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E. C. T ULLJ S 

ECUl\() j\ IJ C Jl\ll'OHT;\l\CE OF FJR I': BLIGl[T I N l\1 I CJlJGAN 

Fire blight in l\lichi gan ranks among the more important of the diseases 
of the apple and pear and periodi cally causes heavy losses to the g rower. 
T hesc losses arc brought about mainly through the killing of fruiting wood . 
In sevcre cases, se \'cral years will elapse before the tree replaces the lost 
parts with new g rowth and reaches the stage of production possessed beforc 
it became diseased. 

The development of the pcar industry in this state has largely becn limited 
hy thi s di sease. Cc rtain reg ions ill the easkrn and southern part of the 
statc have been forced to ahandon thi s cr()p chiefly because of thc losscs 
causcd by blight. 'The rcmains 0 f many of these olel orchards may still 
be secn in yarious parts of thc state. 

The apple as a rulc has not suffered ;l S seH'rely from th e c1i sease as has 
the pear , hut, in the past decad e, many apple (l rcharcb ha ve sustained very 
sc \-c re losscs . Certain obsen 'atioll s, wh ich ba\'c C() 1l1 ~ undcr the writcr's 
attention, may be cited as examples. 

Heco rds taken at th c Huron Farms Company orchard durin g the sumt11er 
(I f 1 ()26 showed that 0 f a blocl..:: of 1,508 apple trees, ] 66 had been so badl y 
da11laged hy blight , during a peri od of three years that th ey had to be re-
1l l()\-Cc l. l\.oot and crown injury in this same block was so se\'ere that a 
number of trees had to he bridge-g rafted. Sixty-one trees had been bridge
gra fted in the spring of 1925. These trees were girdled and approach g rafh 
were sct in 1926 because it was found that this trcatment was more satis
factory than attcmpting to clean up the cankers below the g round line amI 
make hridgc ' grafts to thc roots . O ne hundred fi fty-nine additio ll al trees 
were girdled and bridge g rafted in the spring of 1926. 

Losses ill onc block o f 323 pears in thi s same orchard amo un ted to al)uut 
20 per cent of thc trees. The~;e trees were so hadl y blightcd t hat. t hough 
e\-c ry attcmpt was made to Sa\T th cm , they were lost because so little was 
left after the di seased limbs hael been remO\'ecl. 

A small pear orchard of 30 trees was obsen'ed during thc summcr of 
1()27, on the west s id e of th e State, s()uth of Saugatuck. Ii ll 11 y 90 per cent 
of th c trees were blighted . Twcnty- ri\ e o f these trees were removcd the 
[ollowing sprin g. 

1P )'cscn t rrl ill p arti al fl!lfilltllCllt .. f the rC <[lIirCI11 Cll h f .. r till' <Icgrct' fl f noc tllr IIf Pltil flsO l'II Y, 
~j\ c hl()wlc<lglllcnt s: j\llIl·h II[ tlt e cx pcr il11 e lll:t1 \l'lIrk rCI'lIrtcd ill tltis paper as we ll as t'h c "p l,,,,r -

11lllit y t n c:lrr O' o n fir lrl wI)rk [II I' tI\' l) Slll1l11l (' r s \\' :,S l11 a rl c pll ss ild c tltnll Jgh lit e gC II crO l1 S s l1ppo rt 
gi\' c 11 IJ\' t h c Hll rfln l;a n11 s CIJlll l' .I11Y· . Yl' siLltlti . ~I it, lti g';IIl. Th c writel' :Ic knl) wlc<l ges tlti s g rallt 
1, ,\' lhr CO IlIP;lll O' :11111 rx p lTssrs hi , :1I'I'rt'c i:lti ,," tn ';\1 1'. \ \T. E , 't · lId er rlll \V n. i t s 11lan :lj:'(cr. 

Tlt r wri ter w i, h (' s t il express Iti s th:lllks t l) Ih, C, \ V, II c n ll(,U fllr V: t1II :t1.1e s l1 gges ti ons g iVC ll dl1r 
illg' tltc progTess "f tlt e \l'lI r k :11111 :l ls.) til I)r , I': , A , Ikssr y :111 <1 ]) r, C, I f. ('lion s [1)1 ' c riti c is m (.[ 
t ll c 111 :llIll s n ip t ; to F . C. 1Ir:1<1f"r" :111(1 If. A , C:1r<lill c ll f'>1' Illa tn i;t1 s II S1''] ;111(1 s ll g g c s (ions. 
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While the orchards described above represent some of the cases 0 f sever~ 
attack which have been observed during the past three years, thcy arc by 
no means unusual or isolated examples of the ravages of blight. The di s
ease is present and causes throughout the s tate a certain amount of damage 
in a considerable number of orchards every year. 

The data :in Table 1 obtained from the Plant Discasc H.eporter, for the 
years 1921-1925 inclusive, represcnt a comparison of the estimated p~r 
centao'e losses to the apple crop in l\/Iichigan, from fire blight and other clts
eases~ The table shows that losses due to fire blight , as estimatcd by the 
collaborators of the Plant Disease Survey, U . S. Departmcnt of Agriculturc, 
have been for this period approximately 1 per cent lower than thosc due 
to scab, com111only recognized as the 1110st serious apple disease. 

Table 1 
Percentage losses of the apple crop due to fire blight and other diseases 

Year Fire 
bli~ht 

---------------- ----------------------------- -------
1021. . . . . ..... . .. .. .... . . . .. . 
1922 . .. . 
1!)23 . .. .. . .. ... . .. . . . . 
1924 .... . . . 
1025 . ... . . . . 

Avcra~e . .. 

Ii 
() 

5 
r 5 

1) 

4 (J 

HISTORY OF TlIE DISEASE 

2 
Hi 

I 
12 
2 

{j{j 

All uther 
diseases TuLal 

S 
I() 
7 

I!l 
J:l 

11 12 . G 

Fire blight has been known for about 150 years. The (~iseasc apparc.nUy 
is indio'enous to North America and no doubt occurred un wIld hus ts prevIOUS 
to the introduction of the apple and pear into this country. Among thc wi ld 
hosts listed in North America are wild crab , hawthorn , servi ce berry, the 
red berried California holly, mountain ash , and the loquat. The di sease ha::> 
also been reported from Japan, New Zealand, and Hal y. l.t was fir s.t .de
scribed in 1794 but had been obscrved almost 15 years earlIer by WIllIam 
Denning in the Hudson H.iver Highlands, The disease sp~'cad wes twar.d and 
southward into the Mi ssiss ippi valley and it was ]lot l111ill 1900 that Jt had 
reached California and in 1915 it had becum e a se rious disease in ccntral 
Vvashington. 

NothiJ1O' was known as t.o the cause of the di <;easc fur almust one hUll
dred year~ after the disease was described . Variuus c:-,:plallations ,:,ere made 
in an attempt to account for its a ppearance, J\ I1lUll S' thc causes hsted ~erc 
electricity, sunscald, frozen-sap, old age, O\'cr-llourJshmcnt, under-nourI sh
ment, fungi, insects, and other factors. 

H.EVIEW OF LrrEIU\Tl I HJ~ 

Tn ]878, T. J. Durrill ( 5) , thcn l)C)iCllliS i at the Ulliversit ,y ()f, Illill.()j ,-; , 
advanced the suggestion that fir e blight was duc iu a 1 ",Lctenal ll1f,ecil()1l . 
This revolutiol1ary idea was substantiated hy his cxpenl11CnlS .w1;1ch l;c 
reported in 1881 and by the work of l\rt.h:ll' ( 1) ill JRS? ~allc s (28) 
contribution in 1894, dC1l1()nst rat ill g th e ()rtglll 0 [ hloss()ll1 II1 IcctHln through 
the agency of bees, wasps, and uthcr nectar-seeking in sccts, has bccn ful -
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lowed and supplemented mainly by the work o f Gossard and \!\Talton ( 12). 
Investigations by J ones (16), Stewart and Leonard (27), Merrill (18) and 
A. C. Burrill (4) have es tablished the relation of various species of chew
ing and biting insects to twig infection. Junes ( 16), Lathrop (17), and A. 
C. Burrill. (4 ) have also made contributiuns showing that aphids may 
similarly transfer bacteria to growing twigs. Contributions to our knowl 
edge of the over-wintering of the o rganism have been made by Sackett (23), 
Whipple (29), Brooks (6) and Nixon ( 1S». :i\1iss Bachmann (2) and 
Nixon (19) have shown the mann er of intercellu lar migration o f the or
ganism in the invasion of the host. The importance of wind-bl own rain has 
been demonstrated by Stevens and lli s c(J workers (25), l~ossard and \!\Talton 
(12), and others. IIeald (15) lirst recugnizcd the (act that leaf invasion 
may produce a leaf blight. 

SCOPE OF T .II I': I N \ ' J':STJ l;i\TJUNS 

The investigations reported in this paper were begun 111 the fall of 1925 
and have continued through the SUlllmer () ( ] S>28. The writ er spent five 
1110nths during the SUl1Jm er of 1926 and the g reater part of the SUll1mer of 
1927 in the I-Iuron Farllls orchards near )\ nn )\rbor. Trips were also taken 
into various parts of the southern hal f of the Stat e tu examine blighted 
orchards. The remainder of the work was done at the l\1ichigan Stat e 
College, Department of Botany. 

The problems under consideration in thi s paper relate to overwintering 
of the causal organism, Bacillus allLjl l O'z'ori fS ( Burr.) Trev., to dissemination 
of the disease by aphids and by mete() ri c water, to certain problems of in
fection, and to the production of twig blight. 

OVE R- W INTE1UN G 

It is a welt eS lalJlished fact that the fire blight l)acteriu111 uver-winlers m 
the cankers produced on the limbs and trunks of apple, pea r , quince and 
other host plants. The percentage of cankers in which the causal organism 
remains alive through the winter in Michigan orchards has been found 
to vary considerably in different seasons and under different conditions of 
vigor o f the trees. Time of infection and weather conditi ons durin g the late 
summer and fall seem to exert an important influence at times. It has been 
commonly reported, and experimental eyidence seems to shuw, that the 
region of over-wintering is along the edge of the call ker or in apparentl y 
healthy tissue just in advance of the canker edge. 

Whipple (29) reported that the pear is probably the 11l ust impor tant host 
for the over-wintering of the fire blight bacterium ill CuIOl-ado. and Sackett 
(23) succeeded in recovering the organi sm from 21 of 83 blighted pear 
twigs. On the other hand, Reinking was unable to isolate the organi sm 
from apple during the fall, winter , or spring following infection in Wis
consin. Brooks (6) found that over-wintering occurs in the apple in twi gs 
as small as three-tenths in ch in diameter. J Ie also reported that the organ
ism was isolated as far as one inch in ad vance 0 f the canker edge ill durmant 
cankers. 

Nixon ( 19) has observed that pockets are formed in the ti ssues of the bark 
along the margin of the canker. These pockets are filled with masses o f 
a jelly-like substance in which the urgani sms are embedded. I k considers 
that these masses or "cysts" represent the organism ill its over-wintering 
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condition. The w ork of d ifferent il1\·est igators seem s 10 show that these 
"cysts" may not be necessary. T hese so-called "cysts" have in the past been 
referred to by m ost inves ti gator s as " pockets" and w er e supposed to be 
the seats of over-wintering. 

Some cankers w ere obsen·ed by the writer in whi ch the spring ex udate 
cam e first from the m ore cen t ral pa rt of the diseased ar ea of the bark. T hese 
obser vations led to an attempt to determine whether the organism m ay not 
in som e cases remain alive in ba rk whi ch is either dead or conta ins many 
dead cells. 

Two types of cankers haye been obsen ed on both apple and pear. T he 
fir st may be called the determin clte ty pe of canker in which a definite m arg in 
is very evident. T his is caused by the { urmat ion by the h ost of a laye r of 
cork in advance of t he cank er edge. The seco nd m ay be called the inde
termina te type, because' canke rs whi ch fa ll intu thi s category have no definite 
edge and the determination of the exten t of t he aff ected a rea is poss ibl e o nly 
by cutting t hrough the uu te r hark. Canker s which ha \'e 110t b een ch ecked 
by drought or other factors are most commonly of t he second t ype. T hese 
m ay r esul t from in fec tions o f t he late summer or fa ll. Canker s fo rmed as 
a r esult of spring a nd early summer in fect iolls u sually ,He of the determinate 
type. Som e of t hese cankers seem to harhor live hacteri a du rin g t he g reater 
part of the summer and fa ll seaso n , and , in some, the bacteria seem to r enew 
activity in the fa ll afte r a peri od of slow development during the summ er . 

During the fall of 1926 in m aking incisio ns in to a number of pear a 1l'l 
apple cankers of the indeterminate type, it w as fo und that there wer e ce r 
tain ar eas outside the cambium layer in snch cankers, which had a rathe r 
dark and wa te r-soaked appearance. Closer ubsenati on inc1icated that t hese 
a reas contain ed bacteria in eno rmous numbers. ] t was thuught w urth whik 
to mark a number of canke l's of th e type described abo \'e and make i su 1ati () n ~; 
at regular in tervals throug huu t th e winte r and spring to watch for earli er 
s igns of bacterial activity in t he spring . 

i\ cco rdin g ly, during the wiriter a nd sp ri1l g () E ] 92G and I ()27, ubserva-
ti ulls w er e made on t he o\"C: r- vvintering of th e bli ght u rganism in pear an d 
apple canl,;:er s . J soJations w ere made under the microscope b y a 11l (Jdi lied 
capillary t ube m ethod , w h ich sen ·ed \"C ry satis facturi ly to obtain cultures u f 
the organi sm. I n o nl y a few cases did cuntamination resul t. B it s of t issue, 
removed asepticall y, were m ounted in steril e w ater on a slide. Capill a ry 
tubes w ere drawn from 2 111m . soft g lass t ubin g and fastened in a ]l1 () clili ed 
Barber manipul ato r , a nd the Glpillary t ube w as then maneu vered l1ntil th ::.: 
tip was obsen ·ed to be over a l11 ~ l . ss of the o rgani sms as they ex uded fr um ·Lhe 
ti ssue. The lube was then lowered in tu the suspens ion uf the urga1li s1ll 
and quickl y withdrawn . The po r t ion of the t ub e c()ntaining the IJacter ia 
was then broken o ff by m eans () f sterile forceps ;l1ld dropped into a tuhe 
uf bouillon. Cloud in g u sually occur red wi thin 48 huurs. These cu ltures 
were then inoculated in to young apple twi gs l)y puncture. The plan ts w er e.: 
in cubated in the cham bers as shown in :Plate T, fig ure C. 

I solations w ere made during th e 111 0nths 0 f J anua ry, F ehrua ry, J\ Tarc!l, 
and A pril. T he fi rst ex udate in the sp ring of 1927 W~lS ohser vecl ,1\ pril 30 
on pear at A nn A rbor. Can ke rs of apple and Ileal' w er e u sed in mab ng' 
th e isola ti ons and a re so des ig ned in T a hl e 2. O n March 8, th ree cul ture'; 
we re obta ined f rom the dead ti ss ue] 2 in ches hack u f the canker edge fr;)111 
;1I1 indeterm ina te type of apple canker. The Glll ke r was on a limh abou t oll e 
inch in diameter and was ahuut three feet IOllg. Aga ill (I ll Ap r il S, t111' (, <"; 
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Febru ary 1:, .. 
*March ~ .. 
Ma rch 5. 
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Ap~1 5 .. . .. .. ... . . . . . . 
April S . .. . . . 
April 9 . . . 

ApriI29 .. 

I 

• \Ill. of 
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: oiJtailled 

2G 
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more isolati ons were made from a pear canker similar to tIle type just 
described on apple. One of these cultures produced in fection when inocu
laLed into young succulent apple shoots. Two of 26 cu ltures made from 
pear on J\ pril 2<) also produced in f ecLion. 

The resu lts of these inoculations, with the:: elate of isolation of the organ
ism , host, and the r eg ion o[ the canker from which the isolations were mack 
are g i\'en in tahle llumber 2. 

Table 2 
Results of inoculations with cultures obtained from dormant cankers 

Ihlf' ()f isoi:tli()rI 

Jarluary ]2 ..... .. . . . . .. . 
February G,. 

Vebrllary Hi ... 
*March 3 .. 
March 5 .. 
March S . . 
April 5 .. . 
April S .. .... . 
April 0 .. . . 

April 20 . .... . . . 

.. . J 

No. of 
nlillin's I los!' 
oiJLti li cu 

I'r ~Lr .. 
4 Pear ... 
I Appl e . 
Apple .. 
I'ea,·. 
Apple . .. 
Apple .. 
Apple ... 
Pear . 
2 Pcar . 
1 Applc. 

26 Pear. 

Hf'giorl of c:LlIk er from whiel, 
isoi:tl iOlls were mad e 

I 

Results 
of inocula

tions of 
youli g 

apple twigs 
with 

cultures 
from 

1-="'" -
.1+,3-'1

5
+,2-

. Negat.ive 
~ i;, : f;'~~{ ~~I ~~· . . .. .. . .... . l-I- . ;\ -
('en le I' of small canK er ar()ullli Spill . . Negative 
~~ in. from eugc ., . 3+ 
J 2 in. from edgc 3+ 
~:i in . from cdge.... 1+. 2-
12 in. from edge 1+ .2 -
2 ill. from edge... .... ... . ... 1+. 1-

Negalivc 
2+.2,,[ -

*Th e isolat ions on l\I:l1'ch 3 were from material collected at Ann Arbor in January and Febt' uary 
which had been s tored outdoors in tbe s now until the ti me of isobtion as indica ted in the table . 

This table shows that out of a total of 43 pear cankers 10 harbored 1i ve 
fire blight bacteria and that in the case of the 15 apple cankers listed seven 
had viable bacteria present. The percentage of active cankers may have 
been higher earlier in the winter but it would be necessary to work with 
larger numbers before any conclusions on that point might be reached. lL 
is probable that, occasionally, the organism may live over in t he dead .irea::
considerable distances back of the advancing edge of the canker espc,::: ially 
in those of the indeterminate type. 

Each spring during th e course of this work, blighted orchards have been 
kept under observation for eviderJces of over-wintering of the blight organism 
in twigs and blossom spurs. U ndoubtedly, the chief source of spring in
oculum in an average season is from the cankers on limbs of more than an 
inch in diameter and from cankers on the trunk of the affected trees. There 
seems to be very good evidence however, as shown by Sackett (23) and 
later by Brooks (6) that the blighted twigs may in some seasons serve as a 
limited source at least of spring inoculum. The desirability of a full knowl
edge of the percentage of twigs in which the blight bacteria will live through 
the winter is evident since thi s has a direct bearing on practices of control 
by sanitation. Some of the evidence obtained during the course of this 
work indicates that twigs may occasionally be an important source of spring 
inoculum. 

During the fall of 1926, 
a number of hligbted twigs. 
and examined to determine 

a young apple tree was observed which had 
On May 23, 1927, these twigs were cut off 

the number in which over-winter ing of the 
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(J rgani s1l1 had occurred . Sin ce in vasioll () [ the healthy tissues in ad vance 
of the canker edge had already begun , examination was made microscopically . 
No isolations were made from thi s material. Table 3 g ives the results ob
tained from examinati on o[ thi s mate rial. This shows that over-wintering 
may occur in small twigs alld it is possible that snch twi gs may occasionally 
ser ve as a source of inoculum in the sprin g. 

Table 3 
Over-wintering of the organism in twigs 

Di:uneter of twi g; in inches 3/ HI 4/ I (i .'i / I n n/ I G 7/ 1r; 10/ I r; 

------------------- - - - -- - -- --

Number of twi"s in which recent invasion was oh-
served . . . . . . . . . . . . . . . . .. . ................... . 1. 

Number of twigs i'l which no recent invasion was ob-
served . . ... . .. . ...... . Jil 

Some further obse r vations are presented here regarding over-wintering. 
A large Fall J)i ppin in the co ll ege orchard has been obse rved to have canker s 
on some o[ the large limbs during the spring months of 1927 and 1928. 
1 n the spring 0 f ] 927, the tree blossomed \'c ry hcavil y and about 90 per cent 
of the blossoms became blighted . Five or six cankers on the inside branches 
of the tree were obse r ved to have heel/me active about the middle o[ May 
in ] 928. The few h losso111 clusters which were produced became blighted. 
Several isolated cases appeared in an adjacent crab tree. N llmerOllS blossom 
in [ections also appeared on another neighhoring tree . The blighted blossoms 
appeared on those limbs closest to the Fall Pippin t ree. 

Twig infection was observed near an acti\'e canker in a King in which 
no blossom blight had appeared. This canker was located about three inches 
above and to one side of the in fected twigs. 

One in fectio n was secured on an apple seedling in the spring of 1928 
from inoculum taken one-fourth of an inch back of the canker edge from 
the apparently dead bark o[ a Northern Spy canker. Another case was 
observed in the coll ege orchard in which over-wi ntering had occurred in a 
t wig seven-sixteenths of an inch in diameter. Evidence of this over
wintering was seen in the development of the canker whi ch caused the death 
of the terminal bud at the end of the shoot shortly after it had produced 
leaves. 

The fire bl ight outbreak in the pear orchard di scussed on page 3, in which 
20 per cent of the trees in a bl ock of 323 were lost, ori g ina ted from a s ingle 
canker on a limb about one-half inch in diameter which was mi ssecl by the 
operator who was attempting to remove its blight cankers. 
, Observations were made in an orchard at .l\ I orri ce, Miciligan, the first 
week in July, 1928. In eight isolated trees, blossom blight had occurred. 
In seven cases, over-wintering had occurred in twigs no larger than a lead 
pencil. 

It is quite obvious fro m the results of these observations and the observa
tions of others that small twigs may at times serve as primary sources of 
inoculum and so the necessity of the removal of these tw igs should not be 
minimi zed. The isolations of t he writer also show that over-wintering of 
the blight organi sm may occur in dead tissue some di stance back from the 
canker edge. 

MODES OF INFECTION 
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DrSSEMIN ATION 

Various inves tigations of modes of fire blight disscmination show that 
there are two main agencies to be considcrcd, insects and wind-blown rain. 
To control effectively the spread of the di scase, the "Various factors con· 
cerned must be evaluated. 

DrSSEMINATION BY INSECTS 

Among the insects li sted as blight di sseminators are hees, fli es, wasps. 
the tarnished plant bug, (L')I[J I1 S i)ratcllsis Linn.); aphids, (Aphis 11wli 
Fab.) , (Aphis avcnae Fab.); apple leaf hoppcr, ((Emj7oa" w 1nali LeBaron) ; 
curculio, (Anthono111us quadrig'ibbus Say.); shot hole hark boring beetle, 
(Scoly tus rugulosus Ratzeburg); Campyloma vcrbasci Mey., OrtlLO t'ylus 
fiavosparsus Sahlberg, Pocciloscytus basiHs Reuter, Adelphocoris rapidis 
Say., Plagiognathus poZ,itus Uhler. 

It is evident that nectar seeking insects, during seasons of favorablc 
weather conditions, are important facto rs in establi shing primary centers 0 f 
infection in the blossoming tree. The height of their activities is no doubt hest 
recorded in the very scvcre blosso111 epidemics which arc apparent f rom time 
to time. Observations by \ ,vaite (28), Crandall (8), J ones (16), Gossard 
and Walton (12) and o thers show that bccs and othcr nectar seeking insects 
serve as the agents in bringing about blossom in fcction. Gossard and 
Walton (12) have also shown that infected blossoms may servc as sources 
of spread in a tree free from hold-over cankers. 

These authors have also demonstrated that the organism may live in thc· 
honey in the hive 72 hours. which they believe to be about the limit of its 
viability under these conditions. GLlssow (13) however cites data to show 
that the organism may live as long as 45 days when inoculated into sterile 
honey. Gossard and \ ,valton (12) have evidence to show that bees may 
carry theorganis111 in the pollen baskets as well as on the mouth parts. 
Blossoms of peach, plum, and cberry when inoculated \",ith Baril/us amylo
vorus yielded the organism up to and including the fi fth day. It is possible 
that blossoms so inoculated may serve as a source of inoculation for apple 
and pear if these trees be interplanted or in adjacent plots. 

BLOSS011 BLIGHT 

BLOSSOM I NFECTIONS BY NECTAR SEEKING INSECTS} FIELD 

OBSERVATIONS DURING 1926 

Experiments and obscrvations of the writer on the matter 0 f blossom 
ill fectioll by insects have been largely confined to dissemination by nectar 
seeking insects and by aphids. These experi ments were carricd on at thc 
Huron Farms Company orchard at A nn 1\ rbor and in th c }\1icbigan Statc 
College orchard at East Lansing. 

During the early spring 0 f 1926, thc apple a1ld pear orchards at Ann 
Arbor were very thoroughly inspected in an attempt to remove all blight 
cankers from the tops of the trees. The trunks and crowns 0 f all the trees 
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were also examined. Three cankers were found after the trees had COlll e 

into leaf. One was found in the pear block and two trunk cases were fo und 
in the apple block. Both of the trun~ cases in the apples were just above 
the surface of the ground and acco rdingly little transmission, if any, was 
li kely from either of these sources . The canker in the pear was in the 
top of the tree in such a location that rain which fell during the earl y part 
of the blossoming period could spatter from the canker to b10sso111s in the 
yicinity. 

Because of past unproductiveness of the pear orchard in CJuesti on , seven 
h ives of bees were placed under the trees in row six. ( Figure 1. ) The 
hives were placed under e\'e ry third tree numbering from the bottom to th e 
top of the chart. A bee yard was established at the same time about 100 
yards outside the main orchard, (Figure 2) oppos i te X. 

The pear block consisted of Lawrence, Boussock, and Bartlett varieties. 
'The trees represented in fi gure 1 are largely Lawren ce and Boussod::, the 
Lawrence predominating in r ows 10-14 and the Doussock yariety in row:; 
1-10. The first pear blossoms of the \'ari oll s varieties o pened between May 
14 and May 20. Precipitation occurred on 1\1ay 14, 15, 19. 21. and 22. 
The Boussocks began to b10.'so111 on May 20 and rain s of .04 inches on 
May 21 and .47 inches o n May 22 fell during the early part of the blossom
ing period of this vari ety. The canker which was found in the pears was in 
a Boussock tree and it is very intere.' t ing to note that the heaviest blossom 
infection occurred in thi s varietv. 

A survey of about half the l;ear blod::, just after the first di seased blos-
"soms became evident, showed many trees with blossom blight. j\ fter a 
thorough search. onl y one canker in a Boussock: t ree showed evidence of hav
ing been active before the main outhreak of blight took place, and thi s was 
located in the section of the orchard which had the severe infecti on. The 
evidence given in the diagram indicates that tbi s canker was the ori g' inal 
sou rce of infecti on which took place. The tree in wlli ch the active canker 
was fo und it seen to be in the center o f the severely blighted area. Tllc 
squares or portions whi ch are cross hat ched represent 1 to 10 per cent of in 
fected blosso111s, tIl e solid black represents ]0 to GO per cent infection. By far 
the hea\'iest in fection occurred in th e I3oussock IJ lock :lnd isolated Boussock 
t rees showed CJuit e hea\'y infect ion . 

T he wides pread blossom in fection which ()ccurred ill this orchard was 
un douhted ly c1u e to th e spread of the organi sms r rom in fcctec1 l)l osso111 s 
o f the tree in which the acti\'e canker was found. n ccs and other nectar 
seeking insects were unc1 () uhteclIy th e \'eciors cO ll cern ed in the tran smiss io!l 
of the di sease. 

He<1YY infection fro m blight, f ollowill g the usual course 0 fll re hlight , 
subsequently developed in this o rchard as a result of this primary jnfection. 
as may he judged from the fac t that 1t tuok two men ahout t.wo weeks to 

. ' rC111O\'e the bl ighted parts fro m the a ff ectecl trees ()yer th e whole] 20 acres. 

During 1927, additi()ll;t1 Field ()lJ sen(lti()l1 s were mad e (") 11 thi s retdiol1 of 
nectar seeking illsel't s t() fire lllig-ht di ssemillati()ll. Oil 1\Tay 1.1 a1ld 14 . 
blossom inoculations 'were made h.\' spraying a water suspension of t.h e or
ganism into the hlosso111 s. These in oculations were made as a rule around 
the periphery of the tree and not over five or six feet from the ground. 

SOURCE Qf li~O C l i 

HEAVY IN fECTIO N I 

LIGHT INfECT/ON r; 

D O D 
.. D ~ B 

•• [J ~ D 

~ LI ~ . 

[1 8 [1. 0 

D ~ .0 ~ 
[ J . __ _ 

.=-~ 
o • ~ ~ [I 
• IiiII 1 .-)1 fl 

- \ J ... • .-J ~.= . 
~D~[J , . 

~ 0 0 ;
.u D~ 

DIJc. ~ l.1 

o ~ ~ ~ [] . 
~D[) [J 

OD []~ 
2 3 4 5 

Figure l.-Chart of pc 
Co. at A nn Arbor, Michi 
holdove r canker was fOt 
other pear trees in thi s 1 



rvr()/) I ~S OF TN I" H 'T fON OF T III ;~ F II \r: B I , I C; II T () I \(;!\ N I S~ I 11 

SOURCE Of I(~O C [ i h 

HEAVY INfECT ION II [J r] 

LIGHT INfECTION tIl [J 0 
DODO ITl 

La DDDDEl 
[21 ~ [JL1 D~E:l 

o 0 ~~ ' [2j ~ • EJO D rn 
•• D " G ~ Ea . DE9w 
• • [J ~ CJ • ~ • 0 IJ • E] 0 ~ , 

~ LI . [] ~" fJ]D . 8Drn 

[] B CI. O . O IJ ~DOD~ 

D ~ •• D[[] CI[J DD~ 

. 0 c. . ~ rn 00000 
[J ... e. ~ 0 wEJ.OD 
.[]~ •• DDDD~D 

o • ~ ~ I I IJ @l 0 m ~ 0 
• ... ( ] .. ,] LI 0 0 rn G GJ ~ 0 

• • [10 [JfD~D 

.~~ .= ... 0 . 0 00 
~D~[l i . ll - 1110 

~ 0 0 [- • ; I..J -1 0 

.wJ D~ " 0 
o IJ [J ~ [I Ii'! • rr" 

- " .. 11 
D~ ~ ~ [] D •• 
~D [][I •• m 
OD [)~ • 

! 234 5 6 7 G 

Figure l ,- Cha rt of part of the pear orchard of the Huron Farms 
Co, at A nn Arbor, :rvri chigan, T he chart shows the tree in which the 
holdover canker was f ouncl and degree of blossom infection in the 
other pear trees in th is block of the orchard. Season of 1926. 
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(TWiD U BlIGHT IN HlJRQN fARMS ORCHARD 

SfASGN 1927 

INOCUlATfD • 
TRANSMITTED + 

+ 
+ 

t-

. 

Figure 2.- Cha rt of the I-Iuron Farms Co. orchard at 
Ann Arbor, Michigan, showing th e amount of di sse mination 
from k now n sources. 

MODES Of.' JNJlE CTl 
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P late I.-A. Youn g Borsdorf apple leaf. Ten les ions produced by stomatal 
infection. Note that t h e margins of the larger spots and all the smaller spots 
:l.re much da rkened. X 7. B. Young Borsdorf app le leaf. Twelve lesions 
prodl1ced by stomatal infection. T hese spo ts w ere water- soaked but in this 
ea rl y stage no discolo ration of tIl e marg in was evident. X7. C. Tn oculat ion 
chamb er. D. Leaf spot produ ce d on B orsdorf by stomatal infection . E . 
Twig blig ht of Borsc1orf re sultill g from stomata l infection. No te that the 
lower leaf a lso shows seve ra l leaf spo ts si mil ar to those shown in figure D . 
F. Camera lucida drawing of earli est visible infection. This appeared as a 
sm all black speck by r efl ected lig ht . The invad ed area li es just below two 
stomata . X20. 
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P late n.-A. :Microphotograph of section of Bors<'!orf app le leaf sho\viw; 
ea rli es t obse rved s tage of invas io n . Th e subs tomatal chamber a nd ad jacent in 
tercellul a r spaces, onl y, are occupi ed by the bacte ri a. X650. B . M icrop ho to 
g raph of secti on of Borscl orf app le leaf sh mv ing the a dva ncing edge of t he 
llla ss of o rgan ism s along a vein. X350. C. Microphotograph of t ip of 
se rrati o n of yo ung Borsclorf apple leaf sho'v\' ing th e seq ue nce of lllaturatioll 
of the ti ss ues . I'\ote th a t th e ce ll s of th e lower epiderlllis to t he left of th e 
secti un a r e much smaller than t hose at the middl e a ncl right. SO lll e o f the 
ce ll s to the left were st ill llnd e rgoing ce ll divi s io n. X575. n. Se ri es of leaves 
desc rib ed in table 7. 

M Ol) I ~ S OF INfECT 10. 
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T able 4 shows th e vari ety in oculated. the ]lumber o f blossom clusters in 
each variety, and th e number of these iJloculati ons whi ch produced in fec tion . 
O ne blossom cluste r was inoculated in each of the trees shown in table 4. 

Table 4 
Results of inoculating bloSSOITl clusters by ITleans of a water suspension of 

B. aITlylovorus (May 13, 14, 1927.) 

H hodc Iola nd G reening . 
W agcner ... . 
Wealthy . . . . ... . 
West fi eld . . 
C ri rnes. . . , . . ......... . 
Du chess ... ' ............. . 
Nor th Western G reening .. 
. j onat.ha n .. . , . .. . .. ........ ... . 
Md ntosh . .. ,' , . . , .. . 
F mn euse . . , ... . 

Total. . 

Ya ri ely 
Blo~som 
dusters 

inocul a ted 

14 
17 
] 7 
14 
7 
:\ 

8i 

Bloosorn 
ei usters 
infected 

8 
7 
4 
2 

N ine of t he 32 trees in which the bl osso11l s were infected , show ed further 
blossom blight . F rom these 32 poss ibl e suurces , th ere were 110 trees in 
fec ted . T he writer had by examination of other apple and pear trees in the 
vi cini ty ascertained that no other sources of in fection were a t hand, S ince 
some of the trees wer e a quarte r of a mil e from an y oth er in fected trees, 
it seems m ost p robable that necta r seeking insects, p robabl y bees , w er e the 
agents of transmission . 

The w eather during the bl oss0111ing peri ocl in ] 927 was rather cool a nd 
a g r eat many rainfall pe riod s occurred during thi s time. The activity o f 
iJees and nectar seeking insects was n o doubt below normal and this may have 
accoun ted fo r the rather limited am ount of spread as shown by the survey 
(Figu re 2) . T he larges t losses occurred in the \ Vealtby variety, whi ch was 
just coming into blossomin g when these inoculati ons w e re mad e and was just 
upposite the bee yar c1. The heavy in fect ion o f the \ VealLhy trees, h owever , 
canllot be said to have occurred because o f th e fact t hat thi s w as th e only va ri 
ety in hlossom. It shuuld be n oted th a t th e Jonathan , No rthwes tern G ree n
in g, Ehode I sland C rcenin g, \Ve~llthy, a nd G rimes trecs had , a t t. his time, at 
least half of their blossom s open . 

It has been noted that years of hca\ 'y hl usso111ing a re years whcn bli ght epi 
demi cs are likely to he sc \·c re . This was n() ted in the case 0 f a F all Pippin 
tree in the college orchard . S C\'e ral ca nkers w er e obsen ed in this t r ee in the 
fa ll of ] 926 and again in the fall of 1927. The t ree blossomed heavil y in the 
spring of 1927 and about qO per cent o f its blossom clusters were hlighted . 
SC \'ere twig bli gb t appea red also ill thi s tree during t he sumlll er u f ]927. 

These cases . w hi ch haye heen caref ully foll owed through th e seasons of 
l ().?(j a nd 1927, 1ca\"c littl e dUllbt uf th e i11ljJurtance of bees as agents fur nrc 
hli g ht t rallS llli ss iull . 

HU )SS() J\ l l NUCU L AT HJ N HY AP HlJ) S 

Some investigato rs haye repor ted th at aphids when ha tching near t he rough 
bark of the canker edgc of fire blight cank~rs have crawled t hrough the exu -
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date and so have become contamina ted with the blight orgallism. It is 01-
vious that under such conditions these aphids so contami1lated might crawl 
into the blossom and cause primary infection in the spring. The following ex
periments were carried on to determine to what extent the aphids might be 
of importance in this respect. 

Healthy twigs on which large numbers of aphids were found were cut. 
These twigs were then allowed to wilt so that the aphids would cease to feed 
and start to crawl off the twig. These aphids were removcd, by means of a 
camel's hair brush, to a moistened piece of bark from an active cank:er. They 
were allowed to crawl on this bark for 15 or 20 minutes so that their feet and 
perhaps mouth parts might become contaminated . Inocul ations were then 
made by placing one such aphid on a style of each apple 110sso111. The results 
of these inoculati ons are given in Table 5. 

Table 5 
Inoculation of apple blossOIns by-contaminated aphids 

Place 

--------------------- - - ----

College orcharu _ . . . . . _ . _ . _ 
Huron Farms Company orchard. _ ... _ 

Total. . _ 

Blossolll s Blossolll s 
illoculated illfec ted 

J 74 

7 
31 

28 

Blos~OI IJ S 
llot 

irrfcclctl 

78 
(i8 

14G 

This table shows that aphids may be the cause of primary i1lfection in the 
tree, provided of course that conditio1l s permit theaphids hecomi1l g contam 
inated with the pathogene. Fro111 the writer's experiments, it is concluded 
that aphids crawling into blossoms may inaugurate hlossom l)li ght , hut t he 
writer's observat iuns have not indicated that thi s agency is o f very much im
portance in the ordinary season. 

TvVIG I NFECTION BY ApH m s 

For several years it has been generally believed by fr uit gro wcrs as well as 
by a number of pla11 t pathologists and horticulturists that aphids are \'ery im
portant in spreading blight from tree to tree. It did not seem at the begin
ning of the inves tigati ons r eported in this paper that the evidence presented lJY 
Jones (16), Merrill ( 18), and Burrill (4) was extensive enough to justify 
very definite conclusions regarding the role played by these insects. 

Inasmuch as wind bl own rain is a factor in dissemination of the causal or
ganism as was shown by Stevens (25), Gossard and Walton (12) and oth
ers, the results obtained by Burrill are open to criti cism. H is experiments 
were carried on in the -fi eld and he reported that a twig outside of his cages 
IJecame infected, so it is entirel y possible that infection was present in the 
trees in the vicinity\) f the inoculated shoo ts. lIe does 110t state that infection 
was not present. -The infectiou s secured might presu111ably ha\-e come fro111 
the outside, especially if rain had fa llen, irresllect i\-c o[ th e aphids. 

Merrill's experiments were made ill t he ()pcn and be notes that rain fe ll 
during the peri od 0 11 which the in oculati () ll s wcre made. The aphid s then 
might have been only accidental ca rri ers u f the organism and not acti ve in the 
production of infection. 

.I\ '1() l) ES OF I N F ECT JOi' 
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Thc impo rtan ce o f thi s qu es ti on f ro111 an economic standpoint a10nc would 
seem to justify th e ex pendi ture of considerahle effort in an attempt to evalu
ate the importan ce of thcse insects in thc spread of fir e blight. \i\Tith this idea 
in mind, the fo llowing experiments r egarding aphid transmission were car
ri ed out during the summer of ] 927 and the spring of 1928. Both g reen and 
rosy aphids were used in making these inoculations. 

Green aphids C,.1phis m ali ) 
rrhree aphid-covereel , blighting twi gs of a \ i\T agener trec were observed in 

the IIuron Farms Company orchard , on A ugust 1, 1927. The signs of the 
di sease had just begun to appear on th ese twigs even though exuelation had 
occurred six inches back from the tip of the twig . The aphids at the time of 
removal from the twig had ceased feeeling and were crawling around . It has 
bcen observed that under orchard co nditions aphids do not r emain 011 the dis
eased portions of the twig afte r th e tissue becomes water soaked or 
browned. Thc aphid s on healthy twigs were not crawling about. The 
aphids on thc in fected twi ,~'s were tran s ferred t o th rce succulent healthy 
twigs of the sam e varicty. No di sease appcarcd in these twigs . O n A ugust 
9 , aphiels w ere r cmoyed fro m blig'hting twigs of \ i\Tinter Banana, and were 
placed on 15 rapidly g rowing , hca1thy shoots of the same variety. Five aph 
ids wcre placed on each shoot. At the same t imc aphids were removed fro111 
similar hli ghting twigs of a Rhode I sbnd G reening tree and tran sferred to 35 
healthy shoots of the same yari ety. F ivc aphids werc placed 011 each shoot 
as in the previous experim ent. T he exposed twigs in both varieties r emained 
healthy. 

O n Jul y 9, ] 928, an ex periment was carried out at thc nursery of thc I-Ior
ticulture D epartment o f the 1\Tichigan State Coll eg'e in a further attempt to 
determine how efficient aphi ds migh t he in transmitting the diseasc to twigs. 
T wigs in fes ted with g recn aphids were hrought into the lahoratory wherc 
th cy were all owed to wilt. A ftc]' th e aphids had crawled off they werc al 
lowed to crawl through a watcr suspension 0 f th c o rgani sm. Fi ft cen aphids 
were then p1accd on each of 120 succulent H()rsdorf seedlin gs. F or ty twigs 
of the same variety werc used as checks t () determin e the relati ve susccptibil
ity of thc twigs used in thc experimcnt. These were inoculatd on July 11. 
Twenty of these were inoculated hy puncture and 0 11 20, a water suspension 
was put onto the t ip leaves and th e stem. These checks wcre inoculated dur
ing a rai n which lasted sc \'cral hours. Three weeks aft er the inoculations 
werc made, two of the aphid in oculat ed sho() ts and nine inoculated hy pun c
ture became blightcd, the rest remai ned healthy. 

R osy aphids (Aphis sorbi) 
Similar experiments werc carried out in the spri1lg () f 1928 in thc g reen

housc and in t he nursery at the 1\1 ichigan S tate College. The rosy aphid was 
used in all these ~xperim cnts. 

T wigs in fes ted with rosy a phids were brought i11to the lahoratory and al 
loweel to wilt . After the aphids had crawled off . they were placed on hlighting 
shoots of T ranscendent CraG fro m whi ch the leaves hael been stripped. The 
Llightillg shoots were kept ill water ancl the aphids trans fc rrecl to them Ly 
mcans of a brush. T he a phids wcre thell placed 0 11 th e fuliage o f pott ed 
Borsdorf scedlings kept ill a woodell ca ~:l' in the g reen house to make.: 
ccr tain that thc fo liage would not he accidentall y watercd . The aph
ids crawled off the bligh ted twigs and coloni zcd on 14 of the Borsdorf shoots. 
At thc cnd of 20 days, no blight developed on any of the plants. Seven days 
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is the usual time required f o r symptoms of blight frum puncture inoculatio1ls 
t() hec()me e\·iclcnt under the conditi ons of these experiments. 

Other aphids were allowed to crawl through a suspens.ion of the o rganism 
in water. The su spension was mad e from macerated tW1gS of Dorsclorf and 
Transcendent Crab. On each of 22 shoots 0 f potted seedlings, five of these 
aphids were placed. These colon ized and produced )'OU1.,g. Thes~ plants were 
also put into the glass chamber in order to have the folla~·e remclln free from 
water which might otherwise fall on the leaves in waterIng the other plants 
in the g reenhou se. These plants were free from blight at the end. of 20 days . 

A imilar experiment was carried on in the nursery of the HortIculture De
partment on Borsdorf and Ben Davis s~edlings .. Three se~·ies of 15, ~O and 
55 twigs, respectively, were exposed to 1l10CulatIOn by placIng five aphIds on 
each twio·. The aphids u sed had previously been allowed to crawl througl~ a 
su spens i ~n o f the fire blight organ ism. These twigs were all bagged wIth 
glassine bags to keep out rain. After three days the bags were removed and 
the aphids killed with a nicotine solution. 

Two days later, 450 more tests were made in the same manner as describec1 
abm·e except that the twigs exposed to the aphids were not bagged and the 
aphids were killed about 24 hours after they were placed on the plants . One 
twig· of the second series of bagged twigs became blighted on July 2. 

J~l all, about 4500 aphids were u sed in these experim ents. and abOl~t 800 
twigs were exposed to the aphid attack.. Six check shoots whIch were lll0Cll
bted by puncture on June .20 became blIghted at the end o f ] 0 days . D~cause 
of the few positiye cases, it cannot be said as a result ?f these expenmen~s 
that aphids are not a factor in the di sseminati on of the cl1seas~ to t Wlg~. It. 1:" 
howe\'er, quite eyident that uncler the conditions of ~he eX I?en11l;~' ts, bttlc In 
Fection was inaugurat ed hy aphid punctures of grOW Ing tWIgS. J wo hundred 
aphids were ]Jut 'upon o ne seedling to determine if p~ss iblc ~hether the ll.um 
ber () F aphids used might inAuencc the results , but thIS seedlmg als(). remal11 ecl 
healthy. The rcsults of these tests seem to inc1icate t~1CLt u1.1c1e.r (J1"(1lllary C() l.'

cliti ons, at least. aphids are llot impo rtant factors 1n lmng m g al)()ut tWI g 
blight. 

DJ SSEJ\11N ATJO ,\J H Y .1\1 ETEOlUC \\1 ATER 

The importance 0 ( m elcuric water as a mean s uf di sse mination () f bacterial 
di seases ()f plants has becn quite thoroughly worked out in the GI Se ()f s()m e 
cliseases . This agency of dissemination may l)e quite impurtant. and, [or 111.l' 
easte rn portioll of the U nited Sta tes, it is true that in the a\"C.~rage ~ieaS() n It 
is the m ost likel y to function of any of the factors which might l)ear (~n the 
cI issemination 0 f the blight o rganism. It has heen noted by nU1ll eruus III \'~s 
tigators that peri ods o f blight infection may often be closely correlatecl WIth 
rainfall periods. . . . 

Ste\·ens, H.uth and Spooner (25) found that wind was a factor 1n h l1 gl:t 
dissemination, Faulwetter ( ll). working on angu lar leaf spot of cott()n, Hulls 
(2 1),011 black spot of peach , \Vol f (30). on citrus canke r. J\app ( 22), Sack
ett (23 ), ancll ;~ c1gTrtull (10), on beZlnlJlight , and Carsm:r (7) : un ang ular leaf 
sput uf cueu111l)c r a ll s uggest that meteoric water may he an Important f.;ld()r 
in the sp read of these hacterial di seases. S(lme 01· t~le i1!\'Cstigat()1"s 11l~lltJ()1ll:d 
ha\"C found rain and (kw t() be i11lportalll- fact()rs In (l1 s('(lse prodtlctJ()ll, an<1 
others suggest meteori c wat~r as a possii!le .mean s (If spread. . . 

Decause of the fact that 111sect transmiSSIon has been s tressed 111 the past 
and because 0 f th e prevalence 0 f the su spected insect vectors in the orchard 

.NI()TH~S OJ. f N FECTTn J' 

ill allY llurm;t! seas()n , exact clat 
or rain drip ullc1 er conditions \ 
to secure under Jl c lcl c() nc1iti o ll ~ 
111er of ] 92G at An 11 / \ rbor anc1 
the spring of ] 928 in an atte1111 
clissemination of the fJre blight 

The first symptoms of blight 
i ng 0 f the 1J urOll Farms (01111 
had appe<lrecl in abundance in t 
june 14, 1.03 inches of rain fell 

;>n June 21 and .07 on J Ulle 2: 
sp read the organi s 111 f rom the 1 

n()ted too that, while a few ros 
on .1\1 ay 30, the orcharcl as a \,., 
\ve ll along in the summer whcn 
numbers to justify the use of 11 

Sum111ci· cutt in g out of blight 
()f June and cluring it s ]lrogTes~ 
1)ears, twi g in fection often 0(( 

re-corel was kept of t he instance 
to occu r beneath ill f ected hloss() 
hlight were founcl heneatb infe( 
cases () f blosso m in f ection alon 
helow hI ighted bl()sso111s. E le 
period in trees which had no ill 
trees in which blosso1l1 blight ( 
sh()w n by Faulwetter ( 1] ) tIl(! 
from in f ectecl blosS0111S 0 f ncig 
transfer of inoculull1. Th e twi; 
i Ilch es from t he tip which is ail 
ter inoculation. as cOll1parecl y\' 

ti()ns. 
The foll()wing olJsenati()ll s \ 

1 recs at the 1\ '1 ichigan Statc Col 
respecti \·el y, had hecn rel1l(J\·ecl 
these trees had fi \'e, se \'en, two, 
uccurred cluring the week of ~ I 
were found when a thorough ex 
ing trees of the sam e age amI" 
lllain ecl free from fire blight clli 

(nher tests were mad e in v;h 
() [ som e of the young apple an 
over night by an osc illating 0 \ · 

he en sprinkl ed before th e inocl1 
tree so treatecl became blighted 
and one of another of three simi 
occu rren ce in thi s test was res 1 

placed in the tops. 
From the results 0 f obsen·a 

tw ig infection, it seems that a cl 
ancl the appearance of twig in [, 
C<lse of obser vat ions 111ade ill 1 (, 
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ill ; l11 Y ]]ormal SeaS()Il, exacl data () ll sp read o[ Jire blight by willd bluw ll raill 
or rain drip und er c() ndition s where in secl agcncy is (' Iimina ted arc c1ini culL 
to secure und er fi eld cond itiuns. Uhscn-ati{l ns \,vere mad e in the ea rl y slIm
mer of ] 926 at }\nll /\rhor alld in the ficld at the .\\l ichigan Statc College in 
thc sp rill g of ] 92~ in an attempt to determin e how importan t rain may be in 
disseminati on of the lire blight organi sm . 

The fir st symptoms of blight appea red on Jun e ]-l-, ] 926, in the pea r p lan t
ing of the] huon Farms Company orcharel , anel, hy Junc 1G, the sy mptom . ..; 
had appeared in abundance in the apple trees adjacellt to the pear trees. ()ll 
J tine 14, 1.03 inches of rain fell and .09 inches fell on Ju ne] 5, with .22 illches 
;)11 jUll e 21 and .07 on junc 25. These rain s sll<lulcf ha\·e hee n sul"ii cientt() 
sp read the organi sm from the blighted hlossol1ls to the tw igs. .It shuulcl l) e 
n{)ted too that, while a f ' W rosy aphids ;L1lcl leaf hoppe rs had hec n obsenTd 
un J\'Jay 30, tbe urcharc1 as a whole was a lmost free from these in sects until 
we ll along in the SU11lm er when g reen aphids were present hu t n{)t ill sulli ciell t 
numhers to justi[y thc use of nicotine t{) c{)nt rol th em. 

Summer cntting (lut of bli ght in thc apples was hegun during th e last wcck 
()f junc and c1uring it s progress it was obsc n-ed that, ill th e trces Ilearcst till' 
pcars, twig in fectioll often occurrcd hC ll ea th ill fccted hlossom cl usters. _ \ 
record was kcpt of th e in stances in which thesc ill fected tw igs wnc olJse n ·C'c l 
to occur bencath infectecl hlosso m clu sters. () Il th e Ilrst clay, 4 1 cases {)f twig· 
hlig ht we re found hcneath in fected hloss()m clusters. ()n the seco lld day, 11 
cascs of blossom ill fection alone were f{)und and J~ cases of tv\'ig- ill fed i()n 
1)(;Iow hlight.ed hl()ssoms. Eln'cn bli ght ed t.wigs\<\'cre foulld during thi e; 
pcriod in trees wh ich had n{) ill fected I>I{)ssoms; thesc trees werc adjacent ·Lo 
trees in which hlossolll hlight occurred and it w{)uld not be imp{)ss ih le ae; 
show ll hy Fau lwetter ( 1] ) that wind hlowll rain, ()r ('\·e n spa tters of raill 
from illf ected bl ossoms ()f neig hlJ()rill g trees, mi ght havc bee n t he agency ()f 
lralls fer () f in oc ulum . Th c twi gs whc n relllo\·cd were hli gbted back I () to 1l 
ill chcs fr011l the tip w hich is ahuut a\'(~ ragc di stan ce for twigs tw()vve~ ks af 
ter inoc ul ation, as c{)mpared with condit ions fou nd in expcr illl ellt a! in()l·ula 
t iOll s. 

Thc f oll owi ng obscn'ations we rc mad e () n so me small Transc<:,nclent Crall 
trees at the 'Ii eh iga ll Statc C() ll eg-c. :\ in e. SC\'en, 15 , alld 1() hlightcd twi gs. 
respedi\·ely, had heen ren1<J\·ed on J\lay 18, from four trees. ()Il May 25 
these trees had li\ '<:" SC\· 'n, tW{), anel 1I\·c in fected tw igs respectin.' ly. I\ain had 
occurred durin g the week of l\ lay 11 to '\\ Iay 18. No aphids ()r leaf hoppe r:; 
were fo und when a thorou .~ h examination was made of these trees. Ne ig'hhor 
ing trees of th e samc age and \'ariely in whi ch Il() hli ghted twig·s ()ccllr red 1"(:' 

lllain ecl frec from firc hli ght during this test. 
O lhcr tests were made in which hlighted tw igs were fastened into the top:; 

() f so me of the youn g apple and pear trees. Thcsc trees werc t hen sprayed 
over ni ght by an osci llating o \· erh ead irrigation ont fit. The trecs hac! also 
becn sprinkl ed before the inoculations were mad e. Three tw igs of onc pcar 
trec so treat.ed became bli ghted after 20 days. Four twigs of onc apple t ree 
and one of another of three similarly in oculated trees hccamc hli ght ed. Blight 
occurrcnce in thi s tcst was rest ri cted to thc trees ha ving the blightcd twig . .; 
p laced in the tops. 

From thc rcsults of obsen·atio l1 s durin g- thc past three years regarding 
tw ig inlection, it seems that a. closc correlation ex ist s hetween ra111 fall periods 
and the appearancc of twig ill fcctioll. The in fected hlossom clu sters, in the 
case of obser vat ioll s made ill l C):27. left Ill) d{)uht as to thc sO llrcc o( primary 
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twig infec tion . Th ese infected twi gs se n -cd as a further source of inoculum 
for twig in fecti on during th e S ll11lIllC'r. I t has been observed that hi gher pe r
centages of twi g in f ection occur in trees which h;-lve severe bl ossom blight. It 
seemed hardl y probabl e to the writer that in sect s ser ved as carriers fo r thi s 
primary twig infecti on as they do n()t attack th e less succ11lent tissues such as 
are f()tlnd in t-he blig ht ed blossollls and hiosS0111 spurs. 

INFECTfC) N' 

TIm n _EL\TI\' E Il\rp()HTA N (,I ~ OF \\'()l r N 1J ~ A N D NAT U RAL ()PEN I NGS 

The work of vari ous ill\-est-igat() rs on in fec tion s o[ the apple and pear br 
the blight ()rganism bas rai sed th e <ju esti()11 as to the r elati ve importan ce o f 
wounds macl c by in sects, man, wind , ane! other agencies, and o f the natural 
openings in th e plant ti ss uc . Jt is a we ll kll () wn fact that usuall y hoth types 
of infection occur in any blig hted orchard , yet whi ch o [ th ese may bc the more 
important is diftl cult to determin e. 

Blossom in [ec ti on occu rs through th e nectari es of the Rowers, and blos
soms which haye been in()culated by spray ing a wat er suspension of the o r
gani sm into them soo n ex hibit s ig ns o [ th e elisease as has been shown in th c 
tests d escribed pre vi ously . I twas obsc1"\"C <I tha t th ese hlosso ms showed water 
soaked spots in th e cal yx Ctlp afte r three tu fuur days, and , on the seco nd O t· 

third clay foll owing , th ese spots had hecom e clark brown to blacki sh in color. 
On about the tenth or twel fth day, a wate r soakeel condition could be seen o n 
the outside o f th e cal yx cup and drops of exudate appcared se veral days later . 

The organi sms are at fir st locat ed am ong the cell s o f the nectary, but, as 
they multiply, they spread throug hout the ti ssue of the to ru s and ovary and 
then push downward into the pedi cel throug h the intercellula r spaces . In
vasion o f the fruit spur foll ows a ncl11l<ln y tim es the young fruit s are in vacl ed 
f rom the spur throug h the pecli cel. 

In the appl e, th e invasion of the spur usuall y r esults in canker fo rmati on 
at the base of the spur, especiall y on the more sltsceptibl e yari eti es. In th e 
pear, if conditions are a t all fa\' o ral)l e, the spur infect ions also usually resul t 
in invasi on o f th e limb. From thi s in vasion, the scaffold parts become in 
volved and large limb can ke rs o r even hody hlig ht develop . 

Twig in f ec tion as repo rted by nl1m erous ilwes tigator s occurs ncar o r at 
the tip o f th e twi g, at least th e symptoms appear nrst in thi s region. Further 
invasi on by th e organi sm involves the hasal part o f th e twig and the lJark o f 
the limb in the immediate yi c inity o f the hase of the twig. In many cases , the 
progress o f the o rgani sm is ched ;:ed at thi s point at least temporarily, and 
a quite detlnite line appears, du e to the formation of a large amount o f co rk 
by th e hos t ti ss l1 e. O ft en, however , th e org~~ni sm is not enti rely cut off f ro111 
the bark tissues by thi s layer and further in vasion fo llo ws . These periodic 
waves of ad van ce leave more or less di s tinct ringed ma rkings on t he barIc 

_ These concentri c ma rkings are o ften e\'en more marked in the inner than in 
the outer bark. 

IS in ce t he compl e t ion o f th is manll sc r ipt for p u h lic al io n , th en' appcarcd in Sc ie nce , 11 . S . 68 ; 386 -.188. 
Oc t. 19, J928 an a r t ic le b y P :1ld 'vV . Mi ll e r c nti i1 cd " J\ pre lill1i n ar y r e po rt on s lu di es o f fire b lig ht 
o f a p p le." In t hi s paper t h e fo llo win R s lI hj cc t s d ea l t with in Ih is h lill e t in a re di sc u ssed : (1) t he 
ro le of m e leor ic w a te r in th e d isse ll1 ina l irlll o f lh e p r ill1:1 1- y in oc u lulll , (2) th e in fec tion o f yo u ng sh oo t s 
w ilho ll t 1h e inl e rve n ti on o f in sec i S, (.1 ) I he s to ll1 a la l pe net r a tio n of YO lln g :1pp le leav cs, (4) t he ov er 
e mph a s is in t h e pas t o f t Il e r ole o f in sect s in fi l-e b lig h t di sse ll1i na tion. 

J\fOD ES Of.' JN l'E CTTON 

Insect wounds arc o ft en IO UI 

Several inves tigators 11a\"e reeo 
cases were observed in the llu 
doubt injuri es caused to the fn 
paths o f invasio11. vVot1llcl s on 
against fruit s and branches al so 
observed in the spring 0 f 1928 
mature leaves became infected a 
the cases. 

Limb injury caused by prunin: 
ing the growing period fr equen 
crotches brought about by picke 
organism. vVounds on the tm 
sprouts, and injuries from di sks 
become infected and start trunk 
Michigan, which was examined 
very nearly fi ve per cent of the : 
jority of these cases could be tr e: 
too close to the tree is al so ver 
through these wounds was plain 
cases. 

Ten 18-year-old pear trees at -
oculated at the crown by WOU11C 

only two or three woulld s were 
Ions o f a water suspension of til 
trees. Two of the trees became 
noted in this r ecital o f wounclir 
wounds may vary widely in orif 
age or kind. ] f the organi sm is I 

quite anoth er category, mu st he 
wounding is not apparent. 

Twig infection, on the whole, 
torily explained. ]{eports by va 
in the absence o f any of the in se 
causal organism , raise the ques tic 
be concerned. Some experiment 
seems to show that aphids may b 
before, although experiments wi 
shoots, carrieel out at the Huron 
gan State Coll ege orchard , have 
agents for in fection since only tl 

Some inoculations made in the 
on plants which had not been v 
found, led to infection . The qt 
occurred. The first observed syn 
tips and di scoloration of the tip I 

Burrill (5) in 1880 writes of 
vaded from the bark, or as it seel 
I have no direct experiment UpOl 
ing leaves on healthy stems." ] 
side of the leaves of appl e and r 
only negative results. 
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Insect wounds are of ten fuund Lo be the scats of infecti on in Lhe fruits. 
Several inves tigators have recorded this for curculio wounds and 12 such 
cases were observed in the Iluron Farms Company orchard in 1926. No 
doubt injuri es caused to the fruit hy codling moth larvae likewise serve as 
paths 0 £ invasion. vVounds on lea ves caused by the wind whipping them 
against fruits and branches also may serve as places of entry. Six cases were 
observed in the spring of 1928 on small Transcendent Crab trees in which 
mature leaves became infected at such injuries, and twig blight resulted in all 
the cases. 

Limb injury caused by pruning or the removal of blight infected twigs dur
ing the growing period frequently admits infection. Injuries to limbs and 
crotches brought ahout by pickers haye served as a place of entrance of the 
organism . vVounds on the tnlnks from saw cuts, from removal of water 
sprouts, and inj uries from di sks or harrows in cultivated orchards frequently 
hecome infected and start trunk cankers. A n orchard of pears near Sodus, 
Michigan, which was examined in the early summer of 1928 proved to have 
very nearly five per cent of the 2000 trees infected in the trunk, and the ma
jority of these cases could be traced to di sk injury on the trunk. Cultivation 
too close to the tree is also very lik:ely to wound the roo ts and in fecti on 
through these wounds was plainly responsible fo r the death of trees in many 
cases. 

T'en 18-yea r-old pear trees at the Uuron Farms Company orchard were in
oculated at the crown by wounding th e tissues 1n this region with a spade; 
only two or three wounds were made on the crown of each tree. Two gal
lons o f a water suspension of the organism was poured around each of these 
trees. Two of the trees became di seased through these wounds. It will be 
noted in thi s rec ital of wounding in relation to hlight occurrence that the 
wounds may vary widely in o rigin, and the ti ssue concerned may be o f any 
age or kind . If the organi sm is transferred to a wound, blight may result. In 
quite another category, mu st be placed the matter of twig infection , for here 
wounding is not apparent. 

Twig infecti on, on the whole, has not been, it seems to the writer, satisfac
toril y explained. R eports by variolls inves tigators o f severe twig infections 
in the absence of any of the insects which have been reported to transfer the 
causal organi sm, rai se the question as to what additional factor or factors may 
be concerned. Some experi mental ev idence by J\1errill (18) and Burrill (4) 
seems to show that aphids may he a source of spread, as has been pointed out 
before, although experiments with about 4500 green and rosy aphids on 800 
shoots, carrieclout at the Huron Farms Company orchard and at the J\/fichi
gan State Coll ege orchard , have fa il ed to indi cate that aphids are important 
agents for infection since only three twigs became infected. 

Some inoculations made in the g reenhouse during the early winter of 1927, 
on plants which had not been wounded and on which no insects could be 
found, led to infection . The question arose as to how these infections had 
occurred. The first obse rved symptoil1S in these plants was a browning of the 
tips and discoloration of the tip leaves o f the infected shoots. 

Burrill (5) in 1880 writes of twig infection , "the leaves, however, are in
vaded from the bark, or as it seems may be the starting point of the infection. 
I have no direct experimen t upon this point bnt have found infected and dy
ing leaves on healthy stems." Experiments in which he painted the under 
side of the leaves of apple and pear with a stl spension of the organi sm gave 
only negati ve results. 
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.!\ rthur ( 1) ill 1885 rep()rted lint til e tips ()[ appalT lllly healthy yUllll g pear 
lea ves becamc infected whell s l1lcarcd with a ClIltllre of t he orgalli sm. Steel 
man (24 ) in 1803 suggested that mganisms car ri ed h y wincl blown rain 
or p erhaps by insects tu the ]e;1\" es e nte recl throug h the stomata. Duggar 
in hi s t ex t! makes the fo llowin g ::;tatement r egarding twi g infect i()ll : 
"Nevertheless, it is a lso true that in fect ion may r esult through g row ing twigs, 
injuri es and sometimes perhaps e \' en wate r pores may be the seats uf ill f cc
tion. Tn general , however, it is certainly true that the germ s upon the suria ct: 
of healthy tissues wou ld not r esult in the p roclucti o n of di sease in those parts ." 

J leald ( IS ) in 19 15 repo r ted t ha t at No rth Yakima cases w ere o])se n 'ecl ill 
whi ch lesi()n s of Bartlett p ear leaves ",,,e re found (lcl\'ancin g from t he f clges 
or tips of the ka\'es. Such les ions on th e follovvin g 11lorJ1illg after it rain 
showed drops o f hacterial ex udate . Similar les i(lIl s w ere found a few day" 
lat e r in th e vicillity o f Spokan e Oil apple lea\'es. Furth er c() ll ect iolls o( s imilar 
mat e rial were mad e at \ Valla \ Va lla , I, cnllewick, an cl Prosser f r()m ])oth pear 
and appl e trees. lIe ohscn'es that t he initial infecti()ns "in th e majority of 
cases s tart at the margi n and arc e ither late ral o r t erminal alth()ugh ccntral 
les ions have been found ill s()m e cases ()n apple lea\'es. " I~ rooks Co), work
ing at \/Vi~consill, repor tec1 that ltewas unabl e to sec ure sto lllatal in fection. 

Experiments w ere carri ed out at East J Jan s ing to detcrmin e the nature () f 
infection in these lea( ]es ions aile! the jluinis ()[ ()rigin () f the inf el't i()ns. i:nrs
dud seedlin g apple trees aiJout thre e years old w ere u sed. (Hh er \'arieti es, 
Hen Davis, Winesap, and Jonathan vvere \l sed in lat e r e:-.;:p: . .' rilllents with tht' 
same r esults as with Borsdod. 

Potted seedlin gs were placed in th e inoc\llati on challliJ er as s l1llwn in 11late 
J , .Fig . C. Five or s ix seedlin gs were inoculat ed in this challlher at on ~ time. 
The plants were flr st sp rayed hy means o( the spray attachm ent in the in 
ocu lation chamhe r to "vet th e lca\'es thoroughly both on the upper and low e r 
surface. The organism was then sp rayed ()ntu th e ullder leaf surface in a wa
ter su spension by m ean s o( a DeV ilbi ss at()mi ze r, ur small pieces of diseased 
tissue abuu t one millimeter square were placecl in th e droplet s o f water whil'h 
co ll ected on th e under s id e of the lea\'es . 

lnoculati o ll O il the uppe r sicle o( the lea ves ga \'e negati ve resllits except in 
thos e cases in which the immediate tip ()f th e serratiull was illclud cdin th e 
drop of water in whi ch th e in oculum was placed . 

The plants were kept in the in ocul at ion chamber for 20 to 2-1- h()urs, a nd 
th e leaves w ere kept wet hy occas ionall y turning o n th e sp ray. The attachmellt 
was turned at an ang le so that onl y a fine mist fill ed the inoculati on chamber 
without the sp ray striking th e leav es directly . Th e pi;lnt s were th en rem o \'ed 
t() t he bench ancl examin ed se\'eral tim es dail y fo r the appearance 0 [ the symp
toms. There were 124 plants inoculated in this se ri es of 32 inoculati ons. Th e 
in oculations w er e maele over a p eriod of approximately one year. 

The percentage of in fec tion ran ged from 0 to 100. J t is possible to explain 
the failure of many of the plants to becom e in:fected. J n so m e cases, the te m ·
perature of the greenhou se was so hi g h that it was not possible to keep the 
leaves of the plants wet for more than a few hours at a time and in this event 
no infection resulted. Jnasmu ch as the time r equired by the organism t o gain 
entrance into the host under va rious env ironmental conditions is n ot k nown, 
it is possible that the failure to secure infection was cau sed by the drying off 
of the leaves whi le the plants were in the inoculation chamber. It was ob
served that the peri od o( in cuhat-ion \'ari ed f rol11 two to fi ve days depending 

IFtlJ1g0 tl S Dj,casC's o r Pl:tnt s . 1909. 

MODES OF INFECTlOl\ 
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The largest number of in fect 
number in the different se ri es 
in the g reenhouse at the time 11 
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ill sects in feed in g arc \'ery cll" 
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FielcI i Il ()cu iatiu ll s wcrc Ill ad ! 
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for varying length . of time. T 
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Oll grec11house conditions. The sympt oms appea red ill shortest time when the 
t'Teenhouse was very warm. 
" The lesion s when 1i rst noticeable o n tb e leaycs arc mi11ut e, black dots 
whi ch arc yi 'ibl e only by reflected lig ht. \ Vithin three or four h ours these 
areas inc rease seyeral times in diameter and 11a \'e a water-soaked appea r
a nce. Soon they occupy the area between adjacent \'e inl ets making a n an 
gular spot . P late I, Jlgure B represents a leaf in which the spot s ha vc 
reached the water -soaked stage . S hortly afte r , the edges of the spot 1)(::
come browned and the p rogress 0 f the o rgani sm is checked as these vein 
lets are r eached as shown in Plate I , fig u re J\ . Jt is poss ible that t he arrest
ing of the organism at this point is mechanical as th e intercellular spaces 
of the t issues surrounding the yein s arc ye ry s111all in comparison to the 
s ize of those of the mesophyll. \ iVithin se \'c ral hours aftcr penetration o f 
this tissue, the water-soaked conditi on appears along one of th e yei ns lead 
ing to the midrib and the ilwasion proceeds down tbi s yein to th e midril) 
as e \·ide11 ced by the discoloration of t he tis,sues in thi s region. Once the 
midr ib i reached, the invasion d ow11ward a long the midrib follow s. Thi s 
ad\'a nce may ilwoh'e the midrib a nd the tissues on bot h sides or it may bc 
restricted to th e t issu e on one s ide of the midrib . The peti ole ilwasio11 
occurs upon the under side, and the infection passes in to t he tw ig or spur. 
Plate I, :flgure E shows su ch cases o f invasion on B o rsdorf seedlings. .In
yasion of the shoot ha been obsen 'ed to occu r within 24 hours after lea f in 
fectlon bec.ame visibl e under g reenhouse co nditions, although [our days is 
the shortest t ime found under field conditions . 

Leaf spot may also result from leaf in fect ions as is shown in Plate I , fi g ure 
D. These spots showed no f urtb er deyelo]l lll en t after t hree week.. 

S in ce the resul ts of the inoculations on Borsdorf and other seedlings 
showed 11 0 yarietal dirferences, no attem pt is made to different iate betwec n 
the yari eties in reco rding the r esults in Tahle 0, which g i\ 'es th e results (l j' 

these inoculat ions as obtai ned in the gTec nll\ ,usc durin g the winters of ]()27 
and 1928. 

Tahl e 6 shows that 57 per cent 0 f the ] 24 secdl ing t rces which had 1Kc 1'l 
inoculated without w ounding became in fected. Careful c:\:aminati on of t he 
in fecli ons secured showed that in 0 111\· one case was in fcct ion secured ncar 
a wound of any kind. -

T he largest llt.ll11ber of in fections (I ll a s ingle leaf was 2~ and th e ;tn.-rage: 
number in the d ifferent se ri es \"aricc1 quite widely with eli fl crent co nc1iti ()n :~ 
in the g reenh ol1 se at the ti me th e plclnts w~re in the in ()c ulati on chamhers. 

Th e g reen peach aphid was present in consiclcralJl e numhers 0 11 S0111 ~ 
plants which w ere inoculated . 1 rowe\'Cr th e woun ds produced 1)y th ese 
in sccts in feed ing are yery charactcr istic and may eas il y be determincd by 
use of a hand lens or mi crosco pe. O nly () ne case in oyer 200 les ions e:\: 
amin ed was observed in which in fcct ion migh t puss ibl y haye occurrecl through 
one of these wounds. !\ se rics of inoculati uns was al so made ()Jl aphid free 
plants a nd is so noted ill Tahle 6. 

FieJd in()Clll a ti(ll1 s were Illade (Ill Tra11 scc nd ent ( 'ral) ; [1 ]( [ (I ll pC; lr. T[I e. 
p lants to he inoculated were first sprayed hy mcans of an oscillating spr;'lY 
for va rying lengths of ti m e. The inoculum ',,'as put upon the young rapidly 
growing twi gs in an aqueous suspension. One or two drops were used for 
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Tab le 6 
Leaf inoculation o f a pple seedlin gs * wi t hou t w o u n d ing 

Date of inoculation Remarks Plants Plants Per cent of 
inocul aled infec ted infection 

-_._ ------- -------._-----------~-------

1927-
March 3 .. . 
March 7 .. . . 
Mareh 15 . . . 
March 20 . . . 
October 17 .. . . 
October 24 . . .... . 
October 25 .. . . . 
October 28 . . .. . 
October 29 . . . 
October 31 
November 1. . 
November 2 . . . . 
November 8 
November 10 . 
November 13 . 
November 17 . . . 

1928-
February 7. 
Februaryo . 
February !) 
February 11 
F ebruary J o . 
March 1 .. 
March 7 ... 
March 8 . 
March 10 .. 
April 18 . 
April 24 . 
April 30 
May 1 .. 
May4 . . 
May (j . .. . . . . 
May 10 . . •• ... . .. . . . .. . .... . ... 

J 
4 
1 
1 
4 
1 
4 
2 
;) 

3 
2 

5 
5 
4 

11 

7 
:3 
0 
2 
0 
1 
2 
2 
2 
0 
1 
0 
2 
1 
1 
1 

2 
4 
2 
1 
1 
4 
4 
:3 
7 

77 
50 

0 
100 

0 
100 

.50 
50 
50 

0 
100 

0 
100 
;l :l 
33 
50 

!i0 
0 

!i0 
!i0 
2;' 
7;' 

100 
100 
100 

(i5 
:33 

100 
SO 
80 
75 

(j3 5 

Pu re cul turc 

Aphid free 
Aphid free 
Aphid free 
Aphid free 
Aphid free 
Aphid free 

-----------------------------------1-------------
ToLal . 124 71 

*Sccd l i ll g~ lI ~ed in 1927 alld ill 1925, cxccpL wh crc illlli e:t! ed as "aphid frcc" wcrc Lhe ord in ary g rce nhou~e grown seedlings 
and a few ajJh id ~ uccurred frum Lim e Lo Lim e. ~ce discllssioll ill text. 

each twig . The spray was then turned on agalll and allowed to run over 
night. These plants were apparently free from aphids and lea f hoppers 
at the time the inoculations w ere made. 

The field inoculations, in which four small Transcendent Crab trees were 
used, gave 24 per cent positive inoculations of a total of 273 inoculated 
t wigs. A similar set of inoculati ons the next day on three t rees with 89 
susceptible twigs gave only one positive inoculation . 

Of 200 inoculations on peZlr twigs, only fi ve twi gs became infected. A n
other set of inoculations of seven pear and 17 T ranscendent Crab trees gave 
no positive results except where th e organi sm gained entrance through an 
injury on t he apple leaves, 10 such cases occurring. 

It is possible that the t rea tment before inocul at ion was the factor in
flu encing thi s di vergence ill the res ults. The pl ants wh ich gave the highest 
percentage o f infect ioll were sprayed fur fi ve hou rs befo re inocu lati on. In 
the ex perim ent the foll owing day, ill whi ch al)out oll e l")er cellt in fecti on 
was secured , the plants were sprayed fu r only one-half hour befo re being 
inoculated . 

In the last experiment, due tu the fact that the trip mechanism of the 
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sprinkler failed to work, olll y 
before being inoculated. 

The evidence on insect trans] 
gators does not seem adequa te 
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Examination of early stages 
occurs on healthy sound l eave~ 
stomata of the leaf while it is 
It seems quite likely that this ty 
of the observed twig in fec tions 
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M icrotome sections of the var 
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possibility by Heald (1 5). P Ia 
cross section through a young 1 
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in P la te J, fi gure F, which is a c 
a spot which has just come to ( 
appeared as a very small water-

I n vasion then proceeds clowm 
mesophyll along a vein. These 
movement of the zoogioeal ma: 
occu rs through the mesophyll-lil 
It has been noticed that invasion 
one side of the mid vein only, v 

Sections have been observed i1 
mass is wedge-shaped and taper 
ways along a vein and it is qui 
region because of the fact that 1 

shows the a dvancing edge of an 
of the vein . 

I t is of interest to note here t 
vasion by the mass of bacteria, sl 
the spot had reached the stage 
around the edge of the spot, the I 

shrinking of the cell s 0 [ the 10 
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mesophyll and lower palisade c 
slight plasmolysis and also a ten 
did the healthy cells in the surro 
had OCCUlTed the cells appearec 
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MIGRATIO J 
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was also made in connection wi 



Mon ES OF JNFECT TON OF T T IE r.m E nLTCTTT O nC !\N rSl\f 2S 

sprinkler fail ed to work, onl y 1 hree trees were sprayed very thoroughly 
before being inoculated. 

The evidence on in sect transmission as presented by the various investi 
gators does not seem adequate to explain twig infection under the varied 
conditions after which in fecti on appears. 1\s has been pointed out, twig 
infection fr equently occurs in the absence of insects which are supposed to 
transmit the organi sm. It is of course entirely poss ible and indeed it is very 
probable that some of these in fections take place through wounds other than . 
insect punctures or bites on the leaves and stems. 

Examination of early stages of leaf invasion have shown that infection 
occurs on healthy sound leaves and these in fections occur through the 
stomata of the leaf while it is in certain definite stages of dev.elopment. 
It seems quite likely that thi s type of in fec tion occurs in a large percentage 
of the observed twig infec tions in thi s state. 

EXAMINATION OF PREPARED 1\/[ ATERIAL 

Microtome sections of the various stages of leaf in fect ion proved that in
fecti on was without questi on th rough the stomata as was sugges ted as :1 

possibility by Heald (15). P late ll , fi gure A is a photo-micrograph of a 
cross section through a young leaf. It will be noted that the sub-stomatal 
chamber al one is fi ll ed with bacteria . J\ littl e later stage of infection is shown 
in Plate I, fi gure F , which is a camera lucic1a drawing of the surface view o f 
a spot which has just come to occupy the area heneath two stomata. T hi .'; 
appeared as a very small water-soaked spot on the leaf. 

In vasion then proceeds downwatd through the intercellular spaces of the 
mesophyJl along a vein. T hese intercellular spaces are quite large and the 
movement of the zoogloeal mass is quite rapid. Invasion of the petiole 
occurs through the mesophyll-like ti ssues of the under side of the petiole. 
It has been noticed that invasion of the peti ole frequently includes tissues on 
one side of the mid vein only, which is itself often not invaded. 

Sections have been obser ved in which the ad vancing edge of the zoogloeal 
mass is wedge-shaped and tapers off rather g radually. The advance is al 
ways along a vein and it is quite possible that the organi sm moves in thi s 
region because of the fac t that more water is available. Plate II , figure B, 
shows the advancing edge 0 f an invading mass 0 f bacteria on the lef t side 
of the vein . 

It is of interest to note here that the hos t cells, in the early stages of in
vasion by the mass of bacteria, showed no apparent signs of death even when 
the spot had r eached the stage in whi ch discoloration had begun to show 
around the edge o f the spot, the only sign in the host cells being the apparent 
shrinking of the cells 0 [ the lower epidermi s. ] rowever, by the time the 
organisms had begun to in vade surrounding ti ssue or had reached a vein , the 
mesophyU and lower palisade cell s in the region fi rst invaded showed a 
slight plasmolysis and also a tendency to take the stains more readily than 
did the healthy cells in the surrounding ti ssue. When pronounced browning 
had occurred the cells appeared to be quite badly plasmolyzed and the 
chloroplasts in parti cular stain ed very heavily. Very little invasion of the 
palisade region occurred. 

MIGRATION OF T H E O RGA NISM 

J\ study of the migration of the organism in the leaf and stem tissue 
was also made in connecti on with the production o f tw ig hlight from in-
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fcctiUl1s 111 the leaf. The findings o f Nixon (19) were corroborated in 
this study. The matrix in which the organisms are embedded is jelly-like 
as Nixon describes it, and more dense apparently than :Miss Bachmann (2) 
believed it to be. S he concluded from her studies that ilwasion was ac
complished by the movement of the organism in a liquid which she ])elieyecl 
to be withdrawn from the lumina of the adjacent cel ls causing them to lose 
their turgidity. 

Stained microtome section s of infected leaves showed the organ ism to he 
'embedded in a substance which stained very definitely with most of the 
common stains such as gentian violet, acid fuchsin, eosin, iron alum haema
toxylon, Delafield's haematoxylon, methylene blue, and licht grlin. Nixon 
used Fleming's triple stain and the matrix then stained a light hlue with 
the organisms a dark r ed color. lIe refers to these masses as zoogloeae, 
and in this interpretation the writer concurs. Dei j erinck (3) and other 
investigators have demonstrated tbat certain bacterial organisms can build 
up from the simpler sugars certain pectic compounds, and, from 2. few tests, 
it seems that the matrix is pectic in nature. IVIicrotome sections of diseased 
leaves when stained with ruthenium r ed, a specific stain for pectin-like sub
stances, give a positive reaction in the matrix, while other cellulose tissues 
rail to take the stain. That diseased twigs have a decidedly higher sugar 
content than normal twigs was shown by the in creased reduction of Fehling's 
solution with equal amounts of macerated healthy and diseased tissues . .Th.e 
tests as made were not quantitative or specifi cally qualitative but may J11dl 
cate in a measure at least the nature, 0 f the matrix. 

NORMAL ANATOMY OF THE ApPLE LEAF 

During the experiments on infection of apple seedlings it was observed 
that a rather close correlation existed between the age of the leaf and the 
degree of susceptibility to infection and it seemed that a study of the normal 
anatomy of the apple leaf might aid in interpretation 0 ( some of the results 
obtained by the inoculations. 

S uperficial microscopic examination and mi crotome sections showed that 
the leaf as it emerges from the bud is composed of a meristem-Iike tissue i 11 

which the vein lets and veins have been diiTerentiated. As it increases in 
size, the palisade, mesophyll, and epidermis at the apex begin to mature. 
The increase in the size of the cells of the upper epidermis is accompanied by 
an increase in the size of the pali sade cells. On the lower surface, stomata 
are formed by the division of epidermal cells, and shortly aiter, the forma .. 
tion of the intercellular spaces of the mesophyll occurs. Hyc.1athodes or 
stomata which are slightly larger as a rule than the normal stomata may be 
found on the upper surface of the leaf at the tips of the serrations. There 
may be as many as six or eight of these but usually not more than three or 
four. These hydathode-like st ructures develop very near to the end of the 
vascular strand which terminates in the serration tip. 

Plate II , figure C, shows the maturation of the tissue at the tip of a ser 
ration which is entirely comparable to the condition observed in the leaf tip 
proper. Stomata are shown in yarious stages of development, the youngest 
heing the mo 't distant from the tip. An increase of size of epidermal cells 
was noticed in the regi on of the mature stomata. 

The guard cell s, as soon as formed, increase rapidly in size and, in so 
doing, tend to bow outward forming a subslomatal chamber. The suhse-

MODES OF ]NFECTIO N 
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fluent clc\'cloplllcn t or th e lca[ allows thc g uard ccll s t o assum c the no rmal 
positi on whi ch is approximatel y level with thc surroundin g cpidcrmal cells . 

Thc maturation prog rcsscs f r0111 the tip o( th c leaf and t h c tip of t he ncxt 
lowcr se rrations c1 0wnward and inward to the base o f the leaF. P lat e II, 
ligure D sh ow s a serics of Jcaycs take n from a young sh oot. Table 7 g iyes 
thc length of leaf, approximate age in day s, <lnclthe region in whi ch stomata 
arc fo und in thi s seri 's 0 r leavcs. Thc detcr11linat ion was made microscop
ically. 

I .. 
2 . 
:1. . 
,I 
fl . 
G . 

Table 7 
Leaf develop:tnent of apple 

Nu mber of til(' leaf {'o\l l"ill ~ frolll (ip dOWII\\':lr<l 

---------- ------- -

L('"~lh of 
leaf ill 
111m . 

R 
10 
16 
22 
~!) 

45 

Approxi
ma lc' a~(' 
ill da,VK 

f~ r 
1- 2 

~ 
~ 
7 

10 
H 

Di, (a ll ('(' 
Rloillaia 

fOlilld 
downW:lrd 
fro In lip 

~~ 111111. 
1111111. 

2~ Inm . 
!) 1011 1. 

1:1 111111 . 
\\' li,,\(> lea f 

This s tudy furni shes a plaus ilJlc explanation o( the fact that th e su cccss 
or in oculation was found to dcpcnd upo n th c agc of th e leaf o r of th c por
tion of the leaf inocul ated. No infcct ion \,vas securcd 011 very young Jea \'Cs 
whose stomata had not as yet c1 e \·c!opecl. S uccessful im'asion into th e twi g 
'was sccured onl y thr() ugh infection of yo un g lea\'es whose stomata had hc
c()mc f un ctional. Thc z()()gl()cal mass in these 1ca\cs was ah le t o penetrate 
the ti s.' ues rapid ly and r each th c micl \'c in or th e leaf. H th c lear 11 ac1 dc
" eloped to the stage in whicll the int ercellular spaces of th c 111cso ph yll wCl'e 
for m cd but w erc as yct small lwcausc thc cells h:tc1 not heco11l e 11lature, onl .\! 
a leaf spot rcsultecl si nce th e in fect i() ns were qui ckly c1elimited. /\ s s()()n as 
th e leaf o r any part o( it wac; mature, th ;lt leaF o r part or th e lear was 
n ot , ll . ccptiblc. 

Thesc stages may he quite eas il} ' determined anclthis may aid ill practical 
1l1ethods of co nt rol as trees in which no new shoots are found ma\' he r c
garded as not susceptible to tw ig in rectiol1 in th e m anner j ust dcscribed . The 
maturc region o f a youn g apple leaf m ay hc qui te accurately determinccl l)y 
th c col(lr. T he m at ure regio n is clark g reen, th e i11lmaturc region is a .!:?,Tcen
ish ycll ow. The m at urc r eg ion sh()w s mi croscopi call y, mature stomata and 
intcrccllular s paccs in th c m esopllyll. Th c immaturc regio11 is composccl or 
small, closely co mpacted cell s whi ch ill sec ti o11 are cul)ical t o slightl y round . 

Tt was sh ow n by this s tud y that the maturati () n o( thc ti ssu es of ih e : tppl ~' 
leaF is progrcssi\'c fro111 th e t ip and se rrati o ns downward ancl in ward t o the 
jieli,)le. Thi ~; f act cxplain s "vhy ~1pple leave'') in their dc \'Clopmcnt ;trc S l1 S

ceptiblc only during ce rtain stages . Thc fo ll owin g relation hetween inrcc ti o ll 
and lcaf development was f ouncl. 
J. Lcavcs too young for infcction . No stomata clcvelopc(1. 
2. Leaves susceptihle . Stom ata fU11ct io11al. Suhstomatal chambcr r()rmC(l. 
3. L c:wes su scc ptihl e. Tlltcrccl lu1ar spaces o f th c mesoph yll formccl 1mt 

ll ()t so brgc as in th e m ;tturc Jc;lr . S uch infectio11 s produce onl y leaf 
s po ts . 

-k LC(l\'Cs 1Hlt SLl sCL'p til,k . Ti s~ tl cs 111 ; llu1'(.' . 
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STANDARD CONTROL MEASURES 

Control measures recommended for fire blight are sanitation, the use of 
resistant varieties, and the practice of proper cu ltural methods . Exclusion 
of the organism by means of sprays has not yet been proved to be of any 
great benefit. . 

Crop sanitation in the form of removal 0 f diseasecl parts is at present 
the most practicable control method for 1Vlichigan. Eemoval of diseased 
limbs and cankers may he done either during the durlllant or growing sea
son or, as is practiced by some growers, during hoth the dormant and 
growing seasons. 

The time of removal of the diseased parts must necessari ly be determinecl 
by the conditions existing in the orchard. It has heen recommended that 
under Michigan conditions removal may, usually, he best accomplished when 
the trees are pruned during the dormant season. If few cankers are known 
to be present in the orchard, the removal 0 f these cankers not only is a 
small matter but also insures the grower against the possibility 0 f a severe 
blossom infection the following spring, as often occurs. 

In heavily fertilized orchards, occasionally, the spread of infection fol
lowing heavy blossom blight becomes unusually severe and the removal 0 f 
diseased parts during the growing season seems desirable. This practice has 
a more important place in pear than in apple orchards because of the more 
rapid development of fire blight lesions in the pear tissue. The possibility 
of spread by the tools used in removal of the diseased parts is much greater 
in the case of the pear than the apple and this mean s that the operator must 
exercise great care in the removal of diseased parts. \i\Tith the exception 
of very late falls during which much precipitation occurs, late infections in 
the apple in this State are not of much importance. 

The use of resistant stocks, which at present is still hardly practicahle due 
to the scarcity of material of the varieties recummended, may eventually he 
of considerable value so the trunk and scaffold parts of the trees will be 
saved in case of in fection. It is true that, even though this part is saved. 
severe infection will mean the loss of the greater part of the top in many 
cases. The necessary top working may reduce the productiveness of the 
tree for a period of years. 

The increased cost of the trees when they are introduced cum111ercially 
will probably be a factor which will discourage many growers fr0111 planting 
these trees worked on resistant stocks. Other such cases have been recurded 
and there is no reason to believe that this may be an exception. Reimer's* 
work does show that some of these varieties hold considerable promise for use 
as stocks for root and top working. At present no very resistant apple varie
ties are known which might be used for the scaffold parts. 

The present practice of some growers 0 f using susceptible varieties 0 f 
apples as fllIers in the orchard is of questionable value. Similarly, the main 
tenance of the crab apple, and such varieties as Yellow Transparent and Tol
man Sweet near hlocks of other varieties augments the flre blight control 
problem. 

The Wealthy and Duchess are very susceptible to fire blight once infec
tion occurs. The value of th e \ iVealthy as a11 early apple in this State, how
ever, overbalances to S0111e e:\tcnt its 11ndesirability clue to its l)light sus-

*Rei1l1cl', F. C. Blight resislall ce ill p e lt's a lld ch~lt'acLcrislics u[ pear s pecie s ~l li l l slocks. Oreg. 
Agr. Exp. Sta. Dul. 214: 1·99 . 1925. 
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ceptibility. Accord ing to the writer's ohsenati on, the D uchess, even though 
susceptible, is seldum se\'erely in f ected in 1\1 ichigan, which may be clue to 
its early blossoming habit. 

From observations of orchards in the past three yea rs the advisability 0 f 
planting Wagener trees as fillers is questioned, as the tree is very susceptibl e 
to infection. Crown and root infections were observed to have been very 
abundant in the II uron Farms Company orchard on this variety and many 
t rees had to be removed on account of seve re inj ury fro m blight . 

Cultural methods may g-o far to aid in control of the disease. Most 
Michigan orchards unless fei-ti li zed or heavily culti vated do not make much 
late growth and so are not subject to late twig- infection. 'Twig cankers from 
these late infections in the apple, it seems, are Ol1e source of over-wintering 
of the organism. Due to the differences in rate of invasion in apple and 
pear the apple rarely becomes infected in the scaffold and trunk from blossom 
or twig infection unless through spurs or shouts on these parts, while infection 
at the tips of branches or branch spurs of pear often results in invasion of 
the larger limbs and trunk. 

Late growth if allowed to develop will ser ve as a source for further in
fection and so successive waves of twig- l)light will carry active canker forma
tion over into the late summer and fall. Q ui ck early growth with terminal 
bud formation of the shoot shoul d aid materially in checking the spread of 
the disease. The production of a smaller amount of growth which is subj ect 
to the rapid invasion of the organism would it seems give fe wer cankers and 
less over-wintering. 

AprLICATlON OF Pj{ES I ~ NT INv l<s l'JCATIONS TO J\T I ~TIIODS 
OF FIRE BLIGHT CONTROL 

A considerable amount of work remain s to he done on varIOUS phases ui 
the fire blight problem. As has heen pointed out, the matter o[ the over
wintering of the organi sm has 11 Ut heen ilwcsti gated thoroughly enough. If 
the organism over-winters in smaJ l twigs in a fairly large percentage of the 
cases in any g iven year it will mean tbat much more careful work must he 
done by the average operator in rel11O\'ill g bligbted twigs and cankers from 
the orchard during the dormant season. O ld, apparently dead cankers mu st 
not be left in the tree as they too, as has been shown, may serve to aid in 
over-wintering. 

The evidence at hand seems to show that hees and other nectar seeking 
insects cau~e more damage through the sp read of J)losso111 in fection fr011l 
tree to tree than do the other insects which are reported to be of importance. 

Meteoric water is no doubt much more effect ive, in spreading the organ
isms to both blossoms and twigs from the primary in [ections, than any of the 
insects. The nectaries of the flowers and the stomata of the young de
veloping leaves are in a very receptive condi tion during rainy peri ods. As was 
shown by Gossard and \ i\Talion (12), within 72 hours after pollination 
the blossoms cease to be liahle to infection. It is likewise true that youn g 
leaves reach a stage of c1e\'elop111 ent in which in fect ions are not produced 
through the stomata. The lea \'(~ s howe\-cr are in a susceptible condition over 
a longer period, as a rule, during a normal season than are th e hlosso111s. The 
long peri od of un foJclin.~· of new leaves which ()ccurs in excess ively rainy 
springs and sum1llers, keeps the twigs in a C()lltillll ec1 susceptihle: c() ll<liti()11 . 

The demonstration of the actual uccurreuce of stomatal infectiull may aid 
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in the interpretation of man y cases of twig in fect ion for which a satisfactory 
explanat ion has hereto fo re been lacking . 

Field inoculati ons ha\'e corrohorated tb e e \'iclel1 ce obtain ed in the green 
house concernin g stomatal infections. 

Twig infection in Michigan seem . to r esult from stomatal in fection of the 
leaf. This is perhaps due to th e slow g rowing conditi ons whi ch are brought 
about by the fairly low temperatu res during the early part of the g rowing 
season . These tencl to hold back the leaf ckvclo j)ment and so allow for the 
penetration of the zoogloeal mass into the petiole and shoot. 

The r elationship which exists l)etween th e age of led a nd ease of in f ec 
tion cnables an observer to determine whetber or not the growth produced by 
allY given tree m ay l)e susceptible.: to in fection. 

The writer would call atten tion to the s ig nill cance ()f those findings as 
to the origin of twig in fect ions he cause the nature of thi s infection process 
may playa ve ry clecisi\'c role in th e de velopment of new and effecti ve fire 
hlight control m easures, hy sanitation and possibly hy spraying. 

SUMMARY 

J. 1' ire bl ight is (J ll e uf the most imp()rLa1lt di seases ()f a pple, pear, 
a1ld quince in Michigan. 

2. O \'Cr-wintering of the ca usal o rgani sm u sually occurs in the marg iilal 
regiun of the cankers. J J oweyer in two cases the orga lli sm has been fo und 
to remain a live fro m fa ll to the fo llowing spr ing in dead tissue as fa r as 
t wel ve inches within the canl--:er edge. The percentage 0 f canker s in whi ch 
thi s may occur has not been determined. 

3. Dissemination 0 f the causal organism may he brought about hy a 
lHlmher of different species of in sec ts. Bees ~l() c\()ubt are an important faci()1" 
in es tabli shing sources of infection in the bl()ssoming tree. 1\.ain is clearl y 
effect i\'e in spreading the disease to other blossom s aftel" th cse primary 
sourccs hayc been establi shed. AUempts to duplicate twig in feetion hy 
aphids as reported by other in vest ig-at o rs ha\'c gi \cn nC'gati \ "C res ults on all 
bu t Lhree of 800 twigs . . About 4,500 aphids were used in th::se inoculati ons. 

4. Pcriods of twig infection may be co rrelated rat he r d()sel y with rain
f all periods. 

5. I n fec ti on of healthy lea\'es cIoes occur com11l()nly. Examinati()1l 
o[ s tained micro tomc scct ioll s of infected lca\'Cs shm\'s that primary infec
ti()n in the leaf occurs through thc st()mata. I'>perim cn(:-; in th e grecnhouse 
a lld ill the ilcld have given 75 and 25 per cent ()f infectio n rcspecti vely und er 
(lptimu111 cond itions. 

G. 1'resh w ounds of lcayes, f rui t, limhs , a1ld t runk n() d()ulJ t se r ve as a 
considerable source of inEcction during rain(all peri ods. 

7. Stomatal in fect ion usually r cs ults in twig hlight if the i1lfect i(m occurs 
in very young leaves of g rowing twigs . Leaf spot r csults if th e in Ecetcd 
leaf is nearly mature at tIl e ti m e of inoculati on . 

8. T he movement 0 ( the pathogene in the ti ss llc seems t() he ()1le 0 f mass 
action, the organisms being co nfin ed to th c j ell y-like matrix in which t hey 
arc embedc1 ed . In no case in any of the prcparations ex ami1led wer e l)acteria 
(Ibse n-eel to he in advance of thi s matri x. 

9. T he 1ll0st sati sf;u:to ry c01ltrol m easures f() r fir e hlight c()1l sist oi . ( 1) 
";[1lit;lr), meas\lres in th e elimillatioll of hli ghted p;lrts , (2) th c use of cul 
iural p ractices wlli ch w ill inducc a 1ll ()derate (wig gTuwt ll , and (3) the lise 
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uf resist;1nl ya ri eti es as stocks. The signifi can ce of the writers experi111ent~ 
in intcrpreting the fir e bli ghl situati on as il occurs in the orchard is outlin ed. 
and th e l)caring o f these findin gs 0 11 poss ibl e control mcasures is g ive n. 
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