� �t�h�e� �p�o�t�a�t�o� �l�e�a�f�h�o�p�p�e�r�,� �E�m�p�o�a�s�c�a� �f�a�b�a�e� �a�t� 

�2�0�°�C� �a�n�d� �1�0�0�%� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �(�W�r�a�i�g�h�t� �e�t� �a�l�.� �1�9�9�0�)�.� 

�T�h�e� �o�p�t�i�m�u�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �g�e�r�m�i�n�a�t�i�o�n� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�s� �b�e�t�w�e�e�n� �1�8� 

�a�n�d� �2�3�°�C� �(�M�o�r�g�a�n� �e�t� �a�l�.� �1�9�9�2�,� �M�o�r�g�a�n� �e�t� �a�l�.� �1�9�9�5�)�.� �T�h�e� �g�e�r�m�i�n�a�t�i�o�n� �o�f� �p�r�i�m�a�r�y� 

�c�o�n�i�d�i�a� �o�f� �a�n�o�t�h�e�r� �e�n�t�o�m�o�p�h�t�h�o�r�a�l�e�a�n�,� �Z�.� �p�h�a�l�l�o�i�d�e�s� �B�a�t�k�o�,� �o�n� �c�o�v�e�r�s�l�i�p� �w�a�s� 

�d�i�r�e�c�t�l�y� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �t�e�m�p�e�r�a�t�u�r�e� �b�e�t�w�e�e�n� �1�0� �a�n�d� �2�0�°�C� �(�G�l�a�r�e� �e�t� 

�a�l�.� �1�9�8�6�b�)�.� �W�r�a�i�g�h�t� �e�t� �a�l�.� �(�1�9�9�2�)� �o�b�s�e�r�v�e�d� �t�h�a�t� �o�p�t�i�m�u�m� �t�e�m�p�e�r�a�t�u�r�e�s� �f�o�r� 

�i�n�f�e�c�t�i�o�n� �a�n�d� �g�e�r�m�i�n�a�t�i�o�n� �o�f� �c�o�n�i�d�i�a� �w�e�r�e� �2�3� �a�n�d� �2�2�°�C�,� �r�e�s�p�e�c�t�i�v�e�l�y� �f�o�r� �Z�.� 

�r�a�d�i�c�a�n�s� �o�n� �t�h�e� �g�r�e�e�n� �l�e�a�f�h�o�p�p�e�r�,� �E�.� �k�r�a�e�m�e�r�i� �R�o�s�s� �&� �M�o�o�r�e�,� �a�n�d� �g�e�r�m�i�n�a�t�i�o�n� 

�w�a�s� �a�f�f�e�c�t�e�d� �a�t� �2�8�°�C� �a�n�d� �a�b�o�v�e�.� �T�h�e� �i�n�f�e�c�t�i�o�n�s� �Z�.� �p�h�a�l�l�o�i�d�e�s� �i�n� �n�y�m�p�h�s� �o�f� �M�.� 

�p�e�r�s�i�c�a�e� �w�a�s� �h�i�g�h�e�r� �a�t� �1�2�,� �1�5� �a�n�d� �1�8�°�C� �w�i�t�h� �5�6�,� �4�4�,� �a�n�d� �5�3�%� �m�o�r�t�a�l�i�t�y�,� 

�r�e�s�p�e�c�t�i�v�e�l�y� �(�G�l�a�r�e� �e�t� �a�l�.� �1�9�8�6�a�)�.� �T�h�e� �i�n�f�e�c�t�i�o�n�s� �w�e�r�e� �c�o�n�s�i�d�e�r�a�b�l�y� �l�o�w�e�r� �o�u�t� �o�f� 

�t�h�i�s� �r�a�n�g�e� �w�i�t�h� �2�8�,� �1�5� �a�n�d� �2�%� �m�o�r�t�a�l�i�t�y� �a�t� �1�0�,� �2�0� �a�n�d� �2�2�°�C�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
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�L�i�t�e�r�a�t�u�r�e� �c�i�t�e�d� 

�A�b�d�e�l�-�A�a�l�,� �Y�.�A�.�I�.�,� �E�.�P�.� �L�a�m�p�e�r�t�,� �R�.�M�.� �R�o�e�,� �a�n�d� �P�.�J�.� �S�e�m�t�n�e�r�.� �1�9�9�2�.� �D�i�a�g�n�o�s�t�i�c� 
�e�s�t�e�r�a�s�e�s� �a�n�d� �i�n�s�e�c�t�i�c�i�d�e� �r�e�s�i�s�t�a�n�c�e� �i�n� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d�,� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e� 
�B�l�a�c�k�m�a�n� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)�.� �P�e�s�t�i�c�i�d�e� �B�i�o�c�h�e�m�.� �a�n�d� �P�h�y�s�i�o�l�.� �4�3�:� �1�2�3�-� 
�1�3�3�.� 

�B�e�n�-�Z�e ��e�v�,� �I�.� �a�n�d� �R�.�G�.� �K�e�n�n�e�t�h�.� �1�9�8�2�.� �F�e�a�t�u�r�e�s�-�c�r�i�t�e�r�i�a� �o�f� �t�a�x�o�n�o�m�i�c� �v�a�l�u�e� �i�n� 
�t�h�e� �E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�:� �I�I�.� �A� �r�e�v�i�s�i�o�n� �o�f� �t�h�e� �g�e�n�u�s� �E�r�y�n�i�a� �N�o�w�a�k�o�w�s�k�i� �1�8�8�1� 
�(�Z�o�o�p�h�t�h�o�r�a� �B�a�t�k�o� �1�9�6�4�)�.� �M�y�c�o�t�a�x�o�n� �1�4�:� �4�5�6�-�4�7�5�.� 

�B�l�a�c�k�m�a�n�,� �R�.�L�.� �1�9�8�7�.� �M�o�r�p�h�o�l�o�g�i�c�a�l� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �o�f� �a� �t�o�b�a�c�c�o� �f�e�e�d�i�n�g� �f�o�r�m� 
�f�r�o�m� �M�y�z�u�s� �p�e�r�s�i�c�a�e� �(�S�u�l�z�e�r�)� �(�H�e�m�i�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)�,� �a�n�d� �a� �k�e�y� �t�o� �N�e�w� �W�o�r�l�d� 
�M�y�z�u�s� �(�N�e�c�t�a�c�r�o�s�i�p�h�o�n�)� �s�p�e�c�i�e�s�.� �B�u�l�l�.� �E�n�t�o�m�o�l�.� �R�e�s�.� �7�7�:� �7�1�3�-�7�3�0�.� 

�B�l�a�c�k�m�a�n�,� �R�.�L�.� �a�n�d� �J�.�M�.� �S�p�e�n�c�e�.� �1�9�9�2�.� �E�l�e�c�t�r�o�p�h�o�r�e�t�i�c� �d�i�s�t�i�n�c�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� 
�p�e�a�c�h�-�p�o�t�a�t�o� �a�p�h�i�d�,� �M�y�z�u�s� �p�e�r�s�i�c�a�e�,� �a�n�d� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d�,� �M�.� �n�i�c�o�t�i�a�n�a�e� 
�(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)�.� �B�u�l�l�.� �E�n�t�o�m�o�l�.� �R�e�s�.� �8�2�:� �1�6�1�-�1�6�5�.� 

�B�r�o�b�y�n�,� �P�.�J�.�,� �N�.� �W�i�l�d�i�n�g�,� �a�n�d� �S�.�J�.� �C�l�a�r�k�.� �1�9�8�5�.� �T�h�e� �p�e�r�s�i�s�t�e�n�c�e� �o�f� �i�n�f�e�c�t�i�v�i�t�y� �o�f� 
�c�o�n�i�d�i�a� �o�f� �t�h�e� �a�p�h�i�d� �p�a�t�h�o�g�e�n� �E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s� �o�n� �l�e�a�v�e�s� �i�n� �t�h�e� �f�i�e�l�d�.� �A�n�n�.� �a�p�p�l�.� 
�B�i�o�l�.� �1�0�7�:� �3�6�5�-�3�7�6�.� 

�B�r�o�b�y�n�,� �P�.�J�.�,� �N�.� �W�i�l�d�i�n�g�,� �a�n�d� �S�.�J�.� �C�l�a�r�k�.� �1�9�8�7�.� �L�a�b�o�r�a�t�o�r�y� �o�b�s�e�r�v�a�t�i�o�n�s� �o�n� �t�h�e� 
�e�f�f�e�c�t� �o�f� �h�u�m�i�d�i�t�y� �o�n� �t�h�e� �p�e�r�s�i�s�t�e�n�c�e� �o�f� �i�n�f�e�c�t�i�v�i�t�y� �o�n� �c�o�n�i�d�i�a� �o�f� �t�h�e� �a�p�h�i�d� 
�p�a�t�h�o�g�e�n� �E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s�.� �A�n�n�.� �a�p�p�l�.� �B�i�o�l�.� �1�1�0�:� �5�7�9�-�5�8�4�.� 

�B�u�t�t�,� �T�.�M�.�,� �A�.� �B�e�c�k�e�t�t�,� �a�n�d� �N�.� �W�i�l�d�i�n�g�.� �1�9�9�0�.� �A� �h�i�s�t�o�l�o�g�i�c�a�l� �s�t�u�d�y� �o�f� �t�h�e� 
�i�n�v�a�s�i�v�e� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t�a�l� �p�r�o�c�e�s�s�e�s� �o�f� �t�h�e� �a�p�h�i�d� �p�a�t�h�o�g�e�n� �E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s� 
�(�Z�y�g�o�m�y�c�o�t�i�n�a�:� �E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�)� �i�n� �t�h�e� �p�e�a� �a�p�h�i�d� �A�c�y�r�t�h�o�s�i�p�h�o�n� �p�i�s�u�m�.� �C�a�n�.� �J�.� 
�B�o�t�.� �6�8�:� �2�1�5�3�-�2�1�6�3�.� 

�C�a�m�e�r�o�n�,� �P�.�J�.� �a�n�d� �R�.�J�.� �M�i�l�n�e�r�.� �1�9�8�1�.� �T�h�e� �i�n�c�i�d�e�n�c�e� �o�f� �E�n�t�o�m�o�p�h�t�h�o�r�a� �s�p�p�.� �n� 
�s�y�m�p�a�t�r�i�c� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �A�c�y�r�t�h�o�s�i�p�h�o�n� �k�o�n�d�o�i� �a�n�d� �A�.� �p�i�s�u�m�.� �N�.�Z�.�J�.� �Z�o�o�l�.� �8�:� �4�4�1�-� 
�4�4�6�.� 

�C�a�r�r�u�t�h�e�r�s�,� �R�.�I�.� �a�n�d� �K�.� �H�u�r�a�l�.� �1�9�9�0�.� �F�u�n�g�i� �a�s� �n�a�t�u�r�a�l�l�y� �o�c�c�u�r�r�i�n�g� 
�e�n�t�o�m�o�p�a�t�h�o�g�e�n�s�,� �p�p�.� �1�1�5�-�1�3�8�.� �J�n� �P�.� �D�u�n�n� �&� �T�.� �B�a�k�e�r� �[�e�d�s�.�]�,� �N�e�w� �d�i�r�e�c�t�i�o�n� �i�n� 
�b�i�o�l�o�g�i�c�a�l� �c�o�n�t�r�o�l�:� �a�l�t�e�r�n�a�t�i�v�e�s� �f�o�r� �s�u�p�p�r�e�s�s�i�n�g� �a�g�r�i�c�u�l�t�u�r�a�l� �p�e�s�t�s� �a�n�d� �d�i�s�e�a�s�e�s�.� 
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�C�h�a�m�b�e�r�l�i�n�,� �F�.�S�.� �1�9�5�8�.� �H�i�s�t�o�r�y� �a�n�d� �s�t�a�t�u�s� �o�f� �t�h�e� �g�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d� �a�s� �a� �p�e�s�t� �o�f� 
�t�o�b�a�c�c�o� �i�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�.� �U�S�D�A� �T�e�c�h�.� �B�u�l�l�.� �1�1�7�5�.� 

�C�h�r�y�s�s�o�c�h�o�o�u�,� �A�.� �a�n�d� �C�.�G�.� �B�l�o�u�k�i�d�i�s�.� �1�9�9�2�.� �I�m�i�d�a�c�l�o�p�r�i�d�-�a� �n�o�v�e�l� �i�n�s�e�c�t�i�c�i�d�e� �f�o�r� 
�t�o�b�a�c�c�o� �a�p�h�i�d� �c�o�n�t�r�o�l� �i�n� �G�r�e�e�c�e�.� �C�O�R�E�S�T�A� �I�n�f�o�r�m�a�t�i�o�n� �B�u�l�l�e�t�i�n�,� �C�O�R�E�S�T�A� 
�C�o�n�f�e�r�e�n�c�e�,� �J�e�r�e�z� �d�e� �l�a� �F�r�o�n�t�e�r�a�,� �S�p�a�i�n�,� �O�c�t�o�b�e�r�,� �1�9�9�2�.� 

�C�r�u�i�c�k�s�h�a�n�k�,� �I�.�A�.�M�.�,� �D�.�R�.� �P�e�r�r�i�n�,� �a�n�d� �M�.� �M�a�n�d�r�y�k�.� �1�9�7�7�.� �F�u�n�g�i�t�o�x�i�c�i�t�y� �o�f� 
�d�u�v�a�t�r�i�e�n�d�i�o�l�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �c�u�t�i�c�u�l�a�r� �w�a�x� �o�f� �t�o�b�a�c�c�o� �l�e�a�v�e�s�.� �P�h�y�t�o�p�a�t�h�o�l�.� 
�Z�.� �9�0�:� �2�4�3�-�2�4�9�.� 

�D�e�a�n�,� �G�.�J�.�W�.� �a�n�d� �N�.� �W�i�l�d�i�n�g�.� �1�9�7�1�.� �E�n�t�o�m�o�p�h�t�h�o�r�a� �i�n�f�e�c�t�i�n�g� �t�h�e� �c�e�r�e�a�l� �a�p�h�i�d�s� 
�M�e�t�o�p�o�l�o�p�h�i�u�m� �d�i�r�h�o�d�u�m� �a�n�d� �S�i�t�o�b�i�o�n� �a�v�e�n�a�e�.� �J�.� �I�n�v�e�r�t�e�b�r�.� �P�a�t�h�o�l�.� �1�8�:� �1�6�9�-� 
�1�7�6�.� 

�D�e�a�n�,� �G�.�J�.�W�.� �a�n�d� �N�.� �W�i�l�d�i�n�g�.� �1�9�7�3�.� �I�n�f�e�c�t�i�o�n� �o�f� �c�e�r�e�a�l� �a�p�h�i�d�s� �b�y� �t�h�e� �f�u�n�g�u�s� 
�E�n�t�o�m�o�p�h�t�h�o�r�a�.� �A�n�n�.� �a�p�p�l�.� �B�i�o�l�.� �7�4�:�1�3�3�-�1�3�8�.� 

�D�e�d�r�y�v�e�r�,� �C�.�A�.� �a�n�d� �J�.�M�.� �R�a�b�a�s�s�e�.� �1�9�8�2�.� �D�e�c�l�e�n�c�h�e�m�e�n�t� �e�n� �s�e�r�r�e� �d�'�u�n�e� �e�p�i�z�o�o�t�i�e� 
�a� �E�n�t�o�m�o�p�h�t�h�o�r�a� �f�r�e�s�e�n�i�i� �s�u�r� �A�p�h�i�s� �f�a�b�a�e� �p�a�r� �i�n�t�r�o�d�u�c�t�i�o�n� �d�'�i�n�o�c�u�l�u�m� �e�t� 
�r�e�g�u�l�a�t�i�o�n� �d�e� �I�h�u�m�i�d�i�t�e� �r�e�l�a�t�i�v�e�.� �E�n�t�o�m�o�p�h�a�g�a�.� �2�4�:� �4�4�3�-�4�5�3�.� 

�E�g�u�i�n�a�,� �K�.�A�.� �e�t� �A�.�P�.� �T�s�i�n�o�v�s�k�i�i�.� �1�9�7�2�.� �E�m�p�l�o�i� �d�e�s� �E�n�t�o�m�o�p�h�t�h�o�r�a�c�e�e�s� �c�o�n�t�r�e� �l�e�s� 
�a�c�a�r�i�e�n�s� �e�n� �s�e�r�r�e�s�.� �P�a�t�h�o�l�o�g�i�e� �d�e�s� �I�n�s�e�c�t�e�s� �e�t� �A�c�a�r�i�e�n�s�.� �E�d�i�t�i�o�n�s� �"�S�c�i�e�n�t�i�f�i�q�u�e�s�"�,� 
�R�i�g�a�:� �9�5�-�1�1�0� �(�e�n� �r�u�s�s�e�)�.� 

�E�g�u�i�n�a�,� �K�.�A�.�,� �Z�.�P�.� �T�c�h�u�d�a�r�e�,� �A�.�A�.� �S�t�r�a�z�d�i�n�j�a�,� �A�.�P�.� �S�t�i�n�o�v�s�k�i�i�,� �M�.�R�.� �A�k�c�h�e�v�i�t�s�,� 
�D�.�M�.� �E�g�l�i�t�e�,� �a�n�d� �A�.�S�.� �D�o�b�r�o�v�o�l�s�k�i�i�.� �1�9�7�7�.� �E�f�f�i�c�a�c�i�t�e� �d�e�s� �E�n�t�o�m�o�p�h�t�h�o�r�a�c�e�e�s� 
�c�o�n�t�r�e� �l�e�s� �p�u�c�e�r�o�n�s� �e�t� �l�e�s� �t�e�t�r�a�n�i�q�u�e�s�.� �L�e�s� �E�n�t�o�m�o�p�a�t�h�o�g�e�n�e�s� �e�t� �l�e�u�r� �u�t�i�l�i�s�a�t�i�o�n� 
�c�o�n�t�r�e� �l�e�s� �d�e�p�r�e�d�a�t�e�u�r�s� �d�e�s� �p�l�a�n�t�e�s�.� �E�d�i�t�i�o�n�s� �"�S�c�i�e�n�t�i�f�i�q�u�e�s �� �R�i�g�a�:� �5�2�-�7�1� �(�e�n� 
�r�u�s�s�e�)�.� 

�E�l�k�a�s�s�a�b�a�n�y�,� �N�.�M�.�,� �D�.�C�.� �S�t�e�i�n�k�r�a�u�s�,� �a�n�d� �P�.�J�.� �M�c�L�e�o�d�.� �1�9�9�2�.� �P�a�n�d�o�r�a� 
�n�e�o�a�p�h�i�d�i�s� �(�E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�:� �E�n�t�o�m�o�p�h�t�h�o�r�a�c�e�a�e�)�:� �a� �p�o�t�e�n�t�i�a�l� �b�i�o�l�o�g�i�c�a�l� �c�o�n�t�r�o�l� 
�a�g�e�n�t� �a�g�a�i�n�s�t� �M�y�z�u�s� �p�e�r�s�i�c�a�e� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �o�n� �s�p�i�n�a�c�h�.� �J�.� �K�a�n�s�a�s� 
�E�n�t�o�m�o�l�.� �S�o�c�.� �6�5�:� �1�9�6�-�1�9�9�.� 

�F�e�n�g�,� �M�.�G�.�,� �J�.�B�.� �J�o�h�n�s�o�n�,� �a�n�d� �L�.�P�.� �K�i�s�h�.� �1�9�9�0�.� �S�u�r�v�e�y� �o�f� �e�n�t�o�m�o�p�a�t�h�o�g�e�n�i�c� 
�f�u�n�g�i� �n�a�t�u�r�a�l�l�y� �i�n�f�e�c�t�i�n�g� �c�e�r�e�a�l� �a�p�h�i�d�s� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �o�f� �i�r�r�i�g�a�t�e�d� �g�r�a�i�n� 
�c�r�o�p�s� �i�n� �s�o�u�t�h�w�e�s�t�e�r�n� �I�d�a�h�o�.� �E�n�v�i�r�o�n�.� �E�n�t�o�m�o�l�.� �1�9�:� �1�5�3�4�-�1�5�4�2�.� 
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�E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�)� �a�n�d� �p�a�r�a�s�i�t�o�i�d�s� �(�H�y�m�e�n�o�p�t�e�r�a�:� �B�r�a�c�o�n�i�d�a�e� �a�n�d� �E�n�c�y�r�t�i�d�a�e�)� �o�n� 
�i�r�i�g�a�t�e�d� �s�p�r�i�n�g� �w�h�e�a�t� �i�n� �s�o�u�t�h�w�e�s�t�e�r�n� �I�d�a�h�o�.� �E�n�v�i�r�o�n�.� �E�n�t�o�m�o�l�.� �2�0�:� �1�6�9�9�-�1�7�1�0�.� 

�F�e�n�g�,� �M�.�G�.�,� �R�.�M�.� �N�o�w�i�e�r�s�k�i�,� �R�.�E�.� �K�l�e�i�n�,� �A�.�L�.� �S�c�h�a�r�e�n�,� �a�n�d� �D�.�C�.� �S�a�n�d�s�.� �1�9�9�2�.� 
�S�p�h�e�r�i�c�a�l� �h�y�p�h�a�l� �b�o�d�i�e�s� �o�f� �P�a�n�d�o�r�a� �n�e�o�a�p�h�i�d�i�s� �(�R�e�m�a�u�d�i�é�r�e� �a�n�d� �H�e�n�n�e�r�b�e�r�t�)� 
�H�u�m�b�e�r� �(�Z�y�g�o�m�y�c�e�t�e�s�:� �E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�)� �o�n� �A�c�y�r�t�h�o�s�i�p�h�o�n� �p�i�s�u�m� �(�H�a�r�r�i�s�)� 
�(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)�:� �a� �p�o�t�e�n�t�i�a�l� �o�v�e�r�w�i�n�t�e�r�i�n�g� �f�o�r�m�.� �P�a�n�-�P�a�c�i�f�i�c� 
�E�n�t�o�m�o�l�o�g�i�s�t�.� �6�8�:� �1�0�0�-�1�0�4�.� 

�F�r�a�n�s�e�n�,� �J�.�J�.� �1�9�9�5�.� �S�u�r�v�i�v�a�l� �o�f� �s�p�o�r�e�s� �o�f� �t�h�e� �e�n�t�o�m�o�p�a�t�h�o�g�e�n�i�c� �f�u�n�g�u�s� 
�A�s�c�h�e�r�s�o�n�i�a� �a�l�e�y�r�o�d�i�s� �(�D�e�u�t�e�r�o�m�y�c�o�t�i�n�a�:� �C�o�e�l�o�m�y�c�e�t�e�s�)� �o�n� �l�e�a�f� �s�u�r�f�a�c�e�s�.� �J�.� �I�n�v�.� 
�P�a�t�h�o�l�.� �6�5�:� �7�3�-�7�5�.� 

�G�i�r�a�r�d�e�a�u�,� �J�.�H�.�,� �T�.�P�.� �G�a�i�n�e�s�,� �a�n�d� �B�.�A�.� �G�o�l�d�e�n�.� �1�9�7�3�.� �P�o�s�s�i�b�l�e� �c�a�u�s�e�s� �o�f� 
�d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�o�b�a�c�c�o� �b�u�d�w�o�r�m� �d�a�m�a�g�e� �t�o� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o� �v�a�r�i�e�t�i�e�s�.� �J�.� �E�c�o�n�.� 
�E�n�t�o�m�o�l�.� �6�6�:� �4�7�0�-�4�7�2�.� 

�G�l�a�r�e�,� �T�.�R�.�,� �R�.�J�.� �M�i�l�n�e�r�,� �a�n�d� �G�.�A�.� �C�h�i�l�v�e�r�s�.� �1�9�8�6�a�.� �I�n�f�l�u�e�n�c�e� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �o�n� 
�t�h�e� �m�o�r�t�a�l�i�t�y� �o�f� �M�y�z�u�s� �p�e�r�s�i�c�a�e� �(�S�u�l�z�e�r�)� �d�u�e� �t�o� �t�h�e� �f�u�n�g�a�l� �p�a�t�h�o�g�e�n� �Z�o�o�p�h�t�h�o�r�a� 
�p�h�a�l�l�o�i�d�e�s� �B�a�t�k�o�.� �J�.� �A�u�s�t�.� �E�n�t�.� �S�o�c�.� �2�5�:� �6�3�-�6�4�.� 

�-� �1�9�8�6�b�.� �T�h�e� �e�f�f�e�c�t� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �f�a�c�t�o�r�s� �o�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n�,� �d�i�s�c�h�a�r�g�e�,� �a�n�d� 
�g�e�r�m�i�n�a�t�i�o�n� �o�f� �p�r�i�m�a�r�y� �c�o�n�i�d�i�a� �o�f� �Z�o�o�p�h�t�h�o�r�a� �p�h�a�l�l�o�i�d�e�s� �B�a�t�k�o�.� �J�.� �I�n�v�.� �P�a�t�h�o�l�.� 
�4�8�:� �2�7�5�-�2�8�3�.� 

�H�a�r�l�o�w�,� �C�.�D�.� �a�n�d� �E�.�P�.� �L�a�m�p�e�r�t�.� �1�9�9�0�.� �R�e�s�i�s�t�a�n�c�e� �m�e�c�h�a�n�i�s�m�s� �i�n� �t�w�o� �c�o�l�o�r� 
�f�o�r�m�s� �o�f� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)�.� �J�.� �E�c�o�n�.� �E�n�t�o�m�o�l�.� �8�3�:� �2�1�3�0�-� 
�2�1�3�5�.� 

�J�o�h�n�s�o�n�,� �A�.�W�.� �1�9�7�8�.� �E�v�a�l�u�a�t�i�o�n� �o�f� �s�e�v�e�r�a�l� �N�i�c�o�t�i�a�n�a� �t�o�b�a�c�u�m� �e�n�t�r�i�e�s� �f�o�r� 
�r�e�s�i�s�t�a�n�c�e� �t�o� �t�w�o� �t�o�b�a�c�c�o� �i�n�s�e�c�t� �p�e�s�t�s�.� �T�o�b�.� �S�c�i�.� �2�2�:� �4�1�-�4�3�.� 

�J�o�h�n�s�o�n�,� �A�.�W�.� �1�9�8�0�.� �R�e�s�i�s�t�a�n�c�e� �i�n� �t�o�b�a�c�c�o� �t�o� �t�h�e� �g�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d�.� �J�.� �E�c�o�n�.� 
�E�n�t�o�m�o�l�.� �7�3�:� �7�0�7�-�7�0�9�.� 

�J�o�h�n�s�o�n�,� �A�.�W�.�,� �R�.�F�.� �S�e�v�e�r�s�o�n�,� �J�.� �H�u�d�s�o�n�,� �G�.�R�.� �C�a�r�n�e�r�,� �a�n�d� �R�.�F�.� �A�r�r�e�n�d�a�l�e�.� �1�9�8�5�.� 
�T�o�b�a�c�c�o� �l�e�a�f� �t�r�i�c�h�o�m�e�s� �a�n�d� �t�h�e�i�r� �e�x�u�d�a�t�e�s�.� �T�o�b�.� �S�c�i�.� �2�9�:� �6�7�-�7�2�.� 
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�K�o�z�i�o�l�,� �F�.�S�.� �a�n�d� �P�.�J�.� �S�e�m�t�n�e�r�.� �1�9�8�4�.� �E�x�t�e�n�t� �o�f� �r�e�s�i�s�t�a�n�c�e� �t�o� �o�r�g�a�n�o�p�h�o�s�p�h�o�r�u�s� 
�i�n�s�e�c�t�i�c�i�d�e�s� �i�n� �f�i�e�l�d� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �g�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� 
�i�n�f�e�s�t�i�n�g� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o� �i�n� �V�i�r�g�i�n�i�a�.� �J�.� �E�c�o�n�.� �E�n�t�o�m�o�l�.� �7�7�:� �1�-�3�.� 

�L�a�m�p�e�r�t�,� �E�.�P�.� �1�9�8�9�.� �S�e�a�s�o�n�a�l� �a�b�u�n�d�a�n�c�e� �a�n�d� �w�i�t�h�i�n�-�p�l�a�n�t� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �a�p�h�i�d�s� 
�(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �o�n� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�.� �J�.� �E�c�o�n�.� �E�n�t�o�m�o�l�.� �8�2�:� �1�1�4�-�1�1�8�.� 

�L�a�m�p�e�r�t�,� �E�.�P�.� �a�n�d� �C�.�A�.� �D�e�n�n�i�s�.� �1�9�8�7�.� �L�i�f�e� �h�i�s�t�o�r�y� �o�f� �t�w�o� �c�o�l�o�r� �m�o�r�p�h�s� �o�f� �t�h�e� 
�g�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �o�n� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�.� �T�o�b�.� �S�c�i�.� �3�1�:� 
�9�1�-�9�3�.� 

�L�a�t�t�e�u�r�,� �G�.� �1�9�7�7�.� �S�u�r� �l�a� �p�o�s�s�i�b�i�l�i�t�é� �d ��i�n�f�e�c�t�i�o�n� �d�i�r�e�c�t�e� �d �� �A�p�h�i�d�e�s� �p�a�r� 
�E�n�t�o�m�o�p�h�t�h�o�r�a� �a� �p�a�r�t�i�r� �d�e� �s�o�l�s� �h�é�b�e�r�g�e�a�n�t� �u�n� �i�n�o�c�u�l�u�m� �n�a�t�u�r�e�l�.� �C�.�R�.� �A�c�a�d�.� �S�c�.� 
�P�a�r�i�s� �2�8�4�:� �2�2�5�3�-�2�2�5�6�.� 

�L�a�t�t�e�u�r�,� �G�.� �a�n�d� �D�.� �G�o�d�e�f�r�o�i�d�.� �1�9�8�2�.� �T�r�i�a�l� �o�f� �f�i�e�l�d� �t�r�e�a�t�m�e�n�t� �a�g�a�i�n�s�t� �c�e�r�e�a�l� �a�p�h�i�d�s� 
�w�i�t�h� �m�y�c�e�l�i�u�m� �o�f� �E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s� �(�E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�)� �p�r�o�d�u�c�e�d� �i�n� �v�i�t�r�o�.� �I�n� 
�A�p�h�i�d� �A�n�t�a�g�o�n�i�s�t�s�,� �p�p�.� �2�-�1�0�.� �E�d�.� �R�.� �C�a�v�a�l�l�o�r�o�.� �A�.�A�.� �B�a�l�k�e�m�a�,� �R�o�t�t�e�r�d�a�m�.� 

�L�y�k�o�u�r�e�s�s�i�s�,� �D�.�P�.� �a�n�d� �G�.�V�.� �M�e�n�t�z�o�s�.� �1�9�9�5�.� �E�f�f�e�c�t�s� �o�f� �b�i�o�l�o�g�i�c�a�l� �c�o�n�t�r�o�l� �a�g�e�n�t�s� 
�a�n�d� �i�n�s�e�c�t�i�c�i�d�e�s� �o�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e� �B�l�a�c�k�m�a�n� 
�(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�e�a�)� �o�n� �t�o�b�a�c�c�o�.� �A�g�r�i�c�.� �E�c�o�s�y�s�.� �E�n�v�.� �5�2�:� �5�7�-�6�4�.� 

�M�c�P�h�e�r�s�o�n�,� �R�.�M�.� �1�9�8�9�.� �S�e�a�s�o�n�a�l� �a�b�u�n�d�a�n�c�e� �o�f� �r�e�d� �a�n�d� �g�r�e�e�n� �m�o�r�p�h�s� �o�f� �t�h�e� 
�t�o�b�a�c�c�o� �a�p�h�i�d� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �o�n� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o� �i�n� �G�e�o�r�g�i�a�.� �J�.� 
�E�n�t�o�m�o�l�.� �S�c�i�.� �2�4�:� �5�3�1�-�5�3�8�.� 

�M�c�P�h�e�r�s�o�n�,� �R�.�M�.� �a�n�d� �M�.�H�.� �B�a�s�s�.� �1�9�9�0�.� �C�o�n�t�r�o�l� �o�f� �r�e�d� �a�n�d� �g�r�e�e�n� �m�o�r�p�h�s� �o�f� 
�t�o�b�a�c�c�o� �a�p�h�i�d�s� �i�n� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�.� �J�.� �E�n�t�o�m�o�l�.� �S�c�i�.� �2�5�:� �5�8�7�-�5�9�1�.� 

�M�c�P�h�e�r�s�o�n�,� �R�.�M�.�,� �K�.� �B�o�n�d�a�r�i�,� �M�.�G�.� �S�t�e�p�h�e�n�s�o�n�,� �R�.�F�.� �S�e�v�e�r�s�o�n�,� �a�n�d� �D�.�M�.� 
�J�a�c�k�s�o�n�.� �1�9�9�3�.� �I�n�f�l�u�e�n�c�e� �o�f� �p�l�a�n�t�i�n�g� �d�a�t�e� �o�n� �t�h�e� �s�e�a�s�o�n�a�l� �a�b�u�n�d�a�n�c�e� �o�f� �t�o�b�a�c�c�o� 
�b�u�d�w�o�r�m�s� �(�L�e�p�i�d�o�p�t�e�r�a�:� �N�o�c�t�u�i�d�a�e�)� �a�n�d� �t�o�b�a�c�c�o� �a�p�h�i�d�s� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� 
�o�n� �G�e�o�r�g�i�a� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�.� �J�.� �E�n�t�o�m�o�l�.� �S�c�i�.� �2�8�:� �1�5�6�-�1�6�7�.� 

�M�e�n�e�t�r�e�z�,� �M�.�L�.�,� �H�.�W�.� �s�p�u�r�r�,� �J�r�.�,� �D�.�A�.� �D�a�n�e�h�o�w�e�r�,� �a�n�d� �D�.�R�.� �L�a�w�s�o�n�.� �1�9�8�7�.� 
�T�o�x�i�c�i�t�y� �o�f� �t�o�b�a�c�c�o� �l�e�a�f� �s�u�r�f�a�c�e� �c�h�e�m�i�c�a�l�s� �t�o� �P�e�r�o�n�o�s�p�o�r�a� �t�a�b�a�c�i�n�a�,� �p�.� �4�4�.� �I�n� 
�P�r�o�c�e�e�d�i�n�g�s�,� �4�1�s�t� �T�o�b�a�c�c�o� �C�h�e�m�i�s�t�s �� �R�e�s�e�a�r�c�h� �C�o�n�f�e�r�e�n�c�e�,� �4�-�7� �O�c�t�o�b�e�r�,� 
�G�r�e�e�n�s�b�o�r�o�,� �N�C�.� 

�M�e�n�e�t�r�e�z�,� �M�.�L�.�,� �H�.�W�.� �S�p�u�r�r�,� �J�r�.�,� �C�.�E�.� �M�a�i�n�,� �a�n�d� �G�.�L�.� �P�e�t�e�r�s�o�n�.� �1�9�9�0�.� �I�n�f�l�u�e�n�c�e� 
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�o�f� �t�o�b�a�c�c�o� �l�e�a�f� �s�u�r�f�a�c�e� �c�h�e�m�i�c�a�l�s� �o�n� �g�e�r�m�i�n�a�t�i�o�n� �o�f� �P�e�r�o�n�o�s�p�o�r�a� �t�a�b�a�c�i�n�a� �A�d�a�m� 
�s�p�o�r�a�n�g�i�a�.� �J�.� �C�h�e�m�.� �E�c�o�l�.� �1�6�:� �1�5�6�5�-�1�5�7�6�.� 

�M�i�l�n�e�r�,� �R�.�J�.� �1�9�8�2�.� �O�n� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �p�e�a� �a�p�h�i�d�s�,� �A�c�y�r�t�h�o�s�i�p�h�o�n� �p�i�s�u�m�,� 
�r�e�s�i�s�t�a�n�t� �t�o� �i�s�o�l�a�t�e�s� �o�f� �t�h�e� �f�u�n�g�a�l� �p�a�t�h�o�g�e�n� �E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s�.� �E�n�t�.� �E�x�p�.� �a�n�d� �A�p�p�l�.� 
�3�2�:� �2�3�-�2�7�.� 

�M�i�l�n�e�r�,� �R�.�J�.� �1�9�8�5�.� �D�i�s�t�r�i�b�u�t�i�o�n� �i�n� �t�i�m�e� �a�n�d� �s�p�a�c�e� �o�f� �r�e�s�i�s�t�a�n�c�e� �t�o� �t�h�e� �p�a�t�h�o�g�e�n�i�c� 
�f�u�n�g�u�s� �E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s� �i�n� �t�h�e� �p�e�a� �a�p�h�i�d� �A�c�y�r�t�h�o�s�i�p�h�o�n� �p�i�s�u�m�.� �E�n�t�o�m�o�l�.� �e�x�p�.� 
�a�p�p�l�.� �3�7�:� �2�3�5�-�2�4�0�.� 

�M�i�l�n�e�r�,� �R�.�J�.�,� �R�.�E�.� �T�e�a�k�l�e�,� �G�.�G�.� �L�u�t�t�o�n�,� �a�n�d� �F�.�M�.� �D�a�r�e�.� �1�9�8�0�.� �P�a�t�h�o�g�e�n�s� 
�(�P�h�y�c�o�m�y�c�e�t�e�s�:� �E�n�t�o�m�o�p�h�t�h�o�r�a�c�e�a�e�)� �o�f� �t�h�e� �b�l�u�e� �g�r�e�e�n� �a�p�h�i�d� �A�c�y�r�t�h�o�s�i�p�h�o�n� 
�k�o�n�d�o�i� �a�n�d� �o�t�h�e�r� �a�p�h�i�d�s� �i�n� �A�u�s�t�r�a�l�i�a�.� �A�u�s�t�.� �J�.� �B�o�t�.� �2�8�:� �6�0�1�-�6�1�9�.� 

�M�i�l�n�e�r�,� �R�.�J�.� �a�n�d� �J�.� �B�o�u�r�n�e�.� �1�9�8�3� �I�n�f�l�u�e�n�c�e� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �d�u�r�a�t�i�o�n� �o�f� �l�e�a�f� 
�w�e�t�n�e�s�s� �o�n� �i�n�f�e�c�t�i�o�n� �o�f� �A�c�y�r�t�h�o�s�i�p�h�o�n� �k�o�n�d�o�i� �w�i�t�h� �E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s�.� �A�n�n�.� �a�p�p�l�.� 
�B�i�o�l�.� �1�0�2�:� �1�9�-�2�7�.� 

�M�o�r�g�a�n�,� �L�.�W�.�,� �L�.� �B�o�d�d�y�,� �a�n�d� �N�.� �W�i�l�d�i�n�g�.� �1�9�9�2�.� �T�h�e� �s�u�r�v�i�v�a�l� �a�n�d� �g�e�r�m�i�n�a�t�i�o�n� �o�f� 
�E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s� �c�o�n�i�d�i�a�.� �2�5�t�h� �a�n�n�u�a�l� �m�e�e�t�i�n�g� �o�f� �t�h�e� �S�o�c�i�e�t�y� �f�o�r� �I�n�v�e�r�t�e�b�r�a�t�e� 
�P�a�t�h�o�l�o�g�y�,� �A�u�g�u�s�t� �1�6�-�2�1�,� �H�e�l�d�e�l�b�e�r�g�,� �G�e�r�m�a�n�y�,� �p�.� �2�2�0�.� 

�M�o�r�g�a�n�,� �L�.�W�.�,� �L�.� �B�o�d�d�y�,� �S�.�J�.� �C�l�a�r�k�,� �a�n�d� �N�.� �W�i�l�d�i�n�g�.� �1�9�9�5�.� �I�n�f�l�u�e�n�c�e� �o�f� 
�t�e�m�p�e�r�a�t�u�r�e� �o�n� �g�e�r�m�i�n�a�t�i�o�n� �o�f� �p�r�i�m�a�r�y� �a�n�d� �s�e�c�o�n�d�a�r�y� �c�o�n�i�d�i�a� �o�f� �E�r�y�n�i�a� 
�n�e�o�a�p�h�i�d�i�s� �(�Z�y�g�o�m�y�c�e�t�e�s�:� �E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�)�.� �J�.� �I�n�v�.� �P�a�t�h�o�l�.� �6�5�:� �1�3�2�-�1�3�8�.� 

�N�o�r�d�i�n�,� �G�.�L�.�,� �G�.�C�.� �B�r�o�w�n�,� �a�n�d� �L�.� �T�o�w�n�s�e�n�d�.� �1�9�9�3�.� �B�i�o�l�o�g�y� �o�f� �f�u�n�g�a�l� 
�e�n�t�o�m�o�p�a�t�h�o�g�e�n�,� �P�a�n�d�o�r�a� �n�e�o�a�p�h�i�d�i�s�,� �i�n�f�e�c�t�i�o�u�s� �t�o� �t�h�e� �r�e�d� �m�o�r�p�h� �o�f� �t�h�e� �t�o�b�a�c�c�o� 
�a�p�h�i�d�,� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e�.� �3�5�t�h� �T�o�b�a�c�c�o� �W�o�r�k�e�r�'�s� �C�o�n�f�e�r�e�n�c�e�,� �J�a�n�u�a�r�y� �1�1�-�1�4�,� 
�S�a�v�a�n�n�a�h�,� �G�e�o�r�g�i�a�.� 

�P�i�c�k�e�r�i�n�g�,� �J�.�,� �J�.�D�.� �D�u�t�c�h�e�r�,� �a�n�d� �B�.�S�.� �E�k�b�o�m�.� �1�9�8�9�.� �A�n� �e�p�i�z�o�o�t�i�c� �c�a�u�s�e�d� �b�y� 
�E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s� �a�n�d� �E�.� �r�a�d�i�c�a�n�s� �(�Z�y�g�o�m�y�c�e�t�e�s�,� �E�n�t�o�m�o�p�h�t�h�o�r�a�c�e�a�e�)� �o�n� 
�A�c�y�r�t�h�o�s�i�p�h�o�n� �p�i�s�u�m� �(�H�o�m�.�,� �A�p�h�i�d�i�d�a�e�)� �o�n� �l�e�g�u�m�e�s� �u�n�d�e�r� �o�v�e�r�h�e�a�d� �i�r�r�i�g�a�t�i�o�n�.� �J�.� 
�a�p�p�l�.� �E�n�o�m�o�l�.� �1�0�7�:� �3�3�1�-�3�3�3�.� 

�P�o�p�r�a�w�s�k�i�,� �T�.�J�.�,� �G�.� �M�e�r�c�a�d�i�e�r�,� �a�n�d� �S�.�P�.� �W�r�a�i�g�h�t�.� �1�9�9�2�.� �I�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� 
�D�i�u�r�a�p�h�i�s� �n�o�x�i�a�,� �Z�o�o�p�h�t�h�o�r�a� �r�a�d�i�c�a�n�s� �a�n�d� �A�p�h�e�l�i�n�u�s� �a�s�y�c�h�i�s�:� �p�r�e�l�i�m�i�n�a�r�y� �r�e�s�u�l�t�s� 
�o�f� �l�a�b�o�r�a�t�o�r�y� �s�t�u�d�i�e�s�,� �p�p�.� �1�8�0�-�1�8�8�.� �J�n� �P�r�o�c�e�e�d�i�n�g�s�,� �5�t�h� �A�n�n�u�a�l� �R�u�s�s�i�a�n� �W�h�e�a�t� 
�A�p�h�i�d� �C�o�n�f�e�r�e�n�c�e�,� �J�a�n�u�a�r�y� �2�6�-�2�8�,� �F�t�.� �W�o�r�t�h�,� �T�e�x�a�s�.�  �� 
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�R�e�e�d�,� �T�.�D�.� �a�n�d� �P�.�J�.� �S�e�m�t�n�e�r�.� �1�9�9�1�.� �I�n�f�l�u�e�n�c�e� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �p�o�p�u�l�a�t�i�o�n� 
�d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�w�o� �c�o�l�o�r� �m�o�r�p�h�s� �o�f� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �o�n� 
�f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�.� �J�.� �E�n�t�o�m�o�l�.� �S�c�i�.� �2�6�:� �3�3�-�3�8�.� 

�R�e�m�a�u�d�i�é�r�e�,� �G�.� �a�n�d� �M�.� �M�i�c�h�e�l�.� �1�9�7�1�.� �P�r�e�m�i�e�r�e� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �e�c�o�l�o�g�i�q�u�e� �s�u�r� 
�l�e�s� �E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s� �(�P�h�y�c�o�m�y�c�e�t�e�s�)� �p�a�r�a�s�i�t�e�s� �d�e� �p�u�c�e�r�o�n�s� �e�n� �v�e�r�g�e�s� �d�e� �p�e�c�h�e�s�.� 
�E�n�t�o�m�o�p�h�a�g�a� �1�6�:� �7�5�-�9�4�.� 

�R�o�c�k�w�o�o�d�,� �L�.�P�.� �1�9�5�0�.� �E�n�t�o�m�o�g�e�n�o�u�s� �f�u�n�g�i� �o�f� �t�h�e� �f�a�m�i�l�y� �E�n�t�o�m�o�p�h�t�h�o�r�a�c�e�a�e� �i�n� 
�t�h�e� �P�a�c�i�f�i�c� �N�o�r�t�h�w�e�s�t�.� �J�.� �E�c�o�n�.� �E�n�t�o�m�o�l�.� �4�3�:� �7�0�4�-�7�0�7�.� 

�S�c�h�o�f�i�e�l�d�,� �G�.�,� �J�.�K�.� �P�e�l�l�,� �a�n�d� �R�.� �H�a�r�r�i�n�g�t�o�n�.� �1�9�9�5�.� �O�v�e�r�w�i�n�t�e�r�i�n�g� �o�f� �t�h�e� 
�e�n�t�o�m�o�p�h�t�h�o�r�a�l�e�a�n� �f�u�n�g�u�s� �E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s� �o�n� �f�o�l�i�a�g�e� �u�n�d�e�r� �f�i�e�l�d� �a�n�d� �l�a�b�o�r�a�t�o�r�y� 
�c�o�n�d�i�t�i�o�n�s�.� �2�8�t�h� �a�n�n�u�a�l� �m�e�e�t�i�n�g� �o�f� �S�o�c�i�e�t�y� �f�o�r� �I�n�v�e�r�t�e�b�r�a�t�e� �P�a�t�h�o�l�o�g�y�,� �J�u�l�y� �1�6�-�2�1�,� 
�I�t�h�a�c�a�,� �N�e�w� �Y�o�r�k�,� �p�.� �5�4�.� 

�S�e�m�t�n�e�r�,� �P�.�J�.� �1�9�8�4�.� �E�f�f�e�c�t� �o�f� �t�r�a�n�s�p�l�a�n�t�a�t�i�o�n� �d�a�t�e� �o�n� �t�h�e� �s�e�a�s�o�n�a�l� �a�b�u�n�d�a�n�c�e� �o�f� 
�t�h�e� �g�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �a�n�d� �t�w�o� �a�p�h�i�d� �p�r�e�d�a�t�o�r�s� �o�n� �f�l�u�e�-� 
�c�u�r�e�d� �t�o�b�a�c�c�o�.� �J�.� �E�c�o�n�.� �E�n�t�o�m�o�l�.� �7�7�:� �3�2�4�-�3�3�0�.� 

�S�e�v�e�r�s�o�n�,� �R�.�F�.�,� �R�.�F�.� �A�r�r�e�n�d�a�l�e�,� �O�.�T�.� �C�h�o�r�t�y�k�,� �A�.�W�.� �J�o�h�n�s�o�n�,� �D�.�M�.� �J�a�c�k�s�o�n�,� �G�.�R�.� 
�G�w�y�n�n�,� �J�.�F�.� �C�h�a�p�l�i�n�,� �a�n�d� �M�.�G�.� �S�t�e�p�h�e�n�s�o�n�.� �1�9�8�4�.� �Q�u�a�n�t�i�t�a�t�i�o�n� �o�f� �t�h�e� �m�a�j�o�r� 
�c�u�t�i�c�u�l�a�r� �c�o�m�p�o�n�e�n�t�s� �f�r�o�m� �g�r�e�e�n� �l�e�a�f� �o�f� �d�i�f�f�e�r�e�n�t� �t�o�b�a�c�c�o� �t�y�p�e�s�.� �J�.� �A�g�r�i�c�.� �F�o�o�d� 
�C�h�e�m�.� �3�2�:� �5�6�6�-�5�7�0�.� 

�S�e�v�e�r�s�o�n�,� �R�.�F�.�,� �A�.�W�.� �J�o�h�n�s�o�n�,� �a�n�d� �D�.�M�.� �J�a�c�k�s�o�n�.� �1�9�8�5�.� �C�u�t�i�c�u�l�a�r� �c�o�n�s�t�i�t�u�e�n�t�s� �o�f� 
�t�o�b�a�c�c�o�:� �f�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �t�h�e�i�r� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �t�h�e�i�r� �r�o�l�e� �i�n� �i�n�s�e�c�t� �a�n�d� �d�i�s�e�a�s�e� 
�r�e�s�i�s�t�a�n�c�e� �a�n�d� �s�m�o�k�e� �q�u�a�l�i�t�y�.� �R�e�c�.� �A�d�v�.� �T�o�b�.� �S�c�i�.� �1�1�:� �1�0�5�-�1�7�4�.� 

�S�o�p�e�r�,� �R�.�S�.� �a�n�d� �D�.�M�.� �M�a�c�L�e�o�d�.� �1�9�8�1�.� �D�e�s�c�r�i�p�t�i�v�e� �e�p�i�z�o�o�t�i�o�l�o�g�y� �o�f� �a�n� �a�p�h�i�d� 
�m�y�c�o�s�i�s�.� �U�S�D�A� �T�e�c�h�.� �B�u�l�l�.� �1�6�3�2�.� 

�S�u�m�m�e�r�s�,� �C�.�G�.� �a�n�d� �A�.�S�.� �N�e�w�t�o�n�.� �1�9�8�9�.� �E�c�o�n�o�m�i�c� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �s�u�g�a�r�b�e�e�t� �r�o�o�t� 
�a�p�h�i�d�,� �P�e�m�p�h�i�g�u�s� �p�o�p�u�l�i�v�e�n�a�e� �F�i�t�c�h� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �i�n� �C�a�l�i�f�o�r�n�i�a�.� �A�p�p�l�.� 
�A�g�r�i�c�.� �R�e�s�.� �4�:� �1�6�2�-�1�6�7�.� 

�T�h�u�r�s�t�o�n�,� �R�.� �1�9�6�1�.� �R�e�s�i�s�t�a�n�c�e� �i�n� �N�i�c�o�t�i�a�n�a� �t�o� �t�h�e� �g�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d� �a�n�d� �s�o�m�e� 
�o�t�h�e�r� �t�o�b�a�c�c�o� �i�n�s�e�c�t� �p�e�s�t�s�.� �J�.� �E�c�o�n�.� �E�n�t�o�m�o�l�.� �5�4�:� �9�4�6�-�9�4�9�.� 

�T�h�u�r�s�t�o�n�,� �R�.�,� �M�.�J�.� �K�a�s�p�e�r�b�a�u�e�r�,� �a�n�d� �G�.�A�.� �J�o�n�e�s�.� �1�9�7�7�.� �G�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d� �a�n�d� 
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�t�o�b�a�c�c�o� �f�l�e�a� �b�e�e�t�l�e� �p�o�p�u�l�a�t�i�o�n�s� �o�n� �t�o�b�a�c�c�o� �c�u�l�t�i�v�a�r�s� �a�n�d� �h�a�p�l�o�i�d�-�d�e�r�i�v�e�d� �l�i�n�e�s� �w�i�t�h� 
�v�a�r�i�o�u�s� �a�l�k�a�l�o�i�d� �l�e�v�e�l�s�.� �T�o�b�.� �S�c�i�.� �2�1�:� �2�2�-�2�4�.� 

�T�s�i�n�o�v�s�k�i�i�,� �A�.�P�.� �e�t� �K�.�A�.� �E�g�u�i�n�a�.� �1�9�7�2�.� �E�m�p�l�o�i� �d�e�s� �E�n�t�o�m�o�p�h�t�h�o�r�a�c�e�e�s� �c�o�n�t�r�e� �l�e�s� 
�p�u�c�e�r�o�n�s�.� �P�a�t�h�o�l�o�g�i�e� �d�e�s� �I�n�s�e�c�t�e�s� �e�t� �A�c�a�r�i�e�n�s�.� �E�d�i�t�i�o�n�s� �"�S�c�i�e�n�t�i�f�i�q�u�e�s �� �R�i�g�a�:� �7�3�-� 
�9�4� �(�e�n� �r�u�s�s�e�)�.� 

�U�z�i�e�l�,� �A�.� �a�n�d� �R�.�G�.� �K�e�n�n�e�t�h�.� �1�9�8�6�.� �I�n� �v�i�t�r�o� �r�e�s�t�i�n�g�-�s�p�o�r�e� �f�o�r�m�a�t�i�o�n� �i�n� �E�r�y�n�i�a� 
�n�e�o�a�p�h�i�d�i�s�,� �p�.� �2�3�0�.� �I�n� �R�.�A�.� �S�a�m�s�o�n�,� �J�.�M�.� �V�l�a�k� �a�n�d� �D�.� �P�e�t�e�r�s� �[�e�d�s�.�]�,� �F�u�n�d�a�m�e�n�t�a�l� 
�a�n�d� �a�p�p�l�i�e�d� �a�s�p�e�c�t�s� �o�f� �i�n�v�e�r�t�e�b�r�a�t�e� �p�a�t�h�o�l�o�g�y�.� �F�o�u�n�d�a�t�i�o�n� �o�f� �t�h�e� �4�t�h� �I�n�t�e�r�n�a�t�i�o�n�a�l� 
�C�o�l�l�o�q�u�i�u�m� �o�n� �I�n�v�e�r�t�e�b�r�a�t�e� �P�a�t�h�o�l�o�g�y�,� �W�a�g�e�n�i�n�g�e�n�,� �T�h�e� �N�e�t�h�e�r�l�a�n�d�s�.� 

�W�a�t�e�r�h�o�u�s�e�,� �G�.�M�.� �a�n�d� �B�.�L�.� �B�r�a�d�y�.� �1�9�8�2�.� �K�e�y� �t�o� �t�h�e� �s�p�e�c�i�e�s� �o�f� �E�n�t�o�m�o�p�h�t�h�o�r�a� 
�s�e�n�s�u� �L�a�t�o�.� �B�u�l�l�.� �B�r�.� �M�y�c�o�l�.� �S�o�c�.� �1�6�:� �1�1�3�-�1�4�3�.� 

�W�i�l�d�i�n�g�,� �N�.� �1�9�7�1�.� �G�e�r�m�i�n�a�t�i�o�n� �o�f� �c�o�n�i�d�i�a�.� �R�e�p�o�r�t� �o�f� �R�o�t�h�a�m�s�t�e�d� �E�x�p�e�r�i�m�e�n�t�a�l� 
�S�t�a�t�i�o�n� �f�o�r� �1�9�7�0�,� �P�a�r�t� �1�,� �p�.� �2�0�6�.� 

�W�i�l�d�i�n�g�,� �N�.� �1�9�7�3�.� �T�h�e� �s�u�r�v�i�v�a�l� �o�f� �E�n�t�o�m�o�p�h�t�h�o�r�a� �s�p�p�.� �i�n� �m�u�m�m�i�f�i�e�d� �a�p�h�i�d�s� �a�t� 
�d�i�f�f�e�r�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�s� �a�n�d� �h�u�m�i�d�i�t�i�e�s�.� �J�.� �I�n�v�e�r�t�e�b�r�.� �P�a�t�h�o�l�.� �2�1�:� �3�0�9�-�3�1�1�.� 

�W�i�l�d�i�n�g�,� �N�.� �1�9�7�5�.� �E�n�t�o�m�o�p�h�t�h�o�r�a� �s�p�e�c�i�e�s� �i�n�f�e�c�t�i�n�g� �p�e�a� �a�p�h�i�d�s�.� �T�r�a�n�s�.� �R�.� �e�n�t�.� 
�S�o�c�.� �1�2�7�:� �1�7�1�-�1�8�3�.� 

�W�i�l�d�i�n�g�,� �N�.� �1�9�8�2�.� �E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�:� �f�i�e�l�d� �u�s�e� �a�n�d� �e�f�f�e�c�t�i�v�e�n�e�s�s�.� �I�n�v�e�r�t�e�b�r�a�t�e� 
�p�a�t�h�o�l�o�g�y� �a�n�d� �m�i�c�r�o�b�i�a�l� �c�o�n�t�r�o�l�:� �p�r�o�c�e�e�d�i�n�g�s�:� �I�I�I� �I�n�t�e�r�n�a�t�i�o�n�a�l� �C�o�l�l�o�q�u�i�u�m� �o�n� 
�I�n�v�e�r�t�e�b�r�a�t�e� �P�a�t�h�o�l�o�g�y�,� �1�5�t�h� �a�n�n�u�a�l� �m�e�e�t�i�n�g� �o�f� �t�h�e� �S�o�c�i�e�t�y� �f�o�r� �I�n�v�e�r�t�e�b�r�a�t�e� 
�P�a�t�h�o�l�o�g�y�,� �S�e�p�t�e�m�b�e�r� �6�-�1�0�,� �U�n�i�v�e�r�s�i�t�y� �o�f� �S�u�s�s�e�x�,� �B�r�i�g�h�t�o�n�,� �U�n�i�t�e�d� �K�i�n�g�d�o�m�,� �p�p�.� 
�1�7�0�-�1�7�5�.� 

�W�i�l�d�i�n�g�,� �N�.� �a�n�d� �B�.�L�.� �B�r�a�d�y�.� �1�9�8�4�.� �E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s�.� �C�M�I� �D�e�s�c�.� �o�f� �P�a�t�h�o�g�e�n�i�c� 
�F�u�n�g�i� �a�n�d� �B�a�c�t�e�r�i�a�,� �N�o�.� �8�1�5�.� �T�h�e� �C�o�m�m�o�n�w�e�a�l�t�h� �M�y�c�o�l�o�g�i�c�a�l� �I�n�s�t�i�t�u�t�e�,� �K�e�w�,� 
�S�u�r�r�e�y�,� �E�n�g�l�a�n�d�.� 

�W�i�l�d�i�n�g�,� �N�.�,� �S�.�K�.� �M�a�r�d�e�l�l�,� �a�n�d� �P�.�J�.� �B�r�o�b�y�n�.� �1�9�8�6�.� �I�n�t�r�o�d�u�c�i�n�g� �E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s� 
�i�n�t�o� �a� �f�i�e�l�d� �p�o�p�u�l�a�t�i�o�n� �o�f� �A�p�h�i�s� �f�a�b�a�e�:� �f�o�r�m� �o�f� �t�h�e� �i�n�o�c�u�l�u�m� �a�n�d� �e�f�f�e�c�t� �o�f� 
�w�r�i�g�a�t�i�o�n�.� �A�n�n�.� �a�p�p�l�.� �B�i�o�l�.� �1�0�8�:� �3�7�3�-�3�8�5�.� 

�W�i�l�d�i�n�g�,� �N�.�,� �S�.�K�.� �M�a�r�d�e�l�l�,� �P�.�J�.� �B�r�o�b�y�n�,� �S�.�D�.� �W�r�a�t�t�e�n�,� �a�n�d� �J�.� �L�o�m�a�s�.� �1�9�9�0�.� �T�h�e� 
�e�f�f�e�c�t� �o�f� �i�n�t�r�o�d�u�c�i�n�g� �t�h�e� �a�p�h�i�d�-�p�a�t�h�o�g�e�n�i�c� �f�u�n�g�u�s� �E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s� �i�n�t�o� 
�p�o�p�u�l�a�t�i�o�n�s� �o�f� �c�e�r�e�a�l� �a�p�h�i�d�s�.� �A�n�n�.� �a�p�p�l�.� �B�i�o�l�.� �1�1�7�:� �6�8�3�-�6�9�1�.� 
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�W�r�a�i�g�h�t�,� �$�.�G�.�,� �T�.�M�.� �B�u�t�t�,� �S�.�G�.� �W�r�a�i�g�h�t�,� �L�.�L�.� �A�l�l�e�e�,� �R�.�S�.� �S�o�p�e�r�,� �a�n�d� �D�.�W�.� 
�R�o�b�e�r�t�s�.� �1�9�9�0�.� �G�e�r�m�i�n�a�t�i�o�n� �a�n�d� �i�n�f�e�c�t�i�o�n� �p�r�o�c�e�s�s� �o�f� �t�h�e� �e�n�t�o�m�o�p�h�t�h�o�r�a�l�e�a�n� 
�f�u�n�g�u�s� �E�r�y�n�i�a� �r�a�d�i�c�a�n�s� �o�n� �t�h�e� �p�o�t�a�t�o� �l�e�a�f�h�o�p�p�e�r�,� �E�m�p�o�a�s�c�a� �f�a�b�a�e�.� �J�.� �I�n�v�.� �P�a�t�h�o�l�.� 
�5�6�:� �1�5�7�-�1�7�4�.� 

�W�r�a�i�g�h�t�,� �S�.�G�.�,� �S�.�P�.� �W�r�a�i�g�h�t�,� �R�.�I�.� �C�a�r�r�u�t�h�e�r�s�,� �a�n�d� �D�.�W�.� �R�o�b�e�r�t�s�.� �1�9�9�2�.� 
�T�e�m�p�e�r�a�t�u�r�e� �-�d�e�p�e�n�d�e�n�t� �g�e�r�m�i�n�a�t�i�o�n� �a�n�d� �h�o�s�t� �p�e�n�e�t�r�a�t�i�o�n� �o�f� �t�h�e� 
�e�n�t�o�m�o�p�h�t�h�o�r�a�l�e�a�n� �f�u�n�g�u�s� �Z�o�o�p�h�t�h�o�r�a� �r�a�d�i�c�a�n�s� �o�n� �t�h�e� �l�e�a�f�h�o�p�p�e�r� �E�m�p�o�a�s�c�a� 
�k�r�a�e�m�e�r�i�.� �M�y�c�o�l�.� �R�e�s�.� �9�6�:� �3�8�-�4�8�.� 

�Y�u�,� �Z�.�,� �G�.�L�.� �N�o�r�d�i�n�,� �G�.�C�.� �B�r�o�w�n�,� �a�n�d� �D�.�M�.� �J�a�c�k�s�o�n�.� �1�9�9�5�.� �S�t�u�d�i�e�s� �o�n� �P�a�n�d�o�r�a� 
�n�e�o�a�p�h�i�d�i�s� �(�E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�:� �E�n�t�o�m�o�p�h�t�h�o�r�a�c�e�a�e�)� �i�n�f�e�c�t�i�o�u�s� �t�o� �t�h�e� �r�e�d� �m�o�r�p�h� 
�o�f� �t�o�b�a�c�c�o� �a�p�h�i�d� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)�.� �E�n�v�i�r�o�n�.� �E�n�t�o�m�o�l�.� �2�4�:� �9�6�2�-�9�6�6�.� 
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�C�H�A�P�T�E�R� �I�I�I� 

�S�e�a�s�o�n�a�l� �i�n�c�i�d�e�n�c�e� �o�f� �P�a�n�d�o�r�a� �n�e�o�a�p�h�i�d�i�s� �(�R�e�m�a�u�d�i�é�r�e� �&� �H�e�n�n�e�b�e�r�t�)� 

�H�u�m�b�e�r� �(�Z�y�g�o�m�y�c�o�t�i�n�a�:� �E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�)� �i�n� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e� 

�B�l�a�c�k�m�a�n� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �o�n� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�.� 

�A�b�s�t�r�a�c�t�:� �S�e�a�s�o�n�a�l� �i�n�c�i�d�e�n�c�e� �o�f� �P�a�n�d�o�r�a� �n�e�o�a�p�h�i�d�i�s� �(�R�e�m�a�u�d�i�é�r�e� �&� �H�e�n�n�e�b�e�r�t�)� 

�H�u�m�b�e�r� �i�n� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d�,� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e� �B�l�a�c�k�m�a�n�,� �w�a�s� �i�n�v�e�s�t�i�g�a�t�e�d� �o�n� 

�f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o� �i�n� �V�i�r�g�i�n�i�a� �f�r�o�m� �1�9�9�2� �t�o� �1�9�9�5�.� �I�n� �1�9�9�2� �a�n�d� �1�9�9�4�,� �P�.� 

�n�e�o�a�p�h�i�d�i�s� �w�a�s� �f�i�r�s�t� �o�b�s�e�r�v�e�d� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �1�0� �d�a�y�s� �o�f� �J�u�l�y� �a�n�d� �e�p�i�z�o�o�t�i�c�s� 

�p�e�a�k�e�d� �d�u�r�i�n�g� �e�a�r�l�y� �A�u�g�u�s�t�.� �I�n� �1�9�9�5�,� �t�h�e� �e�p�i�z�o�o�t�i�c� �s�t�a�r�t�e�d� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �w�e�e�k� �o�f� 

�J�u�l�y� �a�n�d� �p�e�a�k�e�d� �o�n� �1�4� �J�u�l�y�.� �I�n� �1�9�9�3�,� �t�h�e� �p�a�t�h�o�g�e�n� �w�a�s� �n�o�t� �f�o�u�n�d� �i�n� �t�h�e� �t�o�b�a�c�c�o� 

�f�i�e�l�d�s� �i�n�t�e�n�d�e�d� �f�o�r� �t�h�i�s� �s�t�u�d�y� �a�l�t�h�o�u�g�h� �i�t� �o�c�c�u�r�r�e�d� �i�n� �n�e�a�r�b�y� �f�i�e�l�d�s� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� 

�w�e�e�k� �o�f� �A�u�g�u�s�t�.� �T�h�e� �m�a�x�i�m�u�m� �l�e�v�e�l�s� �o�f� �i�n�f�e�c�t�i�o�n� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �f�i�e�l�d� 

�p�o�p�u�l�a�t�i�o�n�s� �o�f� �a�p�h�i�d�s� �w�e�r�e� �3�4�,� �9�1�,� �a�n�d� �1�5�%� �i�n� �1�9�9�2�,� �1�9�9�4� �a�n�d� �1�9�9�5�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�A�p�h�i�d�s� �w�i�t�h�o�u�t� �t�h�e� �s�y�m�p�t�o�m�s� �o�f� �i�n�f�e�c�t�i�o�n� �w�e�r�e� �s�a�m�p�l�e�d� �a�n�d� �o�b�s�e�r�v�e�d� �f�o�r� �d�i�s�e�a�s�e� 

�d�e�v�e�l�o�p�m�e�n�t� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �i�n� �1�9�9�2�.� �D�u�r�i�n�g� �1�9�9�3�-�9�5�,� �s�i�n�g�l�e� �l�e�a�f� �s�a�m�p�l�e�s� �w�i�t�h� 

�a�p�h�i�d�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�o�r� �t�h�e� �s�a�m�e� �p�u�r�p�o�s�e�.� �L�e�a�f� �s�a�m�p�l�e�s� �w�e�r�e� �a�l�s�o� �c�o�l�l�e�c�t�e�d� 

�b�e�t�w�e�e�n� �l�a�t�e� �A�u�g�u�s�t� �a�n�d� �e�a�r�l�y� �N�o�v�e�m�b�e�r� �f�r�o�m� �s�u�c�k�e�r�s� �g�r�o�w�n� �f�r�o�m� �c�u�t�-�b�a�c�k� 

�t�o�b�a�c�c�o� �i�n� �t�h�e� �f�a�l�l�,� �1�9�9�3�.� �T�h�e� �m�a�x�i�m�u�m� �l�e�v�e�l�s� �o�f� �i�n�f�e�c�t�i�o�n� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� 
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�o�b�s�e�r�v�a�t�i�o�n�s� �w�e�r�e� �6�9�,� �3�0�,� �9�7�,� �a�n�d� �9�%� �i�n� �1�9�9�2�,� �1�9�9�3�,� �1�9�9�4�,� �a�n�d� �1�9�9�5�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�T�o�p�p�i�n�g� �(�r�e�m�o�v�a�l� �o�f� �t�e�r�m�i�n�a�l� �f�l�o�r�a�l� �p�o�r�t�i�o�n�)� �o�f� �t�o�b�a�c�c�o� �s�e�e�m�e�d� �t�o� �i�n�t�e�r�f�e�r�e� �w�i�t�h� 

�d�i�s�e�a�s�e� �d�e�v�e�l�o�p�m�e�n�t� �a�s� �t�h�e� �i�n�f�e�c�t�i�o�n� �i�n� �a�p�h�i�d�s� �o�n� �t�o�p�p�e�d� �t�o�b�a�c�c�o� �d�i�d� �n�o�t� �m�u�l�t�i�p�l�y� 

�t�o� �t�h�e� �l�e�v�e�l� �o�b�s�e�r�v�e�d� �i�n� �a�p�h�i�d�s� �o�n� �t�o�b�a�c�c�o� �t�h�a�t� �w�a�s� �n�o�t� �t�o�p�p�e�d�.� �F�i�e�l�d�s� �l�o�c�a�t�e�d� 

�s�h�o�r�t� �d�i�s�t�a�n�c�e�s� �a�p�a�r�t� �s�h�o�w�e�d� �w�i�d�e� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �t�i�m�i�n�g� �a�n�d� �e�x�t�e�n�t� �o�f� �i�n�c�i�d�e�n�c�e� 

�o�f� �P�.� �n�e�o�a�p�h�i�d�i�s�.� 

�K�e�y� �w�o�r�d�s�:� �P�a�n�d�o�r�a� �n�e�o�a�p�h�i�d�i�s�,� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e�,� �s�e�a�s�o�n�a�l� �i�n�c�i�d�e�n�c�e�,� �t�o�b�a�c�c�o�.� 

�3�1



�I�n�t�r�o�d�u�c�t�i�o�n�:� 

�T�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d�,� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e� �B�l�a�c�k�m�a�n�,� �i�s� �a� �m�a�j�o�r� �p�e�s�t� �o�f� �t�o�b�a�c�c�o� 

�i�n� �N�o�r�t�h� �A�m�e�r�i�c�a� �w�h�i�c�h� �c�a�u�s�e�s� �g�r�e�a�t� �r�e�d�u�c�t�i�o�n�s� �i�n� �t�h�e� �y�i�e�l�d� �a�n�d� �q�u�a�l�i�t�y� �o�f� �t�o�b�a�c�c�o� 

�l�e�a�f� �(�C�h�e�n�g� �a�n�d� �C�o�u�r�t� �1�9�7�7�,� �M�i�s�t�r�i�c� �a�n�d� �C�l�a�r�k� �1�9�7�9�,� �C�h�e�n�g� �a�n�d� �H�a�n�l�o�n� �1�9�8�5�,� 

�R�e�e�d� �a�n�d� �S�e�m�t�n�e�r� �1�9�9�2�)�.� �B�l�a�c�k�m�a�n� �(�1�9�8�7�)� �d�e�s�c�r�i�b�e�d� �t�h�e� �t�o�b�a�c�c�o� �f�e�e�d�i�n�g� �f�o�r�m� �o�f� 

�t�h�e� �g�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d�,� �M�z�.� �p�e�r�s�i�c�a�e� �(�S�u�l�z�e�r�)�,� �a�s� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d�,� �M�.� �n�i�c�o�t�i�a�n�a�e�.� 

�I�n� �r�e�c�e�n�t� �y�e�a�r�s�,� �a� �r�e�d� �m�o�r�p�h� �o�f� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d� �h�a�s� �r�e�p�l�a�c�e�d� �t�h�e� �c�o�m�m�o�n� �g�r�e�e�n� 

�m�o�r�p�h� �(�M�c�P�h�e�r�s�o�n� �1�9�8�9�,� �R�e�e�d� �a�n�d� �S�e�m�t�n�e�r� �1�9�9�1�)�.� �T�h�i�s� �r�e�d� �m�o�r�p�h� �i�s� �m�o�r�e� 

�t�o�l�e�r�a�n�t� �o�f� �h�i�g�h� �t�e�m�p�e�r�a�t�u�r�e�s� �a�n�d� �h�a�s� �h�i�g�h�e�r� �r�a�t�e�s� �o�f� �d�e�v�e�l�o�p�m�e�n�t�,� �s�u�r�v�i�v�a�l�,� �a�n�d� 

�f�e�c�u�n�d�i�t�y� �t�h�a�n� �t�h�e� �g�r�e�e�n� �m�o�r�p�h� �(�L�a�m�p�e�r�t� �a�n�d� �D�e�n�n�i�s� �1�9�8�7�,� �R�e�e�d� �a�n�d� �S�e�m�t�n�e�r� 

�1�9�9�1�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �i�t� �h�a�s� �g�r�e�a�t�e�r� �r�e�s�i�s�t�a�n�c�e� �t�o� �m�a�n�y� �a�p�h�i�c�i�d�e�s� �(�M�c�P�h�e�r�s�o�n� �a�n�d� 

�B�a�s�s� �1�9�9�0�,� �H�a�r�l�o�w� �a�n�d� �L�a�m�p�e�r�t� �1�9�9�0�)�.� �T�h�e� �n�u�m�b�e�r� �o�f� �e�f�f�e�c�t�i�v�e� �a�p�h�i�c�i�d�e�s� �h�a�s� 

�d�e�c�r�e�a�s�e�d� �c�o�n�s�i�d�e�r�a�b�l�y� �s�i�n�c�e� �t�h�e� �m�i�d�-�1�9�8�0�s� �a�n�d� �c�h�e�m�i�c�a�l� �c�o�n�t�r�o�l� �h�a�s� �b�e�e�n� 

�d�i�f�f�i�c�u�l�t� �w�h�e�r�e� �t�h�e� �r�e�d� �f�o�r�m�s� �p�r�e�d�o�m�i�n�a�t�e� �(�H�a�r�l�o�w� �a�n�d� �L�a�m�p�e�r�t� �1�9�9�0�)�.� �T�h�i�s� 

�i�n�c�r�e�a�s�e�s� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �e�f�f�e�c�t�i�v�e� �a�l�t�e�r�n�a�t�i�v�e�s� �t�o� �c�h�e�m�i�c�a�l� �c�o�n�t�r�o�l�.� 

�T�h�e�r�e� �h�a�v�e� �b�e�e�n� �s�e�v�e�r�a�l� �s�t�u�d�i�e�s� �o�f� �e�n�t�o�m�o�p�a�t�h�o�g�e�n�i�c� �f�u�n�g�i� �i�n�f�e�c�t�i�n�g� 

�v�a�r�i�o�u�s� �s�p�e�c�i�e�s� �o�f� �a�p�h�i�d�s� �o�n� �d�i�f�f�e�r�e�n�t� �c�r�o�p�s� �(�M�i�l�n�e�r� �e�t� �a�l�.� �1�9�8�0�,� �G�l�a�r�e� �e�t� �a�l�.� �1�9�8�6�,� 

�F�e�n�g� �e�t� �a�l�.� �1�9�9�0�,� �P�o�p�r�a�w�s�k�i� �e�t� �a�l�.� �1�9�9�2�)�.� �T�h�e� �e�n�t�o�m�o�p�h�t�h�o�r�a�l�e�a�n�,� �P�a�n�d�o�r�a� 

�(�E�r�y�n�i�a�)� �n�e�o�a�p�h�i�d�i�s� �(�R�e�m�a�u�d�i�é�r�e� �&� �H�e�n�n�e�b�e�r�t�)� �H�u�m�b�e�r� �i�s� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� 

�(�W�i�l�d�i�n�g� �a�n�d� �B�r�a�d�y� �1�9�8�4�,� �S�i�v�c�e�v� �1�9�9�1�,� �K�i�s�h� �e�t� �a�l�.� �1�9�9�4�)� �a�n�d� �d�o�m�i�n�a�n�t� �(�P�i�c�k�e�r�i�n�g� 

�e�t� �a�l�.� �1�9�8�9�,� �F�e�n�g� �e�t� �a�l�.� �1�9�9�0�,� �F�e�n�g� �e�t� �a�l�.� �1�9�9�1�,� �S�i�v�c�e�v� �1�9�9�2�)� �p�a�t�h�o�g�e�n� �o�f� �v�a�r�i�o�u�s� 

�s�p�e�c�i�e�s� �o�f� �a�p�h�i�d�s� �o�n� �d�i�f�f�e�r�e�n�t� �h�o�s�t� �p�l�a�n�t�s�.� �L�a�b�o�r�a�t�o�r�y� �s�t�u�d�i�e�s� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� 

�i�n�f�e�c�t�i�n�g� �M�.� �n�i�c�o�t�i�a�n�a�e� �w�e�r�e� �r�e�p�o�r�t�e�d� �b�y� �Y�u� �e�t� �a�l�.� �(�1�9�9�5�)�,� �b�u�t� �f�i�e�l�d� �i�n�v�e�s�t�i�g�a�t�i�o�n�s� 

�o�n� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�n� �M�.� �n�i�c�o�t�i�a�n�a�e� �h�a�v�e� �n�o�t� �b�e�e�n� �p�u�b�l�i�s�h�e�d�.� 

�T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �s�t�u�d�y� �w�a�s� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �s�e�a�s�o�n�a�l� �i�n�c�i�d�e�n�c�e� �o�f� �P�.� 

�n�e�o�a�p�h�i�d�i�s� �i�n� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d� �o�n� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o� �a�n�d� �e�v�a�l�u�a�t�e� 

�t�h�e� �p�o�t�e�n�t�i�a�l� �o�f� �t�h�e� �p�a�t�h�o�g�e�n� �f�o�r� �r�e�d�u�c�i�n�g� �t�o�b�a�c�c�o� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s�.� 

�3�2



�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�:� 

�T�h�i�s� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �a�t� �t�h�e� �S�o�u�t�h�e�r�n� �P�i�e�d�m�o�n�t� �A�g�r�i�c�u�l�t�u�r�a�l� �R�e�s�e�a�r�c�h� 

�a�n�d� �E�x�t�e�n�s�i�o�n� �C�e�n�t�e�r� �(�S�P�A�R�E�C�)�,� �B�l�a�c�k�s�t�o�n�e�,� �V�i�r�g�i�n�i�a� �f�r�o�m� �1�9�9�2� �u�n�t�i�l� �1�9�9�5� �o�n� 

�f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�.� �S�t�a�n�d�a�r�d� �a�g�r�o�n�o�m�i�c� �p�r�a�c�t�i�c�e�s� �r�e�c�o�m�m�e�n�d�e�d� �b�y� �t�h�e� �S�P�A�R�E�C� 

�f�o�r� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o� �p�r�o�d�u�c�t�i�o�n� �i�n� �V�i�r�g�i�n�i�a� �w�e�r�e� �f�o�l�l�o�w�e�d� �e�x�c�e�p�t� �t�h�a�t� �p�l�a�n�t�s� 

�w�e�r�e� �n�o�t� �t�o�p�p�e�d� �(�r�e�m�o�v�a�l� �o�f� �t�e�r�m�i�n�a�l� �f�l�o�r�a�l� �p�o�r�t�i�o�n�)� �i�n� �s�o�m�e� �f�i�e�l�d�s� �a�n�d� �n�o�n�e� �w�e�r�e� 

�t�r�e�a�t�e�d� �w�i�t�h� �a�p�h�i�c�i�d�e�s� �(�R�e�e�d� �e�t� �a�l�.� �1�9�9�5�)�.� �F�e�n�a�m�i�p�h�o�s� �(�N�e�m�a�c�u�r� �3�)�,� �p�e�b�u�l�a�t�e� 

�(�T�i�l�l�a�m� �6�E�)�,� �c�h�l�o�r�p�y�r�i�f�o�s� �(�L�o�r�s�b�a�n� �4�E�)�,� �a�n�d� �m�e�t�a�l�a�x�y�l� �(�R�i�d�o�m�i�l� �2�E�)� �w�e�r�e� �a�p�p�l�i�e�d� 

�a�s� �p�r�e�p�l�a�n�t� �t�r�e�a�t�m�e�n�t�s� �f�o�r� �t�h�e� �c�o�n�t�r�o�l� �o�f� �n�e�m�a�t�o�d�e�s�,� �w�e�e�d�s�,� �w�i�r�e�w�o�r�m�s�,� �a�n�d� 

�b�l�a�c�k�s�h�a�n�k� �a�n�d� �b�l�u�e� �m�o�l�d�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �A�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �u�s�u�a�l�l�y� �d�e�c�r�e�a�s�e� �a�f�t�e�r� 

�t�o�p�p�i�n�g� �(�S�e�m�t�n�e�r� �1�9�8�4�,� �L�a�m�p�e�r�t� �1�9�8�9�)� �a�n�d� �a�v�o�i�d�i�n�g� �t�h�a�t� �p�r�a�c�t�i�c�e� �h�e�l�p�e�d� �t�o� 

�m�a�i�n�t�a�i�n� �h�i�g�h� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s�.� 

�A�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�,� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y�,� �l�e�a�f� �w�e�t�n�e�s�s�,� �r�a�i�n�f�a�l�l�,� �a�n�d� �s�o�l�a�r� 

�r�a�d�i�a�t�i�o�n� �i�n�f�o�r�m�a�t�i�o�n� �w�a�s� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �a� �w�e�a�t�h�e�r� �s�t�a�t�i�o�n� �(�O�m�n�i�d�a�t�a� 

�I�n�t�e�r�n�a�t�i�o�n�a�l�,� �L�o�g�a�n�,� �U�t�a�h�)� �l�o�c�a�t�e�d� �a�b�o�u�t� �0�.�8� �k�m� �f�r�o�m� �t�h�e� �f�i�e�l�d� �s�i�t�e� �d�u�r�i�n�g� �1�9�9�3�-� 

�9�5�.� �I�n� �1�9�9�2�,� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �r�a�i�n�f�a�l�l� �d�a�t�a� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �a� 

�h�y�g�r�o�t�h�e�r�m�o�g�r�a�p�h� �a�n�d� �r�a�i�n� �g�a�u�g�e� �a�t� �t�h�e� �w�e�a�t�h�e�r� �s�t�a�t�i�o�n�.� 

�1�9�9�2�:� �T�h�e� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �c�o�n�d�u�c�t�e�d� �i�n� �t�h�r�e�e� �f�i�e�l�d�s�.� �F�i�e�l�d�s� �1� �(�0�.�0�6� �h�a�)� �a�n�d� �2� 

�(�0�.�1�1� �h�a�)� �w�e�r�e� �l�o�c�a�t�e�d� �a�b�o�u�t� �8�0� �m� �a�p�a�r�t� �a�n�d� �w�e�r�e� �t�r�a�n�s�p�l�a�n�t�e�d� �i�n�t�o� �f�l�u�e�-�c�u�r�e�d� 

�t�o�b�a�c�c�o�  ��N�C� �5�6�7 �� �o�n� �1�2� �a�n�d� �1�3� �M�a�y�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �F�i�e�l�d� �3� �(�0�.�1� �h�a�)� �w�a�s� �l�o�c�a�t�e�d� 

�a�b�o�u�t� �0�.�5� �k�m� �f�r�o�m� �t�h�e� �f�i�r�s�t� �t�w�o� �f�i�e�l�d�s� �a�n�d� �w�a�s� �t�r�a�n�s�p�l�a�n�t�e�d� �i�n�t�o�  ��K�-�3�2�6 �� �o�n� �2�8� 

�M�a�y�.� �F�i�e�l�d�s� �w�e�r�e� �t�o�p�p�e�d� �d�u�r�i�n�g� �t�h�e� �s�e�c�o�n�d� �h�a�l�f� �o�f� �J�u�l�y�.� �I�n�c�i�d�e�n�c�e� �o�f� �P�.� 

�n�e�o�a�p�h�i�d�i�s� �i�n�f�e�c�t�i�o�n� �w�a�s� �m�o�n�i�t�o�r�e�d� �d�u�r�i�n�g� �J�u�l�y� �a�n�d� �A�u�g�u�s�t�.� �T�h�e� �f�i�e�l�d�s� �w�e�r�e� 

�c�h�e�c�k�e�d� �o�n�c�e� �a� �w�e�e�k� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �3� �w�k� �o�f� �J�u�l�y� �a�n�d� �t�w�i�c�e� �a� �w�e�e�k� �d�u�r�i�n�g� �r�e�s�t� �o�f� 

�t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�.� �O�n� �e�a�c�h� �o�b�s�e�r�v�a�t�i�o�n� �d�a�t�e� �i�n� �J�u�l�y�,� �1�5�0� �p�l�a�n�t�s� �i�n� �e�a�c�h� �f�i�e�l�d� 

�w�e�r�e� �r�a�n�d�o�m�l�y� �s�e�l�e�c�t�e�d� �a�n�d� �a�p�h�i�d�s� �w�e�r�e� �c�o�u�n�t�e�d� �o�n� �o�n�e� �o�f� �t�h�e� �u�p�p�e�r� �f�o�u�r� �l�e�a�v�e�s� 

�3�3



�(�a�t� �l�e�a�s�t� �1�5� �c�m� �J�o�n�g�)�.� �T�h�e� �n�u�m�b�e�r� �o�f� �s�a�m�p�l�e� �p�l�a�n�t�s� �w�a�s� �l�i�m�i�t�e�d� �t�o� �5�0� �f�o�r� 

�o�b�s�e�r�v�a�t�i�o�n�s� �m�a�d�e� �d�u�r�i�n�g� �A�u�g�u�s�t�.� �F�i�f�t�y� �a�p�h�i�d�s� �w�e�r�e� �s�a�m�p�l�e�d� �b�e�t�w�e�e�n� �t�h�e� �f�o�u�r�t�h� 

�a�n�d� �s�i�x�t�h� �l�a�t�e�r�a�l� �v�e�i�n�s� �o�n� �t�h�e� �r�i�g�h�t� �a�b�a�x�i�a�l� �s�i�d�e� �o�f� �t�h�e� �m�i�d�v�e�i�n� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� 

�h�e�a�l�t�h�y� �a�n�d� �P�.� �n�e�o�a�p�h�i�d�i�s�-�i�n�f�e�c�t�e�d� �a�p�h�i�d�s� �w�e�r�e� �c�o�u�n�t�e�d�.� �I�f� �n�e�c�e�s�s�a�r�y�,� �t�h�e� �s�a�m�p�l�e� 

�a�r�e�a� �w�a�s� �e�x�p�a�n�d�e�d� �u�n�t�i�l� �5�0� �a�p�h�i�d�s� �w�e�r�e� �c�o�u�n�t�e�d�.� �T�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �f�u�n�g�u�s�-�k�i�l�l�e�d� 

�a�p�h�i�d�s� �i�n� �e�a�c�h� �s�a�m�p�l�e� �w�a�s� �c�a�l�c�u�l�a�t�e�d�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �f�i�e�l�d� �o�b�s�e�r�v�a�t�i�o�n�s�,� �5�0� �a�p�h�i�d�s� �t�h�a�t� �w�e�r�e� �a�p�p�a�r�e�n�t�l�y� �h�e�a�l�t�h�y� 

�w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �e�a�c�h� �o�f� �2�5� �r�a�n�d�o�m�l�y� �s�e�l�e�c�t�e�d� �p�l�a�n�t�s�,� �i�n� �e�a�c�h� �f�i�e�l�d�,� �b�e�t�w�e�e�n� �2�8� 

�J�u�l�y� �t�o� �1�9� �A�u�g�u�s�t�,� �t�o� �o�b�s�e�r�v�e� �t�h�e� �d�i�s�e�a�s�e� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y�.� �A�p�h�i�d�s� 

�w�e�r�e� �p�l�a�c�e�d� �o�n� �t�o�b�a�c�c�o� �l�e�a�f� �d�i�s�c�s� �(�9�0� �m�m� �d�i�a�)� �i�n� �a� �P�e�t�r�i� �p�l�a�t�e� �(�1�0�0� �b�y� �1�5� �m�m�)� 

�w�i�t�h� �a� �m�o�i�s�t� �f�i�l�t�e�r� �p�a�p�e�r� �(�W�h�a�t�m�a�n� �N�o�.� �4�,� �9�0� �m�m� �c�i�r�c�l�e�)� �i�n� �t�h�e� �b�o�t�t�o�m�.� �M�o�i�s�t� 

�f�i�l�t�e�r� �p�a�p�e�r� �m�a�i�n�t�a�i�n�e�d� �h�i�g�h� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �i�n� �t�h�e� �P�e�t�r�i� �p�l�a�t�e�.� �T�h�e�s�e� �a�p�h�i�d�s� �w�e�r�e� 

�i�n�c�u�b�a�t�e�d� �a�t� �1�6�L�:�8�D� �p�h�o�t�o�p�h�a�s�e� �a�n�d� �2�2�-�2�4�°�C�.� �A�p�h�i�d�s� �w�e�r�e� �c�h�e�c�k�e�d� �d�a�i�l�y� �f�o�r� �2�-�3� 

�d� �a�n�d� �p�r�o�p�o�r�t�i�o�n� �o�f� �a�p�h�i�d�s� �k�i�l�l�e�d� �b�y� �P�.� �n�e�o�a�p�h�i�d�i�s� �d�u�r�i�n�g� �t�h�i�s� �p�e�r�i�o�d� �w�a�s� 

�c�a�l�c�u�l�a�t�e�d�.� 

�1�9�9�3�:� �T�h�e� �p�a�t�h�o�g�e�n� �w�a�s� �n�o�t� �s�e�e�n� �i�n� �a�n�y� �o�f� �t�h�e� �t�h�r�e�e� �f�i�e�l�d�s� �i�n�t�e�n�d�e�d� �f�o�r� �t�h�i�s� �s�t�u�d�y�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �w�a�s� �o�b�s�e�r�v�e�d� �i�n� �a�n�o�t�h�e�r� �f�i�e�l�d� �i�n� �e�a�r�l�y� �A�u�g�u�s�t�.� �T�h�e� �i�n�c�i�d�e�n�c�e� �o�f� �P�.� 

�n�e�o�a�p�h�i�d�i�s� �w�a�s� �m�o�n�i�t�o�r�e�d� �f�r�o�m� �3�0� �A�u�g�u�s�t� �t�o� �1� �N�o�v�e�m�b�e�r� �o�n� �s�u�c�k�e�r�s� �g�r�o�w�n� �f�r�o�m� 

�t�o�b�a�c�c�o� �t�h�a�t� �h�a�d� �b�e�e�n� �c�u�t�-�b�a�c�k�.� �T�h�i�s� �f�i�e�l�d� �(�0�.�2�6� �h�a�)� �w�a�s� �p�l�a�n�t�e�d� �o�n� �1�2� �M�a�y� �i�n� 

�f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�  ��K�-�3�2�6 ��.� �P�l�a�n�t�s� �i�n� �t�h�i�s� �f�i�e�l�d� �w�e�r�e� �c�u�t� �a�b�o�u�t� �1�5� �c�m� �a�b�o�v�e� �t�h�e� 

�g�r�o�u�n�d� �o�n� �2�6� �J�u�l�y� �a�n�d� �s�u�c�k�e�r�s� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �g�r�o�w�.� �S�i�n�c�e� �t�h�e� �g�r�o�w�i�n�g� �s�e�a�s�o�n� 

�w�a�s� �a�b�o�u�t� �t�o� �e�n�d� �a�t� �t�h�a�t� �t�i�m�e�,� �f�i�e�l�d� �o�b�s�e�r�v�a�t�i�o�n�s� �w�e�r�e� �n�o�t� �t�a�k�e�n�.� �H�o�w�e�v�e�r�,� �s�i�n�g�l�e� 

�l�e�a�f� �s�a�m�p�l�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �2�5� �r�a�n�d�o�m�l�y� �s�e�l�e�c�t�e�d� �p�l�a�n�t�s�.� �L�e�a�v�e�s�,� �1�5�-�2�0� �c�m� 

�l�o�n�g�,� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�t� �1� �t�o� �5� �d� �i�n�t�e�r�v�a�l�s� �a�n�d� �p�l�a�c�e�d� �s�e�p�a�r�a�t�e�l�y� �i�n� �p�l�a�s�t�i�c� �b�a�g�s� �a�f�t�e�r� 

�t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �a�p�h�i�d�s� �o�n� �e�a�c�h� �l�e�a�f� �h�a�d� �b�e�e�n� �c�o�u�n�t�e�d�.� �T�h�e�s�e� �p�l�a�s�t�i�c� �b�a�g�s� �w�e�r�e� 

�s�e�a�l�e�d� �a�n�d� �a�p�h�i�d�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �a�t� �1�6�L�:�8�D� �p�h�o�t�o�p�h�a�s�e� �a�n�d� �2�2�-�2�4�°�C�.� �T�h�e� 

�n�u�m�b�e�r� �o�f� �a�p�h�i�d�s� �i�n�f�e�c�t�e�d� �b�y� �P�.� �n�e�o�a�p�h�i�d�i�s� �f�r�o�m� �e�a�c�h� �l�e�a�f� �s�a�m�p�l�e� �w�e�r�e� �c�o�u�n�t�e�d� 

�3�4



�t�h�e� �n�e�x�t� �d�a�y� �a�n�d� �t�h�e� �p�e�r�c�e�n�t� �i�n�f�e�c�t�i�o�n� �w�a�s� �c�a�l�c�u�l�a�t�e�d�.� 

�1�9�9�4�:� �T�h�e� �i�n�c�i�d�e�n�c�e� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �w�a�s� �m�o�n�i�t�o�r�e�d� �i�n� �t�h�r�e�e� �f�i�e�l�d�s�.� �T�h�e�s�e� �f�i�e�l�d�s� 

�w�e�r�e� �t�r�a�n�s�p�l�a�n�t�e�d� �i�n�t�o� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�  ��K�-�3�2�6 �� �o�n� �1�0� �M�a�y� �i�n� �F�i�e�l�d�s� �1� �(�0�.�2� �h�a�)� 

�a�n�d� �3� �(�0�.�0�8� �h�a�)�,� �a�n�d� �o�n� �1�7� �M�a�y� �i�n� �F�i�e�l�d� �2� �(�0�.�0�8� �h�a�)�.� �T�h�e� �t�h�r�e�e� �f�i�e�l�d�s� �w�e�r�e� �n�o� 

�m�o�r�e� �t�h�a�n� �1�7�0� �m� �a�p�a�r�t�.� �A�b�o�u�t� �7�5� �p�l�a�n�t�s� �e�a�c�h� �i�n� �F�i�e�l�d�s� �1� �a�n�d� �3�,� �a�n�d� �3�5� �p�l�a�n�t�s� �i�n� 

�F�i�e�l�d� �2� �w�e�r�e� �r�a�n�d�o�m�l�y� �s�e�l�e�c�t�e�d� �a�n�d� �m�a�r�k�e�d� �w�i�t�h� �f�l�a�g�s�.� �D�i�s�e�a�s�e� �i�n�c�i�d�e�n�c�e� �w�a�s� 

�m�o�n�i�t�o�r�e�d� �o�n� �t�h�e�s�e� �p�l�a�n�t�s�.� �S�a�m�p�l�e� �p�l�a�n�t�s� �w�e�r�e� �c�h�e�c�k�e�d� �t�w�i�c�e� �a� �w�e�e�k� �f�r�o�m� �t�h�e� 

�m�i�d�d�l�e� �o�f� �J�u�n�e� �t�o� �t�h�e� �t�h�i�r�d� �w�e�e�k� �o�f� �A�u�g�u�s�t� �i�n� �F�i�e�l�d�s� �1� �a�n�d� �3�,� �a�n�d� �f�r�o�m� �t�h�e� �e�n�d� �o�f� 

�J�u�l�y� �t�o� �t�h�e� �t�h�i�r�d� �w�e�e�k� �o�f� �A�u�g�u�s�t� �i�n� �F�i�e�l�d� �2�.� �A�p�h�i�d�s� �n�u�m�b�e�r�s� �w�e�r�e� �e�s�t�i�m�a�t�e�d� �o�n� �a�l�l� 

�l�e�a�v�e�s� �o�f� �e�a�c�h� �s�a�m�p�l�e� �p�l�a�n�t� �o�n� �e�a�c�h� �o�b�s�e�r�v�a�t�i�o�n� �d�a�t�e�.� �O�n�c�e� �t�h�e� �p�a�t�h�o�g�e�n� �a�p�p�e�a�r�e�d� 

�i�n� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s�,� �t�h�e� �n�u�m�b�e�r� �o�f� �i�n�f�e�c�t�e�d� �a�p�h�i�d�s� �w�a�s� �a�l�s�o� �c�o�u�n�t�e�d�.� �B�o�t�h� 

�l�i�v�i�n�g�-�i�n�f�e�c�t�e�d� �(�p�a�l�e� �c�o�l�o�r�e�d�)� �a�n�d� �f�u�n�g�u�s�-�k�i�l�l�e�d� �(�g�o�l�d�e�n� �b�r�o�w�n� �c�a�d�a�v�e�r�s�)� �a�p�h�i�d�s� 

�w�e�r�e� �c�o�u�n�t�e�d� �a�s� �i�n�f�e�c�t�e�d� �a�p�h�i�d�s�.� �P�l�a�n�t�s� �i�n� �F�i�e�l�d�s� �1� �a�n�d� �3� �w�e�r�e� �t�o�p�p�e�d� �o�n� �2�6� �J�u�l�y�.� 

�O�b�s�e�r�v�a�t�i�o�n�s� �w�e�r�e� �s�t�a�r�t�e�d� �i�n� �F�i�e�l�d� �2� �a�f�t�e�r� �t�h�e� �o�t�h�e�r� �t�w�o� �f�i�e�l�d�s� �h�a�d� �b�e�e�n� �t�o�p�p�e�d�.� 

�S�i�n�g�l�e� �l�e�a�f� �s�a�m�p�l�e�s� �w�e�r�e� �a�l�s�o� �c�o�l�l�e�c�t�e�d�,� �f�o�l�l�o�w�i�n�g� �t�h�e� �p�r�o�c�e�d�u�r�e� �u�s�e�d� �i�n� 

�1�9�9�3�,� �t�o� �o�b�s�e�r�v�e� �d�i�s�e�a�s�e� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y�.� �S�a�m�p�l�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� 

�t�w�i�c�e� �a� �w�e�e�k� �f�r�o�m� �1�8� �J�u�l�y� �t�o� �2�8� �A�u�g�u�s�t� �o�n� �1�0� �d�a�t�e�s�.� �O�n� �t�h�e� �f�i�r�s�t� �t�h�r�e�e� �d�a�t�e�s� �(�o�n� 

�1�8�,� �2�2�,� �a�n�d� �2�5� �J�u�l�y�)�,� �l�e�a�v�e�s� �w�e�r�e� �s�a�m�p�l�e�d� �f�r�o�m� �F�i�e�l�d� �1�.� �S�i�n�c�e� �t�h�a�t� �f�i�e�l�d� �h�a�d� �b�e�e�n� 

�t�o�p�p�e�d� �o�n� �2�6� �J�u�l�y�,� �s�a�m�p�l�e�s� �w�e�r�e� �t�a�k�e�n� �f�r�o�m� �a�n� �u�n�t�o�p�p�e�d� �f�i�e�l�d� �a�d�j�a�c�e�n�t� �t�o� �F�i�e�l�d� �1�,� 

�f�o�r� �t�h�e� �n�e�x�t� �f�o�u�r� �o�b�s�e�r�v�a�t�i�o�n� �d�a�t�e�s� �(�o�n� �2�9� �J�u�l�y�,� �2�,� �3�,� �a�n�d� �9� �A�u�g�u�s�t�)�.� �A�p�h�i�d� �a�n�d� 

�i�n�f�e�c�t�i�o�n� �l�e�v�e�l�s� �s�t�a�r�t�e�d� �d�e�c�l�i�n�i�n�g� �i�n� �t�h�i�s� �s�e�c�o�n�d� �f�i�e�l�d� �a�f�t�e�r� �9� �A�u�g�u�s�t�,� �w�h�i�l�e� �t�h�e� 

�p�a�t�h�o�g�e�n� �w�a�s� �a�t� �h�i�g�h�e�r� �l�e�v�e�l�s� �i�n� �a�n� �a�d�j�a�c�e�n�t� �f�i�e�l�d� �o�n� �s�u�c�k�e�r�s� �g�r�o�w�n� �f�r�o�m� �c�u�t�-�b�a�c�k� 

�t�o�b�a�c�c�o�.� �T�h�e� �s�a�m�p�l�e�s� �f�o�r� �t�h�e� �l�a�s�t� �f�o�u�r� �o�b�s�e�r�v�a�t�i�o�n� �d�a�t�e�s� �(�o�n� �1�8�,� �2�4�,� �a�n�d� �2�8� 

�A�u�g�u�s�t�,� �a�n�d� �3� �S�e�p�t�e�m�b�e�r�)� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �s�u�c�k�e�r�s� �o�n� �c�u�t�-�b�a�c�k� �t�o�b�a�c�c�o� �n�e�a�r� 

�t�h�e� �s�e�c�o�n�d� �f�i�e�l�d�.� 

�1�9�9�5�:� �T�h�e� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �i�n� �t�w�o� �f�i�e�l�d�s� �(�e�a�c�h� �0�.�1� �h�a�)� �l�o�c�a�t�e�d� �a�b�o�u�t� �2�0�0� �m� 

�a�p�a�r�t�.� �T�h�e�s�e� �f�i�e�l�d�s� �w�e�r�e� �t�r�a�n�s�p�l�a�n�t�e�d� �i�n�t�o� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�  ��K�-�3�2�6 �� �o�n� �1�7� �M�a�y�.� 
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�F�i�f�t�y� �p�l�a�n�t�s� �i�n� �e�a�c�h� �f�i�e�l�d� �w�e�r�e� �r�a�n�d�o�m�l�y� �s�e�l�e�c�t�e�d� �a�n�d� �m�a�r�k�e�d� �w�i�t�h� �f�l�a�g�s�.� �O�n�e� �h�a�l�f� 

�o�f� �e�a�c�h� �f�i�e�l�d� �w�a�s� �t�o�p�p�e�d� �o�n� �2�5� �J�u�l�y� �a�n�d� �t�h�e� �o�t�h�e�r� �h�a�l�f� �w�a�s� �l�e�f�t� �u�n�t�o�p�p�e�d�.� �E�a�c�h� �o�f� 

�t�h�e� �t�o�p�p�e�d� �a�n�d� �u�n�t�o�p�p�e�d� �s�e�c�t�i�o�n�s� �h�a�d� �2�5� �s�a�m�p�l�e� �p�l�a�n�t�s�.� �M�a�r�k�e�d� �p�l�a�n�t�s� �w�e�r�e� 

�c�h�e�c�k�e�d� �f�o�r� �a�p�h�i�d�s� �t�w�i�c�e� �a� �w�e�e�k� �b�e�t�w�e�e�n� �5� �J�u�l�y� �a�n�d� �8� �A�u�g�u�s�t�.� �T�h�e� �n�u�m�b�e�r� �o�f� 

�h�e�a�l�t�h�y� �a�n�d� �P�.� �n�e�o�a�p�h�i�d�i�s�-�i�n�f�e�c�t�e�d� �a�p�h�i�d�s� �w�e�r�e� �c�o�u�n�t�e�d� �f�o�r� �a�l�l� �l�e�a�v�e�s� �o�f� �e�a�c�h� 

�s�a�m�p�l�e� �p�l�a�n�t� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �i�n�f�e�c�t�e�d� �a�p�h�i�d�s� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �o�n� �e�a�c�h� 

�o�b�s�e�r�v�a�t�i�o�n� �d�a�t�e�.� 

�L�e�a�f� �s�a�m�p�l�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �t�w�i�c�e� �a� �w�e�e�k� �f�r�o�m� �F�i�e�l�d� �1� �b�e�t�w�e�e�n� �1�0� �J�u�l�y� 

�a�n�d� �3� �A�u�g�u�s�t�.� �T�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �d�i�s�e�a�s�e�d� �a�p�h�i�d�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �i�n� �t�h�e� �m�a�n�n�e�r� 

�d�e�s�c�r�i�b�e�d� �f�o�r� �p�r�e�v�i�o�u�s� �y�e�a�r�s�.� 

�I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s�:� �O�n� �e�a�c�h� �s�a�m�p�l�i�n�g� �d�a�t�e�,� �c�o�n�i�d�i�a� �c�o�l�l�e�c�t�e�d� �o�n� 

�c�o�v�e�r�s�l�i�p�s� �f�r�o�m� �5�-�1�0� �c�a�d�a�v�e�r�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �i�n� �l�a�c�t�o�p�h�e�n�o�l� �u�n�d�e�r� �p�h�a�s�e� �c�o�n�t�r�a�s�t� 

�m�i�c�r�o�s�c�o�p�e�.� �T�h�e� �i�d�e�n�t�i�t�y� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �w�a�s� �c�o�n�f�i�r�m�e�d� �b�a�s�e�d� �o�n� �t�h�e� 

�d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �R�e�m�a�u�d�i�é�r�e� �a�n�d� �H�e�n�n�e�b�e�r�t� �(�1�9�8�0�)�,� �W�i�l�d�i�n�g� �a�n�d� �B�r�a�d�y� �(�1�9�8�4�)�,� �a�n�d� 

�H�u�m�b�e�r� �(�1�9�8�9�)�.� 

�S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s�:� �T�h�e� �d�a�t�a� �w�e�r�e� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �P�R�O�C� �M�E�A�N�S� �s�t�a�t�e�m�e�n�t� �o�f� 

�S�A�S� �s�o�f�t�w�a�r�e� �(�S�A�S� �I�n�s�t�i�t�u�t�e� �1�9�8�7�)�.� �M�e�a�n�s� �f�o�r� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �a�p�h�i�d�s� �a�n�d� �p�e�r�c�e�n�t� 

�i�n�f�e�c�t�i�o�n� �p�e�r� �p�l�a�n�t� �(�f�o�r� �f�i�e�l�d� �o�b�s�e�r�v�a�t�i�o�n�s�)� �a�n�d� �p�e�r� �l�e�a�f� �(�f�o�r� �l�a�b�o�r�a�t�o�r�y� �o�b�s�e�r�v�a�t�i�o�n�)� 

�w�e�r�e� �o�b�t�a�i�n�e�d�.� 

�R�e�s�u�l�t�s�:� 

�1�9�9�2�:� 

�F�i�e�l�d� �o�b�s�e�r�v�a�t�i�o�n�s�:� �I�n�f�e�c�t�i�o�n� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�n� �t�o�b�a�c�c�o� �a�p�h�i�d�s� �w�a�s� �f�i�r�s�t� 

�o�b�s�e�r�v�e�d� �o�n� �8� �J�u�l�y� �(�F�i�g�.� �3�.�1�A�)�.� �A�f�t�e�r�w�a�r�d�s� �t�h�e�r�e� �w�a�s� �a� �d�e�c�r�e�a�s�e� �i�n� �i�n�f�e�c�t�i�o�n� 

�l�e�v�e�l�s� �i�n� �a�l�l� �t�h�r�e�e� �f�i�e�l�d�s�,� �p�r�o�b�a�b�l�y� �d�u�e� �t�o� �i�n�c�r�e�a�s�e� �i�n� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �a� 

�b�r�i�e�f� �p�e�r�i�o�d� �o�f� �d�r�y� �w�e�a�t�h�e�r� �(�F�i�g�.� �3�.�1�)�.� �T�h�e� �a�v�e�r�a�g�e� �d�a�i�l�y� �t�e�m�p�e�r�a�t�u�r�e�s� �i�n�c�r�e�a�s�e�d� 

�f�r�o�m� �a�b�o�u�t� �2�3�°�C� �o�n� �8� �J�u�l�y� �t�o� �a�b�o�u�t� �3�1�°�C� �o�n� �1�3� �J�u�l�y�,� �w�h�i�l�e� �t�h�e� �d�a�i�l�y� �m�a�x�i�m�a� 

�i�n�c�r�e�a�s�e�d� �f�r�o�m� �a�b�o�u�t� �3�0� �t�o� �3�8�°�C� �d�u�r�i�n�g� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �p�e�r�i�o�d� �(�F�i�g�.� �3�.�1�B�)�.� 
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�|� �A�.� �I�n�c�i�d�e�n�c�e� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �|� �F�i�e�l�d� �1� �D�F�i�e�l�d� �2� �&� �F�i�e�l�d� �|� 
�8�0� �P�o�n�c�a� �e�n�n�a� �e�n� �w�e�e� �e�e�n� �e�e� �e�n� �e�n�n� �n�e� �e�n� �e�t�r�e� �e�e� �e�e�n� �e�e� �m�e�e�e� �e�r�e� �e�n�e�r�o� �n� �n�e� �t�e�n�n� �e�n�o�n�e� �n�a�n�a�n� �n�e�n�t� �n�e�e� �e�n�e� 

�6�0� �b�e� �w�a�n�e� �t�e�n�n�e�r� �n� �e�n�e� �t�e�e� �e�e�n� �e�n�t� �a�e� �e�r�e�n�t� �r�e�n�e� �t�e�e�n� �t�e�e� �e�a�n� �e�a�n� �n� �h�e�r�e� �e�n�e� �n�e�e�m� �e� �t�e�e�n�s� �e�e� �e�w� �a�n�n�e� �n� �e�n�n�a� �t�e�n�n� �t�m�e�n�t� �e�n�o�n�e� �r�e�n�r�a�r�m�a�t�e�e�n�d�®� 

�|� 
�4�0� �e�e� �e�e� �P�I� �w�e� �r�e�n�e�e� �m�e�e�e� �e�r�e�n�t� �e�e�n� �e� �c�a�r�n�e� �e�e� �e�n�n�e�e� 

�U�Y� �J� �2�0� �O�p� �G�c� �n�e� �E�o�c�e�n�e� �D� �Z�Y� �E� �y� 

�A�,� �b�e�m� �a�e�d� �2�2�.� �o�i�l� �B�s� �V�a�y� �a� �A�,� �e�a� �a� 

�8� �1�7� �2� �2� �2� �3�1� �#�4� �#�7� �H�W� �w�w� �2�9� 
�J�u�l�y� �A�u�g�u�s�t� 

� � 

�|� �B�.� �A�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e� 
� � 

� � � � � � 
� � 

� � 

� � � � 

� � 

� � 
� � 

� � 

�g� �H�e� �t�t�t� �t�t� �P�e� �d�d� �|� �a�t� �1� 

�1� �3� �5� �7� �9� �1�1�1�3� �1�5� �1�7� �1�9� �2�1� �2�3� �2�5� �2�7� �2�9�3�1� �2� �4� �6� �8�B� �1�0�1�2� �1�4� �1�6� �1�8� 
�J�u�l�y� �A�u�g�u�s�t� 

�3�0� 

�|� �C�.� �R�a�i�n�f�a�l�l� 
�4�0� �w�e�e�t� �i�m�e�e�m� �e�w�e� �t�a�n�t� �e�n�e� �e� �e�n�c�e� �n�e� �e�e� �w�e�s�e�n�s� � � 

� � 

� � 

� � 

� � 

� � � � 
�1�3� �5� �7� �9� �1�1� �1�3� �1�5� �1�7� �1�9� �2�1� �3� �2�5� �2�7� �2�9�3�1� �2� �4� �6� �8� �1�0� �1�2� �1�4� �1�6� �1�8� 

�J�u�l�y� �A�u�g�u�s�t� 

�F�i�g�.� �3�.� �1�.� �S�e�a�s�o�n�a�l� �i�n�c�i�d�e�n�c�e� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�n� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �M�.� �n�i�c�o�t�i�a�n�a�e� �o�n� 
�f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o� �i�n� �F�i�e�l�d�s� �1�,� �2�,� �a�n�d� �3� �(�A�)� �a�l�o�n�g� �w�i�t�h� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�e�m�p�e�r�a�t�u�r�e� 
�(�B�)� �a�n�d� �r�a�i�n�f�a�l�l� �(�C�)� �p�r�e�v�a�i�l�e�d� �d�u�r�i�n�g� �t�h�a�t� �p�e�r�i�o�d� �i�n� �1�9�9�2�.� �(�A�p�p�e�n�d�i�x� �1�)� 
�*�O�b�s�e�r�v�a�t�i�o�n�s� �w�e�r�e� �n�o�t� �m�a�d�e� �i�n� �F�i�e�l�d� �3� �o�n� �1�7� �J�u�l�y�.� 
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�A�f�t�e�r� �r�e�a�c�h�i�n�g� �a� �l�o�w� �o�n� �2�1� �J�u�l�y�,� �t�h�e� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �s�t�a�r�t�e�d� �t�o� �i�n�c�r�e�a�s�e�.� 

�M�o�d�e�r�a�t�e� �r�a�i�n�f�a�l�l� �d�u�r�i�n�g� �t�h�e� �s�e�c�o�n�d� �h�a�l�f� �o�f� �J�u�l�y� �m�i�g�h�t� �h�a�v�e� �h�e�l�p�e�d� �t�h�e� �p�a�t�h�o�g�e�n� 

�r�e�e�s�t�a�b�l�i�s�h� �i�n� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �(�F�i�g�.� �3�.�1�C�)�.� �F�o�l�l�o�w�i�n�g� �a� �w�e�e�k� �o�f� �r�e�l�a�t�i�v�e�l�y� �c�o�o�l� 

�a�n�d� �m�o�d�e�r�a�t�e�l�y� �w�e�t� �w�e�a�t�h�e�r�,� �t�h�e� �e�p�i�z�o�o�t�i�c�s� �p�e�a�k�e�d� �i�n� �a�l�l� �f�i�e�l�d�s� �o�n� �7� �A�u�g�u�s�t�,� �a�f�t�e�r� 

�w�h�i�c�h� �t�h�e�y� �s�t�a�r�t�e�d� �t�o� �d�e�c�l�i�n�e�.� �S�p�e�c�i�f�i�c� �o�b�s�e�r�v�a�t�i�o�n�s� �o�n� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n� �l�e�v�e�l�s� 

�w�e�r�e� �n�o�t� �m�a�d�e� �d�u�r�i�n�g� �t�h�i�s� �p�e�r�i�o�d�,� �b�u�t� �g�e�n�e�r�a�l� �o�b�s�e�r�v�a�t�i�o�n�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� 

�p�o�p�u�l�a�t�i�o�n�s� �d�e�c�r�e�a�s�e�d� �a�f�t�e�r� �t�o�p�p�i�n�g� �t�o�b�a�c�c�o� �d�u�r�i�n�g� �t�h�e� �s�e�c�o�n�d� �h�a�l�f� �o�f� �J�u�l�y�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �w�a�s� �t�w�i�c�e� �a�s� �m�u�c�h� �i�n� �F�i�e�l�d� �1� �a�s� �i�n� �F�i�e�l�d� �2� �o�n� �7� 

�A�u�g�u�s�t�,� �t�h�e� �s�e�a�s�o�n�a�l� �i�n�c�i�d�e�n�c�e� �o�f� �t�h�e� �p�a�t�h�o�g�e�n� �f�o�l�l�o�w�e�d� �a� �s�i�m�i�l�a�r� �t�r�e�n�d� �i�n� �b�o�t�h� 

�f�i�e�l�d�s� �w�h�i�c�h� �w�e�r�e� �c�l�o�s�e�l�y� �l�o�c�a�t�e�d�.� �H�o�w�e�v�e�r�,� �i�n� �t�h�e� �d�i�s�t�a�n�t� �F�i�e�l�d� �3�,� �t�h�e�r�e� �w�a�s� �a� 

�d�r�o�p� �i�n� �i�n�f�e�c�t�i�o�n� �l�e�v�e�l� �b�e�f�o�r�e� �i�t� �p�e�a�k�e�d�,� �a�n�d� �a� �s�l�i�g�h�t� �i�n�c�r�e�a�s�e� �o�n� �t�h�e� �l�a�s�t� �t�w�o� 

�o�b�s�e�r�v�a�t�i�o�n� �d�a�t�e�s� �f�o�l�l�o�w�i�n�g� �a� �d�r�a�s�t�i�c� �f�a�l�l� �a�f�t�e�r� �t�h�e� �p�e�a�k� �w�a�s� �o�b�s�e�r�v�e�d�.� 

�L�a�b�o�r�a�t�o�r�y� �o�b�s�e�r�v�a�t�i�o�n�s�:� �T�h�e� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �i�n� �a�p�h�i�d�s� �s�a�m�p�l�e�d� �f�r�o�m� �t�h�e� �f�i�e�l�d� 

�a�n�d� �i�n�c�u�b�a�t�e�d� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �w�a�s� �h�i�g�h�e�r� �t�h�a�n� �t�h�a�t� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �f�i�e�l�d� 

�t�h�r�o�u�g�h�o�u�t� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� �i�n� �F�i�e�l�d�s� �1� �a�n�d� �2�,� �a�n�d� �d�u�r�i�n�g� �m�o�s�t� �o�f� �t�h�e� 

�o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� �i�n� �F�i�e�l�d� �3� �(�F�i�g�u�r�e�s� �3�.�1�A� �a�n�d� �3�.�2�A�)�.� �T�h�i�s� �c�o�u�l�d� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� 

�t�h�e� �c�o�n�d�i�t�i�o�n�s� �o�f� �m�o�d�e�r�a�t�e� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �h�i�g�h� �h�u�m�i�d�i�t�y� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �w�h�i�c�h� 

�w�e�r�e� �m�o�r�e� �c�o�n�d�u�c�i�v�e� �f�o�r� �d�i�s�e�a�s�e� �d�e�v�e�l�o�p�m�e�n�t� �t�h�a�n� �f�i�e�l�d� �c�o�n�d�i�t�i�o�n�s�.� �P�.� �n�e�o�a�p�h�i�d�i�s� 

�r�e�q�u�i�r�e�s� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�i�e�s� �n�e�a�r� �s�a�t�u�r�a�t�i�o�n� �f�o�r� �s�p�o�r�u�l�a�t�i�o�n� �(�W�i�l�d�i�n�g� �1�9�7�1�,� �Y�u� �e�t� 

�a�l�.� �1�9�9�5�)�.� �T�h�e� �s�e�a�s�o�n�a�l� �t�r�e�n�d�s� �o�f� �f�i�e�l�d� �a�n�d� �l�a�b�o�r�a�t�o�r�y� �o�b�s�e�r�v�a�t�i�o�n�s� �d�i�d� �n�o�t� 

�c�o�r�r�e�s�p�o�n�d� �i�n� �F�i�e�l�d�s� �1� �a�n�d� �2�.� �T�h�e� �l�e�v�e�l�s� �o�f� �i�n�f�e�c�t�i�o�n� �w�e�r�e� �s�i�m�i�l�a�r� �b�e�t�w�e�e�n� �2�8� �J�u�l�y� 

�a�n�d� �4� �A�u�g�u�s�t� �a�n�d� �w�e�r�e� �h�i�g�h�e�s�t� �i�n� �a�p�h�i�d�s� �c�o�l�l�e�c�t�e�d� �o�n� �2�8� �J�u�l�y� �f�r�o�m� �t�h�o�s�e� �t�w�o� 

�f�i�e�l�d�s�,� �w�h�i�l�e� �t�h�e� �h�i�g�h�e�s�t� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �i�n� �f�i�e�l�d� �o�b�s�e�r�v�a�t�i�o�n�s� �w�a�s� �s�e�e�n� �o�n� �7� 

�A�u�g�u�s�t�.� �T�h�e� �s�e�a�s�o�n�a�l� �t�r�e�n�d� �w�a�s� �s�i�m�i�l�a�r� �i�n� �f�i�e�l�d� �a�n�d� �l�a�b�o�r�a�t�o�r�y� �o�b�s�e�r�v�a�t�i�o�n�s� �f�o�r� 

�F�i�e�l�d� �3�.� �H�o�w�e�v�e�r�,� �t�h�e� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �w�a�s� �s�l�i�g�h�t�l�y� �l�o�w�e�r� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �t�h�a�n� 

�i�n� �t�h�e� �f�i�e�l�d� �o�n� �4� �a�n�d� �7� �A�u�g�u�s�t�.� 

�1�9�9�3�:� 
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�j�e�a�y�s�p�r�y�d�e� 
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�y�e�a�y�/�s�p�r�y�d�e� 
�]�e�j�0� 

�2�4� �2�0� 
�J�u�l�y� 

�F�i�g�.� �3�.� �2�.� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�n� �M�.� �n�i�c�o�t�i�a�n�a�e�,� �s�a�m�p�l�e�d� �f�r�o�m� �f�i�e�l�d� 
�t�o�b�a�c�c�o� �a�n�d� �i�n�c�u�b�a�t�e�d� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y�,� �d�u�r�i�n�g� �t�o�b�a�c�c�o� �g�r�o�w�i�n�g� �s�e�a�s�o�n�s� �i�n� 
�1�9�9�2� �(�A�)�,� �1�9�9�4� �(�B�)�,� �a�n�d� �1�9�9�5� �(�C�)�.� �(�A�p�p�e�n�d�i�x� �2�)� 

�3�9� 

�1�3� �1�7� �1�0



�F�i�e�l�d� �o�b�s�e�r�v�a�t�i�o�n�s�:� �I�n�f�e�c�t�i�o�n�s� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�n� �t�o�b�a�c�c�o� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� 

�w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �i�n� �J�u�l�y� �b�a�s�e�d� �o�n� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n�s� �d�u�r�i�n�g� �1�9�9�2�,� �1�9�9�4� �a�n�d� �1�9�9�5�.� 

�H�o�w�e�v�e�r�,� �1�9�9�3� �w�a�s� �r�e�l�a�t�i�v�e�l�y� �d�r�i�e�r� �t�h�a�n� �t�h�e� �o�t�h�e�r� �t�h�r�e�e� �y�e�a�r�s� �d�u�r�i�n�g� �t�h�e� �t�o�b�a�c�c�o� 

�g�r�o�w�i�n�g� �s�e�a�s�o�n�.� �E�x�c�e�p�t� �f�o�r� �7�6� �m�m� �o�f� �r�a�i�n�f�a�l�l� �o�n� �2� �a�n�d� �3� �J�u�l�y�,� �t�h�e� �r�e�s�t� �o�f� �J�u�l�y� 

�r�e�c�e�i�v�e�d� �a� �t�o�t�a�l� �o�f� �1�4� �m�m� �o�f� �r�a�i�n�f�a�l�l�.� �D�a�i�l�y� �a�v�e�r�a�g�e� �t�e�m�p�e�r�a�t�u�r�e�s� �r�a�n�g�e�d� �b�e�t�w�e�e�n� 

�2�5� �a�n�d� �3�1�°�C�,� �w�h�i�l�e� �m�a�x�i�m�u�m� �t�e�m�p�e�r�a�t�u�r�e�s� �w�e�r�e� �b�e�t�w�e�e�n� �3�5� �a�n�d� �3�9�°�C� �d�u�r�i�n�g� 

�m�o�s�t� �o�f� �J�u�l�y�.� �A� �v�e�r�y� �l�o�w� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �b�y� �P�.� �n�e�o�a�p�h�i�d�i�s� �w�a�s� �s�e�e�n� �i�n� �s�o�m�e� 

�p�o�p�u�l�a�t�i�o�n�s� �o�f� �a�p�h�i�d�s� �i�n� �s�o�m�e� �f�i�e�l�d�s� �a�t� �t�h�e� �S�P�A�R�E�C� �d�u�r�i�n�g� �e�a�r�l�y� �A�u�g�u�s�t�,� �b�u�t� �t�h�e� 

�p�a�t�h�o�g�e�n� �w�a�s� �n�o�t� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �f�i�e�l�d�s� �i�n�t�e�n�d�e�d� �f�o�r� �t�h�i�s� �s�t�u�d�y�.� 

�L�a�b�o�r�a�t�o�r�y� �o�b�s�e�r�v�a�t�i�o�n�s�:� �T�h�e� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �i�n� �t�o�b�a�c�c�o� �a�p�h�i�d�s�,� �o�n� �l�e�a�f� 

�s�a�m�p�l�e�s� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �s�u�c�k�e�r�s� �o�f� �c�u�t�-�b�a�c�k� �t�o�b�a�c�c�o� �a�n�d� �h�e�l�d� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y�,� 

�f�l�u�c�t�u�a�t�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�a�m�p�l�i�n�g� �p�e�r�i�o�d� �(�b�e�t�w�e�e�n� �3�0� �A�u�g�u�s�t� �a�n�d� �1� �N�o�v�e�m�b�e�r�)� 

�(�F�i�g�.� �3�.�3�)�.� �H�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �i�n�f�e�c�t�i�o�n� �w�e�r�e� �r�e�c�o�r�d�e�d� �i�n� �O�c�t�o�b�e�r� �t�h�a�n� �i�n� �S�e�p�t�e�m�b�e�r�,� 

�w�i�t�h� �a� �m�a�x�i�m�u�m� �o�f� �3�0�%� �a�p�h�i�d�s� �i�n�f�e�c�t�e�d� �i�n� �t�h�e� �s�a�m�p�l�e�s� �c�o�l�l�e�c�t�e�d� �o�n� �2�8� �O�c�t�o�b�e�r�.� 

�T�h�e� �m�o�n�t�h�l�y� �a�v�e�r�a�g�e� �t�e�m�p�e�r�a�t�u�r�e�s� �f�o�r� �S�e�p�t�e�m�b�e�r� �a�n�d� �O�c�t�o�b�e�r� �w�e�r�e� �2�2� �a�n�d� �1�4�°�C�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �A�l�t�h�o�u�g�h� �a�p�h�i�d�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �u�n�d�e�r� �c�o�n�t�r�o�l�l�e�d� �c�o�n�d�i�t�i�o�n�s�,� �c�o�o�l� 

�w�e�a�t�h�e�r� �d�u�r�i�n�g� �O�c�t�o�b�e�r� �m�i�g�h�t� �h�a�v�e� �p�r�o�m�o�t�e�d� �t�h�e� �s�p�r�e�a�d� �o�f� �t�h�e� �p�a�t�h�o�g�e�n� �i�n� �t�h�e� 

�f�i�e�l�d� �r�e�s�u�l�t�i�n�g� �i�n� �a� �c�o�r�r�e�s�p�o�n�d�i�n�g� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �i�n�f�e�c�t�i�o�n� �i�n� �l�a�b�o�r�a�t�o�r�y� 

�o�b�s�e�r�v�a�t�i�o�n�s� �d�u�r�i�n�g� �t�h�a�t� �p�e�r�i�o�d�.� 

�1�9�9�4�;� 

�F�i�e�l�d� �o�b�s�e�r�v�a�t�i�o�n�s�:� �O�c�c�u�r�r�e�n�c�e� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �e�p�i�z�o�o�t�i�c�s� �s�h�o�w�e�d� �g�r�e�a�t� 

�v�a�r�i�a�t�i�o�n� �a�m�o�n�g� �t�h�r�e�e� �f�i�e�l�d�s�.� �T�h�e� �p�a�t�h�o�g�e�n� �w�a�s� �f�i�r�s�t� �o�b�s�e�r�v�e�d� �o�n� �7� �J�u�l�y� �i�n� �F�i�e�l�d� �1�,� 
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�o�f� �t�h�e� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �i�n� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �a�m�o�n�g� �t�h�e� �f�i�e�l�d�s� �t�h�a�t� �w�e�r�e� �c�l�o�s�e�l�y� 
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�u�m�o�l�e�s�e�c ��'�m!"� �d�u�r�i�n�g� �m�o�s�t� �o�f� �t�h�e� �s�e�c�o�n�d� �h�a�l�f� �o�f� �J�u�l�y� �(�F�i�g�.� �3�.�7�D�)�.� �T�h�e�s�e� 

�c�o�n�d�i�t�i�o�n�s� �o�f� �h�o�t� �a�n�d� �d�r�y� �w�e�a�t�h�e�r� �m�a�y� �h�a�v�e� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �a� �r�a�p�i�d� �d�e�c�l�i�n�e� �i�n� �a�p�h�i�d� 

�p�o�p�u�l�a�t�i�o�n�s� �a�n�d� �p�r�e�v�e�n�t�e�d� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �f�u�r�t�h�e�r� �i�n�f�e�c�t�i�o�n� �t�o�w�a�r�d�s� �t�h�e� �e�n�d� �o�f� 

�J�u�l�y�.� �T�h�e� �s�e�a�s�o�n�a�l� �p�r�o�g�r�e�s�s�i�o�n� �o�f� �t�h�e� �e�p�i�z�o�o�t�i�c� �f�o�l�l�o�w�e�d� �a� �s�i�m�i�l�a�r� �t�r�e�n�d� �i�n� �a�l�l� 

�f�i�e�l�d�s�.� �I�n�f�l�u�e�n�c�e� �o�f� �t�o�p�p�i�n�g� �t�o�b�a�c�c�o� �p�l�a�n�t�s� �o�n� �t�h�e� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �c�o�u�l�d� �n�o�t� �b�e� 

�d�e�t�e�r�m�i�n�e�d� �t�h�i�s� �y�e�a�r�.� �A�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �a�n�d� �e�p�i�z�o�o�t�i�c� �h�a�d� �a�l�r�e�a�d�y� �r�e�a�c�h�e�d� �t�h�e�i�r� 

�p�e�a�k�s� �a�n�d� �w�e�r�e� �o�n� �t�h�e� �d�e�c�l�i�n�e� �w�h�e�n� �t�o�b�a�c�c�o� �p�l�a�n�t�s� �w�e�r�e� �t�o�p�p�e�d�.� 

�L�a�b�o�r�a�t�o�r�y� �o�b�s�e�r�v�a�t�i�o�n�s�:� �T�h�e� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �i�n� �t�o�b�a�c�c�o� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� 

�o�b�s�e�r�v�e�d� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �w�a�s� �h�i�g�h�e�s�t� �(�a�b�o�u�t� �9�%�)� �i�n� �s�a�m�p�l�e�s� �c�o�l�l�e�c�t�e�d� �o�n� �1�7� �J�u�l�y� 

�(�F�i�g�.� �3�.�2�C�)�.� 

�D�i�s�c�u�s�s�i�o�n�:� 

�E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s� �r�e�q�u�i�r�e� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�i�e�s� �n�e�a�r� �s�a�t�u�r�a�t�i�o�n� �f�o�r� 

�g�e�r�m�i�n�a�t�i�o�n� �a�n�d� �h�o�s�t� �i�n�v�a�s�i�o�n� �(�C�a�r�r�u�t�h�e�r�s� �a�n�d� �H�u�r�a�l� �1�9�9�0�)�.� �H�i�g�h�e�r� �i�n�f�e�c�t�i�o�n�s� �i�n� 

�a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �a�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �h�e�a�v�y� �r�a�i�n�s� �o�r� �s�p�r�i�n�k�l�e�r� �i�r�r�i�g�a�t�i�o�n� �i�n� �c�a�s�e� �o�f� 

�P�.� �n�e�o�a�p�h�i�d�i�s� �a�n�d� �o�t�h�e�r� �e�n�t�o�m�o�p�h�t�h�o�r�a�l�e�a�n�s� �(�D�e�a�n� �a�n�d� �W�i�l�d�i�n�g� �1�9�7�3�,� �W�i�l�d�i�n�g� 

�1�9�7�5�,� �P�i�c�k�e�r�i�n�g� �e�t� �a�l�.� �1�9�8�9�)�.� �D�e�a�n� �a�n�d� �W�i�l�d�i�n�g� �(�1�9�7�1�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �i�n�f�e�c�t�i�o�n�s� �o�f� 

�E�n�t�o�m�o�p�h�t�h�o�r�a� �f�i�r�s�t� �a�p�p�e�a�r�e�d� �i�n� �c�e�r�e�a�l� �a�p�h�i�d�s� �a�f�t�e�r� �r�a�i�n�f�a�l�l� �e�n�d�e�d� �a� �l�o�n�g� �d�r�y� 

�p�e�r�i�o�d�.� �T�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �e�p�i�z�o�o�t�i�c�s� �o�f� �e�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s� �i�n� �c�e�r�e�a�l� �a�p�h�i�d� 

�p�o�p�u�l�a�t�i�o�n�s� �w�a�s� �p�r�e�c�e�d�e�d� �b�y� �p�e�r�i�o�d�s� �o�f� �r�a�i�n�f�a�l�l� �o�r� �h�e�a�v�y� �d�e�w� �a�l�s�o� �i�n� �s�e�v�e�r�a�l� 

�i�n�v�e�s�t�i�g�a�t�i�o�n�s� �(�V�o�r�o�n�i�n�a� �1�9�7�1�,� �D�e�a�n� �a�n�d� �W�i�l�d�i�n�g� �1�9�7�3�,� �W�i�l�d�i�n�g� �1�9�7�5�,� �D�e�d�r�y�v�e�r� 

�1�9�8�2�)�.� �S�i�m�i�l�a�r�l�y�,� �i�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�,� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �a�n�d� �t�h�e� 

�l�e�a�f� �w�e�t�n�e�s�s�,� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �r�a�i�n�f�a�l�l�,� �p�r�e�c�e�d�e�d� �t�h�e� �e�s�t�a�b�l�i�s�h�m�e�n�t� �a�n�d� �p�e�a�k� 

�i�n�c�i�d�e�n�c�e� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�n� �t�o�b�a�c�c�o� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �i�n�f�l�u�e�n�c�e� 

�o�f� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �n�o�t� �c�l�e�a�r� �o�n� �t�h�e� �i�n�f�e�c�t�i�o�n�s� �o�f� �P�.� 

�n�e�o�a�p�h�i�d�i�s� �a�n�d� �C�o�n�i�d�i�c�b�o�l�u�s� �s�p�p�.� �i�n� �c�e�r�e�a�l� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �(�F�e�n�g� �e�t� �a�l�.� �1�9�9�1�)�.� 

�P�.� �n�e�o�a�p�h�i�d�i�s� �w�a�s� �t�h�e� �o�n�l�y� �p�a�t�h�o�g�e�n� �i�n�f�e�c�t�i�n�g� �t�o�b�a�c�c�o� �a�p�h�i�d�s� �d�u�r�i�n�g� �t�h�i�s� 

�s�t�u�d�y�,� �b�u�t� �i�t�s� �i�n�f�l�u�e�n�c�e� �i�n� �r�e�d�u�c�i�n�g� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �w�a�s� �u�n�c�l�e�a�r�.� �A�s� �a�c�t�u�a�l� 
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�c�o�u�n�t�s� �o�f� �a�p�h�i�d�s� �w�e�r�e� �n�o�t� �t�a�k�e�n� �i�n� �1�9�9�2�,� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �t�h�e� �p�a�t�h�o�g�e�n� �o�n� �a�p�h�i�d� 

�p�o�p�u�l�a�t�i�o�n�s� �c�o�u�l�d� �n�o�t� �b�e� �o�b�s�e�r�v�e�d�.� �T�h�e� �a�p�p�a�r�e�n�t�l�y� �i�n�c�r�e�a�s�i�n�g� �p�o�p�u�l�a�t�i�o�n�s� �o�f� 

�t�o�b�a�c�c�o� �a�p�h�i�d�s� �s�e�e�m�e�d� �t�o� �d�e�c�r�e�a�s�e� �a�s� �t�h�e� �i�n�f�e�c�t�i�o�n� �i�n�c�r�e�a�s�e�d� �i�n� �F�i�e�l�d� �2� �i�n� �1�9�9�4� 

�(�F�i�g�.� �3�.�4�B�)�.� �H�o�w�e�v�e�r�,� �i�n� �F�i�e�l�d� �1�,� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �s�e�e�m�e�d� �t�o� �d�e�c�r�e�a�s�e� �b�e�f�o�r�e� �t�h�e� 

�p�a�t�h�o�g�e�n� �b�e�c�a�m�e� �w�e�l�l� �e�s�t�a�b�l�i�s�h�e�d� �i�n� �t�h�e� �f�i�e�l�d� �(�F�i�g�.� �3�.�4�A�)�.� �T�h�e� �n�u�m�b�e�r� �o�f� �a�p�h�i�d�s� 

�p�e�r� �p�l�a�n�t� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �8�7�0�0� �o�n� �1�8� �J�u�l�y� �t�o� �6�5�0�0� �o�n� �2�1� �J�u�l�y�,� �w�h�e�n� �t�h�e� �i�n�f�e�c�t�i�o�n� 

�i�n�c�r�e�a�s�e�d� �f�r�o�m� �0�.�0�0�3�%� �t�o� �o�n�l�y� �0�.�3�%� �d�u�r�i�n�g� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �p�e�r�i�o�d�.� �A�s� �t�h�i�s� 

�l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �i�s� �t�o�o� �l�o�w� �t�o� �e�x�e�r�t� �a� �m�a�j�o�r� �i�n�f�l�u�e�n�c�e� �o�n� �a�p�h�i�d� �i�n�f�e�s�t�a�t�i�o�n�s�,� �i�t� 

�w�o�u�l�d� �b�e� �a�p�p�r�o�p�r�i�a�t�e� �t�o� �s�a�y� �t�h�a�t� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �w�e�r�e� �o�n� �d�e�c�l�i�n�e� �a�t� �t�h�a�t� �t�i�m�e�.� 

�T�o�p�p�i�n�g� �o�f� �t�o�b�a�c�c�o� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �d�e�c�r�e�a�s�e� �o�f� �a�p�h�i�d� �n�u�m�b�e�r�s� �a�f�t�e�r� �2�5� �J�u�l�y�.� 

�F�u�r�t�h�e�r� �d�e�c�r�e�a�s�e� �i�n� �a�p�h�i�d� �n�u�m�b�e�r�s� �f�r�o�m� �4�2�3�/�p�l�a�n�t� �o�n� �2�9� �J�u�l�y� �t�o� �5�7�/�p�l�a�n�t� �o�n� �1� 

�A�u�g�u�s�t� �m�a�y� �h�a�v�e� �b�e�e�n� �d�u�e� �t�o� �t�h�e� �p�a�t�h�o�g�e�n� �s�i�n�c�e� �t�h�e� �i�n�f�e�c�t�i�o�n�,� �d�u�r�i�n�g� �t�h�a�t� �p�e�r�i�o�d�,� 

�i�n�c�r�e�a�s�e�d� �f�r�o�m� �1�7� �t�o� �2�0�%�.� �I�f� �t�h�e� �w�e�a�t�h�e�r� �w�a�s� �n�o�t� �h�o�t� �a�n�d� �d�r�y� �d�u�r�i�n�g� �t�h�e� �s�e�c�o�n�d� 

�h�a�l�f� �o�f� �J�u�l�y�,� �1�9�9�5�,� �f�u�r�t�h�e�r� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �m�a�y� �h�a�v�e� �o�c�c�u�r�r�e�d�.� 

�A�d�v�e�r�s�e� �e�f�f�e�c�t�s� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �w�e�r�e� �s�e�e�n� �o�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �n�a�t�u�r�a�l� �i�n�f�e�c�t�i�o�n�s� 

�b�y� �P�.� �n�e�o�a�p�h�i�d�i�s� �a�n�d� �C�o�n�i�d�i�o�b�o�l�u�s� �s�p�p�.� �i�n� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �c�e�r�e�a�l� �a�p�h�i�d�s� �o�n� 

�u�r�T�i�g�a�t�e�d� �s�p�r�i�n�g� �w�h�e�a�t� �(�F�e�n�g� �e�t� �a�l�.� �1�9�9�1�)�.� 

�T�h�e� �i�n�c�i�d�e�n�c�e� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �w�a�s� �u�n�p�r�e�d�i�c�t�a�b�l�e� �a�s� �t�h�e� �t�i�m�i�n�g� �a�n�d� 

�s�e�a�s�o�n�a�l� �t�r�e�n�d�s� �o�f� �t�h�e� �l�e�v�e�l�s� �o�f� �i�n�f�e�c�t�i�o�n� �i�n� �t�o�b�a�c�c�o� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �v�a�r�i�e�d� 

�w�i�d�e�l�y� �a�m�o�n�g� �c�l�o�s�e�l�y� �l�o�c�a�t�e�d� �f�i�e�l�d�s�.� �T�h�i�s� �v�a�r�i�a�t�i�o�n� �c�o�u�l�d� �n�o�t� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �a�m�o�n�g� �t�h�o�s�e� �f�i�e�l�d�s�.� �T�h�e� �n�u�m�b�e�r� �o�f� �a�p�h�i�d�s� �p�e�r� 

�p�l�a�n�t�s� �w�a�s� �s�i�m�i�l�a�r� �i�n�  ��u�n�t�o�p�p�e�d �� �a�n�d�  ��t�o�p�p�e�d �� �s�e�c�t�i�o�n�s� �o�f� �F�i�e�l�d� �2� �b�e�t�w�e�e�n� �1�1� �a�n�d� 

�1�4� �J�u�l�y�,� �i�n� �1�9�9�5�,� �b�u�t� �t�h�e� �i�n�f�e�c�t�i�o�n� �w�a�s� �n�e�a�r�l�y� �t�h�r�i�c�e� �a�n�d� �t�w�i�c�e� �a�s� �h�i�g�h� �i�n� 

 ��u�n�t�o�p�p�e�d �� �a�s� �i�n�  ��t�o�p�p�e�d �� �s�e�c�t�i�o�n�s� �o�n� �1�1� �a�n�d� �1�4� �J�u�l�y�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�F�i�g�u�r�e�s� �3�.�6�C� 

�a�n�d� �D�)�.� �I�n� �1�9�9�4�,� �t�h�e� �n�u�m�b�e�r� �o�f� �a�p�h�i�d�s� �i�n� �F�i�e�l�d� �3� �w�a�s� �c�l�o�s�e� �t�o� �t�h�a�t� �i�n� �F�i�e�l�d� �1�,� 

�t�h�o�u�g�h� �i�t� �w�a�s� �l�o�w�e�r� �i�n� �t�h�e� �f�o�r�m�e�r�,� �b�u�t� �t�h�e� �p�a�t�h�o�g�e�n� �d�i�d� �n�o�t� �o�c�c�u�r� �u�n�t�i�l� �n�e�a�r� �t�h�e� 

�e�n�d� �o�f� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� �(�d�a�t�a� �n�o�t� �p�r�e�s�e�n�t�e�d�)�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �s�e�a�s�o�n�a�l� 
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�t�r�e�n�d� �o�f� �i�n�f�e�c�t�i�o�n� �i�n� �F�i�e�l�d� �3� �f�r�o�m� �t�h�a�t� �i�n� �F�i�e�l�d�s� �1� �a�n�d� �2�,� �i�n� �1�9�9�2�,� �c�o�u�l�d� �n�o�t� �h�a�v�e� 

�b�e�e�n� �d�u�e� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �c�u�l�t�i�v�a�r� �(�F�i�g�.� �3�.�1�A�)�.� �T�o�b�a�c�c�o� �a�p�h�i�d�s� �o�n�  ��N�C� �5�6�7 �� 

�a�n�d�  ��K�-�3�2�6 �� �o�f� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o� �h�a�d� �s�i�m�i�l�a�r� �l�e�v�e�l�s� �o�f� �i�n�f�e�c�t�i�o�n� �b�y� �P�.� �n�e�o�a�p�h�i�d�i�s� 

�i�n� �a�n�o�t�h�e�r� �s�t�u�d�y� �i�n� �1�9�9�2� �(�s�e�e� �C�h�a�p�t�e�r� �V�I�)�.� 

�A� �m�a�x�i�m�u�m� �o�f� �9�1�%� �o�f� �a�p�h�i�d�s� �w�e�r�e� �i�n�f�e�c�t�e�d� �o�n� �u�n�t�o�p�p�e�d� �p�l�a�n�t�s� �c�o�m�p�a�r�e�d� 

�w�i�t�h� �2�0�%� �o�n� �t�o�p�p�e�d� �p�l�a�n�t�s� �i�n� �1�9�9�4�.� �H�o�w�e�v�e�r�,� �i�n�f�l�u�e�n�c�e� �o�f� �t�o�p�p�i�n�g� �o�n� �t�h�e� �l�e�v�e�l� �o�f� 

�i�n�f�e�c�t�i�o�n� �w�a�s� �n�o�t� �c�l�e�a�r� �i�n� �1�9�9�5�,� �a�s� �t�h�e� �e�p�i�z�o�o�t�i�c� �w�a�s� �d�e�c�l�i�n�i�n�g� �b�e�f�o�r�e� �t�h�e� �p�l�a�n�t�s� 

�w�e�r�e� �t�o�p�p�e�d� �(�F�i�g�.� �3�.�6�)�.� �T�h�i�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �f�u�r�t�h�e�r� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �i�n�f�e�c�t�i�o�n� �l�e�v�e�l�s� 

�c�o�u�l�d� �h�a�v�e� �b�e�e�n� �e�x�p�e�c�t�e�d� �i�f� �t�h�e� �p�l�a�n�t�s� �h�a�d� �n�o�t� �b�e�e�n� �t�o�p�p�e�d� �i�n� �1�9�9�2�.� �T�h�e� 

�p�r�o�p�o�r�t�i�o�n� �o�f� �i�n�f�e�c�t�e�d� �a�p�h�i�d�s� �a�p�p�e�a�r�e�d� �t�o� �b�e� �h�i�g�h�e�r� �i�n� �t�h�e� �u�p�p�e�r� �m�o�s�t� �t�o�b�a�c�c�o� 

�l�e�a�v�e�s� �(�s�e�e� �C�h�a�p�t�e�r� �I�V�)� �a�n�d� �t�o�p�p�i�n�g� �p�r�o�b�a�b�l�y� �r�e�d�u�c�e�s� �t�h�e� �m�a�j�o�r� �p�o�r�t�i�o�n� �o�f� 

�i�n�o�c�u�l�u�m� �f�r�o�m� �t�h�o�s�e� �l�e�a�v�e�s�.� 

�T�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �r�e�q�u�i�r�e�s� �h�i�g�h� �h�u�m�i�d�i�t�i�e�s� �(�R�o�c�k�w�o�o�d� 

�1�9�5�0�,� �W�i�l�d�i�n�g� �1�9�7�1�,� �Y�u� �e�t� �a�l�.� �1�9�9�5�)�.� �I�n� �a� �g�r�e�e�n�h�o�u�s�e� �s�t�u�d�y�,� �i�n�f�e�c�t�i�o�n�s� �o�f� �P�.� 

�n�e�o�a�p�h�i�d�i�s� �a�s� �h�i�g�h� �a�s� �1�0�0�%� �w�e�r�e� �s�e�e�n� �i�n� �t�o�b�a�c�c�o� �a�p�h�i�d�s� �o�n� �t�h�e� �u�p�p�e�r� �l�e�a�v�e�s� �o�f� 

�t�o�b�a�c�c�o� �p�l�a�n�t�s� �e�x�p�o�s�e�d� �t�o� �p�e�r�i�o�d�i�c�a�l� �w�a�t�e�r� �m�i�s�t� �(�p�e�r�s�o�n�a�l� �o�b�s�e�r�v�a�t�i�o�n�)�.� �I�n� �t�h�e� 

�c�u�r�r�e�n�t� �s�t�u�d�y�,� �p�r�o�v�i�s�i�o�n� �o�f� �h�u�m�i�d� �c�o�n�d�i�t�i�o�n�s�,� �n�e�a�r� �s�a�t�u�r�a�t�i�o�n�,� �m�i�g�h�t� �h�a�v�e� �r�e�s�u�l�t�e�d� 

�i�n� �h�i�g�h�e�r� �i�n�f�e�c�t�i�o�n� �l�e�v�e�l�s� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �o�b�s�e�r�v�a�t�i�o�n�s�.� �A�n�o�t�h�e�r� �f�a�c�t�o�r� �t�h�a�t� �c�o�u�l�d� 

�i�n�f�l�u�e�n�c�e� �t�h�e� �i�n�f�e�c�t�i�v�i�t�y� �o�f� �i�n�o�c�u�l�a� �o�f� �e�n�t�o�m�o�p�a�t�h�o�g�e�n�i�c� �f�u�n�g�i� �i�s� �s�o�l�a�r� �r�a�d�i�a�t�i�o�n� 

�(�C�l�e�r�k� �a�n�d� �M�a�d�e�l�i�n� �1�9�6�5�,� �I�g�n�o�f�f�o� �e�t� �a�l�.� �1�9�7�7�)�.� �A�l�t�h�o�u�g�h� �t�h�e� �s�o�l�a�r� �r�a�d�i�a�t�i�o�n� 

�i�n�f�o�r�m�a�t�i�o�n� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �r�e�p�r�e�s�e�n�t�e�d� �p�h�o�t�o�s�y�n�t�h�e�t�i�c�a�l�l�y� �a�c�t�i�v�e� �r�a�d�i�a�t�i�o�n� 

�b�e�t�w�e�e�n� �t�h�e� �w�a�v�e�l�e�n�g�t�h�s� �o�f� �4�0�0� �a�n�d� �7�0�0� �n�m�,� �i�t� �g�i�v�e�s� �a� �g�e�n�e�r�a�l� �i�d�e�a� �a�b�o�u�t� �t�h�e� 

�i�n�t�e�n�s�i�t�y� �o�f� �r�a�d�i�a�t�i�o�n� �t�h�a�t� �c�o�u�l�d� �h�a�r�m� �t�h�e� �p�a�t�h�o�g�e�n�.� 

�T�h�e� �s�e�a�s�o�n�a�l� �i�n�c�i�d�e�n�c�e� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�n� �t�o�b�a�c�c�o� �a�p�h�i�d�s� �c�o�u�l�d� �b�e� 

�i�n�f�l�u�e�n�c�e�d� �b�y� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �d�i�f�f�e�r�e�n�t� �f�a�c�t�o�r�s� �i�n�c�l�u�d�i�n�g�,� �w�e�a�t�h�e�r� �c�o�n�d�i�t�i�o�n�s�,� 

�r�e�d�u�c�t�i�o�n� �i�n� �a�p�h�i�d� �n�u�m�b�e�r�s� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�o�p�p�i�n�g� �t�o�b�a�c�c�o�,� �a�n�d� �s�p�a�t�i�a�l� �a�n�d� 

�t�e�m�p�o�r�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�s� �o�f� �t�h�e� �p�a�t�h�o�g�e�n� �i�n� �a�p�h�i�d�s� �w�i�t�h�i�n� �a�n�d� �b�e�t�w�e�e�n� �t�h�e� �f�i�e�l�d�s�.� �I�t� 
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�1�s� �a�l�s�o� �i�m�p�o�r�t�a�n�t� �t�o� �n�o�t�e� �t�h�a�t� �a�l�l� �t�h�e�s�e� �f�a�c�t�o�r�s� �c�o�u�l�d� �a�c�t� �c�o�n�c�u�r�r�e�n�t�l�y�.� �T�h�e� �s�p�r�e�a�d� 

�o�f� �e�p�i�z�o�o�t�i�c� �m�a�y� �b�e� �s�l�o�w� �i�f� �t�h�e� �p�a�t�h�o�g�e�n� �o�c�c�u�r�s� �i�n� �a�p�h�i�d�s� �o�n� �l�i�m�i�t�e�d� �n�u�m�b�e�r� �o�f� 

�p�l�a�n�t�s�.� �T�h�e� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �i�n�c�r�e�a�s�e�s� �a�s� �t�h�e� �p�a�t�h�o�g�e�n� �s�p�r�e�a�d�s� �i�n� �a�p�h�i�d�s� �a�l�l� �o�v�e�r� 

�t�h�e� �f�i�e�l�d�.� �R�a�i�n�f�a�l�l� �h�e�l�p�s� �t�h�e� �e�s�t�a�b�l�i�s�h�m�e�n�t� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �p�a�t�h�o�g�e�n� �i�n� 

�a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s�.� �T�o�p�p�i�n�g� �r�e�d�u�c�e�s� �t�h�e� �n�u�m�b�e�r� �o�f� �a�p�h�i�d�s� �i�n�c�l�u�d�i�n�g� �t�h�o�s�e� �i�n�f�e�c�t�e�d� �°� 

�b�y� �t�h�e� �p�a�t�h�o�g�e�n� �a�n�d� �i�n�t�e�r�f�e�r�e�s� �w�i�t�h� �t�h�e� �f�u�r�t�h�e�r� �s�p�r�e�a�d� �o�f� �t�h�e� �e�p�i�z�o�o�t�i�c� �i�n� �t�h�e� 

�r�e�m�a�i�n�i�n�g� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s�.� �U�n�f�a�v�o�r�a�b�l�e� �w�e�a�t�h�e�r� �c�o�n�d�i�t�i�o�n�s�,� �i�n� �t�e�r�m�s� �o�f� �h�i�g�h� 

�t�e�m�p�e�r�a�t�u�r�e�s� �a�n�d� �s�o�l�a�r� �r�a�d�i�a�t�i�o�n�,� �a�n�d� �l�o�w� �r�a�i�n�f�a�l�l�,� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y�,� �a�n�d� �l�e�a�f� 

�w�e�t�n�e�s�s�,� �c�o�u�l�d� �i�n�t�e�r�f�e�r�e� �w�i�t�h� �e�p�i�z�o�o�t�i�c� �a�t� �a�n�y� �l�e�v�e�l� �a�n�d� �w�o�u�l�d� �r�e�m�a�i�n� �l�a�r�g�e�l�y� 

�i�n�f�l�u�e�n�t�i�a�l� �o�n� �t�h�e� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n�.� �H�o�w�e�v�e�r�,� �t�h�e� �r�e�a�s�o�n� �f�o�r� �w�i�d�e� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� 

�e�x�t�e�n�t� �a�n�d� �t�i�m�i�n�g� �o�f� �i�n�f�e�c�t�i�o�n� �b�e�t�w�e�e�n� �c�l�o�s�e�l�y� �l�o�c�a�t�e�d� �f�i�e�l�d�s� �i�s� �n�o�t� �k�n�o�w�n�.� 

�S�u�m�m�e�r�s� �a�n�d� �N�e�w�t�o�n� �(�1�9�8�9�)� �r�e�p�o�r�t�e�d� �1�0�0�%� �i�n�f�e�c�t�i�o�n� �b�y� �P�.� �n�e�o�a�p�h�i�d�i�s� �o�f� 

�a�b�o�v�e� �g�r�o�u�n�d� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �P�e�m�p�h�i�g�u�s� �p�o�p�u�l�i�v�e�n�a�e� �F�i�t�c�h� �o�n� �s�u�g�a�r�b�e�e�t�.� �M�o�r�e� 

�t�h�a�n� �9�0�%� �M�.� �p�e�r�s�i�c�a�e� �p�o�p�u�l�a�t�i�o�n�s� �w�e�r�e� �k�i�l�l�e�d� �b�y� �n�a�t�u�r�a�l� �i�n�f�e�c�t�i�o�n�s� �o�f� �P�.� 

�n�e�o�a�p�h�i�d�i�s� �o�n� �s�p�i�n�a�c�h� �(�E�l�k�a�s�s�a�b�a�n�y� �e�t� �a�l�.� �1�9�9�2�)�.� �A�s� �h�i�g�h� �a�s� �7�4�%� �o�f� �t�h�e� 

�A�c�y�r�t�h�o�s�i�p�h�o�n� �p�i�s�u�m� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �s�p�r�i�n�k�l�e�-�i�r�r�i�g�a�t�e�d� �l�e�g�u�m�e� �g�r�o�u�n�d�c�o�v�e�r� �o�f� �a�n� 

�o�r�c�h�a�r�d� �w�e�r�e� �k�i�l�l�e�d� �b�y� �P�.� �n�e�o�a�p�h�i�d�i�s�,� �w�h�i�l�e� �n�o� �f�u�n�g�u�s�-�i�n�d�u�c�e�d� �m�o�r�t�a�l�i�t�y� �w�a�s� �s�e�e�n� 

�i�n� �a�p�h�i�d�s� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �d�r�i�p�-�i�r�r�i�g�a�t�e�d� �p�a�r�t� �o�f� �t�h�e� �l�e�g�u�m�e� �g�r�o�u�n�d�c�o�v�e�r� �(�P�i�c�k�e�r�i�n�g� 

�e�t� �a�l�.� �1�9�8�9�)�.� �I�n� �t�h�e� �c�u�r�r�e�n�t� �s�t�u�d�y�,� �i�n�f�e�c�t�i�o�n�s� �u�n�d�e�r� �f�i�e�l�d� �c�o�n�d�i�t�i�o�n�s� �u�p� �t�o� �8�5�%� �i�n� 

�1�9�9�4� �i�n�d�i�c�a�t�e� �t�h�e� �p�o�t�e�n�t�i�a�l� �o�f� �t�h�i�s� �p�a�t�h�o�g�e�n� �i�n� �c�o�n�t�r�o�l�l�i�n�g� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d�.� 

�H�o�w�e�v�e�r�,� �d�e�p�e�n�d�e�n�c�e� �o�f� �t�h�e� �p�a�t�h�o�g�e�n� �o�n� �w�e�a�t�h�e�r� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �w�i�d�e� �v�a�r�i�a�t�i�o�n� �i�n� 

�i�t�s� �o�c�c�u�r�r�e�n�c�e� �i�n� �d�i�f�f�e�r�e�n�t� �f�i�e�l�d�s� �w�i�t�h�i�n� �a� �l�o�c�a�t�i�o�n� �a�n�d� �f�r�o�m� �y�e�a�r� �t�o� �y�e�a�r� �m�a�k�e� �i�t� 

�l�e�s�s� �r�e�l�i�a�b�l�e� �a�n�d� �l�a�r�g�e�l�y� �u�n�p�r�e�d�i�c�t�a�b�l�e�.� �B�u�t�,� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�i�s� �p�a�t�h�o�g�e�n� �w�h�e�n� 

�t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �f�a�v�o�r�a�b�l�e� �s�h�o�u�l�d� �n�o�t� �b�e� �o�v�e�r�l�o�o�k�e�d�.� 
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�L�i�t�e�r�a�t�u�r�e� �C�i�t�e�d� 

�B�l�a�c�k�m�a�n�,� �R�.�L�.� �1�9�8�7�.� �M�o�r�p�h�o�l�o�g�i�c�a�l� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �o�f� �a� �t�o�b�a�c�c�o�-�f�e�e�d�i�n�g� �f�o�r�m� 
�f�r�o�m� �M�y�z�u�s� �p�e�r�s�i�c�a�e� �(�S�u�l�z�e�r�)� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)�,� �a�n�d� �a� �k�e�y� �t�o� �N�e�w� �W�o�r�l�d� 
�M�y�z�u�s� �(�N�e�c�t�a�r�o�s�i�p�h�o�n�)� �s�p�e�c�i�e�s�.� �B�u�l�l�.� �E�n�t�o�m�o�l�.� �R�e�s�.� �7�7�:�7�1�3�-�7�3�0�.� 

�C�a�r�r�u�t�h�e�r�s�,� �R�.�I�.� �a�n�d� �K�.� �H�u�r�a�l�.� �1�9�9�0�.� �F�u�n�g�i� �a�s� �n�a�t�u�r�a�l�l�y� �o�c�c�u�r�r�i�n�g� 
�e�n�t�o�m�o�p�a�t�h�o�g�e�n�s�,� �p�p�.� �1�1�5�-�1�3�8�.� �J�n� �P�.� �D�u�n�n� �&� �T�.� �B�a�k�e�r� �[�e�d�s�.�]�,� �N�e�w� �d�i�r�e�c�t�i�o�n� �i�n� 
�b�i�o�l�o�g�i�c�a�l� �c�o�n�t�r�o�l�:� �a�l�t�e�r�n�a�t�i�v�e�s� �f�o�r� �s�u�p�p�r�e�s�s�i�n�g� �a�g�r�i�c�u�l�t�u�r�a�l� �p�e�s�t�s� �a�n�d� �d�i�s�e�a�s�e�s� �.� 
�A�l�a�n� �R�.� �L�i�s�s�,� �N�e�w� �Y�o�r�k�,� �N�Y�.� 

�C�h�e�n�g�,� �H�.�H�.� �a�n�d� �W�.�A�.� �C�o�u�r�t�.� �1�9�7�7�.� �E�f�f�e�c�t�s� �o�f� �g�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d�,� �M�y�z�u�s� 
�p�e�r�s�i�c�a�e� �(�S�u�l�z�e�r�)�,� �o�n� �c�e�r�t�a�i�n� �c�h�e�m�i�c�a�l� �c�o�n�s�t�i�t�u�e�n�t�s� �o�f� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�.� �T�o�b�.� 
�S�c�i�.� �2�1�:�1�3�4�-�1�3�5�.� 

�C�h�e�n�g�,� �H�.�H�.� �a�n�d� �J�.�J�.� �H�a�n�l�o�n�.� �1�9�8�5�.� �E�f�f�e�c�t�s� �o�f� �g�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d�,� �M�y�z�u�s� �p�e�r�s�i�c�a�e� 
�(�S�u�l�z�e�r�)�,� �o�n� �y�i�e�l�d� �a�n�d� �q�u�a�l�i�t�y� �o�f� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o� �i�n� �O�n�t�a�r�i�o�.� �T�o�b�.� �S�c�i�.� �2�9�:� �1�4�4�-� 
�2�4�8�.� 

�C�l�e�r�k�,� �C�.�G�.� �a�n�d� �M�.�F�.� �M�a�d�e�l�i�n�.� �1�9�6�5�.� �T�h�e� �l�o�n�g�e�v�i�t�y� �o�f� �c�o�n�i�d�i�a� �o�f� �t�h�r�e�e� �i�n�s�e�c�t�-� 
�p�a�r�a�s�i�t�i�z�i�n�g� �h�y�p�h�o�m�y�c�e�t�e�s�.� �T�r�a�n�s�.� �B�r�i�.� �M�y�c�o�l�.� �S�o�c�.� �4�8�:� �1�9�3�-�2�0�9�.� 

�D�e�a�n�,� �G�.�J�.�W�.� �a�n�d� �N�.� �W�i�l�d�i�n�g�.� �1�9�7�1�.� �E�n�t�o�m�o�p�h�t�h�o�r�a� �i�n�f�e�c�t�i�n�g� �t�h�e� �c�e�r�e�a�l� �a�p�h�i�d�s� 
�M�e�t�o�p�o�l�o�p�h�i�u�m� �d�i�r�h�o�d�u�m� �a�n�d� �S�i�t�o�b�i�o�n� �a�v�e�n�a�e�.� �J�.� �I�n�v�.� �P�a�t�h�o�l�.� �1�8�:� �1�6�9�-�1�7�6�.� 

�D�e�a�n�,� �G�.�J�.�W�.� �a�n�d� �N�.� �W�i�l�d�i�n�g�.� �1�9�7�3�.� �I�n�f�e�c�t�i�o�n� �o�f� �c�e�r�e�a�l� �a�p�h�i�d�s� �b�y� �t�h�e� �f�u�n�g�u�s� 
�E�n�t�o�m�o�p�h�t�h�o�r�a�.� �A�n�n�.� �a�p�p�l�.� �B�i�o�l�.� �7�4�:� �1�3�3�-�1�3�8�.� 

�D�e�d�r�y�v�e�r�,� �C�.�A�.� �1�9�8�2�.� �F�i�e�l�d� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �t�h�r�e�e� �s�p�e�c�i�e�s� �o�f� �E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s� �o�f� 
�c�e�r�e�a�l� �a�p�h�i�d�s� �i�n� �W�e�s�t�e�r�n� �F�r�a�n�c�e�,� �p�p�.� �1�1�-�1�9�.� �J�n� �R�.� �C�a�v�a�l�l�o�r�o� �[�e�d�.�]�,� �A�p�h�i�d� 
�a�n�t�a�g�o�n�i�s�t�s�.� �B�l�a�k�e�m�a�,� �R�o�t�t�e�r�d�a�m�.� 

�E�l�k�a�s�s�a�b�a�n�y�,� �N�.�M�.�,� �D�.�C�.� �S�t�e�i�n�k�r�a�u�s� �a�n�d� �P�.�J�.� �M�c�L�e�o�d�.� �1�9�9�2�.� �P�a�n�d�o�r�a� �n�e�o�a�p�h�i�d�i�s� 
�(�E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�:� �E�n�t�o�m�o�p�h�t�h�o�r�a�c�e�a�e�)�:� �a� �p�o�t�e�n�t�i�a�l� �b�i�o�l�o�g�i�c�a�l� �c�o�n�t�r�o�l� �a�g�e�n�t� 
�a�g�a�i�n�s�t� �M�y�z�u�s� �p�e�r�s�i�c�a�e� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �o�n� �s�p�i�n�a�c�h�.� �J�.� �K�a�n�s�a�s� �E�n�t�o�m�o�l�.� 
�S�o�c�.� �6�5�:� �1�9�6�-�1�9�9�.� 

�F�e�n�g�,� �M�.�,� �J�.�B�.� �J�o�h�n�s�o�n� �a�n�d� �L�.�P�.� �K�i�s�h�.� �1�9�9�0�.� �V�i�r�u�l�e�n�c�e� �o�f� �V�e�r�t�i�c�i�l�l�i�u�m� �l�e�c�a�n�i�i� 
�a�n�d� �a�n� �a�p�h�i�d�-�d�e�r�i�v�e�d� �i�s�o�l�a�t�e� �o�f� �B�e�a�u�v�e�r�i�a� �b�a�s�s�i�a�n�a� �(�F�u�n�g�i�:� �H�y�p�h�o�m�y�c�e�t�e�s�)� �f�o�r� �s�i�x� 
�s�p�e�c�i�e�s� �o�f� �c�e�r�e�a�l�-�i�n�f�e�s�t�i�n�g� �a�p�h�i�d�s� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)�.� �E�n�v�i�r�o�n�.� �E�n�t�o�m�o�l�.� �1�9�:� 
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�8�1�5�-�8�2�0�.� 

�-�1�9�9�0�.� �S�u�r�v�e�y� �o�f� �e�n�t�o�m�o�p�a�t�h�o�g�e�n�i�c� �f�u�n�g�i� �n�a�t�u�r�a�l�l�y� �i�n�f�e�c�t�i�n�g� �c�e�r�e�a�l� �a�p�h�i�d�s� 
�(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �o�f� �i�r�r�i�g�a�t�e�d� �g�r�a�i�n� �c�r�o�p�s� �i�n� �s�o�u�t�h�w�e�s�t�e�r�n� �I�d�a�h�o�.� �E�n�v�i�r�o�n�.� 
�E�n�t�o�m�o�l�.� �1�9�:� �1�5�3�4�-�1�5�4�2�.� 

�F�e�n�g�,� �M�.�,� �J�.�B�.� �J�o�h�n�s�o�n� �a�n�d� �S�.�E�.� �H�a�l�b�e�r�t�.� �1�9�9�1�.� �N�a�t�u�r�a�l� �c�o�n�t�r�o�l� �o�f� �c�e�r�e�a�l� �a�p�h�i�d�s� 
�(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �b�y� �e�n�t�o�m�o�p�a�t�h�o�g�e�n�i�c� �f�u�n�g�i� �(�Z�y�g�o�m�y�c�e�t�e�s�:� 
�E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�)� �a�n�d� �p�a�r�a�s�i�t�o�i�d�s� �(�H�y�m�e�n�o�p�t�e�r�a�:� �B�r�a�c�o�n�i�d�a�e� �a�n�d� �E�n�c�y�r�t�i�d�a�e�)� �o�n� 
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�S�u�m�m�e�r�s�,� �C�.�G�.� �a�n�d� �A�.�S�.� �N�e�w�t�o�n�.� �1�9�8�9�.� �E�c�o�n�o�m�i�c� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �s�u�g�a�r�b�e�e�t� �r�o�o�t� 
�a�p�h�i�d�,� �P�e�m�p�h�i�g�u�s� �p�o�p�u�l�i�v�e�n�a�e� �F�i�t�c�h� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �i�n� �C�a�l�i�f�o�r�n�i�a�.� �A�p�p�l�.� 
�A�g�r�i�c�.� �R�e�s�.� �4�:� �1�6�2�-�1�6�7�.� 

�V�o�r�o�n�i�n�a�,� �E�.�G�.� �1�9�7�1�.� �E�n�t�o�m�o�p�h�t�h�o�r�o�s�i�s� �e�p�i�z�o�o�t�i�c�s� �o�f� �t�h�e� �p�e�a� �a�p�h�i�d� 
�A�c�y�r�t�h�o�s�i�p�h�o�n� �p�i�s�u�m� �H�a�r�r�i�s� �(�H�o�m�o�p�t�e�r�a�,� �A�p�h�i�d�i�d�a�e�)�.� �E�n�t�o�m�o�l�.� �R�e�v�.� �4�:� �4�4�4�-�4�5�3�.� 

�W�i�l�d�i�n�g�,� �N�.� �1�9�7�1�.� �G�e�r�m�i�n�a�t�i�o�n� �o�f� �c�o�n�i�d�i�a�.� �R�e�p�o�r�t� �o�f� �R�o�t�h�e�m�s�t�e�d� �E�x�p�e�r�i�m�e�n�t�a�l� 
�S�t�a�t�i�o�n� �f�o�r� �1�9�7�0�,� �P�a�r�t� �1�,� �p�.� �2�0�6�.� 

�W�i�l�d�i�n�g�,� �N�.� �1�9�7�5�.� �E�n�t�o�m�o�p�h�t�h�o�r�a� �s�p�e�c�i�e�s� �i�n�f�e�c�t�i�n�g� �p�e�a� �a�p�h�i�d�.� �T�r�a�n�s�.� �R�.� �e�n�t�.� 
�S�o�c�.� �1�2�7�:� �1�7�1�-�1�8�3�.� 

�W�i�l�d�i�n�g�,� �N�.� �a�n�d� �B�.�L�.� �B�r�a�d�y�.� �1�9�8�4�.� �E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s�.� �C�M�I� �D�e�s�c�.� �o�f� �P�a�t�h�o�g�e�n�i�c� 
�F�u�n�g�i� �a�n�d� �B�a�c�t�e�r�i�a�,� �N�o�.� �8�1�5�.� �T�h�e� �C�o�m�m�o�n�w�e�a�l�t�h� �M�y�c�o�l�o�g�i�c�a�l� �I�n�s�t�i�t�u�t�e�,� �K�e�w�,� 
�S�u�r�r�e�y�,� �E�n�g�l�a�n�d�.� 

�Y�u�,� �Z�.�,� �G�.�L�.� �N�o�r�d�i�n�,� �G�.�C�.� �B�r�o�w�n� �a�n�d� �D�.�M�.� �J�a�c�k�s�o�n�.� �1�9�9�5�.� �S�t�u�d�i�e�s� �o�n� �P�a�n�d�o�r�a� 
�n�e�o�a�p�h�i�d�i�s� �(�E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�:� �E�n�t�o�m�o�p�h�t�h�o�r�a�c�e�a�e�)� �i�n�f�e�c�t�i�o�u�s� �t�o� �t�h�e� �r�e�d� �m�o�r�p�h� 
�o�f� �t�o�b�a�c�c�o� �a�p�h�i�d� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)�.� �E�n�v�i�r�o�n�.� �E�n�t�o�m�o�l�.� �2�4�:� �9�6�2�-�9�6�6�.� 
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�C�H�A�P�T�E�R� �I�V� 

�S�e�a�s�o�n�a�l� �i�n�c�i�d�e�n�c�e� �o�f� �P�a�n�d�o�r�a� �n�e�o�a�p�h�i�d�i�s� �(�Z�y�g�o�m�y�c�e�t�e�s�:� 

�E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�)� �i�n� �r�e�d� �m�o�r�p�h� �o�f� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e� �(�H�o�m�o�p�t�e�r�a�:� 

�A�p�h�i�d�i�d�a�e�)� �o�n� �n�o�n�s�o�l�a�n�a�c�e�o�u�s� �v�e�g�e�t�a�b�l�e� �h�o�s�t�s�.� 

�A�b�s�t�r�a�c�t�:� 

�S�e�a�s�o�n�a�l� �i�n�c�i�d�e�n�c�e� �o�f� �P�a�n�d�o�r�a� �n�e�o�a�p�h�i�d�i�s� �(�R�e�m�a�u�d�i�é�r�e� �&� �H�e�n�n�e�b�e�r�t�)� 

�H�u�m�b�e�r� �i�n� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d�,� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e� �B�l�a�c�k�m�a�n�,� �w�a�s� 

�s�t�u�d�i�e�d� �f�r�o�m� �f�a�l�l� �t�o� �s�p�r�i�n�g� �o�f� �1�9�9�3�-�9�4� �a�n�d� �1�9�9�4�-�9�5� �o�n� �9� �a�n�d� �1�2� �v�e�g�e�t�a�b�l�e� �h�o�s�t�s� 

�(�o�f� �C�r�u�c�i�f�e�r�a�e�,� �C�o�m�p�o�s�i�t�a�e�,� �a�n�d� �C�h�e�n�o�p�o�d�i�a�c�e�a�e� �f�a�m�i�l�i�e�s�)�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� 

�p�a�t�h�o�g�e�n� �s�u�r�v�i�v�e�d� �a�t� �m�o�d�e�r�a�t�e� �l�e�v�e�l�s� �o�n� �t�h�e�s�e� �p�l�a�n�t�s� �b�e�t�w�e�e�n� �O�c�t�o�b�e�r� �a�n�d� 

�D�e�c�e�m�b�e�r� �i�n� �1�9�9�3� �a�n�d� �1�9�9�4�.� �A�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �a�n�d� �p�l�a�n�t� �s�t�a�n�d� �w�e�r�e� �s�e�r�i�o�u�s�l�y� 

�a�f�f�e�c�t�e�d� �a�f�t�e�r� �t�h�e� �f�i�r�s�t� �w�e�e�k� �o�f� �D�e�c�e�m�b�e�r� �i�n� �b�o�t�h� �y�e�a�r�s� �d�u�e� �t�o� �c�o�l�d� �t�e�m�p�e�r�a�t�u�r�e�s�.� 

�N�o� �a�p�h�i�d�s� �a�n�d� �i�n�f�e�c�t�i�o�n� �w�e�r�e� �s�e�e�n� �i�n� �s�p�r�i�n�g�,� �1�9�9�4� �o�n� �r�e�g�r�o�w�n� �p�l�a�n�t�s�,� �w�h�i�l�e� �a� �f�e�w� 

�a�p�h�i�d�s�,� �s�o�m�e� �o�f� �t�h�e�m� �i�n�f�e�c�t�e�d� �w�i�t�h� �t�h�e� �p�a�t�h�o�g�e�n�,� �w�e�r�e� �s�e�e�n� �t�o�w�a�r�d�s� �t�h�e� �e�n�d� �o�f� 

�w�i�n�t�e�r�,� �1�9�9�4� �a�n�d� �e�a�r�l�y� �s�p�r�i�n�g�,� �1�9�9�5� �o�n� �p�l�a�n�t�s� �t�h�a�t� �o�v�e�r�w�i�n�t�e�r�e�d�.� �P�l�a�n�t� �s�t�a�n�d� �w�a�s� 

�t�o�o� �l�o�w� �d�u�r�i�n�g� �1�9�9�5� �t�o� �p�r�o�v�i�d�e� �s�u�b�s�t�a�n�t�i�a�l� �c�o�u�n�t�s�.� �T�h�e� �o�v�e�r�a�l�l� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� 

�w�a�s� �h�i�g�h�e�r� �d�u�r�i�n�g� �t�h�e� �f�a�l�l� �o�f� �1�9�9�3� �t�h�a�n� �i�n� �1�9�9�4�.� �I�n� �1�9�9�3�,� �t�h�e� �p�a�t�h�o�g�e�n� �o�c�c�u�r�r�e�d� 

�o�n� �t�o�b�a�c�c�o� �l�a�t�e� �i�n� �t�h�e� �g�r�o�w�i�n�g� �s�e�a�s�o�n� �(�i�n� �A�u�g�u�s�t�)� �a�n�d� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �i�n� �a�p�h�i�d� 
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�p�o�p�u�l�a�t�i�o�n�s� �o�n� �s�u�c�k�e�r�s� �g�r�o�w�i�n�g� �f�r�o�m� �c�u�t�-�b�a�c�k� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�.� �I�n�f�e�c�t�e�d� �a�p�h�i�d�s� 

�m�i�g�r�a�t�i�n�g� �f�r�o�m� �t�o�b�a�c�c�o� �f�i�e�l�d�s� �m�i�g�h�t� �h�a�v�e� �h�e�l�p�e�d� �t�o� �p�r�o�m�o�t�e� �h�i�g�h� �d�i�s�e�a�s�e� 

�i�n�c�i�d�e�n�c�e� �i�n� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �o�n� �n�o�n�s�o�l�a�n�a�c�e�o�u�s� �h�o�s�t� �p�l�a�n�t�s� �i�n� �t�h�a�t� �y�e�a�r�.� �A�p�h�i�d� 

�p�o�p�u�l�a�t�i�o�n�s� �o�n� �d�i�f�f�e�r�e�n�t� �h�o�s�t� �p�l�a�n�t�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �a�l�m�o�s�t� �t�h�e� �e�n�t�i�r�e� 

�f�a�l�l� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�,� �b�u�t� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �t�h�e� �p�a�t�h�o�g�e�n� �w�a�s� �n�o�t� �i�n�f�l�u�e�n�c�e�d� �b�y� 

�h�o�s�t� �p�l�a�n�t� �o�n� �m�o�s�t� �o�f� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �d�a�t�e�s� �i�n� �b�o�t�h� �1�9�9�3�-�9�4� �a�n�d� �1�9�9�4�-�9�5� �s�e�a�s�o�n�s�.� 

�W�h�e�n� �t�h�e� �a�v�e�r�a�g�e�s� �f�o�r� �t�h�e� �w�h�o�l�e� �a�n�d�,� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �h�a�l�v�e�s� �o�f� �t�h�e� �f�a�l�l� 

�o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d�,� �t�h�e� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �i�n� �a�p�h�i�d�s� �w�a�s� �n�o�t� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �(�P� �>� �0�.�0�5�)� �a�m�o�n�g� �t�h�e� �h�o�s�t� �p�l�a�n�t�s� �i�n� �1�9�9�3�.� �B�u�t�,� �i�n� �1�9�9�4�,� 

�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �(�P� �<� �0�.�0�5�)� �a�m�o�n�g� �h�o�s�t� �p�l�a�n�t�s� �w�e�r�e� �n�o�t�i�c�e�d� �i�n� �a�v�e�r�a�g�e�s� �f�o�r� 

�w�h�o�l�e� �a�n�d� �s�e�c�o�n�d� �h�a�l�f� �o�f� �t�h�e� �f�a�l�l�,� �w�h�e�r�e� �t�u�r�n�i�p� �h�a�d� �t�h�e� �h�i�g�h�e�s�t� �p�e�r�c�e�n�t� �o�f� �i�n�f�e�c�t�e�d� 

�a�p�h�i�d�s�.� �H�i�g�h�e�r� �d�i�s�e�a�s�e� �i�n�c�i�d�e�n�c�e� �w�a�s� �s�e�e�n� �i�n� �t�h�e� �f�i�r�s�t� �t�h�a�n� �t�h�e� �s�e�c�o�n�d� �h�a�l�f� �o�f� �t�h�e� 

�f�a�l�l� �i�n� �1�9�9�3�,� �w�h�i�l�e� �i�n� �1�9�9�4�,� �t�h�e� �i�n�c�i�d�e�n�c�e� �w�a�s� �h�i�g�h�e�r� �i�n� �t�h�e� �l�a�t�t�e�r� �h�a�l�f�.� �A�p�h�i�d� 

�p�o�p�u�l�a�t�i�o�n�s� �a�n�d� �l�e�v�e�l�s� �o�f� �i�n�f�e�c�t�i�o�n� �w�e�r�e� �h�i�g�h�e�r� �i�n� �1�9�9�3� �t�h�a�n� �i�n� �1�9�9�4� �o�n� �m�o�s�t� �o�f� 

�t�h�e� �h�o�s�t� �p�l�a�n�t�s�.� �L�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �w�a�s� �h�i�g�h�e�r� �i�n� �1�9�9�3� �t�h�a�n� �i�n� �1�9�9�4�.� �M�o�s�t� �o�f� �t�h�e� 

�t�i�m�e�,� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �a�p�h�i�d� �n�u�m�b�e�r�s� �a�n�d� �p�e�r�c�e�n�t� �i�n�f�e�c�t�i�o�n� �w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� 

�(�P� �>� �0�.�0�5�)�.� 

�K�e�y� �w�o�r�d�s�:� �P�a�n�d�o�r�a� �n�e�o�a�p�h�i�d�i�s�,� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e�,� �n�o�n�s�o�l�a�n�a�c�e�o�u�s� �h�o�s�t�s�,� 

�s�e�a�s�o�n�a�l� �i�n�c�i�d�e�n�c�e�,� �f�a�l�l�,� �w�i�n�t�e�r�,� �s�p�r�i�n�g�.� 
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�I�n�t�r�o�d�u�c�t�i�o�n�:� 

�T�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d�,� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e� �B�l�a�c�k�m�a�n�,� �i�s� �a� �m�a�j�o�r� �i�n�s�e�c�t� �p�e�s�t� �o�f� 

�t�o�b�a�c�c�o�.� �B�l�a�c�k�m�a�n� �(�1�9�8�7�)� �d�e�s�c�r�i�b�e�d� �t�h�e� �t�o�b�a�c�c�o� �f�e�e�d�i�n�g� �f�o�r�m� �o�f� �M�.� �p�e�r�s�i�c�a�e� 

�(�S�u�l�z�e�r�)� �a�s� �t�o�b�a�c�c�o� �a�p�h�i�d�,� �M�.� �n�i�c�o�t�i�a�n�a�e�.� �T�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d� �c�a�u�s�e�s� �s�e�r�i�o�u�s� 

�r�e�d�u�c�t�i�o�n�s� �i�n� �b�o�t�h� �y�i�e�l�d� �a�n�d� �q�u�a�l�i�t�y� �o�f� �t�o�b�a�c�c�o� �l�e�a�f� �(�C�h�e�n�g� �a�n�d� �C�o�u�r�t� �1�9�7�7�,� 

�M�i�s�t�r�i�c� �a�n�d� �C�l�a�r�k� �1�9�7�9�,� �C�h�e�n�g� �a�n�d� �H�a�n�l�o�n� �1�9�8�5�,� �L�a�m�p�e�r�t� �1�9�8�9�,� �R�e�e�d� �a�n�d� 

�S�e�m�t�n�e�r� �1�9�9�2�)�.� �T�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d� �h�a�d� �b�e�e�n� �f�o�u�n�d� �t�o� �s�h�o�w� �r�e�s�i�s�t�a�n�c�e� �t�o� �c�h�e�m�i�c�a�l� 

�c�o�n�t�r�o�l� �(�K�o�z�i�o�l� �a�n�d� �S�e�m�t�n�e�r� �1�9�8�4�,� �H�a�r�l�o�w� �a�n�d� �L�a�m�p�e�r�t� �1�9�9�0�,� �M�c�P�h�e�r�s�o�n� �a�n�d� 

�B�a�s�s� �1�9�9�0�,� �C�h�r�y�s�s�o�c�h�o�o�u� �a�n�d� �B�l�o�u�k�i�d�i�s� �1�9�9�2�,� �A�b�d�e�l�-�A�a�l� �e�t� �a�l�.� �1�9�9�2�)�.� �T�h�i�s� 

�w�a�r�r�a�n�t�s� �t�h�e� �s�e�a�r�c�h� �f�o�r� �a�l�t�e�r�n�a�t�i�v�e� �m�e�t�h�o�d�s� �o�f� �c�h�e�m�i�c�a�l� �c�o�n�t�r�o�l�.� �A� �f�u�n�g�a�l� 

�p�a�t�h�o�g�e�n�,� �P�a�n�d�o�r�a� �n�e�o�a�p�h�i�d�i�s� �(�Z�y�g�o�m�y�c�e�t�e�s�:� �E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�)�,� �h�a�s� �b�e�e�n� �f�o�u�n�d� 

�t�o� �b�e� �a�n� �i�m�p�o�r�t�a�n�t� �m�o�r�t�a�l�i�t�y� �f�a�c�t�o�r� �f�o�r� �t�o�b�a�c�c�o� �a�p�h�i�d�s� �o�n� �t�o�b�a�c�c�o� �i�n� �V�i�r�g�i�n�i�a� �(�D�a�r�a� 

�a�n�d� �S�e�m�t�n�e�r� �1�9�9�5�)�.� �T�h�i�s� �p�a�t�h�o�g�e�n� �i�n�f�e�c�t�s� �s�e�v�e�r�a�l� �s�p�e�c�i�e�s� �o�f� �a�p�h�i�d�s� �o�n� �d�i�f�f�e�r�e�n�t� 

�h�o�s�t�s� �(�S�u�m�m�e�r�s� �a�n�d� �N�e�w�t�o�n� �1�9�8�9�,� �E�l�k�a�s�s�a�b�a�n�y� �e�t� �a�l�.� �1�9�9�2�,� �F�e�n�g� �e�t� �a�l�.� �1�9�9�0�,� �K�i�s�h� 

�e�t� �a�l�.� �1�9�9�4�)�.� �P�r�o�d�u�c�t�i�o�n� �o�f� �r�e�s�t�i�n�g� �s�p�o�r�e�s� �a�s� �a� �m�e�c�h�a�n�i�s�m� �o�f� �o�v�e�r�w�i�n�t�e�r�i�n�g� �i�s� �n�o�t� 

�k�n�o�w�n� �f�o�r� �P�.� �n�e�o�a�p�h�i�d�i�s� �(�R�o�c�k�w�o�o�d� �1�9�5�0�,� �B�e�n�-�Z�e ��e�v� �a�n�d� �K�e�n�n�e�t�h� �1�9�8�2�,� 

�W�a�t�e�r�h�o�u�s�e� �a�n�d� �B�r�a�d�y� �1�9�8�2�,� �W�i�l�d�i�n�g� �a�n�d� �B�r�a�d�y� �1�9�8�4�)�.� �I�t�s� �c�o�n�i�d�i�a� �a�r�e� �k�n�o�w�n� �t�o� 

�s�u�r�v�i�v�e� �w�i�n�t�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �i�n� �s�o�i�l� �a�n�d� �o�n� �f�o�l�i�a�g�e� �(�L�a�t�t�e�u�r� �1�9�7�7�,� �S�c�h�o�f�i�e�l�d� �1�9�9�5�)�,� 

�h�o�w�e�v�e�r�,� �s�p�e�c�i�f�i�c� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �i�t�s� �o�v�e�r�w�i�n�t�e�r�i�n�g� �m�e�c�h�a�n�i�s�m�s� �i�s� �u�n�a�v�a�i�l�a�b�l�e�.� �P�.� 

�n�e�o�a�p�h�i�d�i�s� �e�p�i�z�o�o�t�i�c�s� �i�n� �a�p�h�i�d�s� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �d�u�r�i�n�g� �s�p�r�i�n�g�,� �s�u�m�m�e�r�,� �f�a�l�l�,� 

�a�n�d� �p�a�r�t�s� �o�f� �w�i�n�t�e�r� �i�n� �d�i�f�f�e�r�e�n�t� �s�t�u�d�i�e�s� �(�F�e�n�g� �e�t� �a�l�.� �1�9�9�0�,� �E�l�k�a�s�s�a�b�a�n�y� �e�t� �a�l�.� �1�9�9�2�,� 
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�D�a�r�a� �a�n�d� �S�e�m�t�n�e�r� �1�9�9�5�)�.� �T�h�e�r�e� �h�a�s� �b�e�e�n� �n�o� �r�e�p�o�r�t� �o�n� �y�e�a�r� �l�o�n�g� �o�c�c�u�r�r�e�n�c�e� �o�f� �P�.� 

�n�e�o�a�p�h�i�d�i�s� �i�n� �a� �s�i�n�g�l�e� �s�t�u�d�y�.� 

�S�i�n�c�e� �t�h�i�s� �p�a�t�h�o�g�e�n� �a�p�p�e�a�r�e�d� �t�o� �b�e� �a�n� �i�m�p�o�r�t�a�n�t� �m�o�r�t�a�l�i�t�y� �f�a�c�t�o�r� �i�n� �t�h�e� 

�n�a�t�u�r�a�l� �c�o�n�t�r�o�l� �o�f� �t�o�b�a�c�c�o� �a�p�h�i�d� �o�n� �t�o�b�a�c�c�o� �(�s�e�e� �C�h�a�p�t�e�r� �I�I�I�)�,� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�n� �i�t�s� 

�o�c�c�u�r�r�e�n�c�e� �i�n� �t�o�b�a�c�c�o� �a�p�h�i�d�s� �i�n�f�e�s�t�i�n�g� �o�t�h�e�r� �h�o�s�t�s� �a�f�t�e�r� �t�h�e� �t�o�b�a�c�c�o� �s�e�a�s�o�n� �w�o�u�l�d� 

�p�r�o�v�i�d�e� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �s�u�r�v�i�v�a�l� �o�f� �t�h�e� �p�a�t�h�o�g�e�n� �d�u�r�i�n�g� �n�o�n�t�o�b�a�c�c�o� �g�r�o�w�i�n�g� 

�s�e�a�s�o�n�s� �o�f� �t�h�e� �y�e�a�r�.� �T�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �c�o�u�l�d� �a�l�s�o� �e�n�h�a�n�c�e� �t�h�e� �k�n�o�w�l�e�d�g�e� �o�n� �t�h�e� 

�y�e�a�r� �l�o�n�g� �c�y�c�l�e� �o�f� �t�h�e� �p�a�t�h�o�g�e�n� �i�n� �t�o�b�a�c�c�o� �a�p�h�i�d� �i�n� �a� �t�o�b�a�c�c�o� �g�r�o�w�i�n�g� �a�r�e�a�.� �T�h�i�s� 

�p�a�p�e�r� �p�r�e�s�e�n�t�s� �t�h�e� �f�i�r�s�t� �d�e�t�a�i�l�e�d� �r�e�p�o�r�t� �o�n� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�n� 

�V�i�r�g�i�n�i�a� �d�u�r�i�n�g� �f�a�l�l�,� �w�i�n�t�e�r�,� �a�n�d� �s�p�r�i�n�g�.� �P�a�r�t� �o�f� �t�h�e� �s�u�m�m�e�r� �s�t�u�d�y� �w�a�s� �p�r�e�v�i�o�u�s�l�y� 

�p�r�e�s�e�n�t�e�d� �(�D�a�r�a� �a�n�d� �S�e�m�t�n�e�r� �1�9�9�5�)�.� 

�T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �s�t�u�d�y� �w�a�s� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �s�e�a�s�o�n�a�l� �i�n�c�i�d�e�n�c�e� �o�f� �P�.� 

�n�e�o�a�p�h�i�d�i�s� �i�n� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �r�e�d� �m�o�r�p�h� �o�f� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d� �o�n� �v�a�r�i�o�u�s� 

�n�o�n�s�o�l�a�n�a�c�e�o�u�s� �v�e�g�e�t�a�b�l�e� �h�o�s�t� �p�l�a�n�t�s� �d�u�r�i�n�g� �f�a�l�l�,� �w�i�n�t�e�r�,� �a�n�d� �s�p�r�i�n�g�,� �w�h�e�n� �t�o�b�a�c�c�o� 

�i�s� �n�o�t� �g�r�o�w�n�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�:� 

�T�h�i�s� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �a�t� �t�h�e� �S�o�u�t�h�e�r�n� �P�i�e�d�m�o�n�t� �A�g�r�i�c�u�l�t�u�r�a�l� �R�e�s�e�a�r�c�h� 

�a�n�d� �E�x�t�e�n�s�i�o�n� �C�e�n�t�e�r�,� �B�l�a�c�k�s�t�o�n�e�,� �V�i�r�g�i�n�i�a� �b�e�t�w�e�e�n� �1�9�9�3� �a�n�d� �1�9�9�5�.� �T�h�e� �s�e�a�s�o�n�a�l� 

�i�n�c�i�d�e�n�c�e� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �w�a�s� �s�t�u�d�i�e�d� �o�n� �n�i�n�e� �h�o�s�t�s� �d�u�r�i�n�g� �1�9�9�3�-�9�4� �a�n�d� �o�n� �1�2� 

�h�o�s�t�s� �d�u�r�i�n�g� �1�9�9�4�-�9�5�.� �T�h�e� �n�i�n�e� �c�r�u�c�i�f�e�r�o�u�s� �h�o�s�t� �p�l�a�n�t�s� �u�s�e�d� �i�n� �1�9�9�3� �w�e�r�e�,� 

�5�9



�b�r�o�c�c�o�l�i� �(�B�r�a�s�s�i�c�a� �o�l�e�r�a�c�e�a� �v�a�r�.� �b�o�t�r�y�t�i�s� �M�i�l�l�.�  ��G�r�e�e�n� �C�o�m�e�t ��)�,� �c�a�b�b�a�g�e� �(�B�.� 

�o�l�e�r�a�c�e�a� �v�a�r�.� �c�a�p�i�t�a�t�a� �L�.�  ��B�o�n�n�i�e� �H�y�b�r�i�d�)�,� �c�o�l�l�a�r�d�s� �(�B�.� �o�l�e�r�a�c�i�a� �v�a�r�.� �a�c�e�p�h�a�l�a� �D�C� 

 ��G�e�o�r�g�i�a ��)�,� �k�a�l�e� �(�B�.� �o�l�e�r�a�c�e�a� �v�a�r�.� �a�c�e�p�h�a�l�a� �D�C�  ��P�r�e�m�i�e�r ��)�,� �m�u�s�t�a�r�d� �(�B�.� �j�u�n�c�e�a� �s�s�p�.� 

�j�u�n�c�e�a� �L�.�  ��F�l�o�r�i�d�a� �B�r�o�a�d�l�e�a�f ��)�,� �r�a�p�e� �(�B�.� �n�a�p�u�s� �L�.�  ��W�i�n�t�e�r ��)�,� �s�p�i�n�a�c�h� �m�u�s�t�a�r�d� �(�B�.� 

�c�a�m�p�e�s�t�r�i�s� �v�a�t�.� �p�e�r�v�i�r�i�d�i�s� �B�a�i�l�e�y�  ��T�e�n�d�e�r�g�r�e�e�n ��)�,� �a�n�d� �t�w�o� �t�u�r�n�i�p�s� �(�B�.� �c�a�m�p�e�s�t�r�i�s� 

�v�a�r�.� �r�a�p�a� �L�.�  ��P�u�r�p�l�e�t�o�p� �W�h�i�t�e�-�G�l�o�b�e �� �a�n�d�  ��S�e�v�e�n�t�o�p ��)�.� �T�h�r�e�e� �o�t�h�e�r� �h�o�s�t�s�,� �l�e�t�t�u�c�e�,� 

�p�o�t�a�t�o�,� �a�n�d� �s�p�i�n�a�c�h�,� �i�n�t�e�n�d�e�d� �f�o�r� �s�t�u�d�y� �i�n� �1�9�9�3� �w�e�r�e� �d�r�o�p�p�e�d� �d�u�e� �t�o� �p�o�o�r� �p�l�a�n�t� 

�s�t�a�n�d�s�.� �I�n� �1�9�9�4�,� �o�n�l�y� �o�n�e� �t�u�r�n�i�p�,�  ��P�u�r�p�l�e�t�o�p� �W�h�i�t�e�-�G�l�o�b�e ��,� �w�a�s� �u�s�e�d� �i�n�s�t�e�a�d� �o�f� 

�t�w�o� �a�n�d� �f�o�u�r� �o�t�h�e�r� �h�o�s�t�s� �v�i�z�.�,� �l�e�t�t�u�c�e� �(�L�a�c�t�u�c�a� �s�a�t�i�v�a� �L�.�  ��B�l�a�c�k�-�s�e�e�d�e�d� �S�i�m�p�s�o�n ��)� 

�(�F�a�m�i�l�y�:� �C�o�m�p�o�s�i�t�a�e�)�,� �r�a�d�i�s�h� �(�R�a�p�h�a�n�u�s� �s�a�t�i�v�u�s� �L�.�  ��W�h�i�t�e� �T�i�p�p�e�d� �S�c�a�r�l�e�t ��)� 

�(�F�a�m�i�l�y�:� �C�r�u�c�i�f�e�r�a�e�)�,� �r�u�t�a�b�a�g�a� �(�B�.� �n�a�p�u�s� �v�a�r�.� �n�a�p�o�b�r�a�s�s�i�c�a� �M�i�l�l�.�)� �(�F�a�m�i�l�y�:� 

�C�r�u�c�i�f�e�r�a�e�)�,� �a�n�d� �s�p�i�n�a�c�h� �(�S�p�i�n�a�c�i�a� �o�l�e�r�a�c�e�a� �L�.�  ��L�o�n�g� �S�t�a�n�d�i�n�g� �B�l�o�o�m�s�d�a�l�e ��)� 

�(�F�a�m�i�l�y�:� �C�h�i�n�o�p�o�d�e�a�c�e�a�e�)� �w�e�r�e� �i�n�c�l�u�d�e�d�.� �I�n� �b�o�t�h� �y�e�a�r�s�,� �e�a�c�h� �h�o�s�t� �p�l�a�n�t� �h�a�d� �o�n�e� 

�s�i�n�g�l�e�-�r�o�w� �(�6� �m� �l�o�n�g�)� �p�l�o�t� �r�e�p�l�i�c�a�t�e�d� �f�o�u�r� �t�i�m�e�s�.� �T�h�e�s�e� �p�l�o�t�s� �w�e�r�e� �e�s�t�a�b�l�i�s�h�e�d� �i�n� �a� 

�r�a�n�d�o�m�i�z�e�d� �c�o�m�p�l�e�t�e� �b�l�o�c�k� �d�e�s�i�g�n�.� �B�r�o�c�c�o�l�i�,� �c�a�b�b�a�g�e�,� �a�n�d� �c�o�l�l�a�r�d�s� �w�e�r�e� 

�t�r�a�n�s�p�l�a�n�t�e�d� �a�t� �a�b�o�u�t� �1�3� �p�l�a�n�t�s� �p�e�r� �r�o�w� �(�4�6� �c�m� �w�i�t�h�i�n� �a�n�d� �1�.�2� �m� �b�e�t�w�e�e�n� �t�h�e� �r�o�w�s�)� 

�w�h�i�l�e� �o�t�h�e�r�s� �w�e�r�e� �s�o�w�n� �u�s�i�n�g� �P�r�e�c�i�s�i�o�n� �G�a�r�d�e�n� �S�e�e�d�e�r� �(�M�o�d�e�l� �1�0�0�1� �B�)� �(�E�a�r�t�h�w�a�y� 

�P�r�o�d�u�c�t�s�,� �B�r�i�s�t�o�l�,� �I�N�)� �w�i�t�h� �t�h�e� �s�p�a�c�i�n�g� �o�f� �5� �c�m� �w�i�t�h�i�n� �t�h�e� �r�o�w� �(�3�.�5� �c�m� �f�o�r� �r�a�d�i�s�h�)� 

�a�n�d� �1�.�2� �m� �b�e�t�w�e�e�n� �t�h�e� �r�o�w�s�.� �P�l�o�t�s� �w�e�r�e� �p�l�a�n�t�e�d� �o�r� �s�o�w�n� �o�n� �1�5� �a�n�d� �8� �S�e�p�t�e�m�b�e�r� 

�i�n� �1�9�9�3� �a�n�d� �1�9�9�4�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
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�O�b�s�e�r�v�a�t�i�o�n�s� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�n�c�i�d�e�n�c�e� �w�e�r�e� �m�a�d�e� �a�t� �w�e�e�k�l�y� �i�n�t�e�r�v�a�l�s� 

�f�r�o�m� �2�2� �O�c�t�o�b�e�r� �t�o� �8� �D�e�c�e�m�b�e�r� �1�9�9�3� �a�n�d� �a�g�a�i�n� �o�n� �p�l�a�n�t� �r�e�g�r�o�w�t�h� �f�r�o�m� �8� �M�a�r�c�h� 

�t�o� �1�8� �M�a�y� �1�9�9�4� �f�o�r� �1�9�9�3�-�9�4�.� �O�n� �e�a�c�h� �o�b�s�e�r�v�a�t�i�o�n� �d�a�t�e�,� �t�h�e� �n�u�m�b�e�r� �o�f� �h�e�a�l�t�h�y� 

�a�n�d� �i�n�f�e�c�t�e�d� �a�p�h�i�d�s� �o�n� �5� �r�a�n�d�o�m�l�y� �s�e�l�e�c�t�e�d� �p�l�a�n�t�s� �w�i�t�h�i�n� �e�a�c�h� �p�l�o�t� �w�e�r�e� �c�o�u�n�t�e�d� 

�f�r�o�m� �e�a�c�h� �l�e�a�f� �o�f� �t�h�e� �p�l�a�n�t�.� �B�o�t�h� �l�i�v�i�n�g�-�i�n�f�e�c�t�e�d� �(�p�a�l�e� �c�o�l�o�r�a�t�i�o�n�)� �a�n�d� �f�u�n�g�u�s�-� 

�k�i�l�l�e�d� �a�p�h�i�d�s� �(�g�o�l�d�e�n� �b�r�o�w�n� �c�a�d�a�v�e�r�s�)� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �a�s� �i�n�f�e�c�t�e�d� �a�p�h�i�d�s�.� �L�o�s�s� �o�f� 

�p�l�a�n�t�s� �d�u�e� �t�o� �c�o�l�d� �w�e�a�t�h�e�r� �a�n�d� �o�c�c�a�s�i�o�n�a�l� �s�n�o�w� �d�i�d� �n�o�t� �a�l�l�o�w� �o�b�s�e�r�v�a�t�i�o�n�s� �a�f�t�e�r� �8� 

�D�e�c�e�m�b�e�r�,� �1�9�9�3�.� �C�o�u�n�t�s� �w�e�r�e� �r�e�s�u�m�e�d� �i�n� �M�a�r�c�h� �1�9�9�4� �o�n� �t�h�e� �p�l�a�n�t� �r�e�g�r�o�w�t�h�.� �F�o�r� 

�1�9�9�4�-�9�5� �s�e�a�s�o�n�,� �o�b�s�e�r�v�a�t�i�o�n�s� �w�e�r�e� �t�a�k�e�n� �a�t� �w�e�e�k�l�y� �i�n�t�e�r�v�a�l�s� �f�r�o�m� �1�3� �O�c�t�o�b�e�r� �t�o� �5� 

�D�e�c�e�m�b�e�r� �1�9�9�4� �(�e�x�c�e�p�t� �o�n� �1�0� �N�o�v�e�m�b�e�r� �d�u�e� �t�o� �r�a�i�n�)�.� �O�b�s�e�r�v�a�t�i�o�n�s� �c�o�u�l�d� �n�o�t� �b�e� 

�t�a�k�e�n� �u�n�t�i�l� �l�a�t�e� �J�a�n�u�a�r�y�,� �1�9�9�5� �d�u�e� �t�o� �c�o�l�d� �t�e�m�p�e�r�a�t�u�r�e�s�.� �P�l�a�n�t�s� �w�e�r�e� �p�e�r�i�o�d�i�c�a�l�l�y� 

�c�h�e�c�k�e�d� �f�o�r� �a�p�h�i�d�s� �a�n�d� �d�i�s�e�a�s�e� �f�r�o�m� �l�a�t�e� �J�a�n�u�a�r�y� �t�o� �e�a�r�l�y� �A�p�r�i�l�,� �1�9�9�5�,� �b�u�t� �a�c�t�u�a�l� 

�c�o�u�n�t�s� �w�e�r�e� �n�o�t� �t�a�k�e�n� �d�u�e� �t�o� �p�o�o�r� �p�l�a�n�t� �s�t�a�n�d�.�  �� 

�W�e�a�t�h�e�r� �d�a�t�a� �w�e�r�e� �r�e�c�o�r�d�e�d� �f�r�o�m� �a� �w�e�a�t�h�e�r� �s�t�a�t�i�o�n� �(�O�m�n�i�d�a�t�a� �I�n�t�e�r�n�a�t�i�o�n�a�l� 

�I�n�c�.�,� �L�o�g�a�n�,� �U�t�a�h�)� �l�o�c�a�t�e�d� �a�b�o�u�t� �0�.�5� �k�m� �f�r�o�m� �t�h�e� �f�i�e�l�d�s�.� 

�I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s�:� �O�n� �e�a�c�h� �s�a�m�p�l�i�n�g� �d�a�t�e�,� �c�o�n�i�d�i�a� �c�o�l�l�e�c�t�e�d� �o�n� 

�c�o�v�e�r�s�l�i�p�s� �f�r�o�m� �5�-�1�0� �c�a�d�a�v�e�r�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �i�n� �l�a�c�t�o�p�h�e�n�o�l� �u�n�d�e�r� �p�h�a�s�e�-�c�o�n�t�r�a�s�t� 

�m�i�c�r�o�s�c�o�p�e�.� �T�h�e� �i�d�e�n�t�i�t�y� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �w�a�s� �c�o�n�f�i�r�m�e�d� �b�a�s�e�d� �o�n� �t�h�e� 

�d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �R�e�m�a�u�d�i�é�r�e� �a�n�d� �H�e�n�n�e�b�e�r�t� �(�1�9�8�0�)�,� �W�i�l�d�i�n�g� �a�n�d� �B�r�a�d�y� �(�1�9�8�4�)�,� 

�a�n�d� �H�u�m�b�e�r� �(�1�9�8�9�)�.� 

�S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s�:� �D�a�t�a� �w�e�r�e� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �P�R�O�C� �G�L�M� �o�f� �S�A�S� �s�o�f�t�w�a�r�e� 
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�(�S�A�S� �I�n�s�t�i�t�u�t�e� �1�9�8�7�)�.� �M�e�a�n�s� �f�o�r� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �a�p�h�i�d�s� �a�n�d� �p�e�r�c�e�n�t� �i�n�f�e�c�t�i�o�n� �p�e�r� 

�f�i�v�e� �p�l�a�n�t�s� �w�e�r�e� �o�b�t�a�i�n�e�d�.� �L�o�g� �t�r�a�n�s�f�o�r�m�e�d� �v�a�l�u�e�s� �o�f� �n�u�m�b�e�r� �o�f� �a�p�h�i�d�s� �a�n�d� 

�a�r�c�s�i�n�e� �t�r�a�n�s�f�o�r�m�e�d� �v�a�l�u�e�s� �o�f� �p�e�r�c�e�n�t� �i�n�f�e�c�t�i�o�n� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �f�o�r� �m�e�a�n�s� 

�s�e�p�a�r�a�t�i�o�n�.� �S�i�g�n�i�f�i�c�a�n�t� �m�e�a�n�s� �w�e�r�e� �s�e�p�a�r�a�t�e�d� �u�s�i�n�g� �D�u�n�c�a�n ��s� �m�u�l�t�i�p�l�e� �r�a�n�g�e� �t�e�s�t� 

�(�P� �<�0�.�0�5�)�.� �T�h�e� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �a�n�d� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �w�a�s� 

�o�b�t�a�i�n�e�d� �b�y� �a�n�a�l�y�z�i�n�g� �t�h�e� �d�a�t�a� �u�s�i�n�g� �P�R�O�C� �C�O�R�R� �o�f� �S�A�S� �(�S�A�S� �I�n�s�t�i�t�u�t�e�,� �1�9�8�7�)�.� 

�R�e�s�u�l�t�s�:� 

�1�9�9�3�:� �I�n� �g�e�n�e�r�a�l�,� �l�o�w�e�r� �n�u�m�b�e�r�s� �o�f� �a�p�h�i�d�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �o�n� �m�u�s�t�a�r�d� �a�n�d� �s�p�i�n�a�c�h� 

�m�u�s�t�a�r�d� �(�T�a�b�l�e� �4�.�1�,� �F�i�g�u�r�e�s� �4�.�1�A�,� �B�,� �a�n�d� �C�)�.� �H�o�w�e�v�e�r�,� �w�h�e�n� �t�h�e� �a�v�e�r�a�g�e� �f�o�r� �t�h�e� 

�e�n�t�i�r�e� �f�a�l�l� �o�b�s�e�r�v�a�t�i�o�n�s� �(�f�r�o�m� �2�2� �O�c�t�o�b�e�r� �t�o� �8� �D�e�c�e�m�b�e�r�)� �w�a�s� �c�o�n�s�i�d�e�r�e�d�,� �t�h�e� 

�p�r�o�p�o�r�t�i�o�n� �o�f� �a�p�h�i�d�s� �i�n�f�e�c�t�e�d� �b�y� �P�.� �n�e�o�a�p�h�i�d�i�s� �w�a�s� �l�o�w�e�r� �o�n� �b�r�o�c�c�o�l�i� �a�n�d� �c�a�b�b�a�g�e�,� 

�a�n�d� �h�i�g�h�e�r� �o�n� �m�u�s�t�a�r�d� �a�n�d� �t�u�r�n�i�p�s�,� �e�v�e�n� �t�h�o�u�g�h� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� 

�(�P� �>� �0�.�0�5�)� �(�F�i�g�.� �4�.�2�C�)�.� �T�h�e�r�e� �w�a�s� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �i�n�f�e�c�t�i�o�n� �o�f� �a�p�h�i�d�s� �o�n� �a�l�l� �h�o�s�t� 

�p�l�a�n�t�s� �4� �N�o�v�e�m�b�e�r�,� �f�o�l�l�o�w�e�d� �b�y� �a�n� �i�n�c�r�e�a�s�e� �o�n� �m�o�s�t� �o�f� �t�h�e� �h�o�s�t� �p�l�a�n�t�s� �d�u�r�i�n�g� �t�h�e� 

�n�e�x�t� �2�-�3� �o�b�s�e�r�v�a�t�i�o�n� �d�a�t�e�s� �b�e�f�o�r�e� �t�h�e� �i�n�f�e�c�t�i�o�n� �b�e�g�a�n� �t�o� �d�e�c�l�i�n�e� �f�i�n�a�l�l�y� �(�T�a�b�l�e� �4�.�2�)�.� 

�I�n�c�i�d�e�n�c�e� �o�f� �t�h�e� �p�a�t�h�o�g�e�n� �w�a�s� �h�i�g�h�e�r� �i�n� �t�h�e� �f�i�r�s�t� �(�b�e�t�w�e�e�n� �2�2� �O�c�t�o�b�e�r� �a�n�d� �1�0� 

�N�o�v�e�m�b�e�r�)� �t�h�a�n� �t�h�e� �s�e�c�o�n�d� �h�a�l�f� �(�b�e�t�w�e�e�n� �1�7� �N�o�v�e�m�b�e�r� �a�n�d� �8� �D�e�c�e�m�b�e�r�)� �o�f� �t�h�e� 

�f�a�l�l� �(�F�i�g�u�r�e�s� �4�.�2�A� �a�n�d� �B�)�.� �A�v�e�r�a�g�e� �l�e�v�e�l� �o�f� �i�n�c�i�d�e�n�c�e� �f�o�r� �t�h�e�s�e� �p�e�r�i�o�d�s� �w�a�s� �n�o�t� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �(�P� �>� �0�.�0�5�)� �a�m�o�n�g� �h�o�s�t� �p�l�a�n�t�s�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �a�l�s�o� �n�o�t� 

�s�i�g�n�i�f�i�c�a�n�t� �o�n� �m�a�j�o�r�i�t�y� �o�f� �d�a�t�e�s� �w�h�e�n� �t�h�e� �i�n�f�e�c�t�i�o�n� �l�e�v�e�l� �o�n� �i�n�d�i�v�i�d�u�a�l� �o�b�s�e�r�v�a�t�i�o�n� 
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�T�h�e� �a�m�o�u�n�t� �o�f� �r�a�i�n�f�a�l�l� �w�a�s� �s�i�m�i�l�a�r� �d�u�r�i�n�g� �b�o�t�h� �h�a�l�v�e�s� �o�f� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� 

�p�e�r�i�o�d� �(�F�i�g�.� �4�.�3�E�)�,� �b�u�t� �l�o�w�e�r� �l�e�v�e�l�s� �o�f� �i�n�f�e�c�t�i�o�n� �w�e�r�e� �o�b�s�e�r�v�e�d� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �h�a�l�f�.� 

�T�h�e� �w�e�e�k�l�y� �a�v�e�r�a�g�e�s� �o�f� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�,� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �a�n�d� �l�e�a�f� �w�e�t�n�e�s�s� 

�w�e�r�e� �s�l�i�g�h�t�l�y� �l�o�w�e�r� �i�n� �s�e�c�o�n�d� �h�a�l�f� �o�f� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� �(�F�i�g�.� �4�.�3�F�,� �G�,� �a�n�d� �H�)�.� 

�W�h�e�n� �t�h�e� �f�i�e�l�d� �w�a�s� �c�h�e�c�k�e�d� �b�e�t�w�e�e�n� �J�a�n�u�a�r�y� �a�n�d� �A�p�r�i�l� �1�9�9�5�,� �o�n�l�y� �a� �f�e�w� �o�f� 

�t�h�e� �h�o�s�t� �p�l�a�n�t�s� �w�e�r�e� �s�u�r�v�i�v�i�n�g� �w�i�t�h� �v�e�r�y� �f�e�w� �a�p�h�i�d�s� �o�n� �t�h�e�m�.� �S�o�m�e� �o�f� �t�h�e�s�e� 

�a�p�h�i�d�s� �w�e�r�e� �i�n�f�e�c�t�e�d� �w�i�t�h� �P�.� �n�e�o�a�p�h�i�d�i�s�,� �b�u�t� �c�o�u�n�t�s� �w�e�r�e� �n�o�t� �t�a�k�e�n� �b�e�c�a�u�s�e� �o�f� 

�p�o�o�r� �p�l�a�n�t� �s�t�a�n�d�.� �I�n�f�e�c�t�e�d� �a�p�h�i�d�s� �w�e�r�e� �s�e�e�n� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� 

�b�e�t�w�e�e�n� �J�a�n�u�a�r�y� �a�n�d� �A�p�r�i�l�,� �1�9�9�5�.� 

�D�i�s�c�u�s�s�i�o�n�:� 

�U�n�l�i�k�e� �o�t�h�e�r� �e�n�t�o�m�o�p�h�t�h�o�r�a�l�e�a�n�s�,� �P�.� �n�e�o�a�p�h�i�d�i�s� �d�o�e�s� �n�o�t� �p�r�o�d�u�c�e� 

�o�v�e�r�w�i�n�t�e�r�i�n�g� �r�e�s�t�i�n�g� �s�p�o�r�e�s� �(�R�o�c�k�w�o�o�d� �1�9�5�0�,� �B�e�n�-�Z�e ��e�v� �a�n�d� �K�e�n�n�e�t�h� �1�9�8�2�,� 

�W�a�t�e�r�h�o�u�s�e� �a�n�d� �B�r�a�d�y� �1�9�8�2�,� �W�i�l�d�i�n�g� �a�n�d� �B�r�a�d�y� �1�9�8�4�)� �a�n�d� �i�t� �i�s� �n�o�t� �k�n�o�w�n� �h�o�w� �i�t� 

�o�v�e�r�w�i�n�t�e�r�s�.� �I�n� �v�i�t�r�o� �f�o�r�m�a�t�i�o�n� �o�f� �s�p�o�r�e�s�,� �t�h�o�u�g�h�t� �t�o� �b�e� �r�e�s�t�i�n�g� �s�p�o�r�e�s�,� �w�a�s� �k�n�o�w�n� 

�f�o�r� �P�.� �n�e�o�a�p�h�i�d�i�s�,� �u�n�d�e�r� �s�p�e�c�i�a�l� �c�o�n�d�i�t�i�o�n�s� �(�U�z�i�e�l� �a�n�d� �K�e�n�n�e�t�h� �1�9�8�6�)�.� �H�o�w�e�v�e�r�,� 

�i�t� �h�a�s� �n�o�t� �b�e�e�n� �r�e�p�o�r�t�e�d� �e�l�s�e�w�h�e�r�e� �w�i�t�h�o�u�t� �a�n�y� �a�m�b�i�g�u�i�t�y� �a�n�d� �t�h�e� �r�e�s�t�i�n�g� �s�p�o�r�e� 

�s�t�a�t�u�s� �g�i�v�e�n� �b�y� �U�z�i�e�l� �a�n�d� �K�e�n�n�e�t�h� �(�1�9�8�6�)� �i�s� �d�e�b�a�t�a�b�l�e� �(�R�.�A�.� �H�u�m�b�e�r� �p�e�r�s�o�n�a�l� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�)�.� �E�a�r�l�i�e�r� �r�e�p�o�r�t�s� �s�t�a�t�e�d� �s�u�r�v�i�v�a�l� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �(�s�y�n�.� �E�m�p�u�s�a�/� 

�E�n�t�o�m�o�p�h�t�h�o�r�a� �a�p�h�i�d�i�s�)� �f�o�r� �3�-�3�2� �w�k� �i�n� �a�p�h�i�d� �h�o�s�t�s� �(�R�o�c�k�w�o�o�d� �1�9�5�0�,� �R�e�m�a�u�d�i�é�r�e� 

�a�n�d� �M�i�c�h�e�l� �1�9�7�1�,� �W�i�l�d�i�n�g� �1�9�7�3�,� �F�e�n�g� �e�t� �a�l�.� �1�9�9�2�)�.� �R�o�c�k�w�o�o�d� �(�1�9�5�0�)� �r�e�p�o�r�t�e�d� 
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�t�h�a�t� �i�n� �v�i�t�r�o� �g�r�o�w�n� �c�u�l�t�u�r�e�s� �w�e�r�e� �v�i�a�b�l�e� �f�o�r� �f�o�u�r� �m�o�n�t�h�s� �a�t� �a�b�o�u�t� �2�°�C�.� �I�n�f�e�c�t�i�v�i�t�y� 

�o�f� �t�h�e� �p�a�t�h�o�g�e�n� �l�a�s�t�e�d� �f�o�r� �3�.�5� �m�o� �a�t� �t�e�m�p�e�r�a�t�u�r�e�s� �r�a�n�g�e�d� �b�e�t�w�e�e�n� �2� �a�n�d� �-�1�9�6�°�C� 

�(�R�e�m�a�u�d�i�é�r�e� �a�n�d� �M�i�c�h�e�l� �1�9�7�1�)�,� �a�n�d� �f�o�r� �a�t� �l�e�a�s�t� �3�2� �w�k� �a�t� �0�°�C� �a�n�d� �2�0� �o�r� �5�0�%� 

�r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �(�W�i�l�d�i�n�g� �1�9�7�3�)�.� �W�h�e�n� �t�h�e� �c�a�d�a�v�e�r�s� �o�f� �f�u�n�g�u�s�-�k�i�l�l�e�d� �a�p�h�i�d�s� 

�w�e�r�e� �m�o�i�s�t�e�n�e�d� �a�f�t�e�r� �i�n�c�u�b�a�t�i�o�n� �a�t� �t�h�e�s�e� �c�o�n�d�i�t�i�o�n�s�,� �t�h�e� �p�a�t�h�o�g�e�n� �p�r�o�d�u�c�e�d� 

�i�n�f�e�c�t�i�v�e� �c�o�n�i�d�i�a�.� �F�e�n�g� �e�t� �a�l�.� �(�1�9�9�2�)� �a�l�s�o� �r�e�p�o�r�t�e�d� �t�h�a�t� �P�.� �n�e�o�a�p�h�i�d�i�s� �c�o�n�i�d�i�a� �f�r�o�m� 

�c�a�d�a�v�e�r�s� �o�f� �p�e�a� �a�p�h�i�d�,� �A�c�y�r�t�h�o�s�i�p�h�o�n� �p�i�s�u�m�,� �k�e�p�t� �a�t� �4�°�C� �i�n� �r�e�f�r�i�g�e�r�a�t�o�r� �o�r� �a�t� 

�o�u�t�d�o�o�r� �c�o�n�d�i�t�i�o�n�s� �i�n� �c�o�l�d� �w�i�n�t�e�r� �w�i�t�h� �c�o�n�t�i�n�u�o�u�s� �s�n�o�w�,� �w�e�r�e� �i�n�f�e�c�t�i�v�e� �f�o�r� �a�b�o�u�t� 

�s�i�x� �m�o�n�t�h�s�.� �I�n�s�i�d�e� �t�h�e� �c�a�d�a�v�e�r�s� �o�f� �t�h�e�s�e� �p�e�a� �a�p�h�i�d�s�,� �F�e�n�g� �e�t� �a�l�.� �(�1�9�9�2�)� �f�o�u�n�d� 

�s�p�h�e�r�i�c�a�l� �h�y�p�h�a�l� �b�o�d�i�e�s� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s�,� �w�h�i�c�h� �w�e�r�e� �t�h�o�u�g�h�t� �t�o� �p�l�a�y� �a� �r�o�l�e� �i�n� 

�o�v�e�r�w�i�n�t�e�r�i�n�g�.� �L�a�t�t�e�u�r� �(�1�9�7�7�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �c�o�n�i�d�i�a� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�n� �t�h�e� �s�o�i�l� 

�w�e�r�e� �i�n�f�e�c�t�i�v�e� �t�o� �a�p�h�i�d�s� �a�f�t�e�r� �s�e�v�e�r�a�l� �m�o�n�t�h�s� �o�f� �s�t�o�r�a�g�e� �a�t� �5�°�C�.� �M�o�r�g�a�n� �e�t� �a�l�.� 

�(�1�9�9�2�)� �f�o�u�n�d� �t�h�a�t� �p�r�i�m�a�r�y� �c�o�n�i�d�i�a� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �s�u�r�v�i�v�e�d� �i�n� �t�h�e� �s�o�i�l� �a�t� �-�3� �a�n�d� 

�3�°�C� �f�o�r� �a�t� �l�e�a�s�t� �1�2�8� �d�.� �T�h�e�y� �w�e�r�e� �c�a�p�a�b�l�e� �o�f� �p�r�o�d�u�c�i�n�g� �s�e�c�o�n�d�a�r�y� �c�o�n�i�d�i�a� �w�h�e�n� 

�t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �r�a�i�s�e�d� �t�o� �1�8�°�C�.� �I�n� �a�n�o�t�h�e�r� �s�t�u�d�y�,� �c�o�n�i�d�i�a� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� 

�r�e�m�a�i�n�e�d� �i�n�f�e�c�t�i�v�e� �u�p� �t�o� �3�2� �d� �a�t� �5�°�C� �a�n�d� �8�5�%� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �a�n�d� �f�o�r� �1�6� �d� �i�n� 

�w�i�n�t�e�r� �f�i�e�l�d� �c�o�n�d�i�t�i�o�n�s� �o�n� �o�i�l�s�e�e�d� �r�a�p�e� �l�e�a�v�e�s� �i�n� �t�h�e� �U�K� �(�S�c�h�o�f�i�e�l�d� �e�t� �a�l�.� �1�9�9�5�)�.� 

�F�e�n�g� �e�t� �a�l�.� �(�1�9�9�0�)� �a�n�d� �E�l�k�a�s�s�a�b�a�n�y� �e�t� �a�l�.� �(�1�9�9�2�)� �r�e�p�o�r�t�e�d� �o�c�c�u�r�r�e�n�c�e� �o�f� �P�.� 

�n�e�o�a�p�h�i�d�i�s� �e�p�i�z�o�o�t�i�c�s� �i�n� �d�i�f�f�e�r�e�n�t� �s�p�e�c�i�e�s� �o�f� �a�p�h�i�d�s� �o�n� �w�i�n�t�e�r� �w�h�e�a�t� �a�n�d� �s�p�i�n�a�c�h� 

�d�u�r�i�n�g� �p�a�r�t�s� �o�f� �w�i�n�t�e�r�.� �A�l�l� �t�h�e�s�e� �r�e�p�o�r�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �p�a�t�h�o�g�e�n� �c�a�n� �r�e�m�a�i�n� 

�v�i�a�b�l�e� �a�t� �c�o�l�d� �t�e�m�p�e�r�a�t�u�r�e�s� �i�n� �t�h�e� �a�p�h�i�d� �h�o�s�t�s�,� �i�n� �s�o�i�l�,� �o�r� �o�n� �f�o�l�i�a�g�e�,� �b�u�t� �t�h�e�r�e� �i�s� �n�o� 
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�c�o�m�p�l�e�t�e� �i�n�f�o�r�m�a�t�i�o�n� �a�v�a�i�l�a�b�l�e� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �c�o�n�t�i�n�u�a�t�i�o�n� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� 

�e�p�i�z�o�o�t�i�c�s� �t�o� �s�p�r�i�n�g� �t�h�r�o�u�g�h� �w�i�n�t�e�r� �i�n� �a� �s�i�n�g�l�e� �s�t�u�d�y�,� �e�x�c�e�p�t� �f�o�r� �R�o�c�k�w�o�o�d ��s� 

�(�1�9�5�0�)� �f�i�n�d�i�n�g�s� �o�n� �p�e�a� �a�p�h�i�d�s�.� �R�o�c�k�w�o�o�d� �f�o�u�n�d� �t�h�a�t� �i�n�f�e�c�t�i�o�n�s� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� 

�i�n� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �p�e�a� �a�p�h�i�d� �i�n�f�e�s�t�i�n�g� �v�e�t�c�h�e�s� �a�n�d� �A�u�s�t�r�i�a�n� �w�i�n�t�e�r� �f�i�e�l�d� �p�e�a�s� 

�o�c�c�u�r�r�e�d� �i�n� �t�h�e� �f�a�l�l� �a�n�d� �c�o�n�t�i�n�u�e�d� �t�h�r�o�u�g�h� �w�i�n�t�e�r� �t�o� �n�e�x�t� �s�p�r�i�n�g�.� �M�y� �o�b�s�e�r�v�a�t�i�o�n�s� 

�a�l�s�o� �s�u�g�g�e�s�t� �t�h�a�t� �P�.� �n�e�o�a�p�h�i�d�i�s� �o�v�e�r�w�i�n�t�e�r�e�d� �i�n� �t�o�b�a�c�c�o� �a�p�h�i�d�s� �i�n�f�e�s�t�i�n�g� 

�n�o�n�s�o�l�a�n�a�c�e�o�u�s� �v�e�g�e�t�a�b�l�e� �h�o�s�t�s� �a�s� �i�t� �w�a�s� �s�e�e�n� �u�n�t�i�l� �e�a�r�l�y� �D�e�c�e�m�b�e�r�,� �1�9�9�4� �a�n�d� 

�a�g�a�i�n� �f�r�o�m� �l�a�t�e� �J�a�n�u�a�r�y�,� �1�9�9�5�.� �B�a�s�e�d� �o�n� �t�h�e�s�e� �f�i�n�d�i�n�g�s�,� �i�t� �c�o�u�l�d� �b�e� �p�r�o�p�o�s�e�d� �t�h�a�t� 

�s�u�r�v�i�v�a�l� �i�n� �t�h�e� �h�o�s�t� �i�n�s�e�c�t�s� �i�s� �o�n�e� �o�f� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �o�f� �o�v�e�r�w�i�n�t�e�r�i�n�g� �f�o�r� �P�.� 

�n�e�o�a�p�h�i�d�i�s�.� 

�H�i�g�h�e�r� �i�n�f�e�c�t�i�o�n� �l�e�v�e�l�s� �i�n� �1�9�9�3� �t�h�a�n� �i�n� �1�9�9�4� �c�o�u�l�d� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� 

�s�o�u�r�c�e� �o�f� �i�n�o�c�u�l�u�m� �i�n� �a� �n�e�a�r�b�y� �t�o�b�a�c�c�o� �f�i�e�l�d�s�.� �A�n� �e�p�i�z�o�o�t�i�c� �w�a�s� �o�b�s�e�r�v�e�d� �u�n�t�i�l� 

�e�a�r�l�y� �N�o�v�e�m�b�e�r�,� �1�9�9�3� �i�n� �t�o�b�a�c�c�o� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �o�n� �r�e�g�r�o�w�t�h� �o�f� �c�u�t� �t�o�b�a�c�c�o� �i�n� 

�o�t�h�e�r� �f�i�e�l�d�s� �a�t� �t�h�e� �r�e�s�e�a�r�c�h� �s�t�a�t�i�o�n� �(�s�e�e� �C�h�a�p�t�e�r� �I�I�I�)�.� �A�l�a�t�e� �a�p�h�i�d�s� �a�r�e� �m�o�r�e� 

�s�u�s�c�e�p�t�i�b�l�e� �t�h�a�n� �a�p�t�e�r�a�e� �t�o� �e�n�t�o�m�o�p�h�t�h�o�r�a�n�s� �a�n�d� �i�n�f�e�c�t�e�d� �a�l�a�t�a�e� �a�r�e� �t�h�o�u�g�h�t� �t�o� �b�e� 

�r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �l�o�n�g�-�d�i�s�t�a�n�c�e� �t�r�a�n�s�m�i�s�s�i�o�n� �o�f� �i�n�f�e�c�t�i�o�n� �(�R�o�c�k�w�o�o�d� �1�9�5�0�,� �S�o�p�e�r� 

�1�9�8�1�,� �S�t�e�i�n�k�r�a�u�s� �a�n�d� �H�o�l�l�i�n�g�s�w�o�r�t�h� �1�9�9�4�)�.� �I�n�f�e�c�t�e�d� �a�l�a�t�a�e� �m�i�g�r�a�t�i�n�g� �f�r�o�m� �t�o�b�a�c�c�o� 

�t�o� �w�i�n�t�e�r� �h�o�s�t�s� �m�i�g�h�t� �h�a�v�e� �s�e�r�v�e�d� �a�s� �t�h�e� �s�o�u�r�c�e� �o�f� �i�n�o�c�u�l�u�m� �t�o� �r�e�s�u�l�t� �i�n� �h�i�g�h�e�r� 

�i�n�f�e�c�t�i�o�n� �i�n� �a�p�h�i�d�s� �o�n� �n�o�n�s�o�l�a�n�a�c�e�o�u�s� �h�o�s�t�s� �i�n� �1�9�9�3�.� �T�h�i�s� �c�o�u�l�d� �a�l�s�o� �h�a�v�e� 

�i�n�f�l�u�e�n�c�e�d� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �i�n�f�e�c�t�i�o�n� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �h�a�l�f� �o�f� �t�h�e� �f�a�l�l� �i�n� �t�h�a�t� �y�e�a�r�.� 

�A�p�h�i�d� �p�o�p�u�l�a�t�i�o�n�s� �w�e�r�e� �a�l�s�o� �h�i�g�h�e�r� �i�n� �1�9�9�3�.� 
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�L�i�t�e�r�a�t�u�r�e� �c�i�t�e�d� 

�A�b�d�e�l�-�A�a�l�,� �Y�.�A�.�I�.�,� �E�.�P�.� �L�a�m�p�e�r�t�,� �R�.�M�.� �R�o�e�,� �a�n�d� �P�.�J�.� �S�e�m�t�n�e�r�.� �1�9�9�2�.� �D�i�a�g�n�o�s�t�i�c� 
�e�s�t�e�r�a�s�e�s� �a�n�d� �i�n�s�e�c�t�i�c�i�d�e� �r�e�s�i�s�t�a�n�c�e� �i�n� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d�,� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e� 
�B�l�a�c�k�m�a�n� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)�.� �P�e�s�t�i�c�.� �B�i�o�c�h�e�m�.� �P�h�y�s�i�o�l�.� �4�3�:� �1�2�3�-�1�3�3�.� 

�B�l�a�c�k�m�a�n�,� �R�.�L�.� �1�9�8�7�.� �M�o�r�p�h�o�l�o�g�i�c�a�l� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �o�f� �a� �t�o�b�a�c�c�o�-�f�e�e�d�i�n�g� �f�o�r�m� 
�f�r�o�m� �M�y�z�u�s� �p�e�r�s�i�c�a�e� �(�S�u�l�z�e�r�)� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)�,� �a�n�d� �a� �k�e�y� �t�o� �N�e�w� �W�o�r�l�d� 
�M�y�z�u�s� �(�N�e�c�t�a�r�o�s�i�p�h�o�n�)� �s�p�e�c�i�e�s�.� �B�u�l�l�.� �E�n�t�o�m�o�l�.� �R�e�s�.� �7�7�:� �7�1�3�-�7�3�0�.� 

�B�e�n�-�Z�e ��e�v�,� �I�.� �a�n�d� �R�.�G�.� �K�e�n�n�e�t�h�.� �1�9�8�2�.� �F�e�a�t�u�r�e�s�-�c�r�i�t�e�r�i�a� �o�f� �t�a�x�o�n�o�m�i�c� �v�a�l�u�e� �i�n� 
�t�h�e� �E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�:� �I�I�.� �A� �r�e�v�i�s�i�o�n� �o�f� �t�h�e� �g�e�n�u�s� �E�r�y�n�i�a� �N�o�w�a�k�o�w�s�k�i� �1�8�8�1� 
�(�Z�o�o�p�h�t�h�o�r�a� �B�a�t�k�o� �1�9�6�4�)�.� �M�y�c�o�t�a�x�o�n� �1�4�:� �4�5�6�-�4�7�5�.� 

�C�h�e�n�g�,� �H�.�H�.� �a�n�d� �W�.�A�.� �C�o�u�r�t�.� �1�9�7�7�.� �E�f�f�e�c�t�s� �o�f� �g�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d�,� �M�y�z�u�s� 
�p�e�r�s�i�c�a�e� �(�S�u�l�z�e�r�)�,� �o�n� �c�e�r�t�a�i�n� �c�h�e�m�i�c�a�l� �c�o�n�s�t�i�t�u�e�n�t�s� �o�f� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�.� �T�o�b�.� 
�S�c�i�.� �2�1�:� �1�3�4�-�1�3�5�.� 

�C�h�e�n�g�,� �H�.�H�.� �a�n�d� �J�.�J�.� �H�a�n�l�o�n�.� �1�9�8�5�.� �E�f�f�e�c�t�s� �o�f� �g�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d�,� �M�y�z�u�s� �p�e�r�s�i�c�a�e� 
�(�S�u�l�z�e�r�)�,� �o�n� �y�i�e�l�d� �a�n�d� �q�u�a�l�i�t�y� �o�f� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o� �i�n� �O�n�t�a�r�i�o�.� �T�o�b�.� �S�c�i�.� �2�9�:� �1�4�4�-� 
�1�4�8�.� 

�C�h�r�y�s�s�o�c�h�o�o�u�,� �A�.� �a�n�d� �C�.�G�.� �B�l�o�u�k�i�d�i�s�.� �1�9�9�2�.� �I�m�i�d�a�c�l�o�p�r�i�d�-�a� �n�o�v�e�l� �i�n�s�e�c�t�i�c�i�d�e� �f�o�r� 
�t�o�b�a�c�c�o� �a�p�h�i�d� �c�o�n�t�r�o�l� �i�n� �G�r�e�e�c�e�.� �C�O�R�E�S�T�A� �I�n�f�o�r�m�a�t�i�o�n� �B�u�l�l�e�t�i�n�,� �C�O�R�E�S�T�A� 
�c�o�n�f�e�r�e�n�c�e�,� �O�c�t�o�b�e�r� �1�1�-�1�6�,� �J�e�r�e�z� �d�e� �l�a� �F�r�o�n�t�e�r�a�,� �S�p�a�i�n�,� �p�.� �1�4�2�.� 

�D�a�r�a�,� �S�.�K�.� �a�n�d� �P�.�J�.� �S�e�m�t�n�e�r�.� �1�9�9�5�.� �R�e�s�e�a�r�c�h� �o�n� �P�a�n�d�o�r�a� �n�e�o�a�p�h�i�d�i�s�,� �a� �f�u�n�g�a�l� 
�p�a�t�h�o�g�e�n� �o�f� �t�o�b�a�c�c�o� �a�p�h�i�d�,� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e�,� �i�n� �V�i�r�g�i�n�i�a�.� �2�8�t�h� �a�n�n�u�a�l� �m�e�e�t�i�n�g� �o�f� 
�S�o�c�i�e�t�y� �f�o�r� �I�n�v�e�r�t�e�b�r�a�t�e� �P�a�t�h�o�l�o�g�y�,� �J�u�l�y� �1�6�-�2�1�,� �I�t�h�a�c�a�,� �N�e�w� �Y�o�r�k�,� �U�S�A�,� �p�.� �1�5�.� 

�E�l�k�a�s�s�a�b�a�n�y�,� �N�.�M�.�,� �D�.�C�.� �S�t�e�i�n�k�r�a�u�s�,� �a�n�d� �P�.�J�.� �M�c�L�e�o�d�.� �1�9�9�2�.� �P�a�n�d�o�r�a� 
�n�e�o�a�p�h�i�d�i�s� �(�E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�:� �E�n�t�o�m�o�p�h�t�h�o�r�a�c�e�a�e�)�:� �a� �p�o�t�e�n�t�i�a�l� �b�i�o�l�o�g�i�c�a�l� �c�o�n�t�r�o�l� 
�a�g�e�n�t� �a�g�a�i�n�s�t� �M�y�z�u�s� �p�e�r�s�i�c�a�e� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �o�n� �s�p�i�n�a�c�h�.� �J�.� �K�a�n�s�a�s� 
�E�n�t�o�m�o�l�.� �S�o�c�.� �6�5�:� �1�9�6�-�1�9�9�.� 

�F�e�n�g�,� �M�.�,� �R�.�M�.� �N�o�w�i�e�r�s�k�i�,� �R�.�E�.� �K�l�e�i�n�,� �A�.�L�.� �S�c�h�a�r�e�n�,� �a�n�d� �D�.�C�.� �S�a�n�d�s�.� �1�9�9�2�.� 
�S�p�h�e�r�i�c�a�l� �h�y�p�h�a�l� �b�o�d�i�e�s� �o�f� �P�a�n�d�o�r�a� �n�e�o�a�p�h�i�d�i�s� �(�R�e�m�a�u�d�i�é�r�e� �&� �H�e�n�n�e�b�e�r�t�)� 
�H�u�m�b�e�r� �(�Z�y�g�o�m�y�c�e�t�e�s�:� �E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�)� �o�n� �A�c�y�r�t�h�o�s�i�p�h�o�n� �p�i�s�u�m� �(�H�a�r�r�i�s�)� 
�(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)�:� �a� �p�o�t�e�n�t�i�a�l� �o�v�e�r�w�i�n�t�e�r�i�n�g� �f�o�r�m�.� �P�a�n�-�P�a�c�.� �E�n�t�o�m�o�l�.� 
�6�8�:� �1�0�0�-�1�0�4�.� 
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�F�e�n�g�,� �M�.�G�.�,� �J�.�B�.� �J�o�h�n�s�o�n�,� �a�n�d� �L�.�P�.� �K�i�s�h�.� �1�9�9�0�.� �S�u�r�v�e�y� �o�f� �e�n�t�o�m�o�p�a�t�h�o�g�e�n�i�c� 
�f�u�n�g�i� �n�a�t�u�r�a�l�l�y� �i�n�f�e�c�t�i�n�g� �c�e�r�e�a�l� �a�p�h�i�d�s� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �o�f� �i�r�r�i�g�a�t�e�d� �g�r�a�i�n� 
�c�r�o�p�s� �i�n� �s�o�u�t�h�w�e�s�t�e�r�n� �I�d�a�h�o�.� �E�n�v�i�r�o�n�.� �E�n�t�o�m�o�l�.� �1�9�:� �1�5�3�4�-�1�5�4�2�.� 

�H�a�r�l�o�w�,� �C�.�D�.� �a�n�d� �E�.�P�.� �L�a�m�p�e�r�t�.� �1�9�9�0�.� �R�e�s�i�s�t�a�n�c�e� �m�e�c�h�a�n�i�s�m�s� �i�n� �t�w�o� �c�o�l�o�r� 
�f�o�r�m�s� �o�f� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)�.� �J�.� �E�c�o�n�.� �E�n�t�o�m�o�l�.� �8�3�:� �2�1�3�0�-� 
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�K�i�s�h�,� �L�.�P�.�,� �I�.� �M�a�j�c�h�r�o�w�i�c�z�,� �a�n�d� �K�.�D�.� �B�i�e�v�e�r�.� �1�9�9�4�.� �P�r�e�v�a�l�e�n�c�e� �o�f� �n�a�t�u�r�a�l� �f�u�n�g�a�l� 
�m�o�r�t�a�l�i�t�y� �o�f� �g�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �o�n� �p�o�t�a�t�o�e�s� �a�n�d� 
�n�o�n�s�o�l�a�n�a�c�e�o�u�s� �h�o�s�t�s� �i�n� �W�a�s�h�i�n�g�t�o�n� �a�n�d� �I�d�a�h�o�.� �E�n�v�i�r�o�n�.� �E�n�t�o�m�o�l�.� �2�3�:� �1�3�2�6�-� 
�1�3�3�0�.� 

�H�u�m�b�e�r�,� �R�.�A�.� �1�9�8�9�.� �S�y�n�o�p�s�i�s� �o�f� �a� �r�e�v�i�s�e�d� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �f�o�r� �t�h�e� 
�E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s� �(�Z�y�g�o�m�y�c�o�t�i�n�a�)�.� �M�y�c�o�t�a�x�o�n� �3�4�:� �4�4�1�-�4�6�0�.� 

�K�o�z�i�o�l�,� �F�.�S�.� �a�n�d� �P�.�J�.� �S�e�m�t�n�e�r�.� �1�9�8�4�.� �E�x�t�e�n�t� �o�f� �r�e�s�i�s�t�a�n�c�e� �t�o� �o�r�g�a�n�o�p�h�o�s�p�h�o�r�u�s� 
�i�n�s�e�c�t�i�c�i�d�e�s� �i�n� �f�i�e�l�d� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �g�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� 
�i�n�f�e�s�t�i�n�g� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o� �i�n� �V�i�r�g�i�n�i�a�.� �J�.� �E�c�o�n�.� �E�n�t�o�m�o�l�.� �7�7�:� �1�-�3�.� 

�L�a�m�p�e�r�t�,� �E�.�P�.� �1�9�8�9�.� �S�e�a�s�o�n�a�l� �a�b�u�n�d�a�n�c�e� �a�n�d� �w�i�t�h�i�n�-�p�l�a�n�t� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �a�p�h�i�d�s� 
�(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �o�n� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�.� �J�.� �E�c�o�n�.� �E�n�t�o�m�o�l�.� �8�2�:� �1�1�4�-�1�1�8�.� 

�L�a�t�t�e�u�r�,� �G�.� �1�9�7�7�.� �S�u�r� �l�a� �p�o�s�s�i�b�i�l�i�t�é� �d ��i�n�f�e�c�t�i�o�n� �d�i�r�e�c�t�e� �d ��A�p�h�i�d�e�s� �p�a�r� 
�E�n�t�o�m�o�p�h�t�h�o�r�a� �a� �p�a�r�t�i�r� �d�e� �s�o�l�s� �h�é�b�e�r�g�e�a�n�t� �u�n� �i�n�o�c�u�l�u�m� �n�a�t�u�r�e�l�.� �C�.�R�.� �A�c�a�d�.� �S�c�.� 
�P�a�r�i�s�.� �2�8�4�:� �2�2�5�3�-�2�2�5�6�.� 

�M�c�P�h�e�r�s�o�n�,� �R�.�M�.� �a�n�d� �M�.�H�.� �B�a�s�s�.� �1�9�9�0�.� �C�o�n�t�r�o�l� �o�f� �r�e�d� �a�n�d� �g�r�e�e�n� �m�o�r�p�h�s� �o�f� 
�t�o�b�a�c�c�o� �a�p�h�i�d�s� �i�n� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�.� �J�.� �E�n�t�o�m�o�l�.� �S�c�i�.� �2�5�:� �5�8�7�-�5�9�1�.� 

�M�i�s�t�r�i�c�,� �W�.�J�.�,� �J�r�.� �a�n�d� �G�.�B�.� �C�l�a�r�k�.� �1�9�7�9�.� �G�r�e�e�n� �p�e�a�c�h� �a�p�h�i�d� �i�n�j�u�r�y� �t�o� �f�l�u�e�-�c�u�r�e�d� 
�t�o�b�a�c�c�o� �l�e�a�v�e�s�.� �T�o�b�.� �S�c�i�.� �1�3�:� �2�3�-�2�4�.� 

�M�o�r�g�a�n�,� �L�.�W�.�,� �L�.� �B�o�d�d�y�,� �a�n�d� �N�.� �W�i�l�d�i�n�g�.� �1�9�9�2�.� �T�h�e� �s�u�r�v�i�v�a�l� �a�n�d� �g�e�r�m�i�n�a�t�i�o�n� �o�f� 
�E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s� �c�o�n�i�d�i�a�.� �2�5�t�h� �a�n�n�u�a�l� �m�e�e�t�i�n�g� �o�f� �t�h�e� �S�o�c�i�e�t�y� �f�o�r� �I�n�v�e�r�t�e�b�r�a�t�e� 
�P�a�t�h�o�l�o�g�y�,� �A�u�g�u�s�t� �1�6�-�2�1�,� �H�e�l�d�e�l�b�e�r�g�,� �G�e�r�m�a�n�y�,� �p�.�2�2�0�.� 

�R�e�e�d�,� �T�.�D�.� �a�n�d� �P�.�J�.� �S�e�m�t�n�e�r�.� �1�9�9�2�.� �E�f�f�e�c�t�s� �o�f� �t�o�b�a�c�c�o� �a�p�h�i�d� �(�H�o�m�o�p�t�e�r�a�:� 
�A�p�h�i�d�i�d�a�e�)� �p�o�p�u�l�a�t�i�o�n�s� �o�n� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o� �p�r�o�d�u�c�t�i�o�n�.� �J�.� �E�c�o�n�.� �E�n�t�o�m�o�l�.� �8�5�:� 
�1�9�6�3�-�1�9�7�1�.� 
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�R�e�m�a�u�d�i�e�r�e�,� �G�.� �a�n�d� �G�.�L�.� �H�e�n�n�e�b�e�r�t�.� �1�9�8�0�.� �R�e�v�i�s�i�o�n� �s�y�s�t�e�m�a�t�i�q�u�e� �d�e� 
�E�n�t�o�m�o�p�h�t�h�o�r�a� �a�p�h�i�d�i�s� �H�o�f�f�m�.� �i�n� �F�r�e�s�.� �D�e�s�c�r�i�p�t�i�o�n� �d�e� �d�e�u�x� �n�o�u�v�e�a�u�x� 
�p�a�t�h�o�g�e�n�e�s� �d ��a�p�h�i�d�e�s�.� �M�y�c�o�t�a�x�o�n� �1�1�:� �2�6�9�-�3�2�1�.� 

�R�e�m�a�u�d�i�é�r�e�,� �G�.� �a�n�d� �M�.� �M�i�c�h�e�l�.� �1�9�7�1�.� �P�r�e�m�i�e�r�e� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �e�c�o�l�o�g�i�q�u�e� �s�u�r� 
�l�e�s� �E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s� �(�P�h�y�c�o�m�y�c�e�t�e�s�)� �p�a�r�a�s�i�t�e�s� �d�e� �p�u�c�e�r�o�n�s� �e�n� �v�e�r�g�e�s� �d�e� �p�e�c�h�e�s�.� 
�E�n�t�o�m�o�p�h�a�g�a� �1�6�:�7�5�-�9�4�.� 

�R�o�c�k�w�o�o�d�,� �L�.�P�.� �1�9�5�0�.� �E�n�t�o�m�o�g�e�n�o�u�s� �f�u�n�g�i� �o�f� �t�h�e� �f�a�m�i�l�y� �E�n�t�o�m�o�p�h�t�h�o�r�a�c�e�a�e� �i�n� 
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�i�n�t�e�g�r�a�t�e�d� �p�e�s�t� �m�a�n�a�g�e�m�e�n�t�,� �p�p�.� �1�5�3�-�1�7�5�.� �J�n� �J�.�H�.� �L�a�s�h�o�m�b� �&� �R�.� �C�a�s�a�g�r�a�n�d�e� 
�[�e�d�s�.�]�,� �A�d�v�a�n�c�e�s� �i�n� �p�o�t�a�t�o� �p�e�s�t� �m�a�n�a�g�e�m�e�n�t�.�.� �H�u�t�c�h�i�n�s�o�n� �R�o�s�s� �P�u�b�l�i�s�h�i�n�g� 
�C�o�m�p�a�n�y�,� �S�t�r�o�u�d�s�b�u�r�g�,� �P�A�.� 

�S�t�e�i�n�k�r�a�u�s�,� �D�.�C�.� �a�n�d� �R�.�G�.� �H�o�l�l�i�n�g�s�w�o�r�t�h�.� �1�9�9�4�.� �P�r�e�d�i�c�t�i�n�g� �f�u�n�g�a�l� �e�p�i�z�o�o�t�i�c�s� �o�n� 
�c�o�t�t�o�n� �a�p�h�i�d�s�.� �A�r�k�.� �F�a�r�m� �R�e�s�.� �4�3�:� �1�0�-�1�1�.� 
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�a�p�h�i�d�,� �P�e�m�p�h�i�g�u�s� �p�o�p�u�l�i�v�e�n�a�e� �F�i�t�c�h� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �i�n� �C�a�l�i�f�o�r�n�i�a�.� �A�p�p�l�.� 
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�C�o�l�l�o�q�u�i�u�m� �o�n� �I�n�v�e�r�t�e�b�r�a�t�e� �P�a�t�h�o�l�o�g�y�,� �W�a�g�e�n�i�n�g�e�n�,� �T�h�e� �N�e�t�h�e�r�l�a�n�d�s�.� 

�W�a�t�e�r�h�o�u�s�e�,� �G�.�M�.� �a�n�d� �B�.�L�.� �B�r�a�d�y�.� �1�9�8�2�.� �K�e�y� �t�o� �t�h�e� �s�p�e�c�i�e�s� �o�f� �E�n�t�o�m�o�p�h�t�h�o�r�a� 
�s�e�n�s�u� �L�a�t�o�.� �B�u�l�l�.� �B�r�.� �m�y�c�o�l�.� �S�o�c�.� �1�6�:� �1�1�3�-�1�4�3�.� 

�W�i�l�d�i�n�g�,� �N�.� �1�9�7�3�.� �T�h�e� �s�u�r�v�i�v�a�l� �o�f� �E�n�t�o�m�o�p�h�t�h�o�r�a� �s�p�p�.� �i�n� �m�u�m�m�i�f�i�e�d� �a�p�h�i�d�s� �a�t� 
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�d�i�f�f�e�r�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�s� �a�n�d� �h�u�m�i�d�i�t�i�e�s�.� �J�.� �I�n�v�.� �P�a�t�h�o�l�.� �2�1�:�3�0�9�-�3�1�1�.� 

�W�i�l�d�i�n�g�,� �N�.� �a�n�d� �B�.�L�.� �B�r�a�d�y�.� �1�9�8�4�.� �E�r�y�n�i�a� �n�e�o�a�p�h�i�d�i�s�.� �C�M�I� �D�e�s�c�.� �o�f� �P�a�t�h�o�g�e�n�i�c� 
�F�u�n�g�i� �a�n�d� �B�a�c�t�e�r�i�a�,� �N�o�.� �8�1�5�.� �T�h�e� �C�o�m�m�o�n�w�e�a�l�t�h� �M�y�c�o�l�o�g�i�c�a�l� �I�n�s�t�i�t�u�t�e�,� �K�e�w�,� �S�u�r�r�e�y�,� 
�E�n�g�l�a�n�d�.� 
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�C�H�A�P�T�E�R� �V� 

�S�e�a�s�o�n�a�l� �i�n�c�i�d�e�n�c�e� �a�n�d� �w�i�t�h�i�n�-�p�l�a�n�t� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �P�a�n�d�o�r�a� �n�e�o�a�p�h�i�d�i�s� 

�(�Z�y�g�o�m�y�c�e�t�e�s�:� �E�n�t�o�m�o�p�h�t�h�o�r�a�l�e�s�)� �i�n� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �r�e�d� �m�o�r�p�h� �o�f� �M�y�z�u�s� 

�n�i�c�o�t�i�a�n�a�e� �(�H�o�m�o�p�t�e�r�a�:� �A�p�h�i�d�i�d�a�e�)� �o�n� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o�.� 

�A�b�s�t�r�a�c�t�:� 

�T�h�e� �w�i�t�h�i�n�-�p�l�a�n�t� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� �e�n�t�o�m�o�p�h�t�h�o�r�a�l�e�a�n� �P�a�n�d�o�r�a� �n�e�o�a�p�h�i�d�i�s� 

�(�R�e�m�a�u�d�i�é�r�e� �&� �H�e�n�n�e�b�e�r�t�)� �H�u�m�b�e�r� �w�a�s� �i�n�v�e�s�t�i�g�a�t�e�d� �i�n� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �t�o�b�a�c�c�o� 

�a�p�h�i�d�,� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e� �B�l�a�c�k�m�a�n�,� �o�n� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o� �a�t� �t�w�o� �g�r�o�w�t�h� �s�t�a�g�e�s� 

�v�i�z�.�,� �p�r�e�-�f�l�o�w�e�r� �a�n�d� �f�u�l�l�-�f�l�o�w�e�r�.� �L�e�a�v�e�s� �o�n� �p�l�a�n�t�s� �w�e�r�e� �d�i�v�i�d�e�d� �i�n�t�o� �t�h�r�e�e� �a�n�d� �s�i�x� 

�l�e�a�f� �p�o�s�i�t�i�o�n�s� �a�n�d� �t�h�e� �a�p�h�i�d� �p�o�p�u�l�a�t�i�o�n� �a�n�d� �i�n�f�e�c�t�i�o�n� �l�e�v�e�l�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �a�m�o�n�g� 

�l�e�a�f� �p�o�s�i�t�i�o�n�s�.� �T�o�t�a�l� �n�u�m�b�e�r� �o�f� �a�p�h�i�d�s�,� �n�u�m�b�e�r� �o�f� �i�n�f�e�c�t�e�d� �a�p�h�i�d�s�,� �a�n�d� �p�e�r�c�e�n�t�a�g�e� 

�o�f� �i�n�f�e�c�t�e�d� �a�p�h�i�d�s� �t�e�n�d�e�d� �t�o� �i�n�c�r�e�a�s�e� �f�r�o�m� �t�h�e� �b�o�t�t�o�m� �t�o� �t�h�e� �t�o�p� �o�f� �t�h�e� �p�l�a�n�t� �a�n�d� 

�t�h�e� �u�p�p�e�r� �1�/�3� �o�f� �t�h�e� �p�l�a�n�t� �u�s�u�a�l�l�y� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �v�a�l�u�e�s� �(�W�a�l�l�e�r�-�D�u�n�c�a�n� 

�K�-�r�a�t�i�o� �T� �t�e�s�t�;� �K�-�r�a�t�i�o� �=� �1�0�0�)� �t�h�a�n� �t�h�e� �o�t�h�e�r� �t�w�o� �l�e�a�f� �p�o�s�i�t�i�o�n�s�.� �W�h�e�n� �s�i�x� �l�e�a�f� 

�p�o�s�i�t�i�o�n�s� �p�e�r� �p�l�a�n�t� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d�,� �t�h�i�s� �t�r�e�n�d� �w�a�s� �s�l�i�g�h�t�l�y� �i�n�c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �s�o�m�e� 

�l�o�w�e�r� �l�e�a�f� �p�o�s�i�t�i�o�n�s� �h�a�v�i�n�g� �h�i�g�h�e�r� �v�a�l�u�e�s� �t�h�a�n� �t�h�e� �l�e�a�f� �p�o�s�i�t�i�o�n�s� �i�m�m�e�d�i�a�t�e�l�y� 

�a�b�o�v�e� �t�h�e�m�.� 
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�K�e�y� �w�o�r�d�s�:� �P�a�n�d�o�r�a� �n�e�o�a�p�h�i�d�i�s�,� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e�,� �w�i�t�h�i�n�-�p�l�a�n�t� �d�i�s�t�r�i�b�u�t�i�o�n�,� 

�t�o�b�a�c�c�o�.� 
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�I�n�t�r�o�d�u�c�t�i�o�n�:� 

�T�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d�,� �M�y�z�u�s� �n�i�c�o�t�i�a�n�a�e� �B�l�a�c�k�m�a�n�,� �p�r�e�v�i�o�u�s�l�y� �k�n�o�w�n� �a�s� �g�r�e�e�n� 

�p�e�a�c�h� �a�p�h�i�d�,� �M�.� �p�e�r�s�i�c�a�e� �(�S�u�l�z�e�r�)�,� �i�s� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �i�n�s�e�c�t� �p�e�s�t� �o�f� �t�o�b�a�c�c�o� �i�n� 

�N�o�r�t�h� �A�m�e�r�i�c�a� �(�B�l�a�c�k�m�a�n� �1�9�8�7�,� �M�i�s�t�r�i�c� �a�n�d� �C�l�a�r�k� �1�9�7�9�,� �C�h�e�n�g� �a�n�d� �H�a�n�l�o�n� �1�9�8�5�,� 

�L�a�m�p�e�r�t� �1�9�8�9�,� �R�e�e�d� �a�n�d� �S�e�m�t�n�e�r� �1�9�9�2�)�.� �I�n� �r�e�c�e�n�t� �y�e�a�r�s�,� �t�h�e� �c�o�m�m�o�n� �g�r�e�e�n� 

�m�o�r�p�h� �o�f� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d� �h�a�s� �b�e�e�n� �r�e�p�l�a�c�e�d� �b�y� �a� �r�e�d� �m�o�r�p�h� �(�M�c�P�h�e�r�s�o�n� �1�9�8�9�,� 

�R�e�e�d� �a�n�d� �S�e�m�t�n�e�r� �1�9�9�1�)�.� �D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� �a�p�h�i�d�s� �v�a�r�i�e�s� �w�i�t�h�i�n� �t�h�e� �t�o�b�a�c�c�o� 

�p�l�a�n�t� �(�W�e�b�s�t�e�r� �e�t� �a�l�.� �1�9�8�3�,� �L�a�m�p�e�r�t� �1�9�8�9�)�.� �L�a�m�p�e�r�t� �(�1�9�8�9�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e� 

�d�e�n�s�i�t�y� �o�f� �t�o�b�a�c�c�o� �a�p�h�i�d�s� �w�a�s� �h�i�g�h�e�r� �i�n� �t�h�e� �u�p�p�e�r� �1�/�3� �o�f� �t�h�e� �t�o�b�a�c�c�o� �p�l�a�n�t� �a�n�d� �t�h�e� 

�n�u�m�b�e�r�s� �w�e�r�e� �h�i�g�h�e�r� �o�n� �t�h�e� �m�i�d�d�l�e� �1�/�3�.� 

�T�h�e� �e�n�o�t�o�m�o�p�h�t�h�o�r�a�l�e�a�n�,� �P�a�n�d�o�r�a� �(�E�r�y�n�i�a�)� �n�e�o�a�p�h�i�d�i�s� �(�R�e�m�a�u�d�i�é�r�e� �&� 

�H�e�n�n�e�b�e�r�t�)� �H�u�m�b�e�r� �i�s� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �(�W�i�l�d�i�n�g� �a�n�d� �B�r�a�d�y� �1�9�8�4�,� �S�i�v�c�e�v� �1�9�9�1�,� 

�E�l�k�a�s�s�a�b�a�n�y� �e�t� �a�l�.� �1�9�9�2�,� �K�i�s�h� �e�t� �a�l�.� �1�9�9�4�,� �D�a�r�a� �a�n�d� �S�e�m�t�n�e�r� �1�9�9�5�)� �a�n�d� �d�o�m�i�n�a�n�t� 

�(�P�i�c�k�e�r�i�n�g� �e�t� �a�l�.� �1�9�8�9�,� �F�e�n�g� �e�t� �a�l�.� �1�9�9�0�,� �F�e�n�g� �e�t� �a�l�.� �1�9�9�1�,� �S�i�v�c�e�v� �1�9�9�2�,� �F�e�n�g� �a�n�d� 

�N�o�w�i�e�r�s�k�i� �1�9�9�2�)� �p�a�t�h�o�g�e�n� �o�f� �v�a�r�i�o�u�s� �s�p�e�c�i�e�s� �o�f� �a�p�h�i�d�s� �o�n� �d�i�f�f�e�r�e�n�t� �h�o�s�t�s� �p�l�a�n�t�s�.� 

�F�u�n�g�a�l� �p�a�t�h�o�g�e�n�s� �(�u�n�i�d�e�n�t�i�f�i�e�d�)� �w�e�r�e� �r�e�p�o�r�t�e�d� �a�s� �i�m�p�o�r�t�a�n�t� �b�i�o�c�o�n�t�r�o�l� �a�g�e�n�t�s� �o�f� 

�M�.� �n�i�c�o�t�i�a�n�a�e� �o�n� �t�o�b�a�c�c�o� �i�n� �G�r�e�e�c�e� �(�L�y�k�o�u�r�e�s�s�i�s� �a�n�d� �M�e�n�t�z�o�s� �1�9�9�5�)�.� �N�o�r�d�i�n� �e�t� 

�a�l�.� �(�1�9�9�3�)� �a�n�d� �Y�u� �e�t� �a�l�.� �(�1�9�9�5�)� �r�e�p�o�r�t�e�d� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�n�f�e�c�t�i�n�g� �M�.� �n�i�c�o�t�i�a�n�a�e� �i�n� 

�t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�.� �D�a�r�a� �a�n�d� �S�e�m�t�n�e�r� �(�1�9�9�5�)� �f�o�u�n�d� �t�h�a�t� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�s� �a�n� 

�i�m�p�o�r�t�a�n�t� �m�o�r�t�a�l�i�t�y� �f�a�c�t�o�r� �f�o�r� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d� �o�n� �t�o�b�a�c�c�o� �i�n� �V�i�r�g�i�n�i�a�.� 
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�B�r�o�b�y�n� �e�t� �a�l�.� �(�1�9�8�5�)� �f�o�u�n�d� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �p�e�r�s�i�s�t�e�n�c�e� �o�f� �i�n�f�e�c�t�i�v�i�t�y� �o�f� �E�.� 

�n�e�o�a�p�h�i�d�i�s� �c�o�n�i�d�i�a� �t�o� �p�e�a� �a�p�h�i�d�,� �A�c�y�r�t�h�o�s�i�p�h�o�n� �p�i�s�u�m� �(�H�a�r�r�i�s�)�,� �o�n� �t�h�e� �u�p�p�e�r� �a�n�d� 

�l�o�w�e�r� �l�e�a�v�e�s� �o�f� �f�i�e�l�d� �b�e�a�n�s� �(�V�i�c�i�a� �f�a�b�a� �L�.�)�.� �T�h�i�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �l�e�v�e�l� �o�f� 

�i�n�f�e�c�t�i�o�n� �i�n� �t�h�e� �h�o�s�t� �m�i�g�h�t� �v�a�r�y� �i�n� �d�i�f�f�e�r�e�n�t� �r�e�g�i�o�n�s� �w�i�t�h�i�n� �a� �p�l�a�n�t�.� �F�e�n�g� �e�t� �a�l�.� 

�(�1�9�9�1�)� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� �a�n� �a�p�h�i�d� �s�p�e�c�i�e�s� �o�n� �a� �w�h�e�a�t� �p�l�a�n�t� �w�o�u�l�d� 

�i�n�f�l�u�e�n�c�e� �t�h�e� �d�i�s�e�a�s�e� �d�e�v�e�l�o�p�m�e�n�t�.� �A�p�h�i�d�s� �t�h�a�t� �o�c�c�u�p�y� �t�h�e� �u�p�p�e�r� �p�o�r�t�i�o�n�s� �o�f� �a� 

�p�l�a�n�t� �w�o�u�l�d� �b�e� �m�o�r�e� �i�n�f�l�u�e�n�c�e�d� �b�y� �r�a�i�n�f�a�l�l� �t�h�a�n� �t�h�o�s�e� �t�h�a�t� �o�c�c�u�p�y� �l�o�w�e�r� �p�o�r�t�i�o�n�s�.� 

�F�e�n�g� �e�t� �a�l�.� �(�1�9�9�1�)� �a�l�s�o� �r�e�p�o�r�t�e�d� �t�h�a�t� �i�n�f�e�c�t�i�o�n�s� �a�r�e� �c�o�r�r�e�l�a�t�e�d� �t�o� �a�p�h�i�d� �d�e�n�s�i�t�i�e�s�.� 

�L�y�k�o�u�r�e�s�s�i�s� �a�n�d� �M�e�n�t�z�o�s� �(�1�9�9�5�)� �r�e�p�o�r�t�e�d� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �t�h�e� 

�t�o�b�a�c�c�o� �a�p�h�i�d�,� �i�n�f�e�c�t�e�d� �b�y� �u�n�i�d�e�n�t�i�f�i�e�d� �f�u�n�g�i�,� �i�n� �u�p�p�e�r� �a�n�d� �l�o�w�e�r� �h�a�l�v�e�s� �o�f� 

�t�o�b�a�c�c�o� �p�l�a�n�t�s�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �s�u�g�g�e�s�t� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �l�e�v�e�l�s� �o�f� 

�P�.� �n�e�o�a�p�h�i�d�i�s� �i�n�f�e�c�t�i�o�n� �i�n� �a�p�h�i�d�s� �w�i�t�h�i�n� �t�h�e� �t�o�b�a�c�c�o� �p�l�a�n�t�.� �I�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� 

�w�i�t�h�i�n�-�p�l�a�n�t� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �w�o�u�l�d� �p�r�o�v�i�d�e� �a� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� 

�t�h�e� �e�c�o�l�o�g�y� �o�f� �t�h�e� �p�a�t�h�o�g�e�n� �i�n� �t�h�e� �c�r�o�p� �e�c�o�s�y�s�t�e�m�.� �T�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �c�o�u�l�d� �b�e� 

�u�s�e�d� �t�o� �m�o�d�i�f�y� �s�a�m�p�l�i�n�g� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �b�e�t�t�e�r� �a�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e� �i�n�f�e�c�t�i�o�n� �l�e�v�e�l� �i�n� 

�t�h�e� �f�i�e�l�d�.� �T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �w�i�t�h�i�n�-�p�l�a�n�t� 

�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �P�.� �n�e�o�a�p�h�i�d�i�s� �i�n� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �r�e�d� �m�o�r�p�h� �o�f� �t�h�e� �t�o�b�a�c�c�o� �a�p�h�i�d� 

�o�n� �f�l�u�e�-�c�u�r�e�d� �t�o�b�a�c�c�o� �i�n� �t�h�e� �f�i�e�l�d�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�:� 
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