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Causes, Effects and Control of Defoliation 

JABIES G. 1-TORSFALL AND JOHN Jv. HEUBERGER 

M ORE than thirt.y years of researcli have heen clirectcd a t  es-  
plainilig the pnrntlox first perceived by L i o ~ d  and Hroolrs (24) 

tha t  horcleaus misture reduces t,lie yielcl of tomatoes despite its 
obrious value in controlling the defoliation diseases. This paradox 
has beell pnrticnlarly baflling in the light of the fact t,hat bo~:deaus 
misture is ~viclely used to  improve the gielcl of pot.atoes, a plant in a 
related genus. Fanners  ~voulcl lilre to reduce t,he ramges of t.he cle- 
foliation cliseases, but they have wenerally not clared for fear of yielcl 
reduction from the frlngicicles. %loyd and 13roolis (21) initiated a 
persistent falla,cy in  stating tha t  bordeaux seems to cause t,he tonlato 
plants to L'continue gromtll rather than ripen early fruit." 

noyle (1) i n  1913 advanced the esplanation that tile clefolia~tion 
of non-sprayecl vines caused them to  "ripen their crop quiclrer tllan 
bordea.ux-sprayed vines, so that  a larger portion was pickecl ahea,d 
of the liilling frost.?' k~clgerton (6)  applie,cl the term "clela-yecl ripen- 
illo.x to  the phenomenon that  underlies the paraclos. This label has 
crept into practicdly all subseque,nt papers on the subject of tonlato 
spraying. 

The  fatalism inclucecl in the subject by tlie concept, that. spraying 
delays the ripening of tomatoes appears to have slowed progress on 
the problen~, bccause very fe\v papers except those by Wilson (41, 
42, 43, 44) have a,ppearecl on tonlato spraying after colnpletion of the 
\ v c ) ~ I <  that  llappenecl to bc uncler way ,xhen tlle t,l~eory mas advanceel. 

111 1029 the problem of clefoliation cliseases of tomatoes mas 
talren up  a t  the s~~gges t~ion  of Dr. Charles C~lzupp, Est.ension Plant  
Pathologist a t  Corncll University, who pointecl out the need for  a 
practical control of tlle disea,ses. Durin= the intervening 13 years, 
research has been conducted on various aspects of the problem. 
Several port,ions of t,he results have been publishecl (7 to 32), but 
an  efl'ort will he made in this paper to sun~marize. t . 1 ~  important in- 
fornlation estnnt on t,he causes, effects ant1 control of clefoliat,ion 
diseasec: of to~natoes as i t  applies in the Sorthenst.. Particular em- 
phasis will be placecl on the problems of ripening of diseased and 
sprayecl tomatoes, ancl on the problelils t,hat are inrolvecl in  the testing 
and clcrelopment. of new fungicicles for  tonlato spraying. 

'The  results reported herein are  based on research that I~egan in 1929. The  
earlier phases were conducted \vhile the writers were associated with the New York 
State Agricultural Experiment Station at  Geneva, N. Y. The  facilities provitled 
by the Director of that Slation and by the Department of P1an.t Pathology are 
grateiully xcknowletlged. ?. 1 he research was clone in cooperation with tlie Crop Protection Institute. 



MATERIALS AND METHODS 

The esscnt>i:lls of the fielcl t,ecllniq~le havct nlreaclp bcen pnblishecl 
(20). Only a snulnl:lry is needed Ilere. Begun in  19.29, tile n.o~.l\r has 
continl~ecl in the laboratory, greenhouse ancl fielcl evel:jT yoar except 
1933. Disease tlata were sca.rce in the early years of the work because 
disease itself nT:ls scarce in the test plants until Septelnbcr clnring 
1110s~ years up  to  1935 when a mild o ~ ~ t b r e a k  occurrecl. I t  was neg- 
ligible again in 1936, but i t  w i~s  serious in 1937 ant1 c?piphytotic in 
1988. The inciclence was low in 1939, b ~ i t  epipllytotic again in 1940 
ancl 1941 in  Connecticut,. 

I n  all yrnrs at ieast four ~*cl)lic:ate plots of t8en or more plants 
each ~ve re  used for  eac!l t,l-c:>tmcnt. -1 n-het?lbarrow hand sl?r:lyrr 
mas usecl prior t o  1934, bnt, from 1933 on, escrpting wllere otller\vise 
statecl, the sprays mere ap1)lietl witall a. I)o\ver. outfit ~ v i t h  three nozzles 
per r o \ ~ ,  ROO ~ I O L I I I ~ S  pressure? 300 gallons per acre. Sprags \\-ere 
stantlnrdizetl a t  one po~uld  of copper per 50 gallons nialtiug s i s  
pouncls of copper pel- acre per npplicxt'ion. The stantlarcl of ref- 
erelrce was 4-1->0 bnrdeaus nlixtnre. 

011 some plots in IOSS, 1939 ancl 19.11 n lrnnpsacl\- sprayer (Cali- 
spray) cleveloping 130 pouncls p r e s s ~ ~ r e  was usecl. 

I n  t.a,lring yielcl records the ap1)nrently ripe fruits \\.ere picked 
once n week, counted ancl weighed. The piclring powtl a. techniql~e 
problem not yet conll>letely solved. An attempt, was matle to pick 
only ripe red fruit,  but t'llis was not ens)' on clefoliatcd plants, where 
tlle flelrits in\-t~riablv tle.\relonetl an oranpe cast.. As a result the 
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criterion of ripening was not dways  the same for  all plots. The 
pickecl fruits ve re  frequently sorted fo r  craclrs, or f ru i t  diseases or 
spray injury. A t  the end of the season the y e e n  fruits also n-ere 
picked, conntctl and \~~ciglle(l. 117 some years the green weigllt of 
vines was also 1.ccordetl :it the end of the season. I n  some scwsons 
the fruit \\-as gradeil according to U. S. stanclarcls. 

MEASURING INTENSITY O F  INFECTION 

I n  st,ntlyillg the clcfoliatio~l tlisense of tomatoes, it became neces- 
sary to mra5ure the intensity of disease :+ttac!c. I n  as+ssing the 
value of ally treatment, i t  was neccasary to know ho\v nlnng fmlgolis 
penetrations hncl bevn prerentctl ancl ]low m11ch the intensity of in- 
fection had h e n  retluced by the treatment. 

'I'l~e tlefoliation disease of tomatoes is such all interestin,g tlis- 
ease in  this connection that  a separate study of this aspect of the 
prol~lem has been ~nacle ( I S ) .  The chief problem inrolvccl vai ;  to  
procure atlccluatc clnta quickly. Counting actual penetrations (lcaf 
spots) was foluncl to he accurate, but  entirely too slow to be reillly 

'The  writers are grateful for  extensive assistance rcntlered by htessrs. A. 1;. 
Dimond, R. 0. Alagie, A. D. hlcDonnell, G. E. Nutile, and R. F. Suit. 

A,Iessrs. G. all(! J. K ~ ~ t i l e  of Monto\vese, Conn., have provided excellent colla- 
boratio~i in thc form o i  a growi~ig  crop and facilities for field work in 1940 and 
1941. This help is gratefully acknowletlged. 



useful. Tn studies ~lreacljr nlatle on clover leaf spots (12) ,  i l  \\-as 
observecl t ha t  the leaf dies \\-hen about 20 percent of the area has 
been hit .  It was assumed tha t  in  the case of tonlatoes also the  pro- 
portion of dead leaves reflects tlir.ec.tly the number of successful in- 
fections prodi~ced by the f~ung~ls .  

AIc1iinnc.y'~ ~nctllod (25) for siicasnring clisease attack was adopt- 
ed, and  a stucly was nlacle of i ts  precisio~i 'I'o avoicl bias each plant  
in the experimental area was esaminrd sel~arately hy \\-allring crow- 
\vise of the treat~nents.  Each plant  was classifiecl into one of five 
categories of infection Imsecl on the leaf area killecl by tliseas? at tack:  
0 = disease-free or nearly so, l= one to 23 percent of leaf area ltjllecl, 
2=2G to .iO percent of leaf area killecl, 3 =  51 to 75 prrcent of leaf 
area Irilled, and 4= '76 t o  100 percent of ieaf area killecl. A11 infection 
ilidcx in  1)erccntagc for  any tre:~tnlent is rnlculatecl by tlie follon-ing 
formula : 

sum~n:~t ion  cn tegory numbers 
Iiides= s 100 

no. plants s 4 
The 4 in  the clenonlinator renresents maximum dihease arid 100 is 
used to  convert to  percentage. I n  dealing ~ v i t h  fungicitles the in- 
fection incles i s  subtr:~ctecl f rom 100 to give pei.centtagr control \rllicli 
brings the d:ita, into line 1vit11 other toxicological data.  

It was found tha t  this methocl gives precise results, especially 
fo r  a group of plots, and that  i ts l~recision was satihfactorg even 
fo r  cliffe~+ent timrs. 

CAUSES OF DEFOLIATION ON TOMATOES 

The  defoliation clisease of tomatoes is easy to  cliagnose. The  
leaves tlie and  tlrop, opening u p  the center of the  plant  and e s p o s i n , ~  
the friiit to tlie sun. h study has br rn  macle of the I-arious factors 
tha t  are involved in  tlie callsation of tlie dihease, s~lcll  :IS ftulg1 ancl 
insects, abnormal pl1ysiology : ~ n d  weather. 

Fungi and Insects 

Three fungi  have been found attaclting tomato foliage in the 
experimental fields. I n  the ascencling order of inlportance these are 
Clnclospo~iu?~t fulvllm,, Septo?lio, Zycopersici and i l7t~~ncr?.ia solul?i. 
Clcrdospoi.i~lnt fi/7vri?1t is rare. Xeptow'a I?/copc?7,x.ic.i Iias occurretl spo- 
radically, bu t  it cannot be consiclerecl to  have been n n ~ a j o r  factor 
in defoliation during tllc period 1929 to 1841. A survey of the litera- 
ture  indicates tha t  Septoria pla-yecl a nlore inlportant role i n  the can- 
sation of the clisezse prior to 1929 than  i t  appears to  liave played 
since 19.9. 

AZternul*ia .qolnni has probably been responsible for  90 percent 
of tlie defoliation during tlie same periocl. Apl~arent ly,  this organ- 
ism has captured tlle major role fro111 Septoria clnring the last clccntle 
and i t  appears to  be still on the illcrease :is a clisense 111-oclucer i n  
tomatoes. 



Flea beetles ancl aphicls also cause sonle defoliation in Connccti- 
cut although neither was much of a factor in the plots in western 
New York. Plea lwetles were founcl by Hcubergcr and Dinlond 
( 9 )  in  1941 to be seriously involvecl in the defoliation proble~n be- 
cause they punctured the leaves and openecl tlle road to infection. 
7TT. 13. Martin (25) has inclited them also for tran3l3ol.tiilg spor.es. 

Abnormal Physiology 

I t  is becoming increasingly clear that  abnormal physiology of 
the plant is associated with t,lle causation of clefoliation of t,omatoes. 
It is not yet clear, Ilonerer, ~\rhether the a,bnorm.al phys io loy~ is a 
primary cause of leaf abscission or whether i t  contributes to snscep- 
tibility to f~ingous invasion. Son~e  people seem to feel that thc 
problem is primarily one of ahnormal physiology. One of the im- 
portant reasons for tl~inliing so is that the clefoliation cliscase in bat1 
Tears is selclon~ llelcl nlore than 50 ]-)ercent in  chccl; by the best fnn- 
glcides. If fungi n-cre the prlnle movers in  t,he et'iology of t l ~ e  tl-onl)le, 
better control slloultl be obt,ained. 

Shndi,nq. Siml)le shading of the foliage has been offered as tlie 
callsc of the (Iisease, hecause sllading favors the ahscission of leaves. 
The importance of shading per se is cert'ainly minor, as shown by 
the tllousancls of acts of unstdccd tomatoes wl~ere the foliage is 
esceeclingly cle,nse but v ~ l ~ e r e  no clefolintion occurs. A'[creover, ir, 
years -\\.lien the clisease becomes serious tlie plants are opened to tllc 
sun, but t,his does not stop the process of clefoliation. This is not, 
to say, of course, that  sl~ntlin,g may not overhn1;tnce a sitnat,ic,n tll:lt 
borders on susceptibility. 

Age of 1 ~ i . w ~ ~ ~  is certainly one of the most importmlt rnrin1)les 
in the susceptibility of to~i~ntoes to clefoliat,ion by fungi, as suggcstecl 
by AIoorc (28).  

Tomato seecllillps in the colcl franie are someti~nes attackecl by 
Al.ternarin, hut  t,his seltiun~ or never occurs until toward t,he end of 
their seeclbed life pl ien tlle tissl~cs are beco~ning old and hardened. 
The ilisense on such h e a d y  xttaclced plants has been observed to dis- 
appc:lr as if by ~nagic  a,s soon as the plant's nre n~ovecl into t,l~c fieltl 
ant1 they bcgin to ?row a,g:~in with much ~ i g o r o n s  young Dissnc. Tlic 
d i ~ e n ~ e  reappears, ho\~evcr,  as soon as growth begins to slow dnwn 
and old tissue begins to predomin:~.te. Volunteer plants that stillat 
latc are not a,ffecteil as seriously as the oltler plants that ~ n a k e  1111 

tile crop. Age of tissue a1)I)e:Irs to be concrrned in thc C:IS(> of the 
early suscept'ibilit,y of staliec.l pli~nts. Gootl air clrainage nonnally 
~.ctlnces nttaclcs l,r leaf cliscasrs. Stnlred plants hare better air tirain- 
age than g~:ou~icl plants, and this shows u p  as favorable to tllelli by 
the end of the season. I n  1939 tlie pcrcent,agc of clisease reached S:3 
for the [ground plants but nnly GS for the stalicd plants. Lilce~.ilise in 
1940 i t  reachecl 9s ancl GO, respectively. 

Despite the adrantage of air drainage, Ilon-ever, stakecl plants are 
att,ackecl earlier in thc season than ground plants jn the saiilc fieltl. 





The experiment was elahoratecl in  1941, using Scarlet Dawn 
tomatoes. The  fertilizer mas 3-12-6 applied as side dressing in  bznds, 
500 pouncls per acre two weelis after'transplanting, and 500 pounds 
three weelis later. Blossoms began to form i n  the field about Ju ly  1. 
Beginning on July 10, when each plant had set two or three small 
fruits, four replicate five-plant plots, ranclomized in blocks, were 
laid out for  each of the treatments (Table 1). All fruits were re- 
mo~recl from some plants and these were li-ept essentially free of frui t  
until late A u g ~ ~ s t  when defloration was discontinued. Other groups 
of plants wcre defloratecl beginning ancl ending p rogre~~ ive ly  later. 
As a result there were groups of plants carrying a few fruits all 
season, a f e y  at  the beginning of the season, a f c ~ v  at  the end of the 
season, and all  intergrading conditions. 

D:lta indicate a fairly general relation between fruit load and 
magnitude of infection (Figures 1 and 2). This finding a g e e s  with 
the generalization alreacly ~iotccl that susceptibility is assoc~atecl \vith 
frui t  load. I t  is surprising, however, tha t  the agreement is as ,rroocl 
as i t  is. hecause of the variable introduced as to when the fruits 
were set. 

0 10 20 30 40 50 60. 

NO. OF DAYS 

F I G ~ R E  3. Relation of number of days 
that fruit was removed to sus- 
ceptibility of tomatoes to de- 
foliation by Alfrmnria solalzi. 

I t  is to be notccl that the clleclrs rescllecl the pcak of harvest on 
September 8. I f  the total yields up  to September 8 are plotted 
against magnitude of infection (Figure 2 )  tn-o distinct curves sppear. 
one for  plants carryin? fruits a t  the first of the Teason (labellecl e 
for  "cncl defloration") ancl one for  plants c a r r p i n ~  frnitc: at  the end 
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of the season (lnbelletl b for  " b e ~ i n  :lefloralionV). Thr\e  c.111.vcs 
sho\v calearly that.  fo r  eq11a1 nulnbers of f rui t ,  the plant. c a ~ . l - y i ~ i ~  
fr11it ei~rl\r sllo\ved Inore tllsease than those carrying thcm late. 

l'liis fact  sogpcstecl that the critical element here is actu:llly tllc 
num1)c.r of days tha t  fruits \yere picked off. T h e  longer the plants 
were tlcflorated, the less tlisease they clerc.lopec1. Since blooll~ing 
I ) e p n  :~bont  .TII~\T 1, this c ; ~ n  be calculatecl (Tahlr 1). \\'hen these 
tlata are  plotted a,gainst nlapnitntle of infection (Figure 3 )  the points 
come very close inclecd to it fit on the curve. showing tha t  the nunl- 
her of (lays tha t  f l - ~ ~ i t  were picket1 off is '  actually Illore critical in 
lweclisl~osition to infcc~tion than  the nnnlber of f ru i t  finall~7 set. This  
fact confirn~s the oh.;erration 11otec1 above th:lt clisease reltlonl attacks 
until after the onset of fruitinp. 

OLsrrvations indicate that tlisease ~lslially begins to br solne\~llat 
a p l ~ a r w ~ t  about micl-July to Aup~ l s t  1 ill wcstern Kew yorlc ancl in 
southern Connect ic~~t .  This  s l~ows several interesting correlntions. 
Since blosson~s are  set towarc1 the end of June,  this gives the diseasc 
two o r  three ~veelts to tlevelol, after frujts begin to nl>pear on the  
vines. Steier (36)  in ,\lnrylantl 11as approncllril i t  cliA'el*t~ntlp. H e  
says tha t  disease begins to  reinove the leaves in  about 65 to SO days 
irorn planting. Tr~nsplan t in ,q  usually beeins about May 20. - Sixty- 
five days f rom May 20 is J u l y  23. Timing esperilnents of sprays 
illc1icate.j tha t  .July 10 is early enough in most ye:lrs. ,\llo\ving 
two weeks for  incubi~tion, this means tha t  clefoliat~on coulcl be ex- 
pected to begin about J u l j ~  24. 

i\Tut?.it.io~r.. A significant correlation of infection and nutrit ion 
is l ~ o r t h  noting here. Pract,ical nlen believe as  notecl above tha t  Al- 
ternaria 011 tonlatoes is increasi~lg in  importance, a t  least in  the Xort,h- 
east. I'ublic:~tions fro111 Exyrrilnent Stat,ions tent1 to confirm this. I t  
is sugigestecl tha t  this increase nlay be due i n  pa r t  to  a strong trend 
in the fanners '  practice towarc1 reducing the nitrogen, and increasing 
the l~llosphorus in  the fertilizer, in  an  effort t o  bring about higher 
f ru i t  loads. A l thoug l~  this practice may increase yield of f ru i t  per 
acre i t  may also increase susceptibility to AZte?vzar<cc soln?Li a t  the 
sanle time. Possibly the  nutrit ion bal:~nce llas been clisturbecl. Sev- 
ctr:ll fields were notecl in  Connecticut in 191.1 1~11ere the production 
of the plants was enorlnous bnt the p~cl ted yield was low because 
. .. - - 

the clisease was so  bacl. 
This  l)robletn has been tentatively explored experimentally. I n  

1910 two groul)s of ten Scarlet Dawn plants each i n  n fielcl were 
heavily fertilized wjth sod i~un~  nitrate (one-half pouncl per plant)  
on Jn ly  2 and again on J u l y  2.3. The  basc fer.tilizer a t  plnntin,q time 
wils 1 0  pountl\ of 3-12-6 :~ppl ied in bancls a t  plnnting t i ~ a e .  The  
nitratecl 1)lunts grew l u s u ~ ~ i a n t l g  ancl fruited poorly a s  was to  be 
espectetl on t l ~ e  bayis of current fertilizer recon~menclntions. ,\lter- 
nar ia  attacltetl the field strongly in  A h g u s t  and defoliated the checlts 
early in  September, leaving the nitratecl plants as grecn islancls in  
the ficlld. T l ~ e  green iblantl effect, of course, was clue i n  part  to the  
excessive vegetation but: since the stems on the treated plant5 were 



freer of disease than tliosc on the checks, i t  follows that  the t rea t~nent  
had impartctl resistance. ~\cltlitional worlr slloulcl be clone on the 
effect, of nitrc~gen ancl pliosl)horus nu t r i t io~l  011 suscel~tibilitjr. 

It may  be t ha t  the re<ults on f ru i t  loacl and nitrogen nutrit ion 
are primal.ily to be es1)lained on the basis of the physiologic age of 
t he  tiesueq, 1)ecmisc both are  lnlo~vn to  delay senescence of plant tis- 
sue. Flo\ver gartleners often pick blooms frequently to  Beep the  
plants vegetating ancl producing inore blooms. 

EFFECTS OF DEFOLIATION 

Having  ec.\an~inetl the causes of defoliation i t  is l)c~.tinent t o  
exanline tlie eflects. ,I clear anderstancling of the effects of defolia- 
tion slioulcl be valuable in  clearin,: u p  the mystery of "delayed ripen- . .. 
lng  said to be caused by spraymg. 

Loss of leaves by clefoliation, of course, reduces green ~veigllt  of 
the plant. T h e  leaves tha t  are  lef t  ha r e  to assume the loacl of carry- 
ing  along the plant  inclucling the growing  fruit^. This  is ec~niralent 
t o  increasing the f rn i t  load, and  this probably :~ges  tlie relnaining 
leaves. so tha t  they becollie !nore susceptible t l i ;~n otherwise to Lilter- 
nnria. Tlle process then snowballs, resulting i11 complete dcfoliatio~i 
ancl, finally, cleath. 

I Total Yield 

I t  is p r o h b l e  tha t  defoliation can have li t t le effect on total 
f ru i t  production in the Northeast,, because most of the crop t ha t  can 
be piclrecl alleacl of frost is a.lready hanging on the vines before the 
disease :~ttncB can become serious. 

i i t  first glance this stat.e~nent seenls a t  variance, with the prececl- 
i ~ l g  tliscussion tha t  disease attack is associated with fruit 'ing. Tlie 
inc\ritt~,blc lng, ho\vever, is tlle responsible agent. Fru i t s  begin to 
a p ~ e : ~ r  by late .Tune, but tlieir effect on tlle plant appears to  g o  
tiirougll a l ag  pcriocl, so that  initial infections (lo not begin until n r l l  
along in  .July. Se~-el.al days are requiretl for  each spore gencr.ation 
and as  a result clisease seldom attains suficie~it  momentunl to induce 
111uc11 clefoliatio~i until  ~llicl-,\ugust, o r  lat,er. B y  tha t  tilllc. it is too 
late t,o obtain fruits froiii the blossollls that  set,. Tagging esperi- 
n ~ e ~ l t s  ~vi t l i  blosso~lls clescribecl in 1nol.e detail below liave slio\\r~i tll:tt, 
nearly (iO clays a re  required to ripen tlie cl.op. Tha t  nlen~is that  fruits 
set af ter  August 1 liare sniall chn~lce of bein,g picket1 alleat1 of frost 
ill the Nortlleast. 

Three ilivergent approaches are  possible in measuring the effect 
of disease o ~ i  yield : ( a )  conlparison of c1ise:tsecl with lie:llth\r fielt Is, 
(b)  conlparison of cliseasecl wit11 healthy plants, and. (c)  co~lil,arison 
of cliseasecl non-sprayecl plants wit11 plants Irept in  various stages 
of defoliation by tlifferent spritys. 

Practical farniers use tllc niethod of ~01111)aring Ilcnlthy ficlds 
with disrasecl fielcls sntl comparing yields in  disease years wit11 yicltls 
in  clisease-free years. They are  all  in agreement that the disease re- 



cluces the yielcl of the f r ~ t i t  that they can piclr, but this is a probleln 
in marlretable frui t  which will be cliscussecl belon-. No data is avail- 
able for making such coinparisons of total yielcls of fields. 

I n  1929 the problem was investigatecl using individual plants. 
I n  that  year all  the ripe fruits on each of the 552 plants i n  a spray 
experiment were picked each meek. The  intensity of infection on 
September 18 was obtained for each plant as clescribed. Consequently 
data are available on the yielding performance of indiriclual plants, 
both sprayed and non-sprayed, that  carried cliflerent amounts of 
disease a t  the end of the season. 

The  total yields were assembled by disease categories for 112 non- 
sprayed plants and for SS plants sprayed only once early with bor- 
deaux (Table 2). Results were clear cut and identical for the two 
groups of plants, but tlie implication cliRers clepending npon how 
they are stated. The  results nlay be stated in  the form that  the 
yielcl of ripe fruits increases as the disease increases, or they may be 
said i n  the form that  the most prolific plants developed the most 
disease. This latter method of arranging the statement is probably 
the more accnrate, because other data just discusskd show that  the 
prolific plants clo develop the most disease. 

Upon pursuing the matter further i t  appears that  the green frui t  
acts contrariwise. As  disease increases p e e n  frui t  decreases. A 
further step i n  the analysis shows that  the proportion of ripe fruit 
increases as disease increases. I n  practice this means that  more fruits 
on defoliated than on non-defoliated plants are picke,d aheacl of frost. 
Sometimes this statement is put  in the form tha t  they ripen ahead 
of frost. This brings up  the fallacy tha t  clisease accelerates ripening 
because tha t  explanation can be oflered to account for  the fact that  
most of the crop on defoliated plants is picked ahead of frost. 

This matter will be considered in  Inore detail below. 

Marketable Yield or Quality 

I f  i t  seems difficult t o  measure the effect of disease on total 
yield because of the complication of high yield, high disease, i t  is 
even more difficult t o  measure the effects of clisease on quality yield. 
Quality in tomatoes is an  ill-defined concept, and the concept changes 
from market t o  market and from season to season. When tomatoes 
are all good, the market is choosy as to quality; when they are all 
mecliocre, the market takes almost anything. When prices are poor, 
quality murt be excellent if the frui t  is to move. When prices are 
goocl, anything moves. 

Brown in  1928 (2) seems to have made the only attempt to meas- 
ure the effects of clisease on yielcl of marl~etable fruit. Ear ly  in  
August he surveyed 1,991 acres of canning tomatoes in  several Indiana 
counties and ratecl each field as to whether infection was slight, mod- 
erate, or  heavy. I-Ie obtained clata from the canning factories on 
tonnage purchased. I-Ie found that  1,195 slightly diseased acres 
produced 3.47 tons of marketable frui t  per acre; the 519 moderately 
diseased acres yielcled 2.79 tons per acre, and the 273 heavily dis- 
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easecl acres .i.ieldecl 2.26 tons per acre. Assmning 3.47 as a normal yield 
of marlcc~tnblc frui t  for  the area for that year, it may be dc- 
clucecl tliat a medium attack redncecl the yielcl by 19.3 per cent. and 
tha t  a sererc attack reduced the yielcl by 34.5 per cent. This findinq 
is precisely in line with ~ v h a t  fanners think in  relation to the effect 
of defolintion on yield of frui t  tha t  they can sell. 

Defoliation induces or aggravates certain off-quality conditions, 
such as flabbiness, cracks, sunscalcl, oraniqe instead of reel color, and 
off-flavors. I t  also aggravates such diseases as stem-encl rot, anthrac- 
nose, ancl soil rot. 

Relation to  T y p e  of illarket. The effect of these factors on ' 

marketability depencls, of course, on the needs of the  market con- 
cerned. Flabbiness, cracks and frui t  clisenses are reflected in salabil- 
i ty  in almost any market except the most bearish. Color, how- 
ever, is of critical importance to the canner and roaclside markets. 
The canner constitutes a very critical marlret and he now buys large- 
ly on U. S. grades ~ r h i c h  are basrd on color, presence of nlolcl ancl size. 

P o o ~  Qunl7:ty Types .  Pickcrs often note that fruits on defoliated 
plants are more flabby than those on normal vines. Fru i t s  on clefoli- 
atecl plants also cmclr much ~vorsc than those on non-clefoliaterl plants. 
This  reduces the marketability of the fruits in  almost any marlset, 
perhaps more in the local market than in the cannery, because the 
canner may pare out the cracks. Cracks reduce marketability also 
b~ pernlittirlg the entrance of rot-producing organisms tha t  recluce 
the frui t  to a slrin full of slime. The prob:lble reason for  the  increase 
in  cracking of fruits on defoliated plants is tha t  they clo not have 
the leaf tissue to soak up  thc extra water that  the roots take in  during 
a rain. There may also be a reaction to light. Frui ts  grown in heavy 
paper bags in 1940 craclred much less freely than those not so bagged. 
Presurnablv this was a matter of licht. 

c, 

The exposure of fruits to strong sunlight nrlien leaves fall often 
results i n  sun scalcl which makes the frui t  whollv unsalable. This 
may be a serious factor immediately follomin,g the loss of the leaves 
if a hot spell occurs. 

The  flavor of fruits appears t o  diminish as  the clefoliation in- 
creases. This  factor is almost unclefinablc, Put i t  is probably associat- 
ecl with a lowering of sugar content. Tlle fruits seem to be insipid, 
flat, or even mildly sour. 

Probably the most important factor in lowered quality tha t  
comes from clefoliation is the poor color as first reported by Pritcharcl 
and Por te  (f31). D'rnits on severely defoliated vines seldoln or never 
at tain a normal deep red color, but rather they reach an orange recl 
color that  is  not acceptable to a critical trade like a cannery or a 
roadside marlret. Hotvever long such fruits remain in  the field, they 
remain a sickly orange, never becoming rich red. I n  one severely 
diseased field in Connecticut in 1941 more than 50 fruits per plant 
were left unpicked in the field because they would not  "color up." 

A stncly of some of the possible causes for  this effect of defolia- 



tion on color are  interesting. I n  191.3 I)ngg?r (5)  sho\red that  tlie 
red color (1ycol)ene) i l l  tonlatoes is closely ]1111ite(l 1)s tenl])erat~lrt~. 
Lycopenc fornls very slowly a t  t,empcratures ,belo\\? .i.i°F. This  ace- 
counts f o r  poor coloration of f ru i t s  in the fall. Lilce~visc~, tlle c:olor 
is no t  formed if tht. f ru i t  t e m ~ ~ e r a t u r e  rises ~ i i n c h  above 85°F. H o s ~  
(32) slio~ved i n  l!)d(i that  the yellow p ig~nen t  (1n1-gely ca~.ot in)  ! 'or~l~s 
quite reacliljr a t  a te~nl)rra . t~tre  of S.ink'. o r  ahove: ~I ;~cCr i l l iv~-ny  ("i) 
then sl~o\vcil in 1!)35 tha t  thc temperature of the frui ts  on tlefoli:~tetl 
plants 111:15. ~ * i s ( b  :IS ~ l~ t l c l l  as 20°F.  higher than that, of f rui ts  011 non- 
tlrfolintetl pl:~nts near ly .  H e  concludecl t l l ~ t  t,llese elevated tr111l)t.t.- 
atures ellcorlragecl tho ycllo\r color and discon~.aged tllc 1.rt1 color, 
thus ,nivi~l,g rise to orange colored fruits. 

I n  1(3:3fi O r a  Smi th  (35) invcstigatcbd the etrrcts of l i r l ~ t  on 
tonlato ripen in^ in  connection with his st11tlies of artifici:~l ~.iljening. 
H e  found tha t  l ight f nrored the  clevelol~ment, of the yello\\- c ;~ro t ino~t l  
pignlents ant1 tiiscou~.t~~ged the d(?\~lopecl of tlie retl 1ycol)ent.. I n  sonle 
tests here in  1!)40 frrlits 011 st:rltetl vines \Yere enclosotl in hr :~vy I):I~)PI. 
bags. \\'hrn they r i l )e~~et l  the color was beal~t i ful ly  ~- ic*l~ retl inste:~tl 
of tlie typi!.wl ote:lnge retl of tllc f rui ts  ripchnecl as t l ~ e y  11111ig ~ Y O I I I  t11t-l 
stalrrs i r l  the slln. I t  follo\\;s that  botll ligllt a11t1 t r ~ r ~ l ) e r a t t ~ ~ . r  nrr 
conce~.netl in t l ~ c  tlifferential color:ltior~ of f rui ts  es1)osetl in tllc slin 
~ v h e n  tile leaves (lie ant1 fal l  ~ \ \ , ; I J '  fro111 thenl. 

IIiac.asr,s otl F t , ~ i i t .  I ~ o s s  of leaves, p1.oducetl by tliheaw or 1)y 
hantl, a1)peal.h to inc.~*e:~sr the .s~~scel)tibility of f r ~ ~ i t s  tt) :~~~t l l r :~vnohe  
o r  r i p  rot c - i ~ ~ ~ h c ~ l  1 ) ~  ( '0 / /~~tot t~;( .h7ot1  pItott10I 'd~~. , i n t l ~ ~ ~ n c n o s r  ap-  
pears to b t b  on tile incl-east. in  tlic Sortheast.  prob:~bly bec:l~tse (It.- 
foliation is on tlie Increase. Thc  disease oecu1.s as ro~tntlctl s ~ ~ n l t e r ~  
spots wit11 a sn~oo th  J I I ~ I . ~ ~ ~ I I .  They look a.; if tlicy 11:1tl 1xv.n pl~slled 
in  by : ~ n  inrles finger \ \ l i t ho~~ t  a finger nail. The  sunken area is  
coreretl with m i r ~ t ~ t e  p in~ples  arranged ill circles. T h e  pinlples usual- 
ly t11r11 rI:~rlt in late btages. Sonletimcs nnth~.acnose is  callecl nail-  
liead in  Connecticut. Tliis is 21 misnomer as t l l i~t  nanle was coitlc>tl 
fo r  a n  entirely different disease forlntl only in  the South. The  name. 
:~nthrncnose or  ripe rot is preferable. 

Stem-end ro t  1n:ly sonletimes occur plentifully on tlefoliatetl 
plants as  i t  nlny be carlsetl by B7terrwria sol l rn i ,  the  f l ~ n g n s  c~onimonly 
:~ssociatecl a t  1,l.escnt ~ v i t h  tlrfoliation i n  the Northeast. This  tlisensc 
produces a blaclt s~lnlzc~n area arouncl the stell1 so~iictimes spreacling 
irregrilarly out o ~ ~ t o  the s l~oulder  of tlie fruit .  

I t  1)robal)ly ;rttac:lrs these areas because tlie spores full there ant1 
fintl conclitions s ~ ~ i t a h l e  fo r  1)enetration. I t  nlay so~ne t i~nes  :~tt:lclc 
craclrs as ~ r c l l .  0 1 1  oc:casion as in 1038 i t  J I I : I ~  cause ~vitlesp~.t~:~tl 
t1rol)ljing of f r ~ l i t s  \\-lien the infection spreads to the petlicle :lnd 
kills it. 

In fec t io~l  orilginating from soil borne c;rganisn~s s o ~ n r t i t ~ ~ t ~ s  s v c t ~ ~  
to  be 1.elated to tlefoliat,ion but count,s in  S e w  Porlr in l!J:-lS :~ntl  ill 
C'onnectic~~t in  1940 fnilecl to clen~onstrate the effect. 0t11(lr fruit. 
tliseases such :IS nailhc~i~tl, bacterial slmt ant1 b1osso111-cncl rot (lo not 
aplje:ir to  be :tgg~.a\-:t tetl by defoliation. 



Ripening 

'L'lic cffccts of defoliation on ripening is a co~ilple\: but c\:ccc.tl- 
ingly illteresting problenl, that  has been tlie snbjcct of 1nuc.11 sl)ec.l~l:l- 
tion in the l i t e~x t a r e .  The 11roblem arose ont of an  efiort to es l ) l i~ i~ i  
e i~ r ly  rebnlts on the elFects of spraying on yield of tolnatwt.4. Two 
opl>osin,g points of view h a ~ ~ c  beell evolvccl, one that  s p r a ~ i n g  cle1:tys 
ripenin:r, the other tha t  defoliation accelerates ripening. S l t h o u ~ h  
~0111e tlnt:~ 1i:lre already been presented (20) on this subject, i t  1~111 
he :111nlyzrt1 here ill 1iiol.e detail bec:1115t. more tl:~ta have becollie avail- 
able. 

1,loycl ancl Brooks (24) in 1010, Boyle (1) in 191:). ant1 Etlge~.ton 
(6)  in  1914 to 1018 are chiefly rezpol;sible for  the p1.evailing l)oint, 
of view on ripening. They clesignetl their esperillicrits essentially 
alilrc ant1 they all  obtained cz.ientiallp the :an!c results ~vhic-li ht~ve 
been tluplicntecl Illany t l~nes  5ince (40, $3) .  They sl)rayctl s o ~ l ~ e  
plants ~ v i t h  borcleaux ancl lrept zome not sprajiecl. 'I'liey picket1 t l ~ c  
frui t  ac; i t  ripened ant1 they esaliliricd the pic.ki~~,c curve.;; e\:prc\sc>(l 
eitlicr cnmuli~t ivel~,  or a5 fl.ecluencies. 

r .  One pl~e~iomcnon i\ cllaracterihtic of! all curve.. Ill(> ] ) ic l< i~~g 
curves for  the sprayed plants are flatter in tlie beo.illning of tlie 
se:~son ant1 they 1-eac11 the peal< of tlie liar\-ebt Inter in the 5e:lsoli than 
thosc for  tlie non-hpragecl plants. 
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I n  addition, there are two clistinct types of curves best expressed 
as cun~ulative curves (F igurw 4 ancl 5). I n  the first type the curve 
for  the sprayed plants remains below tha t  for  the non-sprayed plants 
throughout the season. I n  the second type the cilrve for  the sprayed 
plants overtrakes and finally passes tha t  for  the non-sprayecl plants. 

Both of these types ha\-e been obtained in the present research. 
The picking curves obtained in  1937 when disease was light illustrates 
the first type. The  curve for  the non-sprayed plants remained always 
ahead of tha t  for  the borrleallx-sprayec plants (Figure 4) ,  so that  by 
the end of the season llle non-sprayed plants hacl yielded Illore ripe 
fruits than the plants sl~ri~yecl with borcleaux mixture. 

A A ., 
The picking curves obt,a.lnecl in 1935 (Figure 5) when disease was 

heavy illustrate the secolicl type. Rlthoug11 the currcs for the non- 
sprayed plants forged ahead of tha t  for  the sprayed plants early in 
the season, it began to lose pre-eminence by early September. Tlic 

. curve for  the sprilyecl plant,s passecl tha t  for tile non-sprayed between 
September 5 and September 14. 

The ~ ~ r o r k  on tomato defoliation almost invariably s h o \ ~ s  tha t  
the sprayed plants retain more ,green fruits a t  frost time than non- 
sprayed plants. This  fact has been usecl as an indirect nleasure of 
amount of disease (IS). 

Upon examining these two t,ypes of curves Lloycl ancl BrooBs 
(24) concluclecl tliat the spray caused the plants "to continue growth 
ratlier thali ripen early fruits." Doyle ( I )  concluded that dcfolia- 
tion of the rlon-sprayed vines caused the plants "to ripen their 
frui t  cluiclrer" t,ha,n bordeaux-sprayed vines, while Eclgerton had clif- 
ficulty in deciding between the t'wo possibilities saying that "This 
partial clefoliation of plants causes a more rapid development of the 
f ru i t .  . . . . I-lolcling this foliage by means of sprays produces greater 
vegetative g r o ~ r ~ t h  ancl slo~ver development of the fruit." Eclgerton 
apparently leanecl toward the latter explanat'ion because he titled his 
paper "Delayecl ripening of t,oinat,oes caused by spraying 1vit.11 bor- 
clewus mixture.'' 7'llis explanation llas been retainecl even up to 1940 
(40, 41), despite I?'. H. Jfartin's conclusions in 1980 (23) : "It  is 
not believed tha t  the presence of bordeaux mixture. . . . .on the plant 
has any direct influence on the ripening period." 

I t  is well to examine the major premise in the argun~ents. Tlie 
~ i la jor  premise is that t,lle slope of the picking curve is a f~ulction only 
of the ].ate of ripening: The alt;ernn,t'i-\ri: premise is not consiclcred- 
that the slope of the picliing curve is a function of the rate a t  n~hic11 
blossoms ancl then fruits are proclucecl. The  latter assumption is so 
sinlple that  i t  seenls strange tha t  the former coulcl linve been adoptecl 
at  all without disl~rovin,cr the la,tter. a t  least. 

d 

The sitnation perhaps arose because of the point of view tha t  
nlany farmers holcl. ll'hen a farmer picks one field ahead of anotller 
lie often says that i t  ripener1 carlicr. Probably, all he is aware of is 
that lie picks niore ripc frui t  in the early part  of the season from one 
field than iroln another. This is a confusion of the conccq3t of the 
ripening or reddening of a frui t  with the prodnction of ripc frui t  



from a field. I t  is then desirable in clarifying this matter to limit 
the term, ripening, to the rate of maturity (reddening) of frnits, 
not to the rate a t  which a field produces red fruits. 

I n  the case of the problem in  hand, it is ilnperative to decide 
whether the difference between the picking curves is due to  differences 
in  rate of frui t  reclclening or to diflerences in the rate a t  which fruits 
are proclaced. Experiments must be designed to keep the two separ- 
ate. A t  the same time the experimental tlcsign must also be capable 
of keeping the effects of spraying separate from the effects of disease. 

Rate  of Ripenin,g. The effects of spraying on ripening has to be 
deternljnecl first in the a.bsence of disease. The  rate of ripening is 
found most certainly by ta,gging blossoms. I n  1936 clrought was so 
serious tha t  disease nevcr appeared i n  the plots in  any quantity. 
Bordeaux vras applied all season. A11 the hlossoms that  a,ppeared 
mere ta,ggecl on ten sprayed plants and on ten non-sprayecl plants. 
The number of days for the average frui t  to ripen wa,s 94.1 and 54.9, 
respectively. Clearly the spray esertecl no eflect, on rate of ripening 
in the absence of disease. This agrees with Martin's conclilsion (25). 

The effect of defoliation in  the absence of fungus was tested in  
1937. From the 1936 dntn just presented, it was kno~vn t,hat fruits 
set after August 15 coulcl not possibly be picked as ripe before frost. 
Accorclingly fruits were allo\vecl to set normally until micl-higust 
on sprayed plants. Then half t.11e leaves were removed by hand from 
SO plants in four replicates of 20 plants each. Fruits  were picked as 
usual ancl curves mere plottecl (20). Since the curves coulcl be super- 
imposed, i t  follo~vs that mechanical defoliation it least had no effect 
on the slope. 

I t  is cornmonly helcl that  pruning to a single stem accelerates 
ripening. Watts (39) test,ecl this hypothesis experimentally by tag- 
ging blossoms on pruned ancl non-pruned tomato plants growing in  
the greenhouse. Fruits on pruned plants ripened i n  43.3 clays and 
they ripcnecl in 43.4 clays on non-prunecl plants. Here also i t  is c l a r  
tha t  def~l ia t~ ion had no eflect on rate of ripening. 

Tho possibility remains, 110-ivever, that  clefoliat.ion by disease 
may act differently from n~echsnicnl defoliation in its effccts on ripen- 
ing. Accordingly, in 1941 blossoms were tagged on six bordeaux- 
sprayed Victor tomato p lank that  lost less than 20 percent of their 
leaves cluring the season and on six non-sprayed plants adjacent tha t  
lost more tjhan 60 percent of their leaves from Alterr.~n.r?h solani by 
Septenlber 1. The 65 fruits tagged on the sprayed plants ripened 
i n  51.6 days and the 162 fruits on the clefoliatecl plants ripened in 
50.9 clays. 

Clearly t,he defo1iat:ion from clisease effected the same result's as 
artificial defoliation or pnuning. I t  ha,d no measureablc effect on the 
length of time from pollination to ripening and hence no  efiect on ra'te 
of ripening. Since neither spraying nor clefolintion has exerted any 
measurable effcct on ratre of ripening, i t  seems that  the alternative 
premise needs st,ucly-that picking curves are a function of rate of 
procluction. 



R a t e  o f  Ft*lrif I ' t~oductiot i .  The effect of spraying on f ru i t  pro- 
duction has to  be detcrmi~led in tllc ah.;en:e of clisei~se. This  subject 
has beell investigated i n  consitlcr:tble (letail (20 )  ancl i t  will be 
sumnlarixecl below. I t  is only sl~fficient for  the purposes here to state 
tll:~t bortleaus dwarf.., young plant.; so that the rate of blo5som pro- 
duction is slo\\.erl. I n  the case of tlle 1936 esl>eriment noted above for  
t a g ~ e r l  blosso~ns. the 10 sprayetl plants ~>rodncecl 44 young frruits 
dnrlng tlie pe:~li 1)loom periotl of .July 2l t o  28. The  10 nearb~r non- 
slwayeil plants 13rotl11c.etl 164 young fruit\ ,  or four  tillies as marly. 
T h e  picl<ing tlata 54 clays later hho~vccl that  2111 44 sl)~-ajietl f rui ts  were 
1)iclied bet1vce11 Sey)tcniber !f ant1 16, and that  157 of thc 164 non- 
hlw:~yed frliit\ were piclrrtl. C'lc:~~.ly t l ~ e  hi,~.her 1)icking rate of the 
~~on- s lwayrd  1)lnnts wn.: tlue to :I higller proclnction rate, not t o  a 
f t~qter  ripening lm:lte. The  assrlubly line moves : ~ t  the sanie rate of 
hl)t'e(l for  1)otll hprayetl ant1 non-hprayccl fl.uits, I)ut the llnits itre 
spaced far ther  :~y)i~rt for  sl)ri~yecl plants tli:~ri for  11011-.:l)rayed plants, 
so tha t  fewer units per  \veck coli~c off thcl cntl of the belt. 

IIo!)*vrst Pcnks. Tlic cspc.1-in~cntal wnrk so f a r  appears t o  cs -  
l>lain ;idequ:~tcly tho sn~a l l e l  protlucetioll of l)o~-tleaus-sl)r;~~rc~(l f rui ts  
early in the senson, but this ~vorlc rlocs not esplttin the fact tlint, the 
yield of l )o rde :~~~s-spr i~ye t I  plant,s 0ftc.n orel.talies tha t  of t l ~ c  non- 
sprayetl p l : ~ l ~ t s  ancl I ~ I : I ~  evpn surpass that  of non-sprayed plants In 
severe disease years :IS in 1!)38 (l'igure 5) .  

-1lso the e s p c ~ ~ . i ~ ~ ~ e n t a l  wo1.1t so f a r  1loc1.: not acconnt for the fact. 
t ha t  sp rqec l  1)lants practically :~l\vays pt*otl~!ce illore f r ~ ~ i t s  t l ~ m  tlie 
clleclrs in the p i c l i i~~gs  a t  tlle et~tl  of the scason. Fros t  often destroys 
this portion of the crop. This  fact has often been advanvet1 in  sup- 
1)ort of tl~c! : ~ ~ . g u l ~ ~ c t ~ t  t h a t  clefoliation accclrrates ripening. Tlie 
argument is that,, if :I l:~rgc,r proportion of the crop is picltetl ahe,acl 
of frost. fro111 the  sick 1)l:lnts than fro111 t , l~e  h e i ~ l t l ~ y  plants, then t he  
speed of r ipenir~~g must. be accelerated by tlefoli a t '  lon. 

Since the tttgging espel*ili~ents s h o \ ~  tha t  defoliation does not  
accelerate ripening, sowe otlier mechanism niust be sougllt to account 
for  this effect at, the end of the season. I f  t,he cumulative picking 
curves are convertetl to freql~ency curves, :IS tllosc puhlishe~cl by E d -  
gerton (6)  and those obtained ill tliis ~ v o r k  in 1938 (F igure  5 ) ,  i t  is 
clear that  the checlrs 1.encl1 tlie peak of picking one or two ~veelrs 
aheacl of borcle:~us-sprnye(1 plants. 

It has all-eady been slio\vn ( 9 0 )  tha t  t ~ m a t o  plants set f ru i t  in  
proportion to  their  size. Sinc,e non-sprayed plants grow faster than 
those spra.vecl nritll borc le>~,~~s ,  i t  follo~vs that  they will begin to set 
f rui ts  quicker; they will attain their n i a s i ~ ~ ~ u r n  gro~vt,ll earlier in the 
season iultl? nccortlingly, tlie pc:11< of picking will occur earlier in  the 
season. 

On t,he other hand disease usually begins to become serious by 
the tinle the unspl-ayed plants approncl~ the peak of r n a s i ~ n l ~ m  gront l l  
and  mas i~nnn l  f r l ~ i t  setting. I t  not only slows ,gro\vth do~vn,  but i t  
may actually cause the plant t o  lose green weight. \TThen tha t  occurs 
the plant ceases ilbruptly to  p11t on new fruits, so that  the picking 



cul-ve m y  be t'runcated. Plants  wit11 less disease are tll11t3 to  lay 
on I I ~ \ V  tlssue faster tlliln the disease removes it. ~ \ s  a result they 
continue t o  increase in  total green ~vc ight  and to set fl-nits. The  
peak of the pickirlg is thus clisplacecl to-xard the frost e11t1 of the 
season. This  le,acls to  the fact that  frost destroys il larger l ) r -opor t io~~ 
of f rui ts  on non-tlefoliatetl than on clefoliateil vines. I n  short, the 
non-cliseasetl plants cont,inne in tlie normal fashion to protlnce f ~ ~ n i t s ,  
with t'he result t ha t  some are ca,u,rrht by frost. They ~vonld  cont,inue 
to  produce f r ~ i i t s  inclefi nitely unless frost came. The  clefoliat~ecl plants 
can no longer set a crop, liowever, and so frost c:ltches but  a sinall 
l)roportion of the crop. 

It follo~vs tha t  t \ ~ o  fiictors account for  R lafigc pro1jo1-tion of 
f rui ts  a t  frost tinlc, on spr:~yed plants :  ( I )  cl~varfinp forces the 
peak of ~ r o d u c t i o n  latcr in  the season ancl (2)  on-diseased plants 
c o n t i ~ n ~ e  t o  :~dt l  , p e e n  \vei,rrllt and a,ccorclinrvly blossoms, ~ ~ , h i l e  clisensetl 
plants lose green weight slid cease t,o set blosson~s that. might 11rodut.c 
f rui ts  to be ltillecl off. 

Disc~ission,. Since the  effect of tlise:l~e on ripening is siich an  
inllmrtant subject. in  the tomato clefolintion ~ ) r o b l e ~ i ~  it  will 1)e ~ I ~ I I I -  
m;~r.izr:l ant1 cliscnssctl here as a ~vhole. These s t~~cl ies  of the problem 
inclict~te tha t  neither disease nor  spraying lias any effect on the sptaed 
at. which frui ts  ripen. The  slope of the picking curves is governecl 
~vliolly, i t  seems. by the rate at. ~vliich young frui ts  nre "set" by the 
l ~ l n ~ l t s .  'I'he f l a t ~ ~ e s s  of the slope of the pictking curve for  sprayctl 
plants early i n  the  season a,nd t>he lateness of the peak arc, due t o  the 
cl\va~.fing ant1 defloration act,ion of tlie sprays. The  flatness of the  
picking cul-ve for  defoliated plants late in  the season nncl the small 
p e r c c ~ ~ t : ~ g e  of green frnits c aug l~ t  by the frost are  clue to  failure 
of the plants to continue to set f rui ts  after disease hecomes s e r io~~s .  

Prit,cllarcl ant1 Porte  (:]I) attempted io  Itill the theory of delayed 
ripening a t  i ts incel)tion I)y l.eporting cli~t;~ froill many espc.~-iments 
sho\ving . t , l~at  spraying (li(1  rot. ail'ect the picking cilrve. The i r  
crit.icisni faileil to  ~megister, l~o\vever~ 1)ecanse their datn were of t , l~e  
same type as tll:i,t ilsctl t,o set 111) the theory, i. e,. piclting data.  I t  
n-as only a q ~ ~ c s t i o n  of one s ~ t  of positive p7cl'clring ~ ! i ~ t s  against a 
negative set of piclring tlata t ler i~et l  by P~:it~chard ant1 Clark (50) .  
The  fact. ~ v a s  that  the pic.lring curves fro111 sprayetl plants :ire fre- 
cluentljr f l i~t ter  t , l l a ~ ~  t,llose of non-sl~rn~.ccl 1,lants. Xo amount of tests 
where this  cfcilt fails to al)l)t'iw can 1.eal1y clisl,rox-e it.. I\'. H. J la r t in  
( 1 5 )  almost solved tlie ~)rol) le~~. l  in l n l n  1)y l m i n t i ~ ~ g  o ~ l t  thnt bordca i~s  
itself pl.obnl)ly 11;1d n o t l ~ i n , ~  to (I(; ~v i t l i  ril):~~iing, hilt that  i t  maintain- 
ed the leaves ~ r h i c h  sllatlecl t l ~ c  frni t ,  " t l~us  delayin? its ripening." 
J l a r t i n  sc.c~necl to  recognize tll:~t t , l~c "sp~.n,y np1)licat ~ o n s  ;;~-(>ntly in- 
fluenced tlie procluction of ~.ilje frnit." I t  sccnrs lulfortnnnte tllilt lie 
clitl 11ot ~ x ~ ) l o r t ?  the ~A'ect of spr i~ys  on ~)~~i) t l l ic t ior~,  not on ~.ipening, 
bec i i~~se  liis conclusions 117ould 11ave 1)ccn tlifferent if he had. 

Snlitll i111~l Zi~l l~ncrley (34) plot har.c-est,in,~ clulrcs ancl they 
recognize an effect. of spriiying OII time of ripelling. I f  they had 
exallliner1 the "time of ~.il)c~lin:'' on the b:~sis of time of f ru i t  set, in- 
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stead of rate of ripening, i t  mould not hare  been necessary to re- 
in~es t iga te  the problem 20 years later. 

J. D. TVilson of Ohio (42, 48, 44) has rnade many observations of 
the effects of sprays on vegetables. H e  has expla,inecl several of 
these as instances of clelayecl ripening. It is interesting to inspect 
tliese observations in the light of t,he hypot,he,sis tha t  spraying has no 
effect on speed of ripening, but. rather that  the effects arc clue to 
cliffe,rences in production rate. Wilson (41) reports that  "net in- 
creases in  yielcl clue to spra.ying are finally obt,a,inecl if, ancl frequently 
only if, defoliation of the  untreatecl controls is severe enough to cause 
a consiclerable decrease in yield." 

"This injury trend . . . . . hacl to be offset by the beneficial effects 
of clisense control before any net increase clue to spraying coulci be 
obtnined. The existence of this injury zone fails in some instances 
to give a net increase in  yield over similar but untrcated plots." 
One of the classic, exalnples of reclncecl yields dne to spraying involves 
tomatoes.. . . . Septoria leaf spot was severe enough ( in 1938 and 
1939) "that many of the spray materials used galre sllfficient disease 
cont,rol to offset the injury fact,or of spraying, with the result that  
sprayed and clustecl plots consistently prodncetl a greater quantity of 
f ru i t  than untreatecl ones." As usual, however, the picking curves 
were flatter for the sprayed plants than for the unsprayed plants 
snd,  as usual, this flat slope coulcl easily be explained b y  the injnrious 
eff'ect, of the spray on procluction of flomcrs 'and fruit, set. IVilson 
feels that  "ripening of the fruits wa.s clelnyed long enoilgh tha t  pro- 
duction from some of the sprayed plots did not exceed tha t  of the 
untreated controls until near the end of the picking sea,son." 

Wilson (41) offers as  another example of delayed ripening of 
muskmelons, the fact tha t  materials change ranking as the season 
:~clva,nces. I n  the case of n material such as Compound A tha t  yields 
poorly a t  the beginning of the season and high a t  the end TVilson 
feels tha t  the ripening is delayed. 

I t  is worth while to study tile con~parntive shifts between Conl- 
pound A and Cupro I<. Compound h ranks low early in t,he sea,son 
and high late in  the season. Cupro R ra,nks high early i n  the season 
arid .low late in  the  season. I f  compound A delays ripening, then 
does not Cupro R accelerate ripening Z 

Eit,her conclusion is more easily explained on anot.her ba,sis. 
Both materials are oxychloricles ancl bot.11 materials possess approxi- 
mately equal tenacity. The  copper in Compound A has a higher spore 
Id l ing  power than tha t  in  Cupro K and i t  is more injurious on copper 
sensitlive foliage such as lima bean accorcling to  TVilson's clat,a. Com- 
ponncl 21 :also llns a higher protective coefficient than Cupro I i .  

The t,heory of reclnced frui t  p1:ocluction would give t,he follonring 
esplaniltion: since Coinpound A is more injurious to toma,tocs than 
Cupro Ii i t  ~voulcl give lower early yields, but since i t  is relatively 
inore pr~tcc t ive  agalnst disease, i t  mould give higher late yielcls. 

I f  the words, tribasic copper sulfate, are substjt,utecl for Cupro 
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I< in  the pl.ececling cliscus,sion, the general pict,ure is tlic same ancl it 
fits the facts equally well. 

Wilson (41) offel-s still anothsr interesting case of clclayed ripen- 
ing. Since cncnmbers for seecl are picked a t  the end of the season, 
there is no questlion of criterion of ripening ancl the yiclcling pot,en- 
tialities are all rea.lizecl a t  the encl of the season. I n  one experiment 
the yield of cucnniber fruits was somewliat higher on Conlpouncl 
A-slwa,yecl plants than  on tribnsic copper sulfate-sprayed plants, but 
t,he Co~npouncl A-sprayccl plants had clistinctly fewer seeds than the 
tribasjc-sprayed plants. 

Thc esplanntion is offcrecl that the seed product.ion was halted in  
mid-season by mosaic and since "fruits in the plot ~vhich hacl been 
t~.eatecl wit.11 Grnsselli Copper A were the greenest . . . . they procluc- 
ecl t.lie smallest amount of goocl seecl per pound of fruits . . . . I t  seems 
likely that  the prenlat,urc arresting of seecl clevolpment in the fruits 
on a,ffect'ecl plants may have increasecl the v~getat ive growth sufficient- 
ly to account to some extent for their greater weight nt harvest t,ime." 

The major premise here is that  mosaic arrested seecl development. 
It seems eclu:llly plausible that the coppcr i n  Compound h lrillecl 
more pollen, as it does more spores, than the copper in  t,ribasic sul- 
fate, and hence the fruits carried fewer seeds a t  t'he encl of the season. 

Even if ~rlosaic were accountable for the low seed yield an nlter- 
native explanation is possible. O n  account of diffe.rentia,l injury, 
the triba,sic plots were carrying mostly big early fruits with seecls 
already set when mosaic struck. The Compound A plots were carry- 
ing n~osl:lg late set snlall fruits with inlmature seeds when mosaic 
st~,uclr. This esplanation involves later procluction ancl later picking, 
not later ripening. 

Finally, the theory of delayed ripening suggested to TVilson 
(42) that a farmer spray one porttion of a tomato fielcl with tribasic 
sulfate and one with copper Compouncl A in order to sprea,d his 
piclring loacl. On the theory of differential production, not clifferen- 
tial ripening, t,hc f a r ~ n e r  wouid apply Compouncl A heavily early 
in  the season to one portion of his field, to lrill oE n lot of blossoms 
ancl give goocl protection. This portion of the fielcl woulci reach 
peak j)rotluction late. To t,lie other port,ion of the fielcl he ~vonlcl 
apply Compouncl A lightly and late. H e  ~vould pick t.his portion 
early. 

One aspect of this ripening that has not been emphasized in the 
test,  because no tlata on t81ie point are ~vai lable  from these tests, 
is the effect of defoliation in  elevating the t,emperatnre of the frui t  
and the effect of this temperature elevation on speecl of coloration. 
Rosa (32) pic-ked fruits a,t compar~tble stages ancl stored t l~em a t  
various const:~nt t'emperatl~res. The rate of ripening in clays was 
24 for 11°C.. 16 for l(i0C., 8 for Z o C . ,  and 11 for 30°C. 

I\lacGillivray ( 3 5 )  has a.mple clata to she\\- t'hat defoliat,ion elc- 
vates the frui t  temlxlrature, even as much as 10°C. The data at. 
Xew I-Iaven in 1941 sllolrr that  fruits on rlefoliatetl plants ripened no 
faster than tliose on non-clefoliatecl plants. T h e  fruits -\\-ere yellow 
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recl and  not 1.ec1. of course, hut  they coultl no t  he piclrt.tl fo r  peak 
color, anjr sooner, on accol~nt  of it. How cloeq this fit with the al)o~-e 
d a t a ?  

T h e  esplana tion mould appear to  be that  the frui ts  on ilrfolint- 
ecl plants were generally \\-arm enoug-11 to  ripen a t  almost ~nas in ium 
speed. A n y  aclrantape of the es t ra  warmth  derived fro111 tllc sun 
in  ripening the f ru i t  was offset on tlefoliaterl plants by  the possibility 
of overheating them. Orerlleating rcilaces the speecl of ~. ipening 
accol-cling to  Rosa. 

COMBATING DEFOLIATION DISEASES W I T H  FUNGICIDES 

Durin,g tlie periotl of this research on tomato dtlfoliation an  
extensive s t ~ ~ i l g ~  of fr~ngicitles Ilas been made. It mas obviol~s t o  
begin with thnt bort leat~s  was clepressiilg the growth ancl yieltl of 
tomatoes. One prinle objective was to investigate the causes fo r  t.his. 
nfucll of the worlr on t,his object,ive has  already been pnl~lislietl, but 
i t  will be sumn~arizetl  :11itl supplemented here,in. 

r 7  l l l c  secontl objective was to develop iicm fungicides to colnbat 
the tlisease n-ithout injury. 11s a pa r t  of this objective it was lieces- 
sarjr  to  investigate thc l>roperties of fr~ngicicles ant1 learn why t l ~ e y  
perform as  tlicy do. 

Injuriousness of Fungicides 
, . I lic ~~c~senl.cli on i ~ ~ j u l - y  llas been continet1 to coppcl fungicitles. 

.r 7 l l l e  effects of bortlc:~ns niisti11.c) on ~ ' i p e ~ i i n g  llave just been discussotl, 
but the rc:tsons why I ~ o r t l c a ~ ~ s  depl-esscs f ru i t  set ant1 therefore pick- 
i ng  were not inclutlecl. 

,-  l l l e  t iming of sl)l.:~ys is ~.cbl:~ted to i11jr11.y. 3lensurement of in- 
jury, of coi~rse, is  con~plicatecl by the eflccts of disease control tha t  
tcntls to parallel injury. I t  lins l)cen sllon-n t,liat tlie a ~ n o u n t  of Free11 
f ru i t  a t  frost tinlr Iiieasiirt...; clisct~se c.ont1.01 (18).  (;1.(.cn fruit,. tllel-c- 
fore, ca'nllot serve as a ,rrood nleaslure ;)f injury. T,ike\vise, the l :~st  
one or  t ~ v o  r ipe h i i r~e s t s  tent1 t o  measure diseiise c o ~ ~ t l - o l  r :~ the r  than 
injury. 

I t  has been cleciclctl, therefore, to  use as a, 1neasul-e of inj111-y tlie 
cu~nul:~ti\-c ripe yielcl u p  to  the (late when t he  non-sprayerl 1)lants 
reacl~ecl t,lw penlr of their picking curve. I n  193G. the ulants 1.eli1ain- 
ec1 (~ssen~ia l ly  free of tlisease on accoount of clrongllt, but  t>lle t11.oiiglit , . es:~pgeratctl q ) r ; ~ y  i n j l~ ry .  1 hree mi1teri:ils mere comp:~retl : l)o~.- 
cleans ~nis turc . ,  1w1 (:ol)per oxitle. ant1 retl copper ositle l ~ l u s  cot,ton- 
seed oil emulsion. I n  one scrics four  al?plications were applied pr ior  
to commencement of bloon~ing on J u n e  5.26. ant1 in tlie other st.rics 
1 2  ap~l ica t ' ions  were a1)l)lietl all  season encling S ~ l ) t c ~ ~ ~ b e r  1. 

T h e  cllcclts rc:~cl~erl tlirir peak of ript!ning on Scl)tenlhc>~ 14 i11itl 

tile yielcl, up to  that, (late, ~ v n s  2.76 po~ullils per l)l;~nt,. Horcla:~ns ill)- 
~ l i e t l  all  se:lson reduced tlic yield to  0.72 po i i~~i l s .  I f  tlie applications 
were all applietl aheat1 of l , l o o ~ i ~ i ~ ~ g ,  tllc yicxltl 1v:l.s retll~cc~cl only to 
2,.G3 pountls per plant.  



T h e  tinling cxperin~ent wi:, reversed in  19.3'3. Fonr  :~l,plic:~tions 
were nlade late in tlic scason. after August. 1, instead of e :~~ . ly ,  entling 
J u n e  :'ti. 'S'lie all-se:tson sprays were used for  co~nl>arison. l'lie 
cllecks ~ . e i ~ ~ I ~ ( l t l  t l i e i ~  ~)ic.lting penlr on PVl)temhcr S: 19:JS. and the 
yielcl ul) to that date was 4.22 ~ ~ o n n t l s  per plant. I3ordem1s ap-  
plied all s c : ~ s o ~ ~  r r t l~~cc t l  tlie yieltl to 3.56 pountls pel- 1)l:tnt Init, 
wllen apl)liccl aftor. ,111grist 1, the yield was 4.0 1)olunds per p l a l~ t .  
I t  is c lmr  tliirt \vitlilioltli~ig the al~plications 11ntil the midtlle of tlre 
season essel~tinlly cliuiinates the injurx. Fl.om tl~clsc two timing 
experiments, i t  follo~vs that  spr:lys applied either before bloon~ing 
begins or  after b l o o ~ ~ ~ i n , g  entls are less injurio~us tlian tllose appliecl 
all scnson. 

l ' l ~ e  causes of this del)rei.sing action are not f a r  to seek. '1'11e 
c o ~ ~ ~ p ~ * i t t i \ - t .  1)~1.for111:1nce of bol*tlt.;~lis ant1 retl CQl)J)el' osidc in~nlc- 
cli;rtrly il~(licates li~rlc (2) bbeca,usc lillle is the outstmanding clitl'c~rence 
11ctive~11 h o ~ . t l e a ~ ~ s  :rriel ~.c.tl c.ol)l)cr osicle. The  effects of l i ~ n e  Ilavc been 
in\.estiptccl extellsively hot11 on tomatoes (14) and on cucur1)i.t~ (15).  
Iillie, c!sl)c~.ially 11ytl1-ated lilne, appears to be? tlefiliitely tlcleteriolis 
~ v h e r ~  n1)l)lietl to foliage of tlirse p l a ~ ~ t s .  I f  c~lt~icles ;IIT tliin, it. 
al)I)ews to sa l~oni fy  tlle111 (14) so t l ~ n t  \v:~ter escapes rentlily. This  
efl'cct. nlay be mininlizetl if cuticles :rre old and Ilard, 11o\ve\-er. 

Lime ttppettrs to  enter the tissrles anc! to nlalte tlle~ir t o i ~ y l ~  :rntl 
Iiarsl~. I n  1!).:31, 1)r. R. F .  S11it of t l ~ e  S e w  170rlc State  E x l ) e r i ~ ~ ~ r n t ~  
St:rtion n~acle, p~ i~~c tu rc !  tests of sprnyetl to~riat~o frui ts  11sing :a. Jo ly  
b:~l:tnce wit11 :L fl:rt-ti1)pecl nt?eille 50 r~licrons in diameter. The  ~~c.etlle 
\\-as 100 ~ ~ r i c ~ . o n s  i l l  clia~net,er 100 microns fro111 the tip. H e  matlr foul: 
1)~11wttures in eac11 of 20 friuits for  e:tcl1 t r e a t ~ ~ ~ e n t  a t  S .\I. 'l'l~e 
average pressure to puncture W:IS ll.fi5 grallls fo r  tlie ~lon-s]ir;~yc~tl 
fruits,  11.71 for  reel copper oxide-sprayeel fruits,  ant1 1:3.!):3 for  bor- 
deaux-sprnyetl fruits. 'The tlilI'c?~.elicc bet~vecn the bortlenus ant1 tlie 
otlier two was statist8ic:t.lly sigliificant by analysis of ~nr innce .  

It is sr~ggcstecl tha t  the harclening of tissue occllrs I)ecause czrl- 
ciulll Il:~rclens the pectin of the mitldle lamella as suggcstetl by Ker-  
tesz et ( % I .  (23)  in ~ ' ~ s c t t ~ ~ l i e s  on (~i~lciullii ill ( ' i~n~le( l  to111:ltoes. 

The  fac t  t l iat  the clepressing act,ion of bordeaux occllrs cliiefly 
on yoling l)lants ;tlieacl of anel clul*ing blooii~ing suggests t \vc) f t~ctors,  
dwarf ing allel tlef1or:ttion. 130th of these have been slton-n to be ill)- 
portant  factors in the fielcl (20). The  t l \~a r f i ng  appe:lrs t o  rcsult 
f rom the Ilarclel~ing of tlie cells so that the expalisic~)n pli:~ses of gro~vtl i  
arc  iriterf(~~.etl wi t l~ .  l'lic exl)lanation for  t1cflor:rtion has not yct been 
derivc.cl. 

111 a n 1  case both tl\v:1rfing and defloration, reduce f ru i t  set and 
t l ~ i s  reducc~s the loatl of pickable fruits with i ts  interesting r e s ~ ~ l t s  oil 
the slope of the picking curvrs. 

T l ~ e  1.csu1ts on the n:rture of 1)orcleaus i lnarf ing suggesteel im- 
~necliatc.ly the llse of linle-f~,ee copl>cr compo~~ntls .  Red copper osicle 
was first usctl ex~)el.inlcnt:rlly as n (lust fo r  tonlatoes in tllc snlnlncr 
of 193.'. Later  1vo1.1~ wit11 tlic n~nter inl  ant1 wit11 o t l~e r  so-calletl 
f i sc~l  col)l)c.lS c o ~ r l l ) o ~ ~ ~ ~ t l s  It:rs sIio\vn t l ~ : ~ t  tl1c1 ni ;~tc~~-ials  n r . ~  all SOIIIP-  



TABLE 3. L ~ B O R A T O R Y  UA'r.4 ON SO\IE COIVI:R ~;L.IZ(;ICIDP.S 

Trade name 

Bordeaux .............. 
Rasicop ................ 
Co~npourld A . . . . . . . . . .  
Coposil . . . . . . . . . . . . . . . .  
Coposil CDV . . . . . . . . . .  
C~rprocide (red) . . . . . . .  
Cuprocide (yellow) . . . .  
Cuprocide 54 . . . . . . . . . .  
Cuprocide 54Y . . . . . . . .  
Cupro K . . . . . . . . . . . . . .  
Hydro 40 . . . . . . . . . . . . .  
Oxobordo . . . . . . . . . . . . .  
Tennessee 34 . . . . . . . . . .  
ZO ................... 

Copper 
content 
percent 

51.4 
46.2 
20.3 
21.4 
87.2 

49.6 
47.4 
24.6 
24.2 

12.11 
35.3 
25.8 

Descriptive name of active agent 

Hydrated basic copper sulfate ....... 
Basic copper sulfate . . . . . . . . . . . . . . . .  
Basic copper chloride . . . . . . . . . . . . . . .  
Copper aluminum silicate ........... 
Copper aluminum silicate . . . . . . . . . . .  
Electrolytic red cuprous oxide ....... 
Electrolytic ycllow cuprous oxide .... 
Electrolytic red cuprous oxide ...... 
Electrolytic yellow cuprous oxide .... 
Basic copper chloride . . . . . . . . . . . . . . .  
Hydrolyzed basic copper sulfate . . . .  
Hydrolyzed copper sulfate, basic . . . .  
Hydrolyzed basic copper sulfate . . . .  
Hydrated copper aluminum silicate .. 

Probable nature of  inert 

Calcium sulfate . . . . . . . . . . . . . . . . . . . . . .  
None . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Calcium salts . . . . . . . . . . . . . . . . . . . .  
Calcium salts . . . . . . . . . . . . . . . . . . . .  
Calcium and zinc salts .......... 
None . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Notie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Protective colloitl, calcium salts. .  . 
Protective colloitl, calcium salts. .  . 
Protective colloitl, calcium salts. .  . 
Calcium sulfate . . . . . . . . . . . . . . . . . .  
Casein, calicum . . . . . . . . . . . . . . . . . .  
Calcium sulfate . . . . . . . . . . . . . . . . . .  
Silica, aluminum silicate . . . . . . . . . .  

Bordeaux 
coefficient 

1 .00 
0.047 
0.433 
0.173 
0.319 
0.045 
0.115 
0.036 
0.118 
0.032 
0.110 
0.870 
0.068 
0.191 

Tenacity $ 
coefficient 

h 

0, 0.924 C;. 
0.625 F: 
0.506 e- 

0.206 2 
0.333 % 
0.855 
0.834 a. 
0.480 * 3 
0.760 2 
0.500 PC 

0.340 $ 
0.0m 

.660 $'. 
0.316 U 
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what injnrious to tomatoes, but that  they are much less injurious 
than borcleaux mixture. I t  seems probable that  the copper acts in 
somewhat the same fashion as calcium in producing injury, but tha t  
i t  is much less active. 

Performance of Fungicides 

I f  the nrotectire action of bordeaux on foliage cliseases is to be 
I a 

cluplicated or  iinprovecl without injury, i t  becomes imperative t o  
investigate how and why fungicides act as they clo ancl how new 
materials can be fittecl into the knowleclge thus learned. 

Many lime-free copper compounds (Table 3) have been put  for- 
marc1 as bortleaus substitutes. Since these perform differently in the 
iield, as might be expected their properties hacl to be determined 
and studiecl piecemeal. 

The  ability of a fl~ngicide to protect plant parts in the field 
has been tiefined as protective value (21) .  'The two prime factors 
that  govern protective value are fungicidal value (i. e. spore-inhibit- 
ing power) and tenacity (i. e. resistance to ~vcathering). Thcse two 
factors can be investigated easily in the laboratory where many of 
the estraneous factors encountered in tllc field can be ~ont~rollecl. 

A considerable number of researchers have measured fungicidal 
(fungus killing) value in the laboratory for various materials and 
have attempted to correlate i t  with the protective value in the field. 
The  partial lack of correlation has leacl some pathologists to feel 
tha t  laboratory testing is worthless. 

The problenl has been stndiecl extensively for several plant dis- 
eases. The unclerljling technical considerations are being published 
by Dimoncl et  nl. (4)  as an accoml)anying bulletin. The usefulness 
of these considerations in  the control of the defoliation diseases of 
tomatoes with copper materials \vill be cliscussed here. Some of the 
sources of error in  studying fungicides on tomatoes will be discussecl. 

Fwnyicidal Value. The first prerequisite to a stucly of tllc spore 
inhibiting properties of insoluble fungicides was to develop a pre- 
cision laboratory sprayer ancl the correlative precision techniques 
(19). Briefly, the materials are suspencled i n  water and sprayed 
under standard conditions of humidity, time and distance to a stancl- 
arc1 surface of cellulose-nitrate on glass. Spores of the test fungus, 
Hncrospow'tmn~ s c r ? ~ c i ~ m c f o ~ ~ ~ ~ e ,  are appliecl in standard concentrations, 
in  stanclard amounts with a stanclard pipette in a standard fashion. 
This assures known and reproducible numbers of spores in relation 
to known and reproducible amounts of toxicant. 

After  incubation uncler standard conclitions the spore inhibition 
is cleterminecl mic rosco~ ica l l~  and expressecl as percent. Using the 
TVilcoxon and McCallan (45) simplification of the Bliss statistics, 
the percentage inhibition is reaclily plottecl against dosage on loga- 
rithmic probability papcr ancl the amount of material to inhibit 
50 o r  95 percent of the spores is read off directly. 

Because of biologic variation ancl experimental error these values 
vary from test to test. Spore concentration is such a variable, as i t  



cannot be regulated very easily. T'ariability can be rrducctl but 
no t  elilninatetl by using a ratio of performance b e t ~ ~ e ~ n  the te+t 
materinl i111t1 a stantlarcl such as b o r ~ l e i ~ u s  niisture to give a b o r d e a ~ ~ s  
coeficicnt (19) as  follows : 

Dosage of stantlard bortlcaus for 95% inhibition 
Bortleaus coefficient = Dosage of test material for 95% i~lhibitio~i 

,\_ I)o~*tleans coefficient of 1.00 means that  the test material is 
just as active ;IS bortleaus. I f  below 1.00 the activity is less antl, 
if above 1.00, tlle ;it.tivity is greater. 

r '  I he fungiciclal valur so clcterlnined for  a series of copper flun- 
gicide5 is given in Tn l~ l e  :3. The wide differences are intel.citing 
ant1 signifitsant. Detailecl stntlies have sho~vn tha t  somtl of tlleie 
tlifferrnces can be esplained 191 differences in particle size. ye l l o~~-  
cnprous osicle contains ~nucl l  smallrr particles tlian retl cliprons oxirle 
(10) ant1 of course is n1ol.e potent. Tlie stucly of this relation sllo\.i.ed 
t ha t  the wave-length of reflected l i ~ h t  ]\-as reli~terl to  potency. Particle 
size dec.reasrc1 ant1 potency impro~~c r l  as tlie ware  length shortener1 
antl t l ~ c  color shifted f r o ~ i i  red to   el lo\\-. 

It 1'1,~s tlien found that  tlie basic copper comp(u111cli reactt.d s i~n i -  
larly. -2s tlle wave lcngth shorteiiecl (green thl.ou,~.l~ \)lue to violet), 
11otenc.v inc~.rasetl (17).  I t  is not Icno~vn ~-11eth;r this phenolncnon 
is associatecl l r i th  ])article size or not. I t  i.j triie. however, t ha t  ~ ~ l i e n  
green 13ac;icop \.i.:ls balln~illecl \vet for  two \vcelcs it becn~ne morc blue 
and  the potency inil)rosetl. Since this infornration was publislleil the 
mannfacturers liave t:iken the gl.cheli grad(. off tlie niarltet ant1 11ave 
substitutecl a blue grade. 

It is ~iote\vor-tlhr that  the crlr.res for  cuprolrs oxides ancl capric 
salts cannot be superiml,osecl. F o r  eqlliil potency the copper a i  
cuprolls oxide reflects a longel- wave than  the co1)per as a cnprio salt. 
Tliis is eridencc on the hypothrsis that cnprons copper i s  illore potent, 
as  a, fungicicle t,llan cnpric copper (21). 

It innst not  be conclueled t l ~ a t  protective value is a function of 
color of the coppel- ~liilterial, bec.:ltise tenacity must be consideretl in  
fielcl performance. 

Tcnctcify. Fungicidal deposits mus t  not, only ha re  spore lrilling 
lwoperties; they niust ~ ~ ~ a i n t a i n  these properties in  the face of tlrastic 
mashing. They niust cling to  plant ~ ~ l l . f i ~ ( * e s  while being buffeted by 
wind and rain. Heuberger ( 3 )  has devised a laboratorg~ test fo r  
tenacity : ~ n d  a tc.n;icitp coefficierit, co~nl)arable wit11 borcleaus co- 
efficient for  converting tlie raw clatil to usable form. I n  order to  
speetl t l ~ r  \~-orlc antl to simulate tllr swaying action of rain-lasl~eil 
lea\-es, del)osit-bearing sliilrs are 1)lilced back to back anrl l~assed 
rapitlly through water for  a stantlartl 20 strolccs. 10 for\varcl and 10 
bnclr~va~.cl, the slides being raisetl f rom the water ancl shaken after 
cncll strolce. 

Tlw tenacity coefficient is t l ~ e  pcrc3cntaee of initi;tl losic loarl 
tlint is not waslled off by tllc s tant l t~rd test. The  ftung!.us indicator 



meilslllnes not olily the qu:lnt,ity r t~~noved,  b11t also tlie spore inliibiti l~g 
1jropert.ies of the deposit t ha t  is left. 

The, tenacity coefficients for  the series of copper 111atrrials used 
on tomatoes are  given in  Table 3 ,  col-~.ect up to 1940. 

I t  lias been sliown ( 7 )  tliat the ter1acit.y test. i n  the labora.torr 
.gives resr~lts that  are  in essential agreement with fieltl results with 
ser-era1 of the copper 111atrri:rls. 

Pi20fccf;oc Ticr7?re. The  enormous rari:tbility of ficlcl r e s ~ ~ l t s  is 
impressive \\-lien comp:11.ing the  protective values of f ~ ~ n g i c i d e s  
wliet,llel 011 tomato, apple or other foliage. The  fielcl results are  
often so n r i a b l e  tha t  a set of ~na te r ia l s  seltlo~ll i1rranges itself in t,he 
snnie ortler fro111 test to  test. This  soilrcn of error accolints for solne 
of the tliscrel~ancy between loboratory ant1 fielcl results. 1\Iethods 
were neetlctl fo r  retlncins this v:lriah~lity, or of t~nclers t i~ndi l~g it,. 
C:onsitlerable progress hail been 111atle in clesipllin,g metliotls for  re- 
t l ~ l c i ~ ~ g  just sltt*li variations in fuligit*itlal valr~e :IS cleterlnilirtl in the 
laboratory (I!)). Tliese findings have bcon applietl to  l ) r o b l c ~ ~ ~ s  of 
nicast~riiig l~rotective value in  tile field and t,lie): appear to  be csiictly 
ho~nologous as recently cliscussetl (4). 

It is app:\rent, inimetliately t ha t  field comparisons have been 
based on the control for  eqllal closages of ~nater ials ,  nlliereas labora- 
toly coliil):~risons have been based on tlosi~,gc for  equal response. It is 
also apparcnt tliat no use lias been made of t,he performance of a 
standart1 fungicide i n  the fieltl to give a figure comp:~rahle to bor- 
clCaus coefficient for fungicidal ~ a l ~ i c  clata. 

I n  1940 (4) i t  was learned t ,hi~t.  dosage-response d i ~ t i ~  for  field 
tests give s t r a ig l~ t  lines when plotted on logarithmic-probt~l~ility 
11:1per. '1'1.i:lls were nlacle of the effects of using closage for  equal 
control as i t  is u sc~ l  in the laboratorjr. I t  soon derelopetl tliat dosage 
fo r  etrni11 control is Inore scbnsitive ant1 inol:e inforrnat,ive than cont>rol 
for  equal dosage (13). Control for  equal clo>a,gt> has a low orcler of 
senhitivity bec.a~lse the control scale is liniitetl by a practicill ceiling 
of 100 percent, ~lierei1s, the dosage scale is unlimited. 

T h e  control scale is less inforniative than the closa~e scale. " 
JIoreover the use of the control scale is basccl on a n  assumption t ha t  
response in  percent is lineilrly related to closage-that unit  change 
in  closage procluces unit  change in  response. Tlic fact, h o w e ~ e r ,  is 
that  tlie relation is sigmoid. I n  everyday langua,ge this ineans t ha t  
change in  closage procluces a t  first a sniall change in response, then a 
large change, ancl finally a small change i n  response. 

The  fallacy in the use of the control scale appeared in  a practical 
way in the development of yellow cuprous oside as  a fungicicle. The  
data on fungicidal value obtained in 1938 (10) inclicatecl t ha t  ap-  
prosimately twice as much copper as retl osicle n7as required to in- 
hibit  thc balm number of spores as  pellow oxide. T h a t  is t o  say t he  
copper in yellow oxide was twice as  potent as tha t  i n  recl osicle. 

Since the tenacity of the two forms is approsilllately equal (see 
Table 3 )  the protective value shoulcl follow in  the same order. This  
was found to be true when the two materials were co~nparecl as protec- 
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tants  for  pea seed. Twice as  much copper as red oxide as yellow 
oxide, was 1-equired to ,give equal protection of pea seeds against 
damwinr-off. 

I ' 2  

The  two materials mere then compared xs sprays on toinato 
foliage t o  protect it from AZte?naria soZanni. Follo~ving general prac- 
tice for  field work the materials were coinpared a t  equal closes, not 
a t  equal control as in the earlier tests. The  control obtained was 71 
and 53 percent, respectively. This  ratio is 1.34 to 1, not 2 to 1 as 
would have been expected. Was  the discrepancy clue to difference 
i n  relative perforn~ance of the two materials or to difference in  
techniaue of measurement? 

This  question mas a.pproached in 1941 when the two materials 
were compared in a dosage series on the protection of inuslrmelon 
foliage against bird's eye leaf spot causecl by Macrosporiun~ czccumer- 
hum. The first co~nparison is dosage for  equal control. I f  the 80 
percent control level is chosen, i t  appears tha t  15.5 pounds of copper 
as red oxide is required, but  only 7.5 pounds as yeilom oxide. This  is 
a ratio of 2.06 to 1, as would have been expected from the data on 
fungicidal value and data on pea seecl protective value. It should be 
stated tha t  the ratio between the two remains 2 to 1 irrespective of 
what level of control is chosen. 'This shows that  the dosage scale 
provicles an  invariable inensure of performance. 

T h e  other comparison is control by the same closage. The  control 
is 83 and 90, respectively, for  red and yellow oxide for  20 pounds of 
copper per acre for  the season. This is a ratio of 1.09 to  1, not 2.06 
t o  1. k'urthermore this  ratio changes with the dosage level chosen. 
A t  ten pounds per acre the ratio is 1.11 to 1, and a t  five pouncls per 
acre i t  is 1.19 to  1. 

From this experiment i t  is clear that  the dosage scale is more 
sensitive because i t  spreads the materials far ther  apar t  than the con- 
trol scale, and i t  is more informative and accurate because i t  gives re- 
producible results. I t  is also more useful practically because it re- 
duces the error of field experimentation. 

Derivation of Protective Coefficient. The  fact remains, how- 
ever, that  copper materials used as tomato sprays have been compared 
u p  until quite recently through the control by equal dosages. Since 
these data are all that  are available they must be used for  the present 
in measuring the protective value of the materials i n  the fielcl clespite 
the sources of errors and the mntheinatical inconsistencies i n  the 
design of the esperiments. 

The  measurement of protective value in the field is beset with all 
the difficulties that  occur in  the laboratory, and more besides. I n  
ndclition to errors introduced by the fun-ws, the errors t.hat come froin 
inadequate sprayers, soil heterogeneity and method of taking data 
are important. Finally, there are variations introduced by the 
weather. 

Of thesc variables only the weather affects the action of the de- 
posit after i t  is on the leaf. The  other variables simply complicate 
the measurements of the protective value of the deposit in the same 



way as they complicate the measurelnent of spore inhibiting power 
of fungicidal deposits in the laboratory. I t  therefore seems probable 
that  the effects of t.llese other variables can be reduced by calculating 
a protective coefficient in terms of a stanclarcl fungicide, as in the case 
of bordeanx coefficient for the laboratory (19). This calculation is 
based here also on the assumption that  all sources of error except 
weather tend to operate on the test material and standard alike. 

The only difference in procedure is that the calculations of field 
data for the present must be based on the response scale rather than 
on the dosage scale. The amount of disease control on plants sprayed 
with the test inaterial is divided by the amount of disease control 
on plants sprayed with the stanclarcl material (4-4-50 bordeaux). 
The quotient must serve for the present as the "protective coeficient," 
pending the accu~nulation of clata on dosage for equal control. I f  
the quotient is greater than unity, the materlal has a better protective 
value than Gorcleaux mixture; if i t  is less than unity, the test material 
is inferior to bordeaux. 

There is experimental evidence to indicate that  protective co- 
efficient appears to cancel out variations in the methods of recording 
the amount of disease (18). I n  1938 four methods mere used for 
measuring disease or! the same power-sprayed plots of tonlatoes: per- 
centage defoliation as counted, percentage of diseased fruits, inclex 
of clisease and the reciproc:ll of green weight per plant. The protec- 
tive coefficients for recl copper oxide obtained from these four lrinds 
of data mere 0.77, 0.74, 0.81 ancl 0.81. For copper osychloricle the 
coefficients were 0.51, 0.52, 0.58 ancl 0.41, respectively. 

I n  the laboratory bordeaux coefficient reduces the effect of spore 
load. Experimental evidence is available for field data likewise shorn 
that protective coefficient reduces the variation clue to inoculum 
potential (i. e. disease proclucing power of the environment). It so 
happens that  red cuprous oxide has been compared for nine seasons 
with bordeaux, but during the nine seasons the inoculum potential 
has varied widely. MThen protective coefficient was plotted against 
inoculum potential (expressed as percentam defoliation in the checks), 
a scatter diagram mas obtained showing that inoculum potential 
bears no relation to protective coefficient, and that  results in different 
plots or in clifferent years will not be influenced by variations in the 
incidence of disease. 

Another bit of clata (Table 5) confirms t.11is conclusion. Stem- 
end rot counts were made on five piclring clates in 1938. The per- 
centage infection increased on the checks from 6.8 percent to 60.1 
percent between A u g ~ s t  18 and September 15 as the inoculurn poten- 
tial increased. Likewise the percentage of stem-encl rot increased on 
the plots sprayed with recl copper oxicle and bordeaux, but the pro- 
tective coeficient relnained approximately constant. A t  least the 
variation in thc protective coefficient bore no relation to the variation 
in inoculum potential. 

Prom these various studies i t  follon-s that. test to test variation 





in  p~-otective vnlne of fi~ngicitle.; in  the field can be reduced by ilhing 
( a )  tlosage for eclnal control, (b )  protective coefficient. 

The  protective coefficients :IS obtained for  a series of col)per 
material.; t l u r i n ,~  the 1)ast several yearc, are given in 'Table 4. 'l'he 
protecti\,e coeffic.icwts for  the copper funpicicles sho~v  :I wide ranee 
among the niatcrials. bnt i t  is cliffici~lt to see at  first that  any relation 
exists brtn-pen the performance as  measuretl in the field as  protective 
value antl the ~,erform:lnt.e as measu~.etl in  the I:~boratol*y as bortleaus 
coefhciel~ t. 

Perli:11)stlle nlost st~ailrinp lliatus is tha t  for  red copper osicle. 
This  1nater.ia1 s tal~t ls  lo\\. in t l ~ e  list of bordeaux coefficients. but  i t  
stancls Ilipl~ in the list of protecti\-e coefficients. Conversely, Conl- 
uound ,i stands hic~ll i n  the list of borcleans coeficients and onlv 
ked ium in  tlie list zf protective &dTicients. 

Although a coml>lete esp1an:Ition for  these change.; in  ratin? is 
not yet ~\-ilil;~ble, inspection of tlie tenacity coeficient.; offer5 con- 
siderable 1le11, in  esl)laininly tllenl. Ked copper oxide stantls hip11 in 
tenacity nncl i t  stancls 11igl1 in protective r a l i~e .  Compountl -1 s t : u ~ ~ l s  
ulecli11n1 in tenacity and 1nedi11nl in protective ralue. 

These interrelations of tenacity and fungicidal v:~lne 511011- llo\v 
tlle trend of reiearcli on copper anaterials has been tletern~inecl. 
The  fungicitlal value of red cnprous osicle was raised by reduci~ig 
the  narticle size. Tellow cllilrous oxide was the resnlt. :~nt l  i t  is ~lo\v 
nluch more widely nsccl than red cuprous osicle. 

Most of the so-called fixetl copper mate~.ial.; are  lo^^ in  tenacity. 
Research on tlle~il is tlil-ectetl to\\.i~rtl :~rtificial stickers, ancl soybean 
floi~r,  oils and resins are being investigatecl for  these. 

T i .  ; ipple scab control is the classical e s a ~ n p l e  of the Ilcres- 
sity for  prerision in timing applic:~tions of fungicitles. 'l'he neces- 
sity fo r  ear ly.spring i~pplicat~ions of fungicitles for  this tlisease has 
been reflected 111 the tllinlring on other t.liseases. As a result. the chief 
en~phasis  on control of tonlato defoliation has been early ancl mid- 
season :~pplicat,ions despite three important consitle~.ations: ( a )  spraj7 
clam:~ge is nlora se.vcbre on young than on mature plants (20) ; (b)  
tI12 disease is a mitl antl late season tlisense and (c) :IS early as 1920 
Mart in  (2.5) 1.eportet1 esperilnents i ~ i d i c a t i ~ ~ g  that  clelayecl sprays 
were esse~~t ia l ly  as eff'ectire a,s early s;;prnjrs. 

Tillling esperiments .were 111ac1e in five yc;l~.s \vl~en. fortunately, 
there was enou.gh disease to separate the effect of the various ap-  
plications. The  ei~l.ly tests i l l  1929 and 1032! nlatle by i)~nit>ting 1)ro- 
gressively t,hr late iil)l)lications: ?_rave ~>rralin~inary intlications (Tiignre 
f i  tha t  sprays :~l)l)lietl alltlatl of Ju ly  10 in westelm New 170rlr jve1.e 
essentially ~ a l r ~ c l ~ s s  ill disease cbontrol. T h e  i!138 antl 1939 tests. conr- 
p r i n g  :11l-season wit11 late sprays, indicated that  early x i ~ ~ g ~ ~ s t  mas 
some\vl~:~t too I:~tt. to 111:1lie the fil-st apl)lic.ation. 

On the I):~sis of tliese four  yea~+s '  tri:~ls, i t  was o b v i o ~ ~ s  tha t  the 
criti('a1 periotl lay between J11ly 10 and Aiugust. 1. 

nlore e1:lborate timing test was clesignctl in 1940 to test in Con- 
ncct,it:nt tlie s c l~e t l~~ le s  of vuriolus le~lgt,lls; early, niid-season and late 
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(8). Each t,reatinent consisteci of four replicate plots of ten plants each 
of Scarlet Dawn to~natoes, sprayed at  250 pounds pressure with a 
single nozzle, applying 4.8 pounds of ycllow copper osicle in 200 
gallons of water per acre. 

Spraying began June 21 and continued weekly until August 23. 
I n  one series of plots sprays in pairs were droppecl from the end-of 
the season to stucly the effect of early sprays only. In  a second series, 
sprays in pairs were dropped from the beginning of the season to 
study tho effect of late sprays only. I n  a t.hird series various plots 
were given t.\\-o applications one week apart in the middle of the 
season. 

Disease control da.ta (Table 6 and Figure 7) clearly confirm 
previous conclusi'ons that the critica.1 first applicat,ion should be a.p- 
pliecl in micl-July. On t,he basis of the 1940 data at  least,, i t  seems 
that applications should begin perhaps a ?reek earlier in Connecticut 
than in western New York. 
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FIGURE 6. Relation between date of FIGURE 7. Effect of timing sprays 
last spray and control of dl -  of yellow copper oxide on 
foliation of tomatoes in 1929 control of defoliatio~l caused 
and 1932. by Alterfraria in 1940. 

Practical acloption of t,he theory of delayed sprayini~ admits the 
possibility that  clisease may obtain a start before work begins. I t  is 
of interest, therefore, to investigate the effect that such a start has 
on final clisease control. This point was investigatecl in 1938. Two 
fielcls infectecl with A. solani were chosen for spraying on A u p ~ s t  3. 
One showecl approximately 5 percent, and the other 20 percent, de- 
foliation (by number of leaves). 

At the enci of t,he season the unspraged portion of the fielcls 



showed 66.4 ancl 89.4 percent defoliation (by number),  respcct i~~cly.  
When sprayecl with bortlc:lus, tliey sho~vetl 30.1 and 65.0 percent de- 
foliation, respectively. Plainly, the field tha t  was serereljr tliseasctl to 
begin ~vi t l i  lost nlore leaves than the s l igl~t ly cliseasecl fielcl whet l~cr  
sprpyecl or  not. Evidently borden~ix did not freeze the  defoliation 
a t  ~ t s  initial level. 

Gove~oyc.. If spr t~ying  is to be clelayecl until  the last possiljle 
nlo~l~erl t  when tlie frrngl~s niay be alrencly establishecl, i t  is plain 
tha t  the protective load of i~lngicide nlust be so applied as to corer 
acleqllately all  sr~sceptible tissue, especially tile old some~vhat senes- 
cent t iswe a t  the  base of the plant and insitlc the foliage crown. 
Coverage of grotuicl plant? ~vonld seem to be Illore clifhcult th:in 
covertige of staked plants. 

There appe:rr to be three variables in the nljplication of frlngi- 
cides by spraying:  (1) pressure, (2) nozzle aperture ancl ( 3 )  spray- 
ing  t i n~e .  h study, incom1)lete as  yet. is being 111:tde of the ?fleet of 
these variables on unstaltetl tomatoes (Scarlet Dawn) .  

I n  1940 a n  initial attempt was 111acle to iml~rove rovel*a,:e 117 
Iloltlinfr 11re~slire consti~nt ant1 by v i~~.y ing  tlie gilllonage per w r e  of 
s lv :~y  fluid. The gallonage \v:is inc~.easetl by increasillg t he  nozzle 
aperture and tlie spraji tinit.. I t  w:is espec.tet1 tha t  increasing the 
nozzle aperture woulcl increase tlie velocity of the spray stream a t  
the nozzle ancl tliat this wonlcl force the stream far ther  through the 
crown of leaves to\varcl the i ~ ~ i p o r t a n t  innel. and basal ones. The  
plants were s1)rayrd by directing a single nozzle to :ill parts  of the 
outer crown of leaves, occasionally puslling the nozzle inside. ,I 
31jrers wlleelbrlrro\v power sprayer providrcl the yrllo\v rupper osicle 
at  2.N pounds pressllre. Fou r  applications were made between .July 
24 ancl ,Iugust 23. Disease reaclings were lnacle on September 7 
(Table 7). 

Spray appl~ed 
gals /acre 

375 
375 
375 
375 
150 
150 
150 
150 
00 
60 
60 
60 

11011e 

D~sease 
control 
percent 

54.8 
48.2 
44.4 
34.6 
28.7 
22.0 
11.8 
11.8 
11.4 
13.4 
2.5 
3.4 
1 .1 

Spray t ~ m e  
sets /plan: 

13 
13 
13 
13 
6 
6 
0 
6 
3 
3 
3 
3 

. . . .  

Copper appl~ed as rne:all~c Nozzle 

lbs / I 0 0  gal 

4.0 
2.0 
1 .0 
0.5 
4.0 
2.0 
1 .O 
0.5 
4.0 
2.0 
1 .O 
0.5 
0.0 

Aperture 
~ n .  

5/64 
5/64 
5/64 
5/64 
4/64 
4/64 
4/64 
4/64 
3/64 
3/64 
3/64 
3/64 
.... 

Ibs /acre 

15.00 
7.50 
3.75 
1.58 
6.00 
3.00 
1 .SO 
.75 

2.40 
1.20 
0.60 
0.30 
0.0 

gal 

0.73 
0.73 
0.73 
0.73 
0.58 
0.58 
0.58 
0.58 
0.43 
0.43 
0.43 
0.43 
.... 



Data  were plottecl (F igure  8) on lop-probability paper 11sing 
closn,ge ns pountls of copper per acre. A l t e ~ ~ n a r i a  iittacoked early ant1 
heavily ant1 spraying began soine~\-hat late. 0 1 1  this acco1111t no 
treatnient ,gave \-('lay good control. I n  the first analysis of tlie data  
the effect of the three gtillonages was cletcrnlined on the basis of 
tlosage fo r  equal control (13). Thc  level of cont1.01 that  fits all  
three the hest is 23 percent. Th i s  level of control v7a< l~rovidctl  by 

3 

BS. CU./ACI 

./' Leaves 
1 1  1 1 1 1  I  I 1 1 1  1 1 1 1  

9E. DOSAGE, LBS. CU./ACRE 

FICCHE 8. Effect ,, ,,,,,:age with I'ICCRE 9. Relation of spraying time 
yello\v copper oxide spray by (seconds per plant) 'to cover- 
using various sizes of nozzles age by yello\\r copper oxide 
on control of tlefoliation of spray on the control of de- 
tomatoes by Altrr-tznrin solnrri. foliation of tomatoes caused 

by Altrrrrnrin solorri. 

0.48 pountl.; of c,opper per acre per al)plication nrhen i~ppliecl i n  373 
gi~l lons of \\-ilter throl~g-h the large npcrturc. 'l'he requisite dosage in- 
creased h~ ten foltl to  4.5 pound5 ~vhcn  i t  nils applied in  130 gallons 
of \\rater ~ v i t h  the med i~ im  disc. The  requisite dosage increased fur -  
ther to 6.4 pountls wllen i t  was applied i n  only 60 gallons of water 
with thc  smnllest disc. 

,111 ~inexpectotl rc511lt appea~~et l  i n  the data.  T h e  slope of thc 
~1osno.c respol l s~  ~ I I ~ V C  1)c(-:1111e flnttel- a s  the cover:ige i~lll)ro\-ed (Fig- 
ures S ancl 9) .  Dinlontl ( 3 )  has 51101~11 tha t  this  slope is a linear Inn?- 
tion of coverage :1nc1 he suggested t ha t  the slope of the curve offers a 
convenient measure of covei-age. 

'['his cspcrinient in  19-10 was i l l t e r~>t ing  :~nrl p~.obnl,ly signific:~nt. 
but  it inrolvecl a c o n f ~ ~ s l o n  of tlle effects of nozzle al)elatiire alltl spl.:~y 
time. Tn 1941 a iimilni. experinlent was co~ldactetl except tllal " 



nozzle aperture (3/64 inch) and pressure (250 pounds) vere  both held 
constant. Spraying time was varied. 

Alternaria attacked very heavily. Leaf disease readings were 
inacle on September 2 as usual (Table 8), but readings were inacle on 
stems as well, since these mere heavily attacked also. I n  the case 
of stems, the groupings were made on t!~e proportion of area covered 
by spots on the lower foot of stems. 

Data (Figure 9)  mere plotted as usual on the basis of pounds 
of copper per acre per application. T o  sare cluttering the graph only 
the first and third spray times are plotted (2.5 ancl 10 seconds per 
plant).  Data for  the foliage and the stems are in excellent agree- 
ment. As  the spraying time per plant increases, the slope of the 
dosage-response curve increases. I f  slope measures efficiency, as de- 
duced from the 1940 data, it follows here that  the lonp spray tinles 
were relatively less efficient than the short spray times per unit of 
copper per acre. 

This  seems reasonable. Increasing the spray time increases the 
run-off, ancl this means that  much of the copper applied with a long 
spray time runs off onto the ground mnere i t  cannot protect foliage. 

On the basis of this discussion it follows that  the improveel 
efficiency n ~ i t h  increasing gallonage noted in 1940 was due rather 
to  the use of larger nozzles than to increased gallonage directly. The 
larger the nozzle aperture, the greater the nozzle velocity of a spray 
stream, other things being equal as they were here. The  higher the 
velocity of the spray stream, the more the outer leaves will be 
pushecl aside, so that  the inner ones may be covered. 

Search of the literature has revealed little that is apropos here. 
The  effects of prcssllre and nozzle aperture have been stucliecl, but 

Spraying time 
secs./~lant 

20 
20 
20 
20 
10 
10 
10 
I0 
5 
5 
5 
5 
2.5 
2.5 
2.5 
2.5 

Amount of spray 
applied 

gals./acre 

400 
400 
400 
400 
200 
200 
200 
200 
100 
100 
100 
100 
50 
50 
50 
50 

Amount copper expressed as 
metallic 

lbs./100 gals. 

4 
2 
1 
0.5 
4 
2 
1 
0.5 
4 
2 
1 
0.5 
4 
2 
1 
0.5 

Disease control percent 

Ibs /acre -- 
16 
8 
4 
2 
8 
4 
2 
1 
4 
2 
1 
0.5 
2 
1 
0.5 
0.25 

Leaves 

16.7 
22.0 

6.7 
4.2 

19.7 
19.2 
9.5 
4.5 

14.2 
9.7 
6.7 
3.0 
9.2 
6.5 
4.5 
3.0 

Stems 

85.2 
77.0 
65.5 
55.7 
79.0 
73.0 
52.7 
45.5 
67.7 
60.5 
60.0 
45.7 
60.5 
49.8 
46.5 
44.0 
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not i n  connection with the dosage-response technique. Farmers are 
certainly trencling toward larger nozzles with fewer gallons per acre, 
and away from sn~nl l  nozzles ancl much gallonage per acre. Smith 
and Zimmerley (34) constitute a typical case. They testecl the effect 
of pressure in spraying tomatoes in 1922. T,l~eir data are difficult to  
evaluate i n  this connection because they report no disease readings 
and because they have not distinguished dosage of copper per acre 
from pressure. 

Alorris, Klotz ancl Sokoloff (29) published a paper late in  1!)-11 
giving results with bordeaux in  the control of brown rot  on citrus. 
They applied only two concentrations and two gallonages but, when 
their data are calculatecl as a~noun t  of copper per tree ancl plotted on 
log-probability paper, two curves appear. The  hiqher slope of the 
curve for  the gallonage is the flatter of the two as moulcl be expected 
if i t  harl given improvecl coverage. These writers clo not state. how- 
ever, how they obtained the larger %allonage per trce. 

PRACTICAL ASPECTS 

Since Agricultural Experiment Stations are the research labor- 
atories of farmers, the final objective of its research must be the prac- .. 
tical application. The  ciefoliation problem is intensely practical. 
The  question here is whether i t  can be helpecl by the present investi- 
ga tion. 

To Spray or Not to Spray 

The first question is "to spray or not t o  spray." This  question 
like many others in science cannot be answered categorically. T o  
that  encl i t  is well to  summarize here the factor., that  can help an 
incliviclual farmer to cleciclc that  for  himself. 

The  farmer who sells in  a quality market and who is troubled 
with much defoliation will fincl a marked improvement in  quality 
for  spraying. Although spraying will probably not greatly improve 
the total tonnage, i t  will improve the tonnage of salable fruit.  Spray- 
ing will clo much to guarantee rich red tomatoes that  sell well in  a 
quality market. I t  will recluce the amount of stem-end rot, anthrac- 
nose, cracking, blossom-encl rot  and flabbiness. 

The  farmer who sells est.ra early f ru i t  cannot afford to  spray, 
because most of the f ru i t  that  he sells a t  a fancy price is sold before 
disease becomes serious. Sprayinq mill tencl to reduce yield slightly, 
and clisease is selcloln serious enough to offset this in the early crop. 

On the contrary, the farmer who sells to the extra late market 
often finds that  defoliation is serious enough to reduce his yield of 
markctable f ru i t  ancl often forces him t o  reduce even his quality 
stanclards in orcler to have any frui t  a t  all available for  sale. ,Jndi- 
cious spraying in late Ju ly  and Angust will maintain sufficient foliage 
in late September to procluce quality frui t  tha t  is salable. 

1lfateriA7;b f o  Use. As yet no effective agent other than copper 
is available for  i ~ s e  on tomatoes. although organic con~pounds r e r e  



investig2ttecl son~e~vl la t  in  1940 and 1941. Sulfnr  seenls to rl~varf the 
plants. ,-\crordingly copper frlngicides lnust receive tlir hid. Since 
linle is disti~tctly t1elete1-ions to tolnato~s,  bordenus n ~ i s t u r e  can I~a rd -  
1y be espectecl to  be chosen, except as noted below. 

This  narrows the field to the so-calletl insolubltl or "fixeel?' (41) 
copper niwterials. These have been stutlieil ill considerable detail. 
Some of these 11:lre sho\vu themselves clistinct,ly inferior to ot'licrs in 
tlisease controllin,g po\\-ers 011 tolnatoes. These are CI I~ IYI  I(, %-0, 
AIet'l-ox, hy~lrat~ecl cupric oside ancl C1111rocide 54. 

Others have sho\vn the~nselves invariably to~vart l  the top of the 
list as fol lo~vs:  Yellow col)per oxide (Cul>rocicle), red copper oxide 
(Cuprocide) ant1 copper osych101.ide (Co~nl>o~incl -4). 111 one p a r  
\vlien i t  was tested Tennessee Tribasic copper snlfate stoocl toward 
the top of the list,. 

T h e  other mate~eials have not been tested snficiently to arrange 
t l le~n with too mucll c e r t a in t ,~ ,  bnt  tlie only one tha t  loolrs as if i t  
11-oultl find :I place hi.gll in  the list is Coposil. and it, ~ulfortnnntely, 
is t,oo injurious t o  tomatoes. 

I n  Connecticut w1ie1.e flea hec~tles are  a ~ ) rob l e~n ,  it, seenis that. a 
rotenone o r  d ry  Pyrocitle dust would be usef111 in keeping them clown. 
This  ~voultl prevent t,he eating injury where the fungus spores nzay 
gain entrance to  the leaf. 

1 1 - / 7 ~ , 1 ,  to  S~U.N!/. I t  seems clr:~r now tliat. R tt,ent,ion to  timing 
mag save on ~i iater ials  ancl acld to  t.he value of the applicat,ions. I n  
the past, applications hilye gone on the plants early in the season when 
they -\\-ere niost injurious and least reclnirecl. I t  seems better to apply 
t,hem later in the season ~ v h e n  they are least injurious ant1 most re- 
cluirecl. 

r , I h e  generalization seems sound. I t s  al>plication to specific cases 
raises many knotty problems. Timing tests were macle ill S e w  Tor-lr 
i n  1929. 193% 1938 ant1 1!)SD in plants set out tho third week of Jli13~. 
The  t e ~ t s  in  19.29 ancl l!N2 sllo~vc.tl t h i ~ t  sprays alle:~cl of J u l y  10 were 
~vortllless. 111 1938 nntl 1939 :III arbit~.ilry date of hi lgnst  1 was set, 
but in both years i t  was soniewhat too late. It \vor~ld appear  that  
the critical tlate \\-as between Ju1.v 10 ant1 i\ug_lnst 1. 

11 tinling test was n ~ a d e  tlt S e w  Haven in  1910 using plants set 
out abo i~ t  J l ay  23.  T11c results intlicatecl t-lint J u l y  10 was early 
enongh for  the first :ipplication. If a sinlilar test had been ill 
1041 this date ~ rou ld  Iiave been close to  ol~t imum. 

Froni t l~ese  various t ini i~lg tests in two :Ireas ~vi t l i  siniilar grow- 
ing seasons, i t  would seen1 that  the first sprajr shonld be npplietl 
about J u l y  10 for  nlasinlum tlisease co~itrol.  Tliis date is basecl on 
work wit11 crops planted into t , l~e field about 3 lay  20. I11 19-11 tlic 
crop was set ~1)otlt  3 1 : ~ ~  10 and s p r a ~ i n g  had to begin about. , J l~ly 1. 

r l I h i s  suggests that  t iming shoultl be basecl on t,he stage of the 
plant rather tllan calencltlr date a s  in  tlie case of :~pple  sctth. ,ictualljr, 
i t  seems from experience t l ~ a t  the sprays shoulcl be applietl j1.1st ahead 
of tlie "bl-eak" stage, i. e., the st:~,rre ~1-11en the n-eight. of the plants 
lwgins to, bl;e:~lr tlielil ovel., so that  tlie inner leaves begin to be s l~ i~ t led  



and protected from clrging out. ,211 application at this stage is easy 
to apply because the lower leaves are still esposecl, anil tlie plants 
are not spreacl out over the ground between the rows. 

The  number of delayed applications is also important. Here 
again tlie final answer is not in, but i t  seems probable that three a t  
ten-day intervals is enough. I n  some Tears one good application 
I\-ould be enough, because growth slows do\rn after hu,gust. I f  tlie 
spray has good tenacity, tlle susceptible foliage woulcl remain corerecl 
long enough. 

Zozu to  dppZ?y Ma,teriaZs. Tlle ii~ethods of applying fungicides 
raise many unsolrecl problems. T'egetable growers prefer dustin,?, 
alt.11ougl-1 six-aying has given the hest, disease control so far  in this 
research. Since t,hc program calls for delay until the last ino- 
inent, the fungus may get such a start as to make i t  imperative to 
use the best possible procedures. Spraying is, thrrefore, preferrecl. 
Additional research is now imder way to ilnprove dust mixtures and 
methods of applica tion. 

7Vliatjever thc machine used, the problem remains of getting 
t,hrough the fields aft,er tlie plants havc filler1 the ro\ITs. Farmers: 
i n  cannery areas report some succc.ss with airplane applications. \, 
Fields are too sn~a l l  for this in Connecticut. 

Otlier growers lay out the roacls for piclring earlier than usual, 
throwing tllc vines together. S p r a ~ c r s  with long booms are tlrirrn 
through the,sc roacls. Other gronrcrs makc thc roacln~,zys farther 
apart  anrl carry a. vcry long boon1 by hancl. I f  tlie number of ap- 
pl~cations can bc trimmecl to one or two this ini,glit he a feasible pro- 
cedure. 

From two gears' results i t  seems that the problem of covering 
the inner lower foliage of grouncl plant,s is critical: and i t  now seems 
clear that  large holes in the nozzles giving a strong clrive to the . . 
spray strea,m shoulcl give better success than small holes givlng a. 
misty spra,y. On tlie basis of present. information i t  is suggesterl to 
a t  least three pounds of coppcr (as metallic) should bc applied per 
acre per application in a rnini~num of 200 ga,llons of water v i t h  
5/64 inch discs. 

Varieties 

As fa r  as can he determined, no tomato variety s h o ~ r s  any iilarkecl 
resistance to the Alternarin defoliation. I n  a variety trial, the entries 
show largo cllff erences in clef oliation, but careful study sho~vs that 
these cliflcrences are associatecl with frni t  loaci. Early varietjes set 
f ru i t  early aiicl becoille defoliated early. Late varieties set frnit late 
and become clefoliatecl late. 

Fertilizers 

Iilforniation on the relation of fertilizers to Alternaria defolia- 
tion is yet insuficient to nlalre definite statements, biit evidrnce now 
available points to an influence of nitrogen. Low levels of nitrogen 
nutrition enconra,gc clisease. Increasing the nitrogen nutrition is liable 
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t o  reduce f ru i t  set ancl, of course. to reduce total yield. If disease at- 
tacks, lionlever, a high level of nitrogen nutrition might permit the 
fielcl to pul l  through a, niarketable crop t ha t  miglit other\\-ise sho~v  
such poor cluality fro111 clisease as to  be allnost unpickable. 

Air Drainage 

Otlier things 1)eirig equal, tomato fields on slopes, esl)ct,ially 
southern ancl western slopes, p~-obably ha re  less cliqease tllan tliose 
FT-ithout as  good air clrainage. Staking, of course. impro\~es air tlrain- 
age nnrl reduces severity of the defoliation clisease. 

Miscellaneous Suggestions 

Since tlie disease is seed-borne, the seecl shoulcl he from certified 
sources and i t  sllould be soaked in  Ne\\- Improved Ceresan 1-1000, 
clriecl and dusted with red copper oxide. T o  prevent development 
of disease in  the seed becl. the srecllings slloulcl he sprayed a t  weekly 
or  ten-day intervals with the material to  be usctl in the ficllrl. 

Tlie fungns also lives over wintel. in  fielcl refuse. A\ccorclin.gly. 
n rotation of a t  least two gear!: \\-ill l<cclp clo\~n this sonl.rr of inocnl r~~n.  
Finally, i t  nlay be spread fro111 piant to  plant if plants are piclrecl or  
cultivatecl when t l i e~ .  are met. 

SUMMARY 

1. A str~cljl has been macle r111ring 12 seasons of the folii~ge ant1 f ru i t  
diseases of tolllat'oes ~ v i t h  tlie objective of exploring the  whole 
fielcl of clefoliation diseases of tomatoes. Part icular  enil)liasis has 
1)ecn cle,voterl to solving tlie parnclos of reclucecl yields from sprays 
despite. clisease cont'rol. Tliis paper reports data on the eRects 
of disease oil tlie plant and the iritera,cting effects of sprays and 
disease on yields. 

2. Tlie problem 11:~s been attacketl by stuclying plants in rnrions 
s tares  of disease anti by studying the  varying control obtain- 
ecl by tlitferent sprays. 

3. The  11rimary c a l m  of defoliation in  the Northeast is ; l l f c r~nm~in  
.soZa.ni, but  since this fungus is not wllat may be calletl a rigorous 
parasite, optinnlni conditions 1111ist prevail before attack sets in. 

4. Optimunl conditions for  tlie clisclase inclurle : ( a )  cro~vcletl plants, 
( b )  nlaturity of leaves, (c) heavy f ru i t  load, (el) above ~ io rma l  
~*aini"all and cle~r ant1 (e )  shading. Disease, of conrse, Ilia7 : ~ p -  
pear when one or more of these conditions are not f~~lf i l lc~t l ,  but 
they all seem to 1)la-y a part. 

5. A s11ecinl stucljl was nratle of the relation of f ru i t  load and age 
of t,issucs t'o s~lsre]>t~ibility and i t  appears tha t  any factor such as 
pruning, l o ~ v  ~ i i t rogen  nlltrition or  heavy reprorluction tends t o  
increase suscept,ibil~ty. Tliis is especially striking in tlic case of 
f ru i t  load. T h e  longer tlic ~ ~ l a r i t  rrln:~ins free of f rui t ,  the 
loliger i t  remains free of . \ l tcrn;~ria: and t,lie more f rn i t  it sets, 
the more suscel>tible it. beconies. 

G .  A n  extensive study of the ett'chcts of disease ant1 spraying on 



ripen in,^ has been made. No evitlence can be foi~ntl that  i~~cl icates  
any  eff't1c:t on the ~nat,nrit'!; of fruits, i. e. ripening. J l a ~ ~ y  factors 
such as  cliscasc, clwarfing 2nd clefloration from sprays recluce 
f ru i t  loacl. These factors affect,, of course, tlie nunlber of f rui ts  
l?icked ancl thus t,lley afl'ect the shape of the picking c n r ~ ~ c .  

7. I n  s t t~t l  ying y irlcls the problem nriscs of ~ v h a t  constit11tc.s ripen- 
ing. Ripening is clefinecl as  rediler~ing. Accorclingly, lilany frui ts  
t , l ~a t  11;lve heen picket1 as ripe on tlcfoliatetl plants were not ripe 
1)ecause t,hcy .were orange in color ancl ncver ~17\-onl(l have bec*o~ne 
recl. 

S. Since this point W:IS not clarifrcl until after the co~ri l ) le t io~~ of 
the. cnrrent research, many frui ts  have been piclred on tlefoiiatecl 
plants as ripe n h c n  t l i ~ y  were not r ipe i n  t,he same sense as those 
on plants not clefoliatec-l. As  a result picking clatn lia.-\rc tended 
to favor clrfoliatecl plants uncluly. 

9. I n  st~ldyin,g tlie disease-controlling properties of fungicides, a 
protective coefficient has  been devised for  reclucing the variance 
between tcsts tha t  is clue to inoculum potential, spraying techni- 
que, method of recorcling disease and Irind of clisease. ,\lthougI~ 
t l ~ i s  st:ltistic has sorlle \ve;~lrnesses, i t  serves tile useful purpose 
of eliniinating tlie effect of In:iny confusing variables. I t  is the 
quot,icnt obtainetl by clividing the amonnt of disease on plants 
sprayecl with a st,antlard by that  011 the test material. It is based 
on  tlle ass~i~nl?tion tli:~t as  estrt111~ous factors affect tlie nnlmo~vn 
t,lley also affect the stanclarcl. 

10. One or  Inore tests lla,ve bee11 made of copper-containing borcleaus 
substitutes. Insufficient. data  are available to  ra,te them all wit11 
precision, bu t  tliree grolll)s seem possible: goocl, intermecliate anrl 
poor. Those in  the "goocl" group al3pear to  be pcllon? copper oxide 
(Cul.)rocitle Y ) ?  bordeaux, retl copper osicle (Cuprocicle C ; ) ?  COIII- 
])ol~ntl A, Coposil and Term. 34. Tllose in  the "intcnnecliate" 
group are  llnsicop, Hydro 40 ancl Cuprocicle 54. Those jn tlie 
"poor" group nl-e J le tros ,  ZO, Cupro I< and hyclratecl cnpric 
ositle. 

11. Timing of t,onlnto sprays is of critical importance in econo~nical 
control of ilefoliat,ion. Since no spray is conipletcly n o n - i n j ~ ~ r -  
ious, and sinre, injury is most prono~inccd on srilall pla,nts, t,lie 
a,pplicnt,ions shoulcl bc delayed as long as possible. O n  the ot'her 
liancl, t , l ~e  longer the spr:lys are clelayecl, tlic less effect,ivc they 
can be in stopping an outbrealr. Consicle,ration of all  the clata 
sugge.sts that. the first application in Connecticut shoulrl be ap-  
plied just as the 1)lants break over. 

12. Coverage becomes nn ilnportant factor in  spraying grounc! toma- 
toes because the loner  and inner lenves are  the most suscel?tible 
of any  to clefoliating fllngi. ~ l l t h o u g h  ericlencc is some~vhat linl- 
itecl, it appears now tllnt insufficient attention h :~s  been ~ a i c l  
t o  size, of nozzle orifice. This  shoulcl be as large as  possible so 
t ha t  tlie S ~ I : R Y  st,renln \vill be hard enough to pusli asicle the 
outer crolvn of leaves. 
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