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SPRAY INJURY STUDIES. I 
INJURIES FROM SUMMER APPLICATION ON THE APPLE 

w. C. DUTTON 

Insect and fungus control in the orchard depends on the use of materials 
which are destructive to insects or fungi, and it is desirable, at the same 
time, that they be non-injurious to the trees thus protected. Materials which 
combine these qualities are rare. Even the generally used materials fall short 
of being innocuous. In aggravated cases, the injury induced by standard 
protective materials may exceed that caused by the pests against which they 
are designed to afford protection. Again, these same materials may be wholly 
harmless to the tree. Consequently, a study of circumstances attending in­
jury may help to prevent recurrence of these injuries. A comprehensive 
investigation of spraying materials should include studies of fungicidal and 
insecticidal values and a study of the injuries that may result from their 
use and the effect of these injuries on the performance of the plant. 

A series of experiments to determine the fungicidal value and the inj urious 
effects of several materials and combinations of materials has been in progress 
for several years. A recent publication (13) contains the results obtained 
with these materials in the control of apple scab. This report presents the 
results from these, and other, experiments concerning the injurious effects 
of the materials used. Most of these studies and observations on injury 
from spraying materials were made in orchards at Morrice, Belding, ancl 
Grand Rapids. Descriptions of these orchards may be found on pages 14, 
18 and 19. Other ob, ervations haye been made at East Lansing, as well as in 
many other orchards in various parts of the State. 

DESCRIPTIONS OF MATERIALS 

That there may be a clear understanding of the terms used in this report, 
descriptions of some of the materials used are given here. 

Lime-sulphur-The standard, commercial liquid concentrate testing 32 to 
33 degrees Baume. 

Dry Lime-sulphur-The powdered or dry form of lime-sulphur is made 
by dehydrating the liquid concentrate and contains compounds of sulphur 
similar to those found in liquid lime-sulphur. For use as a spray, it is dis­
solved in water. Dry lime-sulphur is distinct from dry-mix sulphur-lime. 
Two brands of dry lime-sulphur were used in these experiments. . 

Dry-mix Sulphur-lime-A mechanical mixture of sulphur, hydrated lime, 
and some wetting agent such as casein spreader. This preparation is fre­
quently called simply "dry-mix." It is mixed with water and applied as a 
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spray. 1\l[a11Y manufacturers () f spraying ma1cria1s oiler. under trade na111es, 
preparations that are essentia lly the same as "clry-mi:-;:." 

Wettable Sulphur- Sulphur to which has been added some material to 
make it wettable, that is, to permit its heing mixed with water. Ordinary 
sulphur does not mix ca. ily with water. \Vettab1e sulphur diners ('s . ent iall y 
from "dry-mix" in tha~ it contains little or 110 hydrated lime. 

Colloidal Sulphur-~\ Ycry fll1cly diyidc(l sulphur which is supp()sed to 
haye special merit because of the extreme fineness of the particles. 

Flotation Sulphur- A recently c1eyeloped product obtained as a hy-proc1uct 
from the manufacture of gas. It is characterized by extreme finenes s of 
t he particles. 

Casein Spreader- A mixture 0 £ powdered casein and hydrated lime. 
Lime-Two kinds of lime haye heen used in this work, quick lime and 

hydrated lime. The kind used is indiciatec1 in each instance. T he quick 
lime was high calciu111 limC'. Some ()f thc h.\·dratec1 limt' has l) ('cn the fine. 
finish lime hut in ]C)28 and ]9.2c) a high calciulll lime s pecially jlrcp;lrecl fo r 
spraying purposes was 11sed. 

Ir()n Sulphate- The irnn sulphate used \\'as fermu s sulph;ltc. The crystal ­
lin e form was used until ]().29 and ] (),)O . ""hen, for part ()f the w()rk, the 
"sugar" or granulated form was used. The crystals were always c1issoh·ccl 
into a stock sol uti on before usc. The " sugar" grad e was c1issCll\'ed by addi­
tion to water in the spraye r tank with agitation. The u sual pr()cedure was 
to add the fe rrous . ulphate. lead arsenate. and lime-sulphu r in the order 
named. 

A luminum SulJihate- The a1uminu111 sulphate, the corn111ercial g rade oh­
tained as a rather fine powder, wa. ,"vashed into the tank through the screen. 
si nce it is not easily made into a stock solut ion. 

Calcium S ulphate- CYPsul11, or calciu111 sulphate. was used in one in­
stance. This was finely ground and only the porti()n passing through a 200 
mesh screen was used. Some of the 111aterial was 1111er than 300 mesh. 

Tohacco Dust- The tohacco used in this series of experi ment s contai ned. 
according to the producer 's state111cnt 0 f analysis, onc-h,\1 [ 0 f one per cen t 
actual nicotine and was of ] 00 mesh gra(1c. 

Lead Arsenate- The dry or powcler f()rm of the orc1inary or acid lead 
arsel1(1te was llsed in a11 experiments. 

TYPES OF INJURY 

Tnjuries t() the fruit and f()liage ()i the apple caused 1)), 1imc-sulphur, 
l)()rc1caux, arsenicals. and other lllatcri;t1s arc ()f lllallY kinds . These types 
arc s()llletimes distinct and easi1 .\· rcc()g"ni;:ahlc: at other times, it is difficult 
t() distinguish onc frClm the ()ihcr. injuries frol1l spray ing materials ancl 
th()se from drought. frost. disease (\nd ()ther causcs. arc frcquently so 
sim ila r as to cause confu s i()n in di:lg-n()si s . ::\Tany ()f thesc injuries haye heen 
recognized ancl descr ihed hut sincc they arc frequently llnrec()gni;:ecl or im­
properly iclenti fl ed seycral of the more important types 0 f spray injury arc 
described together with other injuries that arc frccJuenily con fused with 
spray injury. Notcs 01l ohsenations c()ncC1"ning e1l\·iron11lental and ()ther 
f(1ctors that innue1lce their occurrence arc a1s() included . 
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Injuries from Lime-Sulphur 

Lime-sulphur may cause certain types of injury to the apple when u scd 
alone and still other for m s of injury may follow where it is combined with 
ot h er mat erial s, such as lead arsenate. Li mc-sulphur injury to foliage may 
take the form 0 f a c1efin ite burn; it may cause stuntin g or dwarfIng () [ 
g rowth, apparently without c1dlnite burn; or burn in g and stunting or dis ­
tortion may occur together. 

Lime-sulphur Burn- Lim e-sll l ph II r i nj L1 ry ,\'as s tudied in ten si vely s( )on 
after Co rdley (8,9, ancl ]0 ) reported that lime-sul phur would con trol apple 
scab. \ \Tallace (2 5), Scott (22), and others have made important co n­
tributions to the p rohlcm of lime-sulphur inj u ry. Lime-sulphu r when ap­
plied to th e fo liagc of the apple ma." cause a clef, nite hurn which cau ses t h e 
death of the injured portions of the lcayes. These areas become brown. 
They may he small and scattered O\'e1' the lea f, or they may be large a nd 
of irregular form. Large injured area. are often marg inal or at the tip of 
the leaf, but, in cases of severe injury, entire leaves are killed. Saproph yti c 
fun .!?,'; o ften ilwacle the injured areas. 

Tbis type o f illjury, as it appears in a moc1erately seycre fo rm 011 fully 
deye1opec1 lcayes, is shown in Fi gure ] . It is m ost com111on during mid­
summer , lJllt often occurs with petal-fall or ear ly summer appl icati ons and 
C\'el1 with the delayed dormant , prepink. a nd pink Dppl ica ti ol1 s. \ Vh en re­
sultin g' f r olll clclayecl-clmmant and prepill k applications. it is likely to take 
the form o[ tip-hurn and the illjured jl()1"ii()ns ()[ the small. partly cl e\'elop 'cl 
1ca\'es turn hro\\'1l or siIII pl_\- dr.\· ()uL with()ut much hrov;ning:. Tn lll()re 
se \"C re cascs. the ent ire slllaJ[ lca \'cs 1ll:L_\' he killed a1l d hloss()1l1-1)ud deyelop­
lllcnL checkeel. III a few installccs. where se\'ere injury has occurrec] from 
the pillk appl icat ion, entire l)lossolll clusters haye heen ki ll ed or checked: 
or, if th e blossoms are partly ope 11 , the petals are killed. Injury caused hy 
preblossom appli cations is shown in Figure 2. Lime-sulphur injury u suall y 
becomes eviden t w ithi n one to four days after the spray has heen applied. 

Wind Injury- Tnjury by high wind is 'o ft en co nfus ed with li111e -s 111 -· 
phUf burn anel c1i st in ctioll heLv,Tcen the two is sometimes clifli.cult. "Vind 
injury. howeHT. is u sually localizecl in that portion of th e tree clirect ly 
towa rd the wind or in portions of the orchard most exposed. The injured 
areas arc u sually n ot so ,\'ell c1efi ned as t hose resulting f rom lime-sulphur . 
This in jury m os t frequently occurs in th e early SU11l1ll er when the leaH'S 
are tenc1 er. \Vind injury tn fo liage latc in the season u suall y presents it 

different appearance, th e lea\"Cs secming to he hruised and discolored. wl1ik 
the injury to tenc1er lea\'es in earl y summ er is probahly the result. in part 
at least , of desiccation . 

Factors Affecting Lime-Sulphur Burn 

Temperature- Ill gene ral , the hi g h e r the telllpcrat urc the greater 
the danger of lim e-s ulphur hurn. 1n 10.2R. at 1forrice Oil ~ \llgu st ~. 1ime­
sulphur u sed at the rate () f 20 gall () ns in ] 00 gall ons of spray caused ve ry 
sc\'e rc injury to foliage. The temperature at the tim e of appl ication ( 11 
a. 111 .) was R() O F. and rose to 94° F . cJuring th e :\ ftcrno()n. The seri ous­
ncss of this injury is sho w n in Figure 3. In 1 ().2(), at l ~e1c1in g. ill thc petal-Fa ll 
and two wecks .app li cati() ns. dr.\T and li quid lime-sulphur h()th cau sed scr iou s 
burning during pni()ds uf high tCl11pCl"aturc, while the same materials appliecl 
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Cordley (9) and Wallace (25). Observations over a period of several years 
indicate that young leaves and those developing during periods of relatively 
low temperature, high humidity, and with the amount of sunlight below 
normal are more susceptible to lime-sulphur injury, if subsequent hardening 
ha not occurred, than leaves that have been hardened by age or by high 
temperature, low humidity, and much sunlight. . 

It often has been observed that lime-sulphur injures young or tender 
leaves at temperatures lower than those injurious to mature and hardened 
leaves. In 1929, in :Michigan, there was rather abundant and well dis­
tributed rainfall during the preblossol11 and blossom periods. Leaves de­
veloped rapidly and naturally were tender or succulent. Periods of relatively 
high temperature prevailed at the time of the petal-fall and two weeks 
applications in many parts of the state. In orchards where lime-sulphur was 
lIsed during those periods, injury developed to a very serious degree. 111 
other cases, as previously mentioned, tender foliage has been readily burned, 
with high humidity, but with moderate or even low temperatures. 

However, as mentioned in the section on humidity in rclation to inj ury, 
hardened foliage and low humidity are believed to have prevented in jury 
when the temperature was very high. There are, therefore, two conditions 
with regard to the foliage itself which affect the amount of injury. Tender 
foliage seems to makc injury possible when othcr factors are only moder­
ately favorable for its developmcnt, and harden cd foliage makes injury much 
less likely to develop c,"cn though othcr factors may hc con"duci ve. 

Concentration of the Lime-sulphur There' is a definitc rchti()ll he ­
twecn the conccntration of thc limc-sulphur spray and thc amount of injury. 
In 1929, at Belding, lime-sulphur wa::; llscc1 at four conccntrations: onc, 
one and onc-half, two, and two and ouc-half gallons in each ]00 gallons 
of spray. Thc temperaturc was favorab lc at thc petal-fall application for 
thc dcvelopment of injury. Typical limc-sulphur burn developed with all 
concentrations but there was least with one gallon and thc most with two 
and one-half gallons. Two brands of dry lime-sulphur were used in this ex­
periment and each at conccntrations of four, six, eight, and tcn pounds to 
] 00 gallons of spray. Injury developcd as with the liquid lime-sulphur 
though possibly to a slightly less extent, hut there w.as a definitc relation 
between the concentration and thc amount 0 ( ill j llry. 

In 1930, at M on-icc, liquid lime-sulphu r was used at the ratc 0 f onc and 
two and one-half gallons ancl dry lime-sulphur at the rate of four and ten 
pounds in each hundrcd gallons of spray. Conditions at the petal-fall spray 
were conducive to injury. There was practically no inj ury with the low 
concentrations of either liquid or dry lime-sulphur, but with the higher 
concentrations of both there was noticeable injury and to about the same 
degree. 

No definite rule can be stated as to what concentration of lime-sulphur 
will burn and what will not because of the many other factors that influence 
the development of injury. 

Rate of Application- There is cvidcnce from expcrimcntal tests that 
injury will develop more freely, other things being equal. with a heavy 
application of limc-sulphur than with a light application. Evidence of this 
is often seen whcre the application is irregular or spotted. 

Oil and Lime-sulphur Combination- Certain typcs of oil emulsions 
and lime-sulphur are compatible, so far as the actual combination of the two 
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materials is conccrned, but therc is dcfinitc cvidence that the prc:-,cllcc () foil 
with lime-sulphur rendcrs limc-su1phur injury more scyere ()r canses its 
de\'e10pment whcn limc-sulphur without o il would 1lot producc injury. This 
is true of delayed dormant and summer applicatioJls. The cOl1lparati\'C 
eHects of delayed dormant applicatin]ls of oil and limc-sulphur and li111e­
sul phur alone are shown in Figure -t. This cumhination bas heen use(l in 
many instances without inj ury in the delayed dormant applicatiun, but the 
margin of safety seems much narrower than with lime-sulphur alollc. 

Tree Vigor-The vigor o[ thc tree is uften cOJlsidered t() be an illl­
portant factor in the development 0 f lime-sulphur bu rn. The foliage 0 ( 

trces in low vigor is often considcred to hc particular! y susceptible. Ob­
servations made by the writer on this point are not such that any definite 
statement can bc made, but it i. certain that trees () f normal or high yigor 
are by no means immune to injury. 

Distortion of Leaves 

Lime-sulphur injury to fully dcyclopccl applc kayes usually docs Jlot 
produce any distortion of thc leaf, except for the possible rolling of kil1c(l 
leaves. If, however, partly grown 1eayes are injurcd. distortion almost al­
ways follows. 1\fargina1 injury to such leayes cau scs them to aSSU111C many 
unusual forms as a r esult of the checking of the growth at thc margins while 
growth continues in the central portions of the leaf. Examplcs 0 E distort inn 
resn1ting from marg inal injury causcd hy thc petal-fall application are 
shown in Figures 5 and 6. Thc leaves shown camc from trees spraycd with 
elry lime-sulphur (10 1bs . in JOO gallons) hut liquid lime-sulphur of eqniya­
lent concentration cau sed about thc same results v\·hen conelitions at the time 
of the application were comparab1c. Slow drying, at rather low tcmpera­
ture, and tendcr foliagc wcrc t1le factors fanJ1·ing injury in this instancc. 
In another in stan ce, rathcr mild inju.ry from thc pink application caused 
clefinite distortion of a elifferent type. as shO\vn in Figure 7. Liquid and 
:lr)1 lime-sulphur , at eqlli\·a1ent strengths, again caused similar amounts of 
111J llry. 

Dwarfing 

Thc young leaves. especially those that de\'elop from blossom lmds. arc 
() [ten dwarfed , crinklecl, and hlisterecl. Thc exact causc 0 f this troul)le is 
som etimes eli nlcu1t to determine. Frost in thc prel)losso111 period ancl spray­
ing material s u sed in that period are factors of importancc in the dcvelop­
ment of this trouble. Leaf c!n'e1opment is sometimes checked hy thc tno 
fr equent and too hcavy application of lime-sulphur, e. pecial1y at a re1atiyc1y 
high conccntration. 

Frost and Low Temperature- Evidc1lce that l()w temperaturcs arc 
associated with the crinkling a1ld h1istCl"ing of apple lea\'cs is found in the 
[act that thi s injury may cle\Tl()p on trees that hayc 110t bccn spraycd. Le(l\'cs 
so affected are baclh- crinkl ed and stu lltc(l and ar~ often hlistcrecl. The 
crinkling seems to l;c thc result of g rowth in thc midrib all(l veins l)cing 
checked, anel thc bli ste rs a rc the rcsult o[ icc [ormatioll within tllc leaf 
separating thc upper and Imvcr layers. Thc upper su dace usually rcmains 
intact hu t th e lower surface may turn hrown or l)lcach and l)rcak. )\t 
Morrice, ;n ]930, temperatures v~'cre l()w f()r much ()f the til11c ill the early 
preblossom period. I'hc daily minima fru111 1\ pril 15 tu 26 were: 30, 32, 
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39, 37, 34, 34, 32, 24, 23, 27, 28, and 2SJ degrees F. The delayed dormant ap­
plication was made on .A pril 23 and 24 and the pink applicatoin on May 3. 
Typicalleayes from unsprayed trees are shown in Figures 8 and 9. 

1\ type of frost injury to the fruit of the apple that is frequently confused 
with spray and illsect injury is sho\'n1 in Figure ]0. This is known to occur 
on unsprayed trees and, in lSJ30, wa comlllon in the orchard at Morrice as 
well as in a large proportion () [ the orchards in many parts of Michigan. 
This injury occurs on the pedicel and on the fruit immediately adjacent to the 
pedicel. The injnred area appears as though the epidermis had been scraped 
away but the epidermis pr(1)ably has ;;i11lply been killed. The pedicel is 
drawn over at an acute angle tovyarcls the injured area. Apparently, the 
i1ljury proc1uces 110 injurious eHects l)eyoncl scarring the apple; this, how­
cyer, may causc serious ''''ilting 0 f the apple in storage. The appearance 
oi these scars is ,'howl1 in Figure 11. J\Tany yarieties have heen injured jn 
this way but Jonathan and Duchess seem particularly susceptihle. This 
i1ljury at l\1orrice in 1930 must 11a\'(' occu rred while the hlosso111 buds were 
in the delayecl c10rmant conditi on ancl with the leayes in the blossom buds 
about one-f ou rth inch long. The daily minimum temperatures from April 
:21 to 26 while the buc1s were in that condition were 32, 24, 23, 27, 28 and 
2() degrees 1<.; f reezillg temperature did not occur at any later date. 

Blossom thrips (Frailldilliclla tritici) was present in large numbers in 
] ()30 in mallY l\lichigan orchards during preblossom and 1ilossom periods. 
l\fally growel'~ were of the opinion tbat the cri1lkling and blistering of the 
leayes and the frost injury to the fruit just described were caused by this 
thrips l111t clrdu1 ohscrvati()llS ill 111 (1 n.\ ' ()rC11arcls indicate definitely that the 
thrips was n()t responsihle. 

Lnme-s.uhphur and Dwarfing- Tb()ugh the relation of lime-sulphur to 
dwarill1g of foJiage is nut \'ery clear, there is evidence that lime-sulphur 
somet imes intensillcs stu nti1lg . In] 929, at Grand Rapids, the use of lime­
sulphur (2.0 gallons in ]00) ill the delayed dormant application on Duchess 
and Stayman caused a marked increase in stunting or made the leaves more 
susceptible to frost injury. The use of bordeaux at that time was not fo1-
l()'v\'ccl by an increase in dwarJlng. In 1930, at Morrice, lime-sulphur caused 
JlO apparent increase ill stunting 011 Jonathan and other varieties over that 
already caused hy frost, but, at Belding, with Duchess and IVJ:cIntosh, there 
was slightly 1110re ch\'arhng with lime-sulphur and dry lime-sulphur than 
without. The results with Duchess and Stayman are shown in Figure 12 
and with Jonathan in Figure 13. When g reater stunting occurs following 
t he use 0 [ lime-sulphur, there mayor may not he deflnite burning. 

The cHect of simple stunting does not seem to be very serious, but if it 
i:") greatly increased 1)y lime-sulphur injury the development of the blossoms 
Jllay l)e checked noticeably. 

Dwarfing from Later Applications- In a f c\\,' instances, very seriol1s 
results bave followed the excessive use of lime-sulphur and lead arsenate. 
The most conspicous instance was in an orchard where J\T cJ nto, h trees were 
sprayed three times before the blooming period and tbree times soon after, 
with lime-sulphur, three gallons, and lead arsenate, six pounds, with water 
to make 100 gallons. This spray was applied so hea\'ily that the leaves at 
all time, were hea"ity coated with spray residue. This resulted in checking 
the growth of leaves, ill much actual injury so that the leaves were ragged 
in appearance, and in heavy leaf-fall during mid-summer. Leaves from 
these trees and from normally sprayed trees in 1be . ame orchard are shown 
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ill Figu re 14. This injury also resultcd in <tn cxcessivc June drop of fruil ~llHl 
severc russcting ;l1lcl crack ing of rcmain ing fruits. The fruit is shown ill 
Figu rc ]5. 

Apple Scab and Lime-sulphur Injury 

Injury has often been reported as a result of lime-sulphur penetrating 
leaf-tissue through deep-seated scab lesions . This condition has been ob­
served many times in this work. This injury is an effectual check to further 
development of scab from lesions so affected, but heavy leaf-fall may occur 
if the leaves are badly infected with scab. Leaves that have been injured 
in this way are shown in Figure 18. The same type of injury may follow 
the uses of other materials, also, as lead arsenate, alone or with lime-sulphur, 
bordeaux and sometimes arsenical dusts. Saprophytic fungi often invade 
injured areas as is also shown in Figure 18. 

Lime-sulphur Injury to Fruit 

Apples sprayed with lime-sulphur and lead arsenate are almost always 
smoother and of bettcr finish than fruit of the same variety sprayed with 
bordeaux, though some russeting frequently occurs where lime-sulphur and 
lead arsenate are used (Figure 19). Observations on the use of lime-sulphur 
a lone are not extensive, but it is believed that lime-sulphur used without lead 
arsenate rarely causes russeting of the fruit. There is evidence, however, 
that the russeting th<lt follows the use of lime-sulphur and lead arsenate is 
caused by arscnic, rather than lime-sulphur. 

Apples sometimcs scald during mid- and late-summcr in periods of high 
temperature. Thi s condition is shown in :rigure 16. This injury has bCCtl 
observed on fruit sprayed with bordcaux, lime-sulphur, and other sulphur 
sprays but is likely to occur to a greater extent whcre sulphur in some form, 
and especially limc-sulphur, has bcen uscd in an application during or not 
long he fore a pcriod of high tcmperature. 

Injury From Other Forms of Sulphur 

Dry Lime-sulphur- Dry lime-sulphur has been mentioned in the fore­
going pages as causing injury under some conditions. Evidence available 
indicates that all the types of injury caused by lime-sulphur may be produced 
by dry lime-sulphur, but, if the two are used at equivalent strengths, the 
dry will usually cause somewhat less injury of any type than the liquid. 

Free Sulphur and Sodium-sulphur- :rree sulphur sprays. such as dry­
mix, wCllahle ulphur, sulphur pastes, and flotation sulphur, have not bccn 
observed, in these cxpcriments, to causc any direct injury to foliage or to 
fruit except the possible association with sunscald of fruit noted in a pre­
ceding paragraph. Precautions may be nccessary to prevent arsenical injury 
when these materials are used with lead arsenate. Compounds of sodium 
and sulphur are often unsafe on apple foliage, especially when combin c1 
with lead arsenate. 

Arsenical Injury 

Lead arsenate, the ordinary or acid form, is the arsenical most commonly 
used on apples. It is relatively stable but injury to fruit and foliage often 
follows its use, especially when it is combined with lime-sulphur or other 
sulphur containing sprays. 
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Injury to Foliage 

"Yellow Leaf" InjurY-]'vlany studies of t he cheilli cal r ela tion of lime­
sulphur and lead arsenate have been made by Bradley (5), Bradley and 
Tartar (6), Robinson (20), R uth (21), Cook and McIndoo (7), Thatcher 
and Streeter (23), Andrew and Garman (2), Young (27), and others. 
These studies, in general, show that some form of soluble arsenic is formed 
when lime-sulphur and acid lead arsenate are combined, and this soluble 
arsenic is undoubtedly the causal factor in the development of arsenical in­
jury following the use of lime-sulphur and lead arsenate. The initial stage 
of this injury is purple or reddish spots on the leaf; but, usually, the first 
stage observed is a brown spot at some point on the leaf or larger and usually 
irregular areas that are marginal or at the tip of the leaf. It is difficult, 
in many cases, if not impossible, to distinguish between certain stages of 
arsenical injury and lime-sulphur inj ury. Many leaves with these brown 
areas persist until normal leaf fall but large numbers of them yellow and 
drop prematurely. Stages of the "yellow leaf" arsenical injury are shown 
in Figure 17. "Yellow leaf" in jury, as a result of the preblossom or petal­
fall applications has not been important but it does sometimes develop as a 
result of these applications . In such cases, the yellow leaves may not appear 
for several weeks. It may be noticeable after the two-weeks application and 
is more noticeable with succeeding applications of lead arsenate with lime­
sulphur. 

Yellow leaves may appear within a v\:eek or 10 days after an application 
hut sometimes they are not noticeahle unt.il a longer period has elapsed. 
After the fir t appearance, other leaves may turn yellow over a brief period 
of one to two weeks or they may be in evidence almost continuously for 
. everal weeks. Leaves drop soon after turning yellow. The appearance of 
yellowing is usually progressive with leaves on spurs, appearing first on the 
s111<1ll, basal leaves, then on the larger leaves. This order, however, is not 
without exception. 

There are marked differences in susceptibility of varieties to this in jury. 
\Vagener, Rhode Island Greening, and Baldwin are very sensitive. Jonathan 
is also susceptible. Hubbardston is rather resistant and McIntosh is ordi­
narily not seriously affected. 

Drought Injury- During periods of drought, many yellow leaves may 
develop on apple trees and this development may be largely the result of an 
inadequate supply of water, rather than the result of arsenical injury, al­
though both factors may be involved in many cases. Yel10w leaves also 
develop, throughout the season, regardless of spray treatment, even though 
there is no acute shortage of water. The factors responsible for this have 
not been determined. 

Arsenical Injury to Fruit 

Russeting-Russeting, as used here, refers to an ll1Jury to the skin 
of the apple, in which the epidermal cells or portions of the surface are killed 
and a subsequent formation of cork gives the characteristic russeted ap­
pearance. It may consist of light or heavy netting or may completely cover 
small or large areas. The exact cause 0 f russeting on apples is frequently 
difficult, if not impossible, to establish. Frost and other unfavorable weather 
conditions are often responsible and in many instances these natural in­
juries are believ~~ to h.av~ b~en caused by spraying materials. An example 
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of frost injury that might casily be confused with spray injury is shown 
in Figure 19. One of the m ost rcccnt report s concerning th is injury is fro m 
McDaniels and IIcinicke (19). It is truc, howeve r , that spraying materials 
are often responsible for all or part of the russcting found on a gi\'cn lot 
of apples. As i]lc1icated in a preceding paragraph, limc-sulphur , as such, 
is believed to be unimportant in J\1ichigan in the dc\-elopmellt of russeting ; 
but, when lime-sulphur and lead Clrsenate are c011llJincc1, russet in g as a rcsult 
of arsenical injury oftcn dc\·elops. 1<usse ting resulting from the use of 
this combination of material s is s110\>\' n in Figure 20. Tt has hcen observcc1 
also wherc lead a r senate has been used with other sulphur preparations. 

Blossom-end Injury-"\rscnicab arc responsibl e fur another furm o[ 
injury to the fruit. Thi s occurs around the calyx and is called "b10sso111 -
end" injury. The cause of this injury has l)cen rather ohscure lmt rcccnt 
work, especially that of Hartman (] Cl), has indicated definitely that solul)lc 
arsenic is rcspons ible. H appears as a clark hrmnl ()f ncar1y 1J1ack area 
around the calyx of the a pple. The arca may he Cll1lilllCd cluse1_\- to the 
calyx or may coyer the cnlire hasin, ; \ sap]"()phy ti c fU1lgus, prohably hlac:\:­
rot in most cases , inyacles thc injurcd areas; allCl, llccausc of this, hlack-rot 
has, in some instances, been consic1ered as primary instead of sccondary 1n 
nature. The rot sometimes sprcads heyond the hasin of the apple. Typical 
specimens of l)losso111-c nd injury arc sh own in Figure ]6. 

Factors Favoring Arsenical Injury 

All the factors that control the deYe1o]1mcnt of arscnical lllJury to the 
foliage and fruit of the apple h;ne ]l ot heen determined in these experiments 
but there are seye ral that are important . 

Tree-vigor- Trees of lligh 'vigor ha\'e sho\\'n less yel1ll",-leaf and 
blossom-end injury than trees 0 f l(nv yigor. 

Lead Arsenate with Other Materials-,The cOlllhinat.ion oE ot.her 
materials with lead arsenate may increase or decrease the amount of injury 
to fruit and foliage. Arsenical injury of all forms is probably prevented 
by usin g bordeaux with the lead arsenate. Lead arsenate u sed with lime­
sulphur usually causes injury t o foliage and may causc russeting and 
blossom-end injury to the fruit. Arsenical in jury, as indicated by Young 
(27) may be more se\-cr c when lead arsenate is combin ed with low concen­
trations of lime-sulphur than with the higher concentrations such as 1 to 
40. With SO l11e comhinations , one type of injury lllay de\'elol' and others 
may not, indi cating' that different factors may 1)(' rcspo1lsihl e for each injury. 
Burning of thc foliage by lime-sul p11llr carly in lhe season is helieved to fayor 
arsenical injury later. No russctillg ()[ the fruit and \'ery littlc ye ll ow-leal 
injury has been obsen'ec1 'when lead al'sena1c and free sulphur sprClys have 
been used together, but l)losso111-enc1 injury has occurred with such combina­
tions. Rather se\'ere inj ury to f oliCl gc t 11 rough scab lesions has occurred 
from the use of wettable sulphu r and lead arsenate, 

The relation of casein spreacler to injury is 11 m \'1,('11 l11lclcr:-.tl)()d. Chemical 
invcstigati ons by Thatcber a lld S treeter (23), illdiC:lic that casci n ~preac1er 
should decrease arscnical illjury from the u se ()i lead arse1lale with li11lC' ­
sulphur . The work of /\ ndrew and Carmall (2'). C()()dwin and l\Tart ill ( 15) 
and G insl>llrg' ( ] .~ ) i1ldi ca tes, h(lWl'\"('r , th;lt clscin spr eade r m ay sf)111clil1lcS 
cause an inc rease in s()lulJlc arsenic. The results [rum fielel experiments with 
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casein sp reader are cun [using. as fo li age injury has 11 0t been reduced; russet­
ing ()f the iruit has hcell increased in s() me instanccs and decreased ill 
() thers; and a for m of blossom-end injury has heen increasec1. Lime rcduccs 
l"llsscting and p()ssil)ly hlossom-end injury. J ron sulphate inhibits th e de­
\Tl()jll1l CllL of must f() rm s oj arsenical injury fo ll owing the u se o ( lead 
arsenate \~'ith lime-sulphur. 

Bordeaux Injury 

norcleaux may cause injury t() l)()th the foliage an(1 fruit of the apple. 
These injuries 11a\(' hee1l descrihed and the factors alTecting th eir c1c\'c!op­
lllcnt studied hy J I u lri ck ( J 7), Cranclall (1 ] ). , \c1a1lls ( ] ), and others. 

Injury to Foliage- Injury t\) foliage fr () 1ll thc cop p e r in hurcleau x 
has the same general sympto1lls as yellow-lea i arseni cal injury. The first 
\'isihlc stage o( eOPl,cT injury is j>urpk spots . 'which usually tu r n ilrown as 
the tissues die. \\Tith pruperly mack ])()rc1caux. these les io11 s are usually sma ll 
and may be on either the upJler or Im\'er suriace o( the leaf. 

These hrown spots may be the final s tage u( injury, in which case, affected 
lea \'Cs c10 1lot fall prelllat u r ely, hut. in man y cases, the le;Lyes yellow and 
drop prem:lturcl.\'. Tb e char~cteristic stagc~ 0 [ co ppe r injury are shown 
ill I<' ig ure ]. The browll lcsiolls m;lY usually he found in any year i ( 
l)()nleaux has heen ll sed ill the ear ly s l1mmer ilpplicat io ll s. Large numbers 
of yell()\,\' lca\'Cs ll~ll:t1ly appear () nl y after periods o( hi gh humidity and reb­
Ii \el y high LcmJlcrat II re o In ()t her wmd~ . "nlllggy" \\'Cat her is fa "mahle to 
this injury. Yell()\\' lca\T~ 111 ; [,\ ' :l]l]lcar :-- ()(lll after ;\11 application. hut their 
apjJearallce J1la: ' hc c1c];lYccl f(lr sc\enl v\'Cek :~ ulltil weathe r c()nditiuns l)e­
C()1llC C()lldllCin' , liljl1ry t(l til\.' i()l i;lge of the apple by bordeaux in :\ li chigan 
is not ()ftCil of C( 11 1seq l1 Cllce: in fact. horclcall x-s prayecl trl'CS usually ha\'C 
u::cc ll ent f()Ji;lg-C. The C() nCel 1trat i(lll of the hordeaux and thc rate of ap­
plicatioJl 11a\ l' not 1>een ohscnecl to hc s ig llifl c mt factl)rS in affecting the 
dC\'el()jJment of the yellow leaf type of c()pper injury. There haye not he en 
s ignih cant elilTerences in the numhers () i ye l1 o \,\' kJ.\'CS fro111 light anel heayy 
applications of e ither weak ()r strong hordeZlu:\:, 

InjUlty to Fruiit- Injury t() the fru it is a f()rm of rllsscting \\'hich is 
yery similar to that caused by a r senicals w ith lime-sulphur <1l1el a lso resemblcs 
some types of frost injury. J<>amplcs arc shown in Figure 21. Russeting 
from bordeaux. howe\,er, is usuall\' mu ch more se\'ere than from limc­
sulphur and lead arsenatc . lnjury- to the fruit is a serious limiting factor 
in the use of horcleaux 01l apples. J t lllay r esult from any o f the early 
season applicatio1l s . The greatest amouut () f russeting probably occurs from 
the petal- fall applicat ion, hut it may likewise be seyere from the pink and 
two-weeks applications. Husseting bas, in som e cases and t o a sligbt extent, 
resulted from bordeall, - appli ed in th e delayed dormant and pre-pink ap­
plication, . 

Tbe relati()1l () f weather t() t he de\'c!opmcnt of r u ssct in g frOl11 l)ordeau x 
has not been studied in these e:\:peri1l1cnts. but cold. rai ny 'weather is generally 
l'O l1 :-;ic1erccl to he f aymahlc t() its deYcl()p1l1ent ( ] 7). There is much differ­
(,11ce of opinion ahout the relati()n of e:-;ccss lime in hordeaux to fusseLing, 
hut there is no e\' iclence from this work that ;tn excess of lime in bordeaux 
reduces russcting in l\lichigall. The rate o( appli cat ion and the co ncentra­
tion of the bordeaux are important. Both beavy application and high con­
centration favor injury and the actual a11lount of copper applied is appar-
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enlly the real determining factor, since equal amounts of copper, no matter 
how applied, produce about the same amount of russeting. 

Varieties differ widely in their susceptibility to russeting from bordeaux, 
Jonathan and Baldwin being susceptible; McIntosh is intermediate; and 
Northern Spy is the least susceptible of any variety observed. It is possible, 
in many seasons, to use bordeaux of low concentration throughout the season 
on Northern Spy without russeting. 

EXPERIMENTAL DATA ON SPRAY INJURY 

The facts that have been presentecl which relate to illj u ries 0 f eli/I ere11t 
kinds caused by the summer application of spray materials t() ;\pplc trees 
afford S0111e indication of both the serious1less a1ld the complexity o( the 
problem. Data throwing additi()1lal light Oil allY of the hetms that telld 
either to increase or lessen spr;\y illj ury ~hould be 0 f interest t() spray ma­
terial manufacturers ()r distributor ' and to fruit growers alike. H.ecords 
accumulated from spraying experiments extending over the period] 923-1930, 
in clusive, and conducted principally in two orchards in central }V[ichigan -
olle located near J\'[orrice and one near Belding- furnish much in (ormatioll 
on some of tile forms of injury that h;we been menti()lled and likewise 011 

se\'eral other forms that have been rather generally oycrlookeel. They are 
presented here for the purpose of (]) pointing out the magnitude 0 ( the 
cumulative effect of certain forms of injury and therefore the importance 
of reducing them to a minimum and (2) indicating ways by which they may 
he substantially les. ened. 

Experiments at Morrice 

The Orcha rd- The orchard at 1\lorrice. Shia wassee COUl1 ty, IS on the 
farm of Geo. F. \Vinegar. The trees were planted in 1912 and are in a good 
state of vigor. The orchard, which co\'ers about 10 acres, comprises blocks 
of Jonathan, IIubbardston, Mcl ntosh, Baldwin, \ "1 ealthy, and Northern Spy 
as permanent trees, with Wagener fi llers throughout. The blocks are so 
arranged that the experimental plots were run across the yarieties and in­
cluded as many of them as desired. D u ring the period of t he experiments. 
a sod of alfalfa and various grasses has been maintained. The growth was 
cut once or twice a year and then raked up under the trees, or s0111etimes has 
been left where cut. A liberal mulch of straw has heen applied under the 
trees. 1\J oderate amounts of nitrogen-bearing fertilizer around the trees. 
and barnyard manure in an all-oyer application heivn'Cn the rows 0 [ trees 
have been applied regularly on most of the orchard. 

Spraying E quipment and Metho ds- A spraying outfit \\'itll a rated 
capacity of ]0 gallons per minute and operated with a fo nr II.P. enginc \,\'as 
used for all the spraying. A single nozzle spray gun of the short type, 
and disc with an aperature of 9/64 inch ha\'e been used at all times, (','ccpt 
in 1930 when a disc aperature of 12/64 (3/16) was usee!. The pressurc 
maintained at the pump for each season was as follows: ] 924, 300 1bs.; 
1925. 1926, amI 1927, 325 lbs.; and 1928, 1929 and 1930, 350 Ills. The 
pressure varied from these figures very little and for short periods only. 
In 1924, the spraying was done from the ground but since that year from 
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an extcnsion platform at the rear of the sprayer, about 15 inches above the 
ground. \Vhen spraying was done from the ground, each tree was completed 
as a unit; when spraying was done from the platform each row was com­
pleted as a un it. 

Schedule and Dates of Applications- T his orchard usually reccived 
[lve application each year for scab control, the pre-pink, pink, petal-fall, 
two-weeks, and second brood sprays. No dormant spraying has been done. 
The dates of the several applications for each year are shown in Table 1. 

Supplementary Mater ia ls- Kicotinc sulphate (-to per ccnt) has gen­
crally been used in the prepink or pink application. In 1927, it was not 
used until the second brood spray when it was applied to reduce a heavy 
summer infestation of the green apple aphid. Lead arsenate has been used 
regularly in all applications, except the pre-pink, unless otherwise indicated 
in the outline for each year. The amount used was two pounds ill each 100 
gallons of spray in 1924 to ] 927, inclusive. In 1928, 1929, and 1930, three 
pounds were used in the pin k, petal-fall, and two week's sprays and two 
pounds in the second-brood application. A ny exceptions in quant ities arc 
indicated with cach outline. 

Table I.- D ates of Applica tions at Morr ice. 
-- --- - -- ---------

Application 1 a~( 1!l3:i In:lf) 1 D~7 1938 1!l3!l 1 n:lO 

---- -

Prcpirrk ... ilby 2, :1 Apr. 33 * May 2, 3 Apr. 10,11, .\ pro 2:1, 2~ t 
u 

------.--- ----- -----

Pink ..... May 15, lG May 4, May 18, I!l May .J, .5 May !l Apr. 30, May 3 
May I , 2t 

Petal-fall. . . .... ..... June G, 7 May:]! June 1. 2 May 2.5, 2G May 25, 2G IVby 27, 28 May 1·1, 15 

Two weeks . June 1!l, 20 June 3 June 15, 15 June 8, 9 June 7, 8 June 7, 8, M: y:]7, 28, 
10 29 

----

Second broocl . ... . Aug. 12, 13 July 20,2! Aug. 5, G Aug. 4, 5 Aug. 8, !l Aug. 5, G, July 31, 
7 Aup;. 1 

'The prepink appliell ion was made on l\IcIntosh only ancl all the trees of that vMiety were sprayed with lime-sulphur, 2.l-i 
gal., and water to make 100 gal. -

1Trees of Northern Spy were in l\ vcry elfly "green-tip" sl.-lge at the time the prepink was applied to the other Yarieli(,H and 
in the prepink condition when the others were in full pink. The Spy trees were sprayed agai n May ]3, wJren the hl<:ssolIl 

clusters were fully separated. 
tThis was re:tlly a delayed dormant with leaves about J1 inch long. 

A detailed statement of materials, concentration. J and results IS presented 
in the Appendix in Tables 23 to 30. 

Concentration and D asage 

In 1924, a part of the Morrice orchard was sprayed in a special way to 
determine the relation of the rate of application and thc concentration of 
materials to the control of apple scab and to the development of injury to 
fruit and foliage. The data concerning scab development in this experiment 
have been published (12). Two materials were used, bordeaux and lime­
sulphur. Lead arsenate powder was added in all applications except the 
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pre-pink. and nic()tine sulphate was illlJudecl in the petal-fall application. 
These materialsvvcre uscd at eli ITcrcllt st rCllgths vvhich han'. im this cx­
pcriment. been arbitrarily il'r11ll'cl \'\'Cak a1ld strung. Tllc am() un ts or i()rmulae 
llscd v\'e re as f ()llows : 

l~mc1 eaux-\ \ "cak : l-4-100 and 1 pound lead arsenate in cach 100 gal lons 
() ( spray. 

Strong: o-ll-100 ancl 3 pounds ()f lead (lrsenat e in each JOO 
g'all(l1ls of spray. 

I Ji1l1e-sulplllJr- \\ "C(l).; : 

Strung: 

1 Jime-sulpllllr J ~ gallons, lead arsenate 1 ~ 
pounds and ,,,'ater 10 make J 00 ga llon s. 

] Jime-sulphur 3 gallons. lead arsenate .) p()unds. 
ancl water to make 100 gallons. 

])()sage and :'Iletlwds of .\pplicati()n- Thc weak and strollg' lime-sulphur 
and the \\'(';tk and stmllg I)()rde<lux ',HT(' applie(l l'ach at three dilferent 
d()sages" These h;\ \(' hCl'1l ter1lll'd light, Jll()derate, alld heary applicati(}ns. 
The sprayi Ilg \,"a s d()llC ill such a way that the ll1()deratdy spraye(l trees rc­
ccin.'d approxi1llately twicc. and the he<l\'ily sprayed trees app\'()ximately 
thrcc timcs. as mallY galloll s as th()se lightly sprayed. Thc rclati\"C am()U1lts 
per tree, then were as 1 . .2, alld J. This was accomplished ill the ioll()'vvillg 
way: The plots sprayed with each strength of each matc rial were made 
up ()f three rows ()i trees: ()ne row rccein'<i a lighL applicati()ll; ()ne a moder­
ate: and the third a hea\'y applicati(l11. The sprayillg for each plot was 
al ways begun 011 the "hea \"y" row and a]] three nm·s v,crc gi \'('n a uni f ur111. 
light applicati()ll. The "light" row was spraycd 1l() m<lrc. By the timc the 
threc r()w s were C()H' lTcl the material 01l the lirst alld scc()1ld r()ws had dried. 
They were again sprayed exactly as 1lel-()re so that the dosage was double 
thaL 01l the lightly spraycd ro\\'. _ \ s S()() ll as the material h;l(l dried frum 
the sccond cm'ering. thc "11('(1 \'y" row \ 'as again sprayed. The final result 
was that one row H'cei\'cd Olle. allot her j'()W tW(), a1ld the third, threc light 
;tl)l)licatiolls. 

"\ 11 spraying \\'a s don c [r01ll the ground. The r()ws, as spraycd, ran north 
allcl south and the u sual procedure was to clri\"C 011 the windward side o[ the 
row and to complete each trec hefore heginning the 11ext. Un a few occa­
si()ns. whell thc 'wind was hlowing directly from the north or south , or ap­
proximately that. the "york ,\'as accomplished hy spray in g one-hal f () [ cach 
trec from one side, tl1<.'l1 returning on the oLher s ide of the ruw and complet ­
ing each trec. 

Comparative Amounts of Active Ingredients - It 11;LS hc('n stated that 
thc comparati\"e am()unts of dilut e materials applied t() the trees rccci\ 'ing 
light, moderate and Ilea\'y applications "aricd as J. l. ancl J. The strong 
limc-sulphur was twice as s trong as the wcak. :l.nd the strong hordeaux was 
threc timcs as strong as the "\'Citk. ny c()1lsider ing together the d()sage and 
thc strength of the materials. it is possihle t() determi1lc thc c()1l1parati\'e 
amount of acLiYe ingredients recei\'ecl hy the tre(' :-; under difTcrcnt treat­
mcnts. For instancc, the rows spraycd with light applicatio1ls (If wcak and 
strong lime-sulphur recci\'cd equal quantities ()f dilute material hut thc W'v\' 

. prayed lightly with the str(l1lg lime-sulphur rerei \'(.'c1 twice as much actual 
lime-sulphur as th c other. since the d ilute material' was twice as strollg. 
Likc\\·ise, the trecs sprayed ,,"ith the hea\'y appli cati()n of hordeaux rccei\'cd 
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three times as many gallons of diluted material as those given the light ap­
plication, and, since the strong bordeaux w.as three times stronger than the 
weak, they receiyed approx imately nine times as much copper as those 
sprayed with a light application of weak hordeaux. 

Actual Dosage of Dilute Materrials- These c()Jl1parative values a r c. 
of course, theoretical alld were nut obtained exactly in the orchard because 
o[ the impossihility o[ sprayillg all trees cxactly ~~like. The dosage might 
he affected hy wind directioJl ancl\Tlocity, by the size of the trees, and 
possibly by certain other fact()rs. The statemellt ()f the actual number oi 
gallons applied per tree (Table l) sh(m's that, although there W<lS S0111C 

variation, the calculatecl d()sages were gin'll in a fairly satisfactory way. 
The greatest yariation was between the pl()ts sprayed v"iih weak and with 
strollg lime-sulphur. 

In Table 2 is presented a complete record of the materials used, the 
formulae or rates of dilution, the rates of application, the actual number of 
gallons applied per tree, the comparati \T amounts of dilute materials, and the 
comparatiYe amounts of active ingredients. The actual dosage records are pre­
sented in two groups, one for the pre-blossom applications which include the 
pre-pink and pi11k and one for the aiter-blossom applicatio11s. In the state­
ment ()f comparative amounts of d il ute materials per tree the yalue "I" is 
gi \'e11 to the smallest closage () [ each material (of both strengths), \,vhich is 
the light applicatioll. In a like mallner, tIle ',"alue "I" is assio'ned to the 
plut of each material which lTCei\'ecl the smallest am()unt of actual fungicide 
or insecticide. This wmIld he. \\'ith hoth horclcaux and lime-sulphur, the 
plot rccci ving the light appl ication () f weak material. A detailed state­
ment of results is presentee! in Tahle l-l-. 

Table 2.-Materials, concentrations, rates of application, dosages and active ingredi­
ents used in special experiment. 

\I'nk limc-sulphllr, 11:i p:ak ill 100 wilh I I:! r,ildll 
Ib~, IC 'Hi ar~Pllalc, I\.lndcraie , 

JI'P:1 I'Y, 
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----- --1-----1 -----1-----1-----
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ll('~\'r 

Nlr()lll~ J,ordelUx, Ii I:! illl) with :, Ih" . 1("lIl Li"hl 
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:? -; 
II) 
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I S 
7 ~ 
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I ~ 

7 ~ 

1 
. ) 

, :i 
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Expedments at Belding 

The Orchard- The orchard at Belding, Ionia Co unty, I S on the farm 
of the Hall Orchards, Inc. The trees were planted in 1902, entirely 0 E 

Baldwin, but a considerable number of McIntosh trees have been set to 
replace Baldwin trees that died out. Many of these McIntosh trees are 
only two or three years younger than the Baldwins. The block used for 
experimental spraying covers about eight acres . The orchard has been 
cultivated each year, except for the areas immediately under the trees. I11 
many seasons, a cover crop of oats has been sown in the late summer. Thc 
trees, in general, are in good vigor. The experiments in this block werc 
110t continued after 1929. 

In addition to the studies in this block of mature trees, observations havc 
also been made in 1929 and 1930 in a 10-year-old block of McIntosh, 
Duchess, and Gano on the same farm . This orchard has had clean cultivation 
and was disced close to the trees before growth bcgan. 

Sp,raying Equipment a nd Methods- A spraying outfit with a rated 
capacity of 15 gallons per minute and operated with an eight H.P. enginc 
was used. The spraying was all done with a spray gun of the standard, 
sing-Ie nozzle type. In 1925, 1926, and 1927 a disc aperture of 3/16-inch 
and a pressure of 350 pounds were used but in 1928 and 1929 it was possible 
to use only a 9/64-inch disc aperature because of decreased efficiency of thc 
pump. In 1928, the pressure could not be maintained uniformly or at as 
hig-h a point as was desired. New pump and engine units were placed on 
this sprayer in 1930. The pressure was maintained at 350 lbs. and a disc 
apcrture of 9/64-inch was used at all time. The spraying was done from 
the top of the sprayer tank except in 1928 when a long hose was used and 
the operator worked from the ground. 

Schedule and Dates of Application- A five-application schedule con­
sisting of the pre-pink, pink, petal-fall, two weeks, and second brood was 
follmved in this orchard. The dates of these applications for each year 
appear in Table 3. 

Table 3.-Dates of Application at B eldin g. 

Applic~tlion 1!l25 1!l26 1927 1!l28 1!l2!l 

Prepink . . . . . . ...... . .. . Apr. 28, 2!l May 11 , 12 Apr. 22, n May 4, 5 Apr. 10, 11 , 12, lli* 

- ---- ------

Pink .. May G, 7 l\[ay 18 l\f" y G, 7 !\fay 8, 0 May G 

l'ebl-fall .. ....... . . . . May 23, 2.5 JUlle 3, 4 i\Iny 26 i\fay 28 , 2!J May 2!l , 31 

Two-weeks .. JUIl!' 4, G JUll!' l!l JUll e !l , If) .TUllC 11 , 12 .Tull e 14, I.j 

---~---

S('('on!l brood . July 17, 18 Aug. 4 Aug. .1 , (j Aug. !l , IO All g. fj 

*Rain and snow made spraying very difficult and, in fai) t, impossible at times, consequently this a]Jplication was prolongctl 
~~ . 
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Supple-mentary Materials- Nicotine sulphate (40%) has been used in 
the pre-pink application at the rate of three-fourths to one pint in each 100 
gallons of spray. Lead arsenate has been used regularly in the pink, petal­
fall, two weeks, and second brood sprays. It was used, previous to 1928, 
at the rate of two pounds in 100 gallons in all these applications but in 1928 
and 1929 three pounds were used in all except the second brood spray, 
when the amount was reduced to two pounds. The only exceptions to this 
were the pink application in 1929, when six pounds to each 100 gallons 
were used for leaf-roller control (this was not done in the younger orchard) 
and, in 1928, when calcium arsenate was used, as indicated, in two plots. 

A detailed tabular statement of materials, concentrations, and results is 
presented in the appendix in Tables 31 to 35. 

Experiments at Grand Rapids 

The Orchard-Tests were made at the Graham Horticult ural Ex­
periment Station in 1928 and 1929 in an orchard planted in 1919. Most of 
the trees were under a sod mulch system of management and were in 
moderate vigor. There are several varieties in the orchard and all were 
sprayed but records were obtained only from those indicated in the tabular 
statements of results. 

A schedule of five applications was followed in this orchard. This con­
sisted of the pre-pink, pink, petal-fall, two-weeks, and second brood-applica­
tions. 

Supplementary M a terials- Nicotine sulphate at the rate of one pint 
in each 100 gallons of dilute spray was used in the pre-pink, and lead arse­
nate was used in the pink, petal-fall, and two-weeks applications at the rate 
of three pounds in each 100 gallons of dilute spray and at the rate of two 
pounds in the second-brood application. 

A tabular statement of materials, concentrations, and results is presented 
in 'fables 36 and 37. 

Presentation of Results 

Other than observations on various types of foliage 1l1Jury such as have 
been recorded on preceding pages, quantitative data on injuries to leaves have 
been limited largely to records of time and amount of premature defoliation. 
This injury to foliage has been measured largely by premature leaf-fall re­
sulting from the injury. Leaf counts have been obtained in several ways 
but always from spurs that did not bear blossoms during the year the records 
were made. Counts were usually confined to spurs on wood two, three, and 
sometimes four years old. In some cases, these counts were made at inter­
vals through the season and in others the counts were of leaves persistent at 
some period late in the season, but always before the fruit was harvested. 
An exact statement of injury to fruit is difficult, but russeting is expressed 
as percentages of fruit affected with light, medium, and heavy russet. The 
amounts of blossom-end injury and sunscald are also expressed as percent­
ages. 

Defoliation from Lime-sulphur Alone and in Combination 
With Other Materials 

Lime-sulphur Alone---Lime-sulphur, alone or w ith lead arsenate, may 
cause severe injury to foli age under certain condit ions. This injury has 
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been designated as lime-sulphu r burn. Leaves so injured mayor may not 
drop prematurely but it is believed that injury from the arsenical commonl y 
used with lime-sulphur is more likely to develop on leaves previously burned 
by lime-sulphur than on those that have not been so inj ured , and, because 
of this condition, leaves burn ed by lime-sulphur are very likely to drop 
prematurely. 

Lime-sulphur alone was used throughout the season in a few instances and 
the results indicate that much less premature leaf-fall occurs from lime­
sulphur alone than when lead arsenate is present, if the former is used in 
such a way that no lime-sulphur burn occurs. l~eference t o Table 26, Plot 
6, shows that in 1926, lime-sulphur (1 .0 gallons in ] 00 ) caused very little 
leaf-fall on J onathan and H ubbardston. Again in 1927, lime-sulphur alone 
Cfable 27, Plots 4 and 5) caused distinctly less leaf- fa ll than lim e-sulphur 
with lead arsenate in adjacent rows ( Plots 2 and 3). 

Lime-sulphur and Lead Arsenate- T he cO Jllhinati<m of lead a r senate 
and lime-sulphur often causes premature defo liation and often many leaves 
are seriously injured even though they do 110t drop prematurely. i\ com­
monly used combination is lime-sulphur, 2 Yz gallons; lead arsenate, 2 or 
3 pounds; and water to make 100 gallons. The extent of premature leaf ­
fall caused by this spray, in comparison with that occuring on check trees, 
is shown in Table 23, Plots 1 and 9; Table 25, Plots 2, 8, and 10 ; Table 
26, Plots 2, 9, and 14; Table 27, P lots 2 and 9; Table 28, Plots 3, 11, and 
17; Table 29, P lots 2, 8, and 13 ; T'able 30, Plots 9 and 15 ; Table 31 , Plots 
3 and 7; Table 32, Plots 4 and 10; Table 33, Plots 3 and 9; Table 34, 
Plots 3 and 9; and Table 35, Plot 3. In Tables 23, 25, 26, 27, 31, 32, and 
33 are shown the original as well as the final count of leaves on spurs. The 
leaf-fall during the summer for un sprayed trees is shown in Table 4. The 
figures probably represent the normal, natural defoliation characteristic of 
the vari eties in question, because inju ries from insects and fungi were 
negligible. The leaf-fall is stated as percentages of the original number of 
leaves on the spurs and the percentages are ayerages for the seasons when 
records were taken in thi s way. The leaf-fall on trees sprayed with the 
indicated concentrations of lime-sulphur and lead arsenate is also shown in 
'Table 4. T hese figures show the total leaf-fall during th e summer from 
about June 1 to September 30. 

Table 4.-Le·af-fall caused by lime-sulphur and lead arsenate. 

Materials 

Check .. ....... . 

Lime-sulphur ... . 

Lead arsenate . . ..... .. . 

Amount in 
100 gal. 

2.!/:1 gal. 

2 or 3 lb. 

Total leaf-fall (per cent) during summer 

Jonathan Hubbardston McIntosh 

13 

43 35 16 

Baldwin 

14 

38 

The loss of leaves from unsprayed trees of most varIetIes was very small 
and the actual reduction in leaf area was much less than the percentage 
loss shown because the leaf-fall was confined almost entirely to the small 
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basal leaves on the spurs, which r epresent a small part of the total lea f 
area on a spu r. However, with the trees sprayed with the lime-sulphur and 
lead arsenate, the percentage loss by count more nearly represents the reduc­
tion in leaf-a rea, as many of the la rger leaves dropped. In additi on to this , 
many of the persistent leaves were in jured to a g reater or less extent so 
that the functioning lea f area was still further reduced . T hi s does not take 
into considerati on any possible redu ced functi uning of uninjured leaves . 

In some years, a continuous seasonal r eco rd was nut taken but one fi nal 
count , usually in September 'O r early October was made to indicate the 
comparative conditions with va rious t reatments. Such records are presented 
in Tables 28, 29, 30, 34, and 35. T he fi nal counts fro m t hese T ables, as 
well as those from Tables 23 , 25, 26, 27, 31, 32 and 33 were ave raged and 
the results presented in Table 5. T hese data show definitely that the com­
bination of 2 % gallons of lime-sulphur, 2 or 3 pounds of lead arsenate, and 
water to make 100 gallons causes heavy lea f-fall on most of the vari eti es 
studied . I t is evident , also, that varieti es vary in their suscept ibility to the 
injury or injur ies that cause premature leaf- fall. W ag'ener is the most 
susceptible and M cIntosh the most resistant , with H ubbardston nearly as 
resistant as McIntosh. T he other vari eties studied are sub ject to th is 
type of 111Jury though but not to the same extent as W agener. 

Table 5.- Leaf-fall caused b y l ime-sulphur and lead arsenate. 

Materials Amollllt ill 
100 g,L! . 

Le:lves persistent on spurs in September (average) 

At Morrice At Belding 

Jonathan H ubbard- Wagener Baldwin Spy McIntosh Baldwin 
ston 

---- ----·1-----1---------------------------

Check 6.4 5 . 0 5.6 5 .3 6.0 5 . 1 

- --- ---1-----1--·------------------- -

Lime-sulphur . 21'2 g tl . 

Lead-arsenate . .. 2 or 3 lb. 3.7 4 .1 1. 6 2.6 2 .4 5 .1 2 .\) 

Lower Concenrations o f Lime-sulph ur and Lead Arsenate--T he dat a 
just presented have to do with lime-sulphur and lead arsenate at the so­
called standard concentrat ions. Several attempts have been made to deter­
mine the effect of lowering the concentrati on of one or both of the in ­
gredi ents of the combinati on or of el iminating the lead arsenate. In 1926, 
at Morrice, several variations were u sed , as shown in Table 26, P lots 2, 
6, 7, 8, and 9. T he results of these tes ts are summarized in Table 6. These 
counts were usually made in September. 

Another similar series was carri ed on at }\lorrice in 1927. T he detailed 
statement of treatment and r esults is shown in Table 27, P lots 2, 3, 4, 5 and 
9 and the r esults ar e summari zed in Table 7. A t hird set of experiments 
was carri ed out in 1928, as shown in Table 28, P lots 3, 8 , 9, 10 and 17. 
In this work, all plots were sprayed uni for1111y in t he pre-hlossom applica­
tion. 111 the 1'ost-b1 0sS0111 applicati ons. the lead arsenate was used at the 
rate of three pounds in ]00 gallons in t he petal- Call and in the two-weeks 
applicatiGns and two pounds in the second brood application on all plots; 
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Table 6.-Effect on premature defoliation of lowering the concentration of lime­
sulphur and lead arsenate, Morrice, 1926. 

Plot Material 

2 and 9 ..... Lime-sulphur .. . .. . . . 
Lead arsenate ..... .. . 

8 ....... . ... .. ... . ..... . Lime-sulphur ... . 
Lead arsenate ... . 

7 ....... Lime-sulphur ... . 
Lead arsenate ... . 

6 .............. . Lime-sulphur ..... . 
Lead arsenate ..... . 

Amount in 
100 gal. 

2Yz gal. 
2lbs. 

2Yz gal. 
lIb. 

J1 ;[ gal. 
lIb. 

J!1 gal. 
none 

14 ............ . ......... ·......... Check . ...................... . ....... . ....... . . 

*Averag(of two plols (Nos. 2andJ). 

Leaves lost from spurs 
(percentages of original 

numbers) 

Jonathan Hubbardston 

27' 34' 

32 34 

JS 13 

----------

14 

11 

?ut the lime-sulphur was varied from onc gallon to two and one-half gallons 
111 each 100 gallons of spray. The results are summarized jn Table 8. Still 
other data are avai lable from the work at Morrice in 1930, as shown in 
Table 30, Plots 9, 12, 13, 14, and 15. In these tests, the lead arsenate was 
used uniformly on all sprayed plots but liquid and dry limc-sulphur were 
each used at two concentrations. The results are summarized in Table 9. 

Table 7.-Effect on premature defoliation of lowering the concentration of lime­
sulphur and lead arsenate, Morrice, 1927. 

Plot Materials 

5 .... Lime-sulphur ........ . 
Lead arsenate ........ . 

4 ...... . Lime-sulphur . .. .. . 
Lead arsenate .. ... .. . . ... ..... . .. . 

2 and fl .... . .... . ... . . .. ... ..... . Lime-sulphur ..... . 
Lead arsenate ..... . 

3 .... Lime-sulphur .... . 
Lead arsenate . . ....... . 

*Average of two plots (Nos. 2 and fJ). 

Amount in 
100 gal. 

1U gal. 
none 

2Yz gal. 
none 

2Yz gal. 
2lbs. 

2Yz gal. 
lIb. 

Leaves lost from spurs 
(percentages of original 

numbers) 

Jonathan 

2D 

44 

63* 

69 
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2 and 11 . . . . . . . . . . . . . . . . . Lime-sulphur . . 

10 ... . .... '" .... . ... , .... . 

Lead arsenate. 

Lime-sulphur .. 
Lead arsenate. 

D. . . . . . . . . . . . . . . . . . . . . . . . Lime-sulphur .. 
Lead arsenate .. 

8 . . . . . . . . . . . . . . . . . . . . . . . . Lime-sulphur .. 
Lead arsenate .. 

*These concentrations refer to the post-hlossc 
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Plot 

D ......•.••••.•.. . •.• ........... Lime-suI 
Lead ars 

12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Lime-suI 
Lead ars; 

*2 pounds were used in the second brood applic 
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Table S.- Effect on premature defoliation of lowering the concentration of lime­
sulphur and lead arsenate, Morrice, 1928. 

Plot Materials 

2 and 11 ... . ............ .. Lime-sulphur . . ........... 
Lead arsenate .... . ....... 

10 ......................... Lime-sulphur ......... . ... 
Lead arsenate ... . ... . .. .. 

9 ....... . .. . . .... ...... .. Lime-sulphur .. .. ........ . 
Lead arsenate ... ...... .... 

8 .. ..... ... ........ ... . ... Lime-sulphur . .. . .. .. . .... 
Lead arsenate ............. 

Amount in 
100 gal.* 

2Yz gal. 
3lbs. 

2 gal. 
3lbs. 

lYz gal. 
31bs. 

1 gal. 
3lbs. 

Leaves lost from spurs (percentages of checks) 

Jonathan Hubbardston Wagener 

54 37 68 

50 25 66 

58 22 54 

54 25 34 

*These concentrations refer to the post-blossom applications as all plots were sprayed uniformly in pre-blossom applications 
The lead arsenate was reduced to 2 Ibs. on all sprayed plots in the second brood application. 

In Table 6, lime-sulphur, two and one-half gallons, and lead arsenate, 
two pounds (Plots 2 and 9) and -one pound (Plot 8) are shown not to 
have caused significantly different amounts of leaf-fall on either Jonathan 
or Hubbardston. Lime-sulphur, one and one-quarter gallons, and lead arse­
nate, one pound (Plot 7) and wi ih no lead arsenate (Plot 6) are shown to 
have caused much less defoliation than lime-sulphur at the rate of two and 
one-half gallons (Plots 8, 2, and 9). With Hubbardston, there was no 
essential difference in results from one pound of lead arsenate and no lead 
arsenate; but, with Jonathan, the addition of one pound of lead arsenate 
(Plot 7) caused an absolute increase in leaf-fall of 9 per cent over that 
from no lead arsenate (Plot 6). T he most significant and consistent differ­
ence in this group of plots is between P lots 6 and 7 which received one and 
one-fourth gallons of lime-sulphur and P lots 8, 2, and 9, on which two 
and one-half gallons of lime-sulphur were used. 

The results presented in Table 7 show that lime-sulphur with two pounds 
of lead arsenate (Plots 2 and 9) and with one pound (Plot 3) caused only 

Table 9.-Effect on premature defoliation of lowering the concentration of lime­
sulphur and lead arsenate, Morrice, 1930. 

Plot Materials 

9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Lime-sulphur ....... . ...... .. .... . 
I,ead arsenate .. . . ... .... .. .... ... . 

12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Lime-sulphur .. . ....... ... ....... . 
Lead arsenate .................... . 

*2 pounds were used in the second brood application. 

Amount in 
100 gal. 

2Yz gal. 
3lbs. 

1 gal. 
3Ibs.· 

Leaves lost from spurs 
(percentage of check) 

Jonathan 

11 

11 
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slightly different amounts of leaf-fall. Lime-sulphur of the same concen­
tration but with no lead arsenate (Plot 4) caused much less injury, and the 
reduction of the lime-sulphur to one and one- fourth gallons and without lead 
arsenate (Plo t 5) produced still less leaf-fall. Lime-sulphur without lead 
arsenate caused a n appreciabl e amount of leaf- fall but lowering the con­
centration of the lime-sulphur resulted in a marked decrease in leaf - fall. 

In 1928, t he lead arsenate was kept uni for m hut the lime-sulphur was u sed 
at fo u r concentrations: one, one and one-half, two, and two a,ld one-half 
gallons. The results prcsented in Tablc 8 show that, with J onathan there 
were practically no differences; on IIubbardston, there were no significant 
differences except possibly for the g reater leaf-fall with the highest con­
centration of lime-sulphur; but, with Wagener, there was a direct relation 
between the concentrati on of the lime-sulphur and the amount of leaf- fall. 
The results with J ohathan were definitely affected by what was probably an 
increase in arsenical injury and ycllow-Ieaf development in Plots 8 and 9, 
where the lower conccntrations of lime-sulphur were used. Thc general 
condition of the fo li age in these plots was yery much better than in Plots 
10, 2, and 11; but, in spite of t hi s, injury of the yellow-leaf type was con­
spicuous and all such lcayes fe ll at once. T he greater part of thi. develop­
m ent came during late Jun e and Jul y. ;\ conspicuous accompaniment of 
thi s in jury in Plots 8 and 9 was the invas io n of fungi into practically every 
injured spot . These were undoubtedly saprophyti c in nature though thi s 
phase of the problem was not studied in detail. It was determined clefi­
nitely* h ow ever that blacl..:-rot was not present. The total absence o f these 
fungi from the leaves of adjacent unsprayed trees is evidence that they 
were not parasitic. 

A fact definitely shown in Table g is the extreme susceptihility of 'vVag­
ener to in jury , the intermediate position of J onathan. and the relative re­
sistan ce of Hubbardston. 

In 1930, Table 9. the lea f-fall was yc ry much less than in many years 
but the results with high and low concentrati ons of lime-sulphur were of the 
same nature as sll own in Table g for ] 928. 'rhe actual amount of in jured 
area on leaves in Plot 9 was much greater than in Plot 12, where the lower 
concentration of lime-sulphur was u sed but the loss of leaves was equal. 
The saprophyt ic fun g-i w ere just as conspicuous in Plot 12 in 1930 as in 
Plots 8 and 9 in 1928 and much more conspi cuous than in Plot 9 (1930 ). 
Counts were not made on Hubbardston and Wagener, but their condition was 
bctter in Plot] 2 than in P lot 9 and there was little of the yellow-leaf injury 
and none of the saprophytic fungus. 

Summari zing the results presented in Tables 6, 7, R, and 9, it is evident 
that despite so me inconsistencies there are certain definite tendencies. The 
lowering of the concentration of lime-sulphur , esneciallv with smaller 
amounts of lead arsenate. resulted ;n reduced leaf-fall. Injury does not 
seem to he lessened by reducing the lead arsenate hut with the lime-sulphur 
concentration constant there is more injury with lead arsenate than without. 
L owering the concentrat io n of the lime-sulphur, hut with the lead arsenate 
uniform , h8 s r esultc(l in m ore yellow-leaf injury on J onathan , but not on 
other varieties. 

Calcium Arsenate vs. Lead Arsenate- The suhstitution of calcium 
arsenate for lead ar senate because of its compatibility w ith lime-sulphur and 
hecause of its lowe r cost has heen suggested frequentl/: T his material wa. 

*By Dr. Ray N clso ll of l11C Section of Bota l1 Y, 
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used in a few cases in th is work and no marked difference was noted in the 
amount of injury. Calcium arsenate, however, is not generally accepted 
as being equal to lead arsenate fur cod1 ing moth control. Eeports of tests 
of calcium arsenate arc found in TabJe 28, Plot 15; TabJe 30, Plot 8; and 
Table 34, Plots 4 and 5. 

The Use of Supplementary Materials to Reduce Injury 

lVlodifications of the combination of lime-sulphur and lead arsenate to 
reduce the injuries have been suggested. These modifications are supposed 
to eliminate or reduce the burning caused hy the lime-sulphur or to check 
the reaction between lime-sulphur and lead arsenatc and thus prevent the 
development of arsenical injury. SC\'cral of these modifications ha\'e been 
tested under Michigan cond iti ons. 

Tobacco Dust-Ground tobacco or tobacco c1ust wa s found by 
Thatcher and Streeter (23), in laboratory experiments, to check the forma­
tion of water soluble arsenic when lime-sulphur and lead arsenate are C0111-

bined. Tobacco dust was used in this way in field tests in two orchards in 
] 928. The results at Morrice with Jonathan, Hubbardston, and vVagener 
are presented in Table 28, Plot 5, and at Belding with Baldwin in Table 
34, Plot 2. These, together with those trom the use of the ordinary com­
bination of lime-sulphur and lead arsenate, are brought together in Table 
10 and show that the addition of tobacco du st did not result in any significant 
difference in injury. 

Table IO.-Effect on premature leaf-fall of modifying the lime-sulphur-lead arsenate 
spray w ith tobacco dust and calcium sulphate. 

Materials 

Lime-sulphur ..... . 
Lead arsenate ..... . 

Lime-sulphur .. .. . 
Lead arsenate . ...... . . 
Tobacco dust . . .. . 

Amount in 
100 gal. 

21 ;; gal. 
30r 2 10.* 

2 ~-:I gal. 
30r2Ib.* 
51b. 

Leaves persistent on spurs (in late September) 

Jonathan Hubbardston Wagener Baldwin 

3 3t 4.7t 1. 6t 2.4 

3 !) 5.3 1.7 2 .3 

--------------------------1-------1------1--------------
Lime-sulphur . . . . . . ........ . . . . ....... . 
Lead arsellate . . . . . .. ... . ..... .. 
Calcium sulphate _ ........ . . . . . 

2! ~ gal. 
3 0r21b. 
41b. 

*Two pounds used in the second-brood application. 
tAverage of two plots. 

3.5 4.6 2 0 

Calcium Sulphate- The use of calcium sulphate ha s bccn suggestcd 
by Mogendorf (18), as a means of inhibiting the formation of water soluble 

arsenic from lead arsenate. Calcium sulphate with lime-sulphur and lead 
arsenate was used in one test in 1928 at Morrice with J onathan, Hubbard­
ston, and Wagencr (Table 28, Plot 4) and the results arc shown in Table 
10 in direct compari -on with limc-sulphur and lead arsenate without the 
calcium sulphatc. Thc data do not indicate any bencflt from the addition 
of calcium sulphate. 



26 M [ell rCAN SPECIAL BULLETIN NO. 218 

Casein Spreader- The addition of casein spreader to the lime-sulphur­
lead arsenate spray, as previously stated, is believed by some to be beneficial 
and by others to increa e the possibilities of injury. Casein spreader has 
been used in several instances in this work : At Morrice in 1924, Table 23, 
Plot 2; 1925, Table 25, Plot 3; 1926, Table 26, Plot 3; 1930, Table 30, 
Plot 1; at Belding in 1925, Table 31 , Plot 2; and 1926, Table 32, Plot 3. 
The data from all these experiments, except the one in 1930 at Morrice, 
are summarized in Table 11. In one instance only, with Jonathan in 1925, 
was there any noticeable difference in favor of casein spreader. In three 
cases, the results are practically the same but in the other six cases there 
were fewer leaves persistent where casein spreader was used. The obvious 
conclusion is that the addition of casein spreader to the lime-sulphur-Iead 
arsenate spray is more likely to increa e than to lessen leaf- fall. 

Table ll.-The reIatio,n of casein spreader to injury from lime-sulphur and lead 
arsenate. 

Leaves persistent on spurs (average)* 

Materials Amount in Year 100 gal. 

Jonathan Hubbardston Wagener Baldwin McIntosh 

Lime-sulphur .... 2Yz gal. 1924 ... .. .. . .... .. 3 .5 (4 .5) 1.4 (2 .6) .. . ... .. .... . . . .... ... .... 

Lead arsenate ... . 21b. 1925 4 . 7(3 .9)* 4.6 (4 .9) ... .. .. .. .... . 3.6 (4.9) 5 .4 (6 .2) 

--
Casein spreader .. lib. 1926 4 .6 (4 .8) 4 .0 (4.6) .. ..... .. .. . .. 4.4 (45) 5 .8 (5 .7) 

*The figures in parentheses show the results from the same concentrations of lime-sulphur and lead arsenate without casein 
spreader. 

Cane Sugar- Cane sugar is used in the manufacture of dry lime­
sulphur to inhibit the breaking down of the sulphur compounds in the lime­
sulphur and it has been claimed that its presence checks the formation of 
water soluble arsenic when lead arsenate is used with the dry lime-sulphur. 
Cane sugar was used with liquid lime-sulphur and lead arsenate at Morrice 
and Belding in 1925 Cfable 25, Plot 6 and Table 31, P lot 6). The figures 
obtained at Morrice Cfable 25, Plot 6) with both Jonathan and Hubbardston 
show significantly less leaf-fall than where sugar was not used (Plot 2). 
At BeJding Cfable 31, Plot 6), there was greater leaf-fall where sugar was 
added than where none was used (Plot 3). Factors other than spraying 
materials may have been operative in increasing the injury in Plot 6. This 
work is not extensive enough to be conclusive but there is some indication 
that sugar may be of value in this connection. 

Lime-The incorporation of lim e in the lime-sulphur -lead arsenate 
spray has been advised many times to reduce spray injury. Both hydrated 
and quick lime have been used in these experiments. The results of these 
tests are shown in Table 23, P lot 3; Table 25, Plot 4; Table 26, Plot 4; 
Table 28, Plots 1 and 2; Table 31, Plot 4; Table 32, Plot 5; and Table 34, 
Plots 7 and 8. These data are brought together in Table 12. In a total 
of 14 comparisons, only two show marked differences and these are not in 
one direction. Otherwise, the data indicate that lime did not increase or 
decrease injury to foliage. 

SPRP 

Table IZ.-The relation of Iii 

Materials 

Lime-sulphur . . . 

Lead arsenate .. .. 

Lime* . . . .. .. . . . . 

Amoun! in 
100 gal. 

2! ~ gal. 

2 or 3 lb. 

Year -

1024 

1025 

1026 

1928 

*Refer to the original tables, as indicated in tl 
tThe fi gures in parentheses show the results fl 
tAverage of two plots. 
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Table 12.-The relation of lim e to injury from lime-sulphur and lead arsenate. 

Materials 

Lime-sulphur .. . 

Lead arsenate .... 

AmounLin 
100 gal. 

2 or 3 1b. 

Lime* . ... .. . . . . . . . . . . . . . . . 

Year 

Jonatha n 

1924 

1925 5 .4 (3 9lt 

1926 5.0 (48) 

1928 3 .4(3 .6)t 

Leaves persistent on spurs (average)t 

Hubbardston Wagener Baldwin 

3 .9 (Vi ) 

4 .8 (4 9) 4 .4 (4 .9) 

4 .5 (46) 4 .6 (4 .5) 

4.1 (4 .OH 1. 7 (1.4)t 1.6 (2.4) 

*Refer to the original tables, as indicated in the text, for the amounts of lime used. 

McIntosh 

7 .0 (6 .2) 

6 .0 (5.7) 

3 .3 (3.4) 

tThe figures in parentheses show the results from the same concentrations of lime-sulphur and lead arsenate without lime. 
tAverage of two plots . 

Aluminum Sulphate--Investigations in Canada (3) have shown that 
the use of aluminum sulphate with lime-sulphur and arsenicals has resulted 
in marked improvement in certain respects. Aluminum sulpbate at the rate 
of 30 pounds t o each gallon of lime-sulphur solution reduces or eliminates 
the injurious effects o f lime-sulphur that are so serious in that territory. 
This should be expected since this amount of aluminum sulphate precipi­
tates practically all the sulphur in solution in the lime-sulphur. This com­
bination was used at Morrice and Belding in 1927, as shown in Table 27, 
Plot 8 and Table 33, Plot 4. It caused slightly less leaf-fall than the same 
concentration of lime-sulphur and lead arsenate, as indicated in Table 27, 
Plots 8, 2 and 9 and Table 33, Plots 4 and 3. The foliage on trees sprayed 
with the aluminum sulphate modification was of excellent color and free 
from lime-sulphur burn but there was a rather severe development of yellow­
leaf injury, indicating that the modification does not work well with lead 
arsenate. 

Iron Sulphate--Iron sulphate (ferrous sulphate) has been experi­
mented with in several ways in connection with spraying materials. Ex­
amples of this are the investigations of Waite (24), who combined it with 
self-boiled lime-sulphur; of Ballard and Volek (4) who found lime-sulphur 
and iron sulphate desirable as a spray for the control of apple powdery 
mildew. This spray. which was known as "iron sulphide" was further 
tested in Oregon by Winston and Childs (26). 

The combination of iron sulphate with lime-sulphur sprays to serve as 
a marker has been practiced to a considerable extent in certain districts. 
The reports concerning the use of iron sulphate have not all been in accord 
and little has been reported concerning it in recent years. 

Investigation of the use of iron sulphate with lime-sulphur and lead arse­
nate began in Michigan in 1925. Iron sulphate was added in this work at 
the rates of one-half, one, and three and one-half pounds of iron sulphate 
for each gallon of lime-sulphur concentrate. The lime-sulphur was always 
used at the rate of 2 Yz gallons with water to make 100 gallons. Iron sulphate 
has also been combined with the lime-sulphur-caleium arsenate combination 
and with dry lime-sulphur and lead arsenate. Three and one-half pounds 
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is approximately the amount of iro11 sulphate required to precipitate com­
pletely one gall on of lime-sulphur concentrate. One half pound, therefore, 
would precipitate approximately one-seventh o f each gallon of lime-sulphur. 

The procedure usually fo llowed in mixing i rOll sulphate with the other 
ingredients follows : Start fillin g th e sp rayer tank with water and, when 
there are 25 to 50 gallon s in the tank, add the iron sulphate, then the lead 
arsenate; and. last ly, when the tank is nea rly full. add the Erne-sulphur. Fill 
the tank with water and apply. J(eep t he agitator in operation at all times. 

Iron sulphate was u sed at :Morrice in 192 5, as shown in Table 25, Plot 
5, and at Belding, as indicated in Table 31, Plot 5. The percentage loss . 
by count , of leaves from spurs from four varieties is shown in Table ] 3. 
These percentages are calculated from tb e leaf-fall records presented in 
Tables 25 and 31. 

Table 13.-The effect on le·af-fall of adding iron sulphate to the lime,-sulphur and 
lead arsenate spray, 1925. 

Percentage of leaves lost from spurs 

Treatment 

Jonathan Hubbardston McIntosh Baldwin 

Lime-sulphur and lead arsenate .... . ... . . . . .. ....... 48 32 16 24 

Iron sulphate, lime-sulphur and lead arsenate ... . . . . . .. . ... 7 18 4 22 

The premature leaf-fall when the iron sulphate was added was much 
less and the general condition of the fo liage was much hetter than where 
lime-sulphur and lead arsenate without the i ron sulphate were used. 

In 1926, iron sulphate was used in the same way as in 1925 , as indicated 
in Table 26, Plot 5 and Table 32, Plot 7. Lime-sulphur and lead arsenate, 
as shown for Plots 2 and 4 respectively in Tables 26 and 32, caused pre­
mature leaf-fall during the season of 31 per cent for J onathan, 32 per cent 
for Hubbardston, 16 per cent for McIntosh, and 26 per cent -for BaJdwin. 
The same materials with iron sulphate added caused losses of 13. 23, 20, and 
16 per cent, r espectively. for the same varieties . The leaf-fall was signifi­
cantly less with iron sulphate in J ol1athan , Hubbardston, and Baldwin but 
slightly greater in McIntosh. 

In 1927, iron sulphate was used at Morrice (Table 27) as in 1925 and 
1926 at the rate of one-half pound for each gallon of lime-sulphur (Plot 6) 
and at the r ate o f 3 ~ pounds to each gall on 0 f lime-sulphur ( Plot 7). 
It was used in the same manner at Belding (Table 33 . P lot 6). The pre­
mature loss of leaves on Jonathan at Morrice without iron sulphate ( Plot 2 ) 
was 61 per cent of the original nU1111)er of lea\'e, : with one-half pound of 
iron sulphate to each gallon of li me-sulphur , the loss was 46 per cent ; and 
with the iron sulphate increased to 3 ~ pounds. the premature loss of leaves 
was reduced to 35 per cent. The general a ppea rance of the foliage in 
Plots 6 and 7 was decidedlv better than in Plot 2 a nd indicated an even 
greater improvement than i~ shown hy the leaf counts. /\t Belding, with 
Baldwin, the results were ill lin e with those at Mo rrice . Tll Pl () t 3, where 
11 0 iron sulphate was used there was a Go per cent loss of le(L\'es; and, in 
Plot 6, where it was nsed , this 10 was reduced to 37 per cent. The 
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Table 14.-The effect of adding 
arsenate 

Material s 

Lime-sulphur . . .. .. 
I ,ead arsenate ... 

Lime-sul phur* . . 
Lead a rsenate .. . . . . . 
Iron sulphate . . ... . . . 

Lime-sulphur* . . . .. . . . 
Lead arsenate .. . . . . 
Iron snlphate . .. ... . . 

Lime-sulphur* . . . . . . . 
Calcium arsenate . . , . .. .. . 
Iron sulphate . . ..... . . . . . 

AmouJlt in 
100 gal. 

2Y2 gal. 
30r21b.t 

2~~ gal. 
30r 21b,t 
l U lb. 

2Y2 gal. 
30r2 1b.t 
2 .~2 Ib. 

2;':; gal. 
2 1b. 
1U lb. 

*Bordeaux was s'lbsti tu tcd fo r lime-sulphur an 
t2 Ihs. were used in second brood applicatiOJl. 

These data show a yery 11 

sulphate was used and a 11 ' 

little difference at Morrice Ix 
the general condition of the 
were used. The use of iron SI 

at Belding gave practicaIly th 
arsenate. 
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larger amoullt of iron sulphate (3 j'i pounds ) makes the spray mixtur.:; 
"heavy" and with poo r wetting properties and probably reduces the fungi­
cidal value. In 1927, it was observed that the use of iron sulphate in late 
ummer is likely to cause some spDtting of the fruit becau se the residue 

persists , and, further, that the .arsenical residue may be undes irably high 
where the iron sulphate was used . Because of these condition s, it 
was decided that the combination of iron sulphate with lime-sulphur in 
the second brood application is undesirabl e; and, in all succeeding in­
vestigations, bordeaux and lead arsenate instead of the iron sulphate 
combinations have been employed for that appli cation. R eference to the 
use of iron sulphate in succeed ing experiments mean s, then, that iron sul­
phate, lime-sulphur , and lead arsenate were used in the ea rli er sprays and 
that bordeaux and lead a rsenate were u sed in the second generation appli ca­
tion . 

At l\iorrice, in 1928. i ron sul phate was used at two rates: One-half 
pound and one pound to each gall on of lim e-sulphur, as indicated in Table 
2R, Plots 6 and 7. and at Belding at the rate o f one-half pound with each 
gallon 0 f lime-sulphur with both lead a nd calcium arsenate, as shown in 
Table 34, Pl ots 5 and o. Th e results of these tests are brough t together 
in Table 14. 

Table 14.-The effect of adding iron sulphate to lime-sulphur with lead and calcium 
arsenate, Morrice and Belding, 1928. 

Le~l\"cs Jlc:·sistcnt on spurs (a\·cragc ) 

Material s 

Lime-sulphur . 
Lead a rsenate. 

Lime-sulphur*' . .. . 
Lead a rsenate .... . 
Iron sulphate .... . . 

Lime-sulphur* ... . 
Lead arsenate ... . . 
Iron sulphate .... . 

Lime-sulphur * ...... .. . . . 
Calcium arsenate .. . ... .. . 
Iron sulphate ....... . 

AmounL in 
100 gal. 

2>1 gal. 
3 or 2lb.t 

2 ;,~ gal. 
30r 21b.t 
I;:} lb. 

2~ gal. 
3 or 2lb.t 
2.Y2 lb. 

2>1 gal. 
21b. 
lUlb. 

Morrice 

Jonathan Hubbardston Wagcner 

3. G 4 0 1.4 

() 2 G 3 3 . 40 

G.3 G.2 3 .2 

*Bordeaux was s· lhs tituted for lime-su lphur and iron sulphate in Lhe second brood appli c::ttion . 
t2 lhs. were used in second brood applicat ion . 

Belding 

McIntosh 

3.4 

3 . !) 

3.8 

Baldwin 

2 .4 

2.9 

2 . 7 

These data show a very much better condition at Morrice where iron 
sulphate was u sed and a noticeable difference at Belding. There was 
little difference at Morrice between the two amounts of iron sulphate but 
the general condition of the foliage was sli ghtly better where 20 pounds 
were used. The u se Df iron sulphate with lime-sulphur and calcium arsenate 
at Belding gave practically the same resul ts as with lime-sulphur and lead 
arsenate. 
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A study of iron sulphate was continued at Morrice and Belding in 1929 
in experimental plots and it was also used by many apple growers in Michi­
<Yan. An effort was made to determine ( 1) in which applications it is most 
desirable to use iron sulphate, and (2) the effect of adding casein spreader to 
the combination. At Morrice (Table 29), iron sulphate was added in Plot 5 
in the pre-pink, pink, petal-fall, and two weeks applications; in Plot 6, it was 
omitted in the pre-pink; and, in Plot 4, it was not included until the two­
weeks application. I n Plot 3, casein spreader was used with iron sulphate 
in the pink, petal-fall, and two weeks applications. In Plot 10, dry lime­
sulphur A was substituted for liquid lime-sulphur. At Belding (Table 35, 
Plot 4) , iron sulphate was included in all the early applications. It was also 
applied in several combinations in anotl~er or~hard at Belding ... The re­
sults of this experiment are not reported 111 detaIl as none of the 1l1Jury that 
was to be studied developed under any treatment. 

L eaf-fall , at Morrice, was significantly reduced by the addition of iron 
sulphate, as shown in Table 29, where Plots 4, 5, and 6 all show a larger 
number of leaves persistent than in Plot 2 where no iron sulphate was added. 
Leaf counts are presen ted here for five varieties- Jonathan, Hubbardston, 
Wagener, Baldwin, and Spy. The omission of iron sulphate in one or more 
of the early applications (Plots 4 and 6) did not materially change the r e­
sults from those obtained in Plot 5. The inclusion of casein spreader (Plot 
3) did not have any marked effect on l ~af -fall. At Belding, C~a~le 35) leaf­
fall was severe both with and without Iron sulphate but was dIst111ctly worse 
where iron sulphate was not used (Plot 3) than where it was (Plot 4) . 

Dry lime-sulphur (Table 29, P.lot 7 ) . caused slightly: less le~f-fal1 than 
lime-sulphur (Plot 2). The inclUSIOn of Iron sulphate wIth dry lIme-sulphur 
(Plot 10) produced effects not g reatly .different from those .obtai.ne~ in .Plot 
5 where iron sulphate was employed 111 the same way wIth hqmd 11me­
sulphur. 

There were several periods during 1929 when conditions were very favor­
able for true lime-sulphur burn, and, at both J\/[orrice and Belding, iron sul­
phate at the rate of one-hal f pound to each gallon of lime-sulphur failed to 
prevent this injury. It is obvious, there.fore, that there can be n.o advantage 
in adding iron sulphate in this pr'oportIOn. when lead aI~senate .IS not use? 
It is further evident that the inclUSIon of Iron sulphate IS less Important 111 

the pre-blossom applications and that it is. pr.obably most. important, to 
reduce foliage injury, in the two-weeks applIcatIOn or any t Ime soon after 
that when lime-sulphur and lead arsenate are used: . . 

The investio'ations with iron sulphate were cont1l1ued 111 1930 at MorrIce, 
as shown in rrable 30. Iron sulphate was used in P lot 6 in all applications 
except the second brood application, and, in. P lot 7, it was not incl~ded until 
the two-weeks appl ication. In P lot 8, calcIUm arsenate was S ~lbstItuted for 
lead arsenate; in Plot 2, NuRexform lead arsenate was substItuted for the 
regular lead arsenate; in P lot 1, casein spreader was added; and, in Plot 
5, dry lime-sulphur A was substi tuted for liquid lime-sulphur. .Leaf-~all was 
about the same in all these plots. The number of leaves perSIstent 111 four 
of these plots was 4.4 and in two there were 4.6. Lime-sulphur and lead 
arsenate without iron sulphate (Plot 9) caused the loss of more l eav~s than 
occurred in any plot with iron sulphate . The premature l~af-fall with t~e 
regular lime-sulphur-l ead arsenate spray was much less 111 1930 than 111 
most preceding years. These results indi cate, as did those of 1929, that .the 
injury that is prevented by iron sulphate follows the after blossom applIca­
tions. 
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The data just summarized show defl11itely that the addition of iron sul­
phate to lime-sulphur (20 gallons in 100) and lead arsenate results in 
significantly better foliage than when the same concentration of lime-sulphur 
and lead arsenate without iron sulphate is used. This impr-ovement is shown 
by a reduction in premature leaf-fall and by a much better condition of the 
persistent leaves. Most of the benefi t results from the inclusion of iron 
sulphate in the after-blossom applications, which are the ones most often 
followed by yellow-leaf injury. This indicates that the better condition of 
the foliage is the result, in part at least, of checking arsenical injury resulting 
from the soluble arsenic fo rmed when lime-sulphur and lead arsenate are com­
bined rather than by reducing true lime-sulphur burn. The results of 1929 
show that one-half pound of iron sulphate to each gallon of lime-sulphur 
does not prevent the lime-sulphur injury. Complete chemical studies of the 
effect of iron sulphate on the lime-sulphur and lead arsenate spray have not 
been made but analyses indicate that the formation of water soluble a rsenic 
is checked when iron sulphate is present.* 

Dry Lime-sulphur- Dry lim e-sulphur ha s been used in many o f t hese 
experiments. The value in the control of apple scab has been discussed in 
a previous publication ( 13 ) . The way in which dry lime-sulphur has been 
used is indicated in Table 25, P lot 7; Table 26, Plots 11 , 12, and 13; Table 
29, Plot 7 and 10; Table 30, P lots 5, 13, and 14; Table 32, Plots 8 and 9; 
Table 33, P lots 7 and 8; and Table 35; Plot 2. 

)\t Morrice, in 1925 (Table 25), dry lime-sulphur A (8 pounds in 100 ) 
caused about the same amount of leaf-fall (Plot 7) as liquid lime-sulphur 
(20 gallons in 100) in an adjacent plot (Plot 8) . In 1926, dry lime­
sulphu r A was used at three concentrations : 6, 8, and 10 pounds in 100 
gallons. There was little difference in results on J onathan but with Hubbard­
ston there was a direct relation between concentration and leaf- fall , 10 pounds 
in 100 causing the greatest loss of leaves and 6 pounds the least , (Table 26, 
Plots 11 , 12, and 13). Liquid lime-sulphur at the rate of 20 gallons in 
100 (Plot 9) caused about the same amount of leaf-fall on Jonathan as dry 
lime-sulphur and on Hubbardston slightly more than the approximate 
fungicidal equivalent of the dry ( 10 pounds in 100 ) . In 1929 (Table 29) , a 
comparison of dry lime-sulphur ( Plot 7) and liqu id lime-sulphur ( P lot 8) 
used at equivalent strengths shows rather beavy leaf-fall with both but slight­
ly greater with the liquid. 

Dry lime-sulphur with iron sulphate (Plot 10 ) in the early applications 
and bordeaux in the last caused, on the aver.age, about the same resul ts as 
liquid lime-sulphur used in the same manner (Plot 4 ) . In 1930 (Table 
30, Plots 13 and 14), the use of dry lime-sulphur at two concentrations 
caused less leaf-fall than comparable concentrations of liquid lime-sulphu r 
(Plots 12 and 9). Accurate compari sons are impossible, however, because 
the results obtained on different trees within the plots sprayed with dry lime­
sulphur were extremely variable. :ractors other than spraying materials 
were involved. In Plots 5 and 6, dry and liquid linle-sulphur with iron 
sulphate produced identical results . 

At Belding, in 1926 (Table 32), dry lime-sulphurs A and B at the rate 
of 10 pounds in 100 gallon s (Plo ts 8 and 9) caused slightly more leaf-fall 
than liquid lime-sulphur of comparable concentration (Plot 4 ). In 1927, 
at Belding, the results were almost icl enti cal (Plots 3 and 7) and the same 
condition prevai led in 1930 (Table 35, P lots 2 and 3). 

*By O. B. vVintcr of Sect ion of ChClll i try of Michigan Agricultural Expe rim ent 
Station . 
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These data indicate that liquid and elry limc-sulphur, used in amounts 
comparable fungicidal ly, cause about equal al1l 0unts of leaf-fall , but a com­
parison of the condition of the persistent leaves often indi cates hettcr results 
with dry li11l e-sul pl1Ur. 

DEFOLIATI ON F ROM SULPHUR SPRAYS OTHER 
TH AN LIME-SULPHUR 

Several sulphur sprays, other than liquid and dry lime-sulphur, were used 
in these in vestigation s. j\mong these, were dry-mix su lphur-lime, wettable 
su lphur, colloidal sulphur, fl otati on sulphur, and calcium monosulphide. 

Dry-mix- DrY-llli x was u sed at M-orr ice in 192-+ as indicated in Tabk 
23, Plots 4 and 5. ]n Pl ot 4, it was used th roughout the scason. It was 
used in Plot 5 for the after-h lossom applicati ons , li111 e-s ulphur having becn 
used in the preblossom period. T he a111 0Llnt of lcaf-fall was small in both 
plots and less than with lim e-sulphur in P lot 1. Dry-mix was used also 
at Belding in ] 927 in the after-blossom applications after lime-sulphur in 
the pre-blossom period Crable ~3, Plot 2). Leaf-fall was less and leaf 
condition better than in Plot J where lime-sulphur was used throughout th e 
season. 

Wettable Sulphur-!\ w ettable sulphur wa s u se c1 at l\1orr ice in 1926 
(Table 26, P lot 1 ) in the two-weel(s ;-tnd second-brood application fo llowing 
lime-sulphur in the petal-fall and earlier appli cat ions. The amount of lea f ­
fall was di stinct ly less with both J onathan and IIubhard ston than where 
lime-sulphur was used throughout the season ( Plot 2). There was, how­
ever, some yell ow-leaf injury fo ll owing the last spray. L ime in the mix ture 
might have prevented th is. 1\ wettable sulphur was used in 1927 at l\1orrice, 
as indicated in Table 27, P lots ] 1 and 12. L eaf-fall was seve re in both 
these plots and occurred to about the same degree as on lime-sulphur sprayed 
trees. The injury that caused the loss of leaves was of the yellow-leaf type. 
This material was ineffective in scab control and a h igh percentage of the 
leaves were affected by scab. Lead arsenate was used with the wettable 
sulphur and it is probable that the severe development of yell ow-leaf injury 
resulted from arsenical injury through the scab lesions. 

Colloidal Sulphur- Collo idal sulphur s -fr\)111 differ ent so urc es 'wen' 
used in 1924 at Morrice, as shown in Table 23, Plots 6 and 7. No leaf-fall 
of consequence occurred with eithcr but neither controlled scab in a satis­
factory manner. 

Flotation Sulphur- Flotation sulphur 'was u sed at Morrice in 1928 
(Table 28, Plot 16) . Trees sprayed with this maintained excellent foliage 
throughout the season. 1\ further test of the same product was made again 
at Morrice in 1930 (Table 30, P lot 3). The fo li age again remained in ex­
cellent conditi on throughout the season. 

Calcium Sulphide-J\ r cccntl y introduce c1 mate ri a l, calcium sl1lph i(k 
(Cal-l\10-Sul ), was used at Morrice in 1930, as shown in Table 30, P lot 4 . 
There was no evidence of injury to the foliage. 

Sulfocide--A sodium -sulphur compouncl , know n as Sulfocic1c , ,vas 
used in several experiments in the early part of these in vestigations. Casein 
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Table IS.-Com parative folia~ 

Lea 

Year Jonathan Hubbardston 

Bordeaux LJimhe- Borde::lUx Lime-
BU p ur suJphu 

1924 5 8 4.5 

1925 7.7 4 .6* 6.5 4.9* 

1926 6 6 5 .0* 6 .9 4.6* 

1927 5 .0 2 . 7* 

1!l28 6 . 2 3 .3* G ;j 4 7* 

* Average from tWO pJuts. 
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spreader was always added to the spray when lead arsenate was used. T his 
was in accordance with the manu facturer's instruct ions. to reduce the forma­
t ion of water soluble arsenic when the sodium sulphide was combined with 
lead arsenate. Sulfocide was used at Morrice in 1925 (Table 25, P lot 1), 
at Belding in 1926 (Table 32, Pl ot 6) and in 1927 Crable 33, P lot 5). Lea £­
fall was greater at Morrice in ] 926 than with lime-sulphur but was slightly 
less at Belding in 1926 and 1927. Since this material was found to be in­
effective in the control of apple scab, investigations with it were discontinued. 

Foliage Injury from Copper Sprays 

Bordeaux- Bordeaux has been ll sed cont inuo usly on one plot a t M or ­
rice and on one plot at Belding. Lime-sulphur or lime-sulphur and iron 
sulphate has been substituted fo r bordeaux in the petal- fall application in 
recent seasons in order to reduce to a certain extent the russeting on the 
f ru it. In one year, a prepared bordeaux was substituted fo r the home-made 
material. The bordeaux used in 1925 was made according to the 4-8-100 
fo rmula and th is material has been used since at a concentration as low as 
2-2-100. T he concentration used each year is indicated in the proper table 
in the appendix . The plots that have had bordeaux used continuously have 
uni form1y had very light leaf-fall and the foliage has almost always re­
mai ned in excellent condition throughout the season. The results are shown 
in Table 23, Plot 8 : Table 25, P lot 9 ; Table 26, Plot 10 ; T able 27, P lot 10 ; 
T able 28, P lot 12; 'Table 29. P lot 9; Table 30, P lot 10: 'Table 31 , Plot 1 ; 
T able 32, P lot 2; and P lot 1 in Tahles 33, 34, and 35. T he condition of the 
fo liage in these plots is compared with that in plots sprayed with lime­
sulphur and lead arse nate fo r each year in Table 15. 

Table IS.-Comparative f oliage conditio n w ith b ordeau x and lime-sulph u r. 

Year 

1924 

1925 

1926 

1927 

1928 

Jonatha n 

Bordcaux 

7. 7 

6 6 

5 . 0 

6 .2 

Limc­
sulph ur 

4 . G* 

5 .0* 

2 . 7* 

*Average from two plot s. 

Lcaycs persistcnt on spurs (Scptcmbcr) 

H ubbardston 

Bordeaux 

5 .8 

6 5 

6 9 

G 5 

Lime­
sul phur 

4.5 

4 .9* 

4 . G* 

4 i* 

Wagcncr 

Bordcaux 

4 .0 

:j I 

Lime­
sulphur 

2 6 

1 0* 

McI ntosh 

6.7 6 2 

7.7 5. 7 

Baldwin 

5 .7 

4 . 

4 .4 

:J . G 

4 .9 

4 .5 

1. 8 

2.4 
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These data show in every instan ce that there has been a greater number of 
leaves persistent with bordeaux t han with lime-sulphur, and, furthermore, 
t he condition of the persistent leaves on the bordeaux trees was always better 
than where lime-sulphur was used. 

Bordeaux has been used, beginning in 1928, in the second brood applica­
tion on all plots that have been sprayed in the earlier appli cations with lime­
sulphur and iron sulphate. The results from this practice have been 
sati sfactory and bordeaux is especially desirable at that period because it 
can be used when the temperature is high. Lime-sulphur is likely to cause 
immediate injury under such conditions and the greate t development of 
yellow-leaf injury usually follows the use of lime-sulphur and lead arsenate 
at that season. Bordeaux may be used in the second-brood application after 
lime-sulphur without as well as with iron sulphate. T he use of bordeaux 
in the early summer applications is very undesirable, however, on most varie­
ties of apples in Michigan because of the russeting of the fruit. 

Other Copper Materials- In 1928. seve ral copper compound s were 
used at Grand Rapids as indicated in Table 36. Leaf-counts were not made 
in these plots but rather heavy leaf-fall occurred from both grades of basic 
copper sulphate and both kinds of copper carbonate. T hese materials were 
all used in proportions such as to give approxi mately equal amounts of copper 
in the dilute spray. 

SPECIAL METHODS EXPERIMENT 

The investigation s carried on in 1924 that involved the use of special 
methods, which are described on page 15 will be discussed from three points 
of view:- coll centration of materials, rate of appli cation, and units of ac­
ti ve ingrediellts applied. The effect of these three factors on injury to 
foliage and fruit are considered in succeeding parao-raphs. 

Injury to Foliage 

Concentration of Materials- Two c'oncentrations of lill1 e-sulphur anel 
hordeaux were used. The lower concentra60n of each has been termed 
weak and the hig-her concentration strong. Lead arsenate was used at corre­
spondingly weak and strong concentrations with both lime-sulphur and 
bordeaux. These concentrations are shown in Table 2, page 17. 

On Hubbardston, with the light application of weak lime-sulphur (Table 
24, Plot 10) there was a leaf loss of 23 per cent. Since thi s is almost 
identical with the leaf-fa ll on the unsprayed trees (Plot 9), it may be said 
that there was no injury of conseq uence f rom this treatment. The light ap­
plication of strong lime-sulphu r ( Plot 13) caused a reducti on of 44 per 
cent which is a signifi cant in crease. / \ moderate dosage of weak lime­
sulphur ( Plot] 1) caused a loss of 35 per cent whi le the moderate appli ca­
tion of strong lime-sulph ur (Plot ]2) causecl 41 per cent o f the leaves to 
fall a nd the same dosage of strong limc-sulDhur (Plot J 5) resulted in tIle 
severe loss of 76 per cent. T he results with vVagell rr are ve ry similar . W ith 
the light appli cations, there was a difference of 2 . 5 leaves per spur hetweell 
the weak and strong lime-sulphur ; with the moderate appli cation a differ­
ence of 1.3 leave per spur, and with the heavy application a difference 

F ig u re 1. Injuries to Foliag 
leaf shows ear ly red or pu rple 
dead and br own. Brown s pot ~ 
a nd th e fina l ye llow- leaf tage 
burn is presen t on all three lea 



Figure 1. Injuries to Foliage from Bordeaux and Lime-sulphur. A. Lower 
leaf shows ea rly r ed or purple spot stage of copper injury a nd with so m e areas 
dead and brown. Brown spots and some ye llowing are s ho\~' n o n second leaf 
and th e final ye llow-leaf stage is illustrat ed in the upper leaf. B.L.. im c-sul phu r 
burn is present on a ll three leaves. 



F i" ur e 2, Lime-sulphur Injury to Young Leave s. A, S purs fr o m un spraye d 
trec; \\ith n o injury but so m e c rink lill g f r o lll fr os t. ,B, S pu r :~ fr ? lll tr ees spraye d 
\\ it h lim e-s u lphur (20 ga l. ill 100) th a t dri ed qU1 c kl y , l. S purs f r o m tr~cs 
spraye d \\'ith lim c-s u lp hur (20 g al. in 100) that dri e cl \'e r y s lo:" ly , Seve r e 111 -

j ury a lld s tulltin g fo l1 o \\'ed, Th e b l os .~O Il I S h a ve b e cil r e llloved fr Olll a ll spur s, 

F ig ure 3, Lime-sulphur Injl 
sp raye d \\'ith li1ll c -sul phur (2% I 
fr o m t r ees sp r a ,\ 'cd on th e sam 
T h e r e ,,,as 11 0 injur,\', 



Figure 3. Lime-sulphur Injury to Mature Leaves. A . Shoots fro m tr ees 
sprayed w ith li 111e -s u lp h ur (2;:::; ga l. in 100) with t e111p erature o f 89 ° F. B. Lea v es 
trom t r ees sp rayed on t he sa111e day \\'it h bo rdeaux \\'ith t e 111perature at 9-+ ° F. 
T he r e was no injury. 



Figure 4. Injury from Lime-sulphur and Oil Emulsion. A. Leaves from 
trees sprayed in delayed dor mant stage with lime-sul ph ur (3 gal. in 100) and 
a commercial oil emulsion (3 per cent). B. Leaves from the same orchard 
sprayed in de layed dormant stage \\"ith lime-su lphur (12Yz ga l. in 100). 

Figure i Dist( 
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petal-tall application. See Figu!"( 



Figure 5. Distortion of Le,aves Resulting from 
L ime-sulphur Injury. Marginal injury to partly de­
veloped leaves causes distortion. The injury r es ult ed 
from th e petal-fall app li cat ion . S ee Figure 6 also. 

Figure 6. Distortion of Leaves Resulting from Lime-sulphur Injury. Leaves 
with marginal injury assume many fantastic forms. Th e injury fol lo\\"ed the 
petal-fall application. See F igure 5 al so. 



Fi g ur e 7. Marginal Injury from Lime-sulphur and Dry Lime- sulphur. A. 
Leav es fr 0 111 tr ees spraye d with li quid li111 e - su lphur (20 ga l. i11 100) . B . Dry 
lim e-s ul p hur ( 10 lb s. in 100 ga l. ) \\a s r c spo n s ib le fo r in ju r y 0 11 th ese leav es . This 
injury \\a s th e r es u lt of th e u se o f li q ui d a 11 d dry li111 c-s u lp hur ill th e pi n k a p ­
p lic a ti o 11 . C. 1\0 injury occ ur r ed \\·h e 11 b o r d eaux \\"as us ed u ll der s i111ila r CO Il ­

d iti o n s. 

Fi g ur e 8. Frost Injury to L 
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c ri n k li ng of th e \\'h ole leaf as ill 



F ig ure 8. Frost Injury to Leaves. F r eez in g durin g t h e ea rl y p r e-blosso lll 
p eri od ofte n ca uses bli s t er iJ1 g a nd c r ac kin g o i th e leaves ;-l S s ho \\11 at A a J1 d 
crinklin g of th e \\' ho le leaf as in B, See F ig ure 9 a lso, 



Figure 9. Frost Injury to Leaves. Frost i11jury ofte n causes severe crinkl ing, 
bli s tering and stunt ing of the leaves that C0111 e vvith the blos som s. In A is shown 
the co nditi o n typ ica l of th e pre-blosso111 ane! b losso 111 period : in B is presented 
th e c011ditio n found about two we ek s after petal fall. New no rmal leaves have 
dev e loped and many of th e o ld. cr inkl ed leaves have yel lo\\ed a n d fa ll en. T hese 
spurs arc a ll f rom un sp raye d Jonathan tr ees. 

Figure 10. Frost Injury t 
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Figure 11. Frost Injury to J 
SPOil s ible for th e blem ishes 011 Il 
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Fig ur e 10. Frost Injury to Fruit. A fo rm o f frost injury that is oft e n 
co nfu sed with in sect and spray injury is h e re sh o wn . Thi s undo ubtedl y 
r es ult s from fr eez ing before th e blossom buds have se pa ra t ed in th e 
clu st e r s. It occurs o n th e upp e r porti o n of th e pedi ce l and th e a djacent 
low e r porti on of th e small fruit as shown in A and la t er as th e fruit 
g row s it is dra wll o ve r a t a ll acut e a ll g le toward th e s ide wh er e t he i11 -
jured a r ea is loca ted as ShO\\"I1 ill B. 

Fig ure 11. Frost Injury to Fruit. T he injury illustra t ed III Fig ure 10 is r e -
spon s ibl e for th e bl e mi shes 0 11 ma ture a pples sho \\' n her e. 



F ig ur e 12. Stunting from Lime-sulphur. l, illl e - sulphur. u se d in th e delay ed 
do rlll a nt o r p r e pink s t ages so nl e tinle s ca uses <!\\"a rfing oi the fo li age in e xcess 
o f that resulting f ro m fro s t injury. H e r e a r c s ho \\l1 th e cO lllpa r a ti ve e ff ects pC 
lilll e-sulphur and bo rd ea ux \\"h e n used ill th e d e layed dOrlll a nt app li catio n . A. 
S taYlllan. lilll e - sul p hur: B. S t aY lll a n . ho rd ea u x : C. Duches s, lim e-s ulphur ; and 
D. Duchess, ho rd ea u x. I, illle-sulphur doe s no t ah\ a ys produ ce this e ff ec t. ( S ee 
F ig ur e 13.) 

F ig ure 13. Stunting of Leave 
p r e pink of t en c10 es not in crea ~ 
J o na th a n. B. Sp rayed \\"ith lin 



Figure 13. Stunting of Leaves. Lim c-sulphur used in th e delayed do rm a nt o r 
prcpink often does not in crease d\\·a rhn g. A. Fros t d\\"a rhn g on un sp rayed 
Jonathan. B . Sprayed \\·jth li111 c-s u lphur but \\'itho ut g reater dwarfin g. 



Figure 14. Folia ge Dwarfed by Excessive Spraying. The excessive use of 
lim e-s ulphur and lead arsenate may check growth serious ly and cause heavy 
premature leaf-fall. A. McIntosh foliage f rom trees sprayed excess ively. B. 
McIntosh foliage from trees sprayed thoroughly but not excess ively. See Figure 
15 also. 

Figure 15. Fruit Injured by I 
fo liage may r es ult from excess i, 
A. Fruit from normally spray( 
sprayed trees. See Fig ur e 14 al 



Figure 15. Fruit Injured by Excessive Spraying. Injury to fruit as well as to 
foliage lllay r e u lt from excess ive spraying \"ith lim e-s u lphur and lead arsenate. 
A. Fruit from no rmally sp rayed McIntosh trees. B. F r uit from excessive ly 
sprayed tr ees. See Figure 14 abo. 



Figure 1(1. Sunscald and Blossom-end Injury. At A are s h o ,,'n 
va ri ous s tage s of sca ld . Thi s is 1l10re sC ,'cre a ll fruit that has b ee n 
sp r ayed \\'ith SOIlIC sulphur m a t e ri a l. B losso m -e nd illjury is s h (l\\"I] ill 
B . Th e third apple fro111 ho tt o ll] s h o\\'s rot \\'hi c h oftcn follo\\ 's thi s 
IllJury. 

Figure ] 7. Arsenical Injury. 
purpl e spot s as s ho\\"1] at A. Th E 
and th e r c ma \' be 11 0 furth cr 
in Band dro p- pr e ill at ur c l ~·. 

Figure 18. Spray Injury and 
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Figure 17. Arsenical Injury. The first stage of arsenica l injury is red or 
purpl e spots as sho\\'n at A. The first stage usually seen. ho\\·eve r. is \)rO\\'n spo t s 
a nd there In<l .\' be 11 0 further ckvc lnpm c llt hut lea ves usually tunl ~'ello\\' , as 
ill 13 ane! drop prelllaturel .\'. 

Figure 18. Spray Injury and Fungi. 
spraying materia ls pen e trating thro ug h 
lead arsenate in Band \\'ith bo rdeaux 
injured a r eas as in A \\'ith lim e -s ulphur 
c1 ea ux hac! caused the prilllary injury . 

l11jury oftell d eve lo ps as a r es ult 01 
sca b les ion s as \\'ith lim e-s ulphur ane! 
in C. Saprophytic fungi often invade 

and lead arsenate and in D \\'he r e hor -



F ig ure 19. Russeting by Frost. Ru sse till ~ 
may resu lt frOIll injury by fro st o r sp raying 
materials. Thi s app le has be en injured by 
frost but lim e-s ulp hur allci lead ar~c llat e and 
bordeaux cause ru ssct illg 0 1' a silllilar type. 
See Figures 20 and 21. 

Figure 20. Russeting by Lime-sulphur and Lead Arsenate. Injury to the fruit 
in the form of russeting often fo llows the use of lime-sulphur and lead arsenate. 

Figure 21. Russeting by Bordeaux. Bordeaux is very likely to cause rus set ­
ing of th e fruit. It may occur as a light netting of the sk in or may be much 
mor e severe than shown here. 
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of 1.8 leaves. There were fewer leaves persistent in every instance with 
the high concentration. It is very clear, then, that the concentration of the 
lime-sulphur is an important factor in the development of foliage injury. 

A comparison on Hubbardston of the two concentrations of bordeaux 
with light, medium, and heavy applications (Table 24, Plots 16 to 21) 
shows a doubtful correlation between concentration and leaf-fall. With the 
light application, the increase in concentration shows an increase in leaf­
f all from 14 to 26 per cent; with the moderate applications, the increase in 
loss is from 21 to 28 per cent; but, with the heavy application, there was a 
c1ecrease from 23 per cent with the weak bordeaux to 19 per cent with 
the strong. The variations are not large and not always in the same direc­
tion, and in no instance is the amount of leaf-fall greatly different from that 
on the check. V/ith Wagener, there was slightly more leaf-fall in each case 
with the strong than with the weak bordeaux. It seems, therefore, that the 
concentration of bordeaux of the type used is of doubtful importance, within 
the range used in this study, in causing leaf-fall and certainly is much less 
important in this connection than lime-sulphur. 

Rate of Application-The results with Hubbardston (Table 24) show 
that with the weak lime-sulphur (Plots 10, 11, and 12) each increase in 
dosage resulted in a corresponding increase in leaf-fall. vVith the light 
application there was a loss of 23 per cent, which was, as previously indi­
cated, identical with that on the unsprayed tree; with the moderate applica­
tion, there was a loss of 35 per cent. and, with the heavy application, the 
loss was increased to 41 per cent. With Wagener. 4.6 leaves per spur 
were persistent with the light application. 3.2 with the moderate and only 
2.6 leaves with the heavy application. With the strong lime-sulphur, each 
increase in dosage resulted in a marked increase in leaf-fall. The percentages 
of loss on Hubbardston were 44, 63, and 76 per cent, respectively, for light, 
moderate, and heavy applications (Plots ]3, 14, and 15). The results with 
Wagener are very comparable as the numher of leaves persistent for each 
dosage was 2.1, 1.9. and 0.8. respectively, for the light, moderate, and 
heavy applications. There is, therefore, a very definite relation between the 
rate of application and the amount of injury that occurs from the use of 
lime-sulphur. 

The effect of the rate of application with bordeaux is rather indefinite. 
With we(lk bordeaux on Hubbardston (Plots 16, 17 and 18), the leaf-fall 
was 14, 21, and 23 per cent respectively for the light, moderate, and heavy 
applications. With \;Vagener, the differences were of about the same magni­
tude. The results with Hubbardston with strong bordeaux (Plots 19, 20 
and 21) show no definite relation between the rate of application and Ie:.! { . 
fall as there was less leaf-fall with the heavy application than with the 
light and with \;V agener the results were essentially the same with all three 
dosages. 

Amount of Active Ingredients-It has just been shown that concen­
tration and rate of application bear a direct relation to the amount of injury 
resulting from lime-sulphur but that there is little or none when bordeaux 
is used. There is still another (lngle of approach which, for lime-sulphur, 
is probahly the real determining factor. In the flfth column of Table 24 are 
indicated the relative amounts of actual lime-sulphur. bordeaux, and learl 
;1rsenate that were applied with each treatment. Plot 10 received a light ap­
plication of weak lime-sulphur, and, since thi s is the smallest amount used 
in any plot, the value of "one" is given to the amount of active ingredients 
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applied to these trees. Plot 11 was sprayed wi~h . the s.ame co ncentrati?l1 
IJllt received twice as many gallons as P lot 10; so It I S ohnous that two U11lts 
of lime-sulphur were appli ed. P lot 12 recei\'ed three units, P lots 13 two, 
aly l P lots 14 and 15 received four and six units respect ively. The amount 
of injury in relation to the units of acti\'e ing redients is shown in Table 16. 

Table 16.-Effect of active ingredients on leaf-fall in lime-sulphur-lead arsenate' and 
bordleaux-Iead a .rsenate sprays. 

Leaves persistent per spur 

Units September 30 (average) 

Materials Concentration active 
ingredien ts 

Hubbardston Wagener 

1 6 .1 4 . 6 

Weak 2 5.2 3 .2 

3 4 .4 2 .6 
Lime-sulphur and lead arsenate 

2 4 .6 2 .1 

Strong 4 3 .0 1. 0 

6 1.7 0 .8 

1 6.5 4 .7 

Weak 2 50 4 .4 

3 6.0 4 .0 
Bordeaux and lead arsenate 

3 5 .8 3 .8 

Strong G 5 . .'5 3 .6 

0 6 . I 3 .8 

Check 6 .0 

These data show, with one exception, a definite relation between the 
a1l1unnt of leaf-fall and the units of act ive ingredients. Simi lar data for 
hnrdeaux are also presented in Table 16 but show little correlation betw.een 
the amount of active ingredients applied and the amount of leaf-fall occurnng. 

INJURIES TO FRUIT 

Three types of injury by spraying materials to fruit are considered 111 

thi s discussion: russeting, blossom-end injury, and scald (sun scald ). 

Russeting 

Precise determination of the proportion of russeting attributable to s'pr~y­
in !?" is difficult. Weather, vigor of the tree, and variety a re factors; vanatlOn 
fr~l11 tree to tree and from year to year and the lack of an exact standc:rd 
of measurement of russetin o· contribute to the difficulti es . Some of the 1l1. ­

consistencies here reco rded bare as yet unexplained. There are, however , 
rather defi nite indications with certain treat.ments . j\ tienti on w ill first he 
gi ven to the experiments at Morri ce described on page 15 in which special 
rnethods of application were employed. 

S PR:\ . 
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Concentration- Lime-sulphur a nd lead arsenate (Table 2+) at th e 
high concentration caused more russeting on Hubbardston than equal dosages 
of weak lime-sulphur (Plot 10 ), 7 per cent of the fruit was lightly russeted; 
and, with the light application of strong lime-sulphu r (Plot 13 ), there was 
12 per cent of light russet. The moderate applications produced 12 and 27 
per cent of light russet, respectively, for the weak (Plot 11 ) and strong 
( Plot 14) lime-sulphur; and, with the heavy application, the injury increased 
from 13 per cent of light russet with t he weak material (Plot 12) to 27 per 
cent of li ght r usset, 10 per cent of medium, and 1 per cent of heavy russet 
with the st rong lime-sulphur (Plot IS). These figures show a definite 
relation between the amount of russeting and the concentration of the lime­
sulphur and lead arsenate, though they do not show which ingredient is most 
important in causing that inj ury. 

W'ith bordeaux on Hubbardston (Table 24), the light application of weak 
material (Plot 16) caused 38 per cent of li ght, SO per cent of medium, and 
7 per cent of hea vy russet, as compared to 7, 49, and 40 per cent of light, 
medium , and heavy russet with the li ght application of strong bordeaux 
( Plot 19). The moderate applications resulted in 26, S0, and 20 per cent 
of light, medium, and heavy russet r espectively with weak bordeaux (Plot 
] 7) but this was increased with the st rong bordeaux (Plot 20) to 4, 33, 
and 62. Thus, each dosage of st rong bordeaux shows russeting to a much 
greater degree than the same dosage of weak bordeaux. 

Rate of Application- \Vith lim e-s ulphur on Hubbardston (Table 24), 
each increase in dosage, with concentration constant, resulted in an increase 
in russeting. These differences were not always large. \iVith weak lime­
sulphur, the amoun ts of light russeting were 7, 12, and 13 per cent respec­
tively fo r the li ght , moderate, and heavy applications ( Plots 10, 11, and 12). 
With the st rong lime-sulphur ( Plots 13, 14, and IS), there was 12 per cent 
of light russet with the light application, and 27 per cent with the moderate 
appli cation; and, with the heavy application, there was 28 per cent light , 
10 per cent medium, and 1 per cent hea"y russet, a significant increase in 
each case. 

Referring again to Table 24, and comparing various dosages of the weak 
bordeaux, it appears that of the light, medium, and heavy russet there were, 
respectively, 38, S0, and 7 per cent for the light application; 26, S0, and 
20 per cent for the moderate, and 12, 52, and 36 per cent for the heavy 
dosage (Plots 16, 17 and 18). W ith the strong bordeaux, the amounts of 
light, medium , and heavy russet, respectively, were 7, 49, and 40 per cent 
for the li ght application; 4, 33, and 62 per cent for the moderate applica­
tion; and 10, 36, a nd 53 per cent for the heavy dosage (Plots 19, 20 and 
21). In every case, except one, an increase in dosage, with concentration 
equal , resulted in an increase in the deo-ree of russeting, the exception being 
where two treatments (moderate and heavy applications of strong bordeaux) 
caused russeting to an extreme degree. 

Amounts of Active Ingredients-Fig ures show ing the relat ion of thi s 
factor to russeting are presented in Table 17. These data show a definite 
relation between the amount of russeting and the units of active ing redi ents 
of lime-sulphur and lead arsenate appli ed . W ith bordeaux, the data show, 
with one exception, a definite increase in the degree of russet with each in­
crease in the numher of active ingredients. The exception is the one pre­
viously noted, from six to nine units , where the inj ury at six units was so 
heavy that there was little chance for an increase at nine. 
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Table 17.-Effect of active ingredients on russeting in Hubbardston from lime­
sulphur-lead arsenate and borde,aux-Iead arsenate sprays. 

Units 
R usseling (pcr ccn t) 

Matcrials Concentrations active 
ingredients 

Light Medium Heavy 

1 7 0 0 

Weak 2 12 0 0 

3 13 0 0 
Lime-Bulphur and lc:,d arsenate 

2 12 0 0 

Strong 4 27 0 0 

6 28 10 1 

1 38 50 7 

Wc:tk 2 26 50 20 

3 12 52 36 
Bordeaux and lead arSf'llatc 

3 7 4!J 40 

Strong 6 4 33 62 

!J 10 36 53 

These data show ( 1) that russeting with both the lime-sulphur-Iead arse­
nate spray and with hordeaux is directly proportional to concentration, the 
rate of appli cation, and the amount of active ingredients; and (2) that 
bordeaux in the smalles t amoun ts may be expected to cause more russeting 
than even excessive amounts of lime-sulphur and lead arsenate. In the suc­
ceeding paragraphs, there will be presented data concerning the effect of 
normal appli cations of lime-sulphu r, lead arsenate, bordeaux, and other 
material s on the development of russet. 

Lime-sulphur and Lead Arsenate- The effect on russe ting of the u se 
of lime-sulphur, 20 gallons, and lead arsenate, 2 or 3 pounds in 100, lS 
shown in nearly every table in the appendix and the results with this com­
bination are taken as a standard with which to compare other treatments. 
These data are presented in Table 23, Plot 1 ; Table 25, Plots 2 and 8; Table 
26, P lots 2 and 9; Table 28, P lots 3 and 11; Table 29, Plots 2 and 8; Table 
30, P lot 9; Table 3], P lot 3; Table 32, P lot 4 ; Table 33, Plot 3; Table 34, 
P lot 3; Tabl e 36, Plot 6, and Table 37, Plot 1. A summarized tabular state­
ment of the increase in the percentage of fru it russeted above that occurring 
on unsprayed t rees is shown in Table 18. 

These data show an increase in russeting from lime-sulphur and lead arse­
nate in nearly every in stance. The variati ons from year to year and between 
varieties in one year are noti ceable. No explanation of these variations is 
offered. There is definite indication, however, that this spray is very likely 
to cause some light russeting and occasionally severe inj ury. 

Lime With Lime,-sulphur and Lead Arsenate~Hyc1rat e c1 or quick lim e 
was added in several cases to the lime-sulphur lead arsenate spray. The 
results are shown in Table 23, P lot 3; Table 25, Plot 4 ; Table 26, P lot 4; 
Table 28, P lots 1 and 2; Table 31, Plot 4; Table 32, P lot 5, and Tahle 34, 
P lots 7 and 8. These data are sU11111uri zec1 in Tal)le ] 9. 

SPRAY 

Table 18.-Russeting 

Increase in 

Year 

Hubbardston 

1924 . . 12 

1!J25 . 10 .9* 

1926 .... . ..... . . . . 2 .3* 34 .0 

]!J27 .. . .. . .. . .... . 0* 

1928 . .. - 14 . 7* 19 .3 

1929 ... .. ..... . 25 .3 

1930 .... . ... . .. . 

* Average of two plots. 
tThe second figure is medium rU3scting and the 
tLight, mcdium and hcavy russct. 

The addition of lime to the 
the amount of russeting. n 
with Jo nathan. The reductiOl 
in others, and the general ap 
to a greater extent than is ind 

Table 19.-The effect on russet 

Ycar 

1924 . ... 

1925 . 

192G ... 

1928 .. ......... . . .. . ......... . .. . ... . 

*No russet occured with either spray. 
tLight and medium russet . 
tLight, medium and heavy russct. 
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Table 18.-Russeting from lime-sulphur and lead arsenate. 

Year 

Hubbardston 

1924 .. 12 

1(125 . 10 .9* 

102G . 2 .3* 

1027 . . . . . . .. . .... . 0* 

1928 ..... . . . ...... . - 14 . 7* 

1929 .... . . 

1930 .... . .. . ..... . 

* Average of two ploLs. 

Increase in light russet (per cent) from lime-sulphur and lead arsenate 
over that on unsprayed trees 

Jonathan McIntosh Stayman 

5 .9 

34 .0 and l1.Gt 8. 7 

2 .5 G.9 

19 .3 and lOOt 37 . l an.J8 . Gt 31,40and 13:1: 

25 .3 and I7t 

11 .7 

tThe second figure is medium rU3seting allli there was in a few instances a small :1mOUllL of heavy russet also. 
tLight, medium and heavy russet. 

39 

Grimes 

7 and - 8t 

The addition of lime to the lime-sulphur and lead arsenate spray reduced 
the amount of russeting. None is recorded for either treatment in 1925 
with Jonathan. The reduction was small in some in stances but was marked 
in others, and the general appearance of the fruit was probably improved 
to a greater extent than is indicated by the percentage differences. 

Table 19.-The effect on russet of lime in the lime-sulphur-lead arsenate spray. 

Year 

1924 ..... . ......................... . ........... . 

1925 . 

192G .... 

1928 ............... . ............ . .. . 

*No russet occured with either spray. 
tLight and medium russet . 
tLight, medium and heavy russet. 

Decrease (per cent) in light russeting resulting from lime­
sulphur. lead arsenate and lime from that caused by lime-sulphur 
and lead arsenate without lime 

Hubbardston Jonathan McIntosh 

8 .0 

25 0* 3 . 7 

4 .3 18.2 alld 10 2t 5.5 

8.0,1.9 alld 1.3:1: I······· ·········· 23 .7 
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Casein Spreader with Lime-sulphur and Lead Arsenate- I\ esult s from 
the use of casein spreader with lime-sulphur and lead a rsenate are shown in 
Table 23, Plot 2; Table 25, Plot 3; Table 26, Plot 3; Table 29, Plot 3 ( this 
is with iron sulphate and should also be compared with Plot 4 ) ; rrable 30, 
Plot 1 ( thi s is also with iron sulphate and should be compared with Plot 6 ) : 
Table 31 , Plot 2; and Tahle 32, Pl ot 3. These data are summari zed in 
Table 20. 

Table 20.-The effect on russet of casein spreader in the lime-sulphur-lead arsenate 
s pray. 

'{ra r' 

1924 .. ... 

1925 ... 

1920 . . .. 

1920 .. .. . ...... .. .. .. 

1930 . .. . . . 

*Light and heavy russet. 

In crease (per cent) ill ligh t russet ing resulling from lime­
sulphur. lead a rsena te and casein spreader over that cauHcd by 
lim e-sul phur and lead arsenate wi thou t casein spreader 

TTll bh:1rcls(on .Jonalhan M cIntosh 

12 and 7* 

0 .3 13.7 

5.4 - ~ . 4 

2 .3 

12.''> 

Thev show no essential differences in three instances but do show a dect-ease 
in r~l ss ctillg with casein spreader in on e in stan ce and increases in four cases , 
two of which are large. The results arc apparently irregular but some 
factor evidently affects the combinati on of materials so that , under some 
conditi ons, the addition of casein spread er causes a markeel increase in the 
amount of russeting . 

Iron Sulphate-The addition of iron sulphate t o lime-sulphur and lead 
arsenate has, in some instances, resulted in a marked reduction in russeting ; 
in some cases, there was no russeting with either combination, in others, 
there was no difference but in still others there was a slight increase with 
the iron sulphate. Th e general indi cati on is that there is sli ghtly less russet­
ing when iron sulphate is added but, because of the large error invol vcd in 
classifying russet , it is hazardous to attempt a definite conclusion . 

Dry Lime-sulphur- Seve ral co mpar iso ns of dry and liquid lim e-sul­
phur were made in the course of these experiments. The results are shown 
in Table 25, Plot 7; T able 26, P lots ] 1, ]2, and 13 ; Table 29, Plot 7 ; Table 
30, Plots 13 and] 4; Table 32, Plots 8 and 9 ; and T able 33, Pl ot s 7 and 8. 
A t Morrice, with elry lime-sulphur }\, the results are extremely variable, prob­
ably indicating that these differences are not significant or t hat I-Iubbardston 
is not a good variety fo r such studies unless the differences are marked. 
With J onatha11, the same material gave better results in the two seasons, 
for which results are availahle, than the equi val ent of liquid lime-sulphur. 
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At Belding, in 1926 and 1927, where records are availabl e on McIntosh for 
dry lime-sulphurs A and B, there was distinctly less russeting with liquid 
lime-sulphur than with either of the dry materials and there was less russet­
ing with A than with B. These figures, which compare the two kinds of 
dry lime-sulphur, are supported by data obtained in another orchard at 
Belding in 1930 on McIntosh. The results of this experiment are not re­
ported here in detail but may be summarized to the effect that there was 
practically no russet with liquid lime-sulphur or dry lime-sulphur A but 
considerable netting of the skin with dry limc-sulphur B. In 1926 and 
1927, the injury with the dry lime-sulphur was manifested chi efl y in the 
form of conspicuous roughening of the lenticels rather than a dennite russet . 
Vlith J onathan at ]\/[orrice, there was probably a g reater difference in the 
appearance of t he fruit than is indicated by the percentage differences in 
russeting. 

Wettable Sulphur and Dry-mix- At ]\lorricc, in 1924, "with Hubbard­
ston (Table 23), the use 'Of dry-mix (Plots 4 and 5) resulted in 12 and 7 
per cent of light russet as compared to 13 per cent with lime-sulphur (Plot 
1). In ]926 (Table 26), the results were the same with I-Iubbard·ton, (Plots 
] and 2) but with J onathan there was 4 per cent of light russet with wet­
table sulphur while with lime-sulphur there was 26 . 3 per cent of light russet 
and 4.8 per cent of medium russet. In 1927 (Table 27), no russeting was 
recorded with either material on TT l1bbardston. \ i\T ith Tonathan, no russet 
counts were made with the wettable sulphur used on P lots ] 1 and 12 but 
the finish and gencral appearance of thc f rui ts was much hetter than in 
other plots, though scab control was \"ery unsatisfactory. )\ t Belding, 
in 1927 (Table 33), therc was somewhat less russeting in the dry-mix plot 
(Plot 2) than with lime-sulphur (Plot 3). The use of dry-mix was not 
sta rted . however. until the two-weeks appli cation and a greater difference 
might have prevailed if dry-mix had been used in the petal-fall spray. The 
conclusion based on the results of these experiments and on ohservations 
made in commercially sprayed orchard s, is that the finish of the fruit from 
trees sprayed with dry-mix sulphur-lime or wettahle sulphu r is usua1! v su­
perior to that of fruit from lime-sulpl1l1r sprayed trees. Scab control, how­
ever , is a limiting factor in the use 0 f these materials. 

Flotation Sulp'hur- l<:oppe rs -Rotation sulphur was tl sed at ]\/[orr ice ill 
] 930 (Table 30, Plot 3). On Jonathan, there was 3.2 per cent of light 
russet as compared to ] 2.9 per cent with lime-sulphur ( Plot 9) and the 
difference in the appearance of the fr uit was greater than is indicated by 
these figures. The value of this material for scab control. under Michigan 
conditions, has not been establi shed. 

Bordeaux- T he principal limiting factor in the use of ho rdeaux for 
all summer applications on apples in ]\/[ichigan is the russcting that follows 
its use. j\ mp1e evidence to support this statement is fo und in the data pre­
sented in Table 23. Plot R: Table 25, Plot 9; Table 26, P lot 10; Tahle 27, 
P lot ] 0: Table 28, Plot] 2: Table 29. Plot C): Table 30, Plot] 0: Table 31. 
Plot 1: Tahle 32, Plots 1 and 2; Table 33, P lot 1: Table 34. Plot 1, and 
Tahle 36, Plot 5. There is almost im"ari(1)1), a large increase in russeting 
over that founel where lime-sulphur and lead arsenate we re used. This 
statement refers to the Ll SC of hordcal1x for all appl ications (Jr for all except 
the petal - fa ll when a lime-sulphur spray was sometimes substituted. Bor­
deaux has been used repeatedly in the second-brood application when some 
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lime-sulphur spray has been appli ed in all previous applications. No russet­
jug has been observed to result from such use. The use of bordeaux in the 
pre-pink or delayed dormant application would be desirable to reduce certain 
types of foliage injury but this practice cannot be recommended unqualifiedly 
because slight russeting develops in some seasons although excellent results 
have been obtained in other years. One instance of this is shown in Table 
37, Plot 4, with Duchess and Grimes. There is one variety that is signifi­
cantly less susceptible to russeting from bordeaux than others. Northern 
Spy, as observed in commercial work and in the one instance that it was 
studied in these experiments, has been found to be much less subj ect to 
russet than any other variety observed. In Table 29, Plot 9, Spy shows 10 .3 
per cent of light russet from the use of 2-2-100 bordeaux in all applications 
except the petal-fall. With Baldwin, the injury was increased to 37.2 and 

Table 21.- Blossom-end injury on Jonathan apples. 

Apples with bIos om-cnd injury (per cent) 
Materials with which lead arsenate Amount in 

was combined 100 gal. 
1925 1926 1927 1928 1929 1930 

-----------1-----1------------- -------

Lime-sulphur ................. . 2Y2 gal. 3. 1- 4 .7* 62- 7.5* 0- 0* 0.6- 4.9* 6 .6- 8 .2* 0 .8 

- - ----------1-----1-------------------

Lime-sulphur ...... . 
Quicklime ...... . 

2Y2 gal. 
5lbs. 0 .8 8. 8 0.7 

-----------:1-----1-----·1---------------

Lime-sulphur ..... 
Casein spreader . . 

2Y2 gal. 
1 lb. 2 .0 9 .0 

-----------1-----1---- --------------------

Lime-sulphur . .. .... . 
Cane sugar . . . . ... . . 

2Y2 gal. 
5 oz. 6 .7 

-----------1-----1---- --------------------

Lime-sulphur . .. . 
Iron sulphate ... . 

2Y2 gal. 
1J,{ lbs. 2.7 o 

0.9- 0.4-
1.0- 0.2- 0* 0 .3- 0.9* 

-----------1-----1---- --------------------

Dry lime-sulphur A . . . . ... . ...... . 8- 10Ibs. 4 .7 11 .1 6.1 11 .6 

------------1-----1------------------------

Bordeaux ........ . 2- 2- 100 and 
3- 3- 100 o 0.8- 0.3t 

-----------11-----1------ ------------ -

Sulfocide . . .......... . 
Casein spreader . . ..... . 

2/3 gal. 
3 lbs. 11 .3 

----_·------1-----1--------------------

Kopper's flotation sulphur ....... . 161bs. 10.4 

-----------1-----1---- ------------ - --- ----

Calcium sulphide (Cal-Mo-Sul). 12Y2 lbs. 2 .1 

-------------1-----1---- --------------------

Check .. . 02t 

*Each fi gure is from a different plot. 
t A lime-sulphur spray was used in th e petal-fall appli cation . 
tThis inj ury was unllllestionably caused by something other than spraying material, Lut waH ~ u (;h that it (;Oultl not be tlefi.­

nitely distinguished from true blossom-end injury. 
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6 ........................ . ............. . Liml 
Lead 
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9.0 per cent of light and medium russeting, and with Jonathan to 42.8, 
18.0 and 2.9 per cent respectively of light, medium, and heavy russet. It 
is true also that there was much less russet on Spy with lime-sulphur (Plot 
8) than on Baldwin and Jonathan. 

Other Copper Sprays-Basic copper sulphate and copper carbonate 
were used as shown in Table 36, Plots 1, 2, 3 and 4. Compared with bor­
deaux (Plot 5) there is with Stayman a definite increase with all special 
materials. There is less of light russeting, but decidedly more of heavy 
russet. With Grimes, the results are not so greatly different from bordeaux 
but there is still too much. 

Blossom-end Injury 

Blossom-end injury, which has been described on page 12 has not been 
observed on many varieties. Records are available in this work for Jonathan 
only. It has been found, however, on Northern Spy, Winter Banana, Ben 
Davis, Gano and other varieties. There is a definite relation between the 
presence and amount of this injury and the material with which lead arsenate 
is combined. Data for Jonathan Which are presented in Tables 25, 26, 27, 
28, 29, and 30, and are summarized in Table 21 show definite trends. When 
lead arsenate (2-3 lbs. in 100 gallons) was used with liquid lime-sulphur 
(2Yz gallons in 100) or dry lime-sulphur A (8-10 lbs. in 100 gallons), con­
siderable blossom-end injury developed (see Table 21). The addition of 
lime improved results in some instances, but not always. The presence of 
casein spreader had no significant effect. Cane sugar, with lime sulphur 
and lead arsenate, did not prevent the injury. The addition of iron sulphate 
reduced this injury significantly. Bordeaux and lead arsenate caused prac­
tically none of this type of injury. With Sulfocide it was severe, with 
Koppers flotation sulphur there was some and with calcium sulphide there 
was a small amount. The two outstanding combinations in the elimination 
of this trouble on Jonathan are (1) bordeaux and lead arsenate and (2) 
lime-sulphur, iron sulphate and lead arsenate. 

The relation of the concentration of the lime-sulphur and lead arsenate 
to this injury is not established in thi s work. In 'Table 26, P lots 6, 7, 8, and 
9, there are four variations and with the results shown in Table 22, and a 

Table 22.-Blossom-end injury on Jonathan. 

Plot Materials 

9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Lime-sulpbur ... .. . . . ..... .. .......... ... . 
Lead arsenate . . . . . . . . . . . . .. . ............ . 

8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Lime-sulphur .. .. . .. ........ . . . 
Lead arsenate ... ... .. . 

7 ... .. Lime sulphur ............. . ..... . .. .. . .. . . 
Lead arsenate . ..... . . . . .. . ...... . . ....... . 

6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Lime-sulphur .. ..... .. .... .. ......... .. . . . 
Lead arsenate .. . .............. , ... ....... . 

Apples with 
Amount in blossom-cnd 

100 gal. inju ry 

2>1 gal. 
2lbs. 

2>1 gal. 
lIb. 

1U gal. 
lIb. 

1U gal. 
none 

(pcr cent,) 

7.5 

5.4 

2 .2 

1.1 
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lessening of injury with each reduction in concentration of either matcrial 
is indicated. Other data, apparently contrad ictory, fo llow. 

In the same experiment Crable 26, Plots 11, 12 and 13), dry lime-sulphur 
A was used at three concentrations, six, eight , and t en pounds j n 100 gallons 
with 10 .1,6.9 and 11.1 per cent o f blossom-end injury respectively for the 
three concentrations of dry lime-sulphur. Lead arsenate was used uniformly 
with all at two pounds in 100 gallons. There is no correlation here between 
concentration and in jury. In 1928 (Table 28, Plots 8, 9, 10, and 11 ), lime­
sulphur was used in the after-blossom applications at four concentrations ; 
one, one and one-half, two, and two and one-half gallons in 100 gallons, 
The lead arsenate was uniform in all, with three pounds in the petal- fall and 
two-weeks applications and two pounds in the second brood spray. The 
amounts of injury were 4.9, 18.7,6.1, and 3.8 per cent r espectively for 
the four concentrations of lime-,sulphur, and agai n there is no co rrelation. 
In 1930 Crable 30, P lots 9, 12, ] 3 and 14 ), with lead arsenate uniform j n 
a ll plots lime-sulphur was used at two concentrations, onc gall on and. tW() 
and one-half gallons in 100, and dry lime-sulphur A a t two concentratIOns, 
four and t en pounds in 100 gallons. The results w ith the liquid lime-sulphur 
were 23.9 per cent and 0.8 per cent respectiycly for the one gallon :oll1d 
two and one-half gallons. There was 26 .7 per cent injury with fo ur pounds 
of dry lime-sulphur and 11.6 per cent with ]0 pounds. The injury Wit~1 the 
low concentrations of liquid and dry lime-sulphur not only affected a hlgher 
percentao-e of the fruit but the injury on cach apple was mu ch worse than 
with the

b 

high concentration of each kind of lime-sulphur. Thi s g reater 
severity of injury with the low concentration may have been du e to a gre~te r 
development of rot, although this phase o f t he problem was not studI ed. 
These results with regard t o concentrati on of lime-sulphur and the develop­
ment of bIos om-end injury, obviously, arc 11 0t conclusive although the most 
severe injury observed was with low concentrations of liquid and dry lime­
sulphur. 

Sunscald- A limit ed a mount of data concc rnin g the r e lation of spray­
ing materials to the development of sUll scald is available. The data are pre­
sented in Table 30. The latter part of the summer in 1930 was very favor­
able to thi s sort of injury and it was seen in practically all plots, spraycd 
and unsprayed, but thcre were marked differences in the amounts under 
yarious treatments. The plots that were sprayed with sulphur preparati ons 
in the second -brood appli cation showed more than those that were unsprayed 
or were sprayed with bordeau x at that time. The samples from which the 
counts were made were ]l ot taken in such a way as to show the fu ll de\'elop­
ment of this injury but g i\"e a general comparison. Of the un sp rayed fruit. 
0.7 per cent were affected; for the plots sprayed with bord eaux in the last 
application, 0.9, 0.4, 0.3, 0 .9. 0 .2, 0 .8, 0.3, 0 per cent; for Koppers 
flotation sulphur, 2.0 pcr cent: for calcium sulphide, 2. 1 per cent ; for lime­
sulphur (20 gall ons in ]00 ) 2.6 and lime-sulphur (1 gallon in ]00 ) 0.4 
per cent and for elry lime-sulphu r (10 IJOllllds in 100 gallons) ].4 and dry 
lime-sulphur (4 pounds in ] 00 gallons) 2.0 per cen t. These fi gures show 
definitely less with bordcaux but th e figurc s for the worst plots whcre sulphur 
sprays wcre used do not show the full extent of injury there. 
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SUMMARY 

Types of Injury 

Lime-sulphur, alone or in combination with lead arsenatc, may cause defi­
nite and almost immcdiate injury that is called lime-sulphur burn. This is 
characteri zed hy brown leaf tissue in small or large areas. H igh temperature 
favors the de \'elopment of thi s injury and is probably one of the most jm­
portant determining factors but injury docs not always occur when the 
temperature is high and may occur when the temperature is low. High 
humidity and slow drying- at high or low temperatures favor injury but low 
humidity and rapid drying are un favo rable t o injury even though the tem­
perature is high, Tcnder foliage is more susceptible to injury than mature, 
hardened fo liage , ] Ti gh concentrations of lime-sulphur cause more injury 
than low concentrations, other facto rs being cqual. Heavy application is like­
wise likely to increase injury and the presence of oil in lime-sulphur may 
result in more injury than would result from lime-sulphur alone. 

Distorti on of lcaves often results from marginal injury by lime-sulphur 
when the leaves ;\ re partly g rown, 

Stunting and hlistering of thc leaves that appear with the hlossom buds 
uf tcn occur as the r esul t of f rost injury. This is sometimes in creased hy 
lime-sulphur. Stuntin g aile! gcnerall y rctarded lea f development may result 
from the excessi\'e use of lim e-sulphur and lead arsenate during the period 
when the leaves are dcyeloping, 

Lime-sulphur injury often occurs through dcep seat cd scab lesions on the 
leaves, This kill s th e scab but may causc thc leayes to drop. 

SUll scald on the fruit may occur with allY spraying trcatment but its de­
velopment seems to he accentuated hy the prcsence of sulphur in any form . 

Dry lime-sulnhur may cause all thc cffects ol)served to foll ow the use of 
liCiUid lime-sulphur hut when uscd at eq ui valent con centrati ons ( four pounds 
of dry for one gallon of liquid ) ther e is usuall y sli ghtl y less iliiury with thc 
dry lime-sulphur . Therc a rc differenccs, howe\'e r, between different hrands 
() f dry lime-sulphur. 

J~rec sulphur sprays such as dry-mi x, wettable sulphur. fl otation sulphur , 
etc. , have not been obscrved to have caused any d ircct injury to foliagc . 
Calcium mOl1 osulphide (Cal- l\Io-Sul ) has 11 0t caused injury to the foliage of 
the apple. 

Yellow-leaf injury often fo ll ows the usc of lime-sulphur and acid lead 
arscnate and is believed to result f rom the water solublc arsenic formed when 
these materi als are combined. This injury is sometimes seen in the initial 
stage as purple or reddish spots, but the first stage usually observed is small 
or large brown spots that mayor may not be fo llowed by yellowing of thc 
leaves . Leayes drop soon after turnin o' yellow. Yellow leaves may appear 
within a week: io ten days after an application but the appearance may be 
delayed longer than that. 

Much of thc russeting of the fruit fo llowin g the usc of limc-sulphur and 
lead arsenate is prohahly the result of injury from water soluble arsenic. 
The role of lime-sulphur in thi s con nection is not fully estahli shed although 
li111e-sulrhur alon e causcs practically 11 0 russcting. Frost injury o ften 
causes russeting that is indi st ingui shahle fro111 russet ing caused by spraying 
platerial~ , 



46 MICHIGAN SPECIAL BULLETIN NO. 218 

Blossom-end injury is caused by soluble arsenic in limc-sulphur-1ead arse­
nate sprays and with lead arsenatc in other combinations. 

Bordeaux sometimes causes injury to the foliage of the apple. This injury 
is evident first as purple spots which turn brown and the leaf may become 
yellow and drop. This injury usually is not of consequence on apples in 
Michigan. The russeting of the fruit, following the use of bordeaux in early 
summer applications, is a limiting factor in the use of this spray on apples. 
Bordeaux applied late in the season has not caused russeting. 

Amounts of Injury to Foliage and Fruit 

Limc-su lphur, used alone, may under some conditions cause true lill1c­
sulphur burn. Leaves so injured mayor may not drop prematurely but even 
when thi s injury does not occur thcre is oftcn slightly greater premature 
leaf-fall than from check trees. This injury is less with low conccntrations 
of lime-sulphu r. Lime-sulphur without lead arsenate causes very little or 
no russeting of the fruit. 

The use of lime-sulphur (2 ;;i gallons in 100) and lcad arsenate (2 to 3 
pounds) in mid- and latc-sul11mer often causes scrious loss of leaves as a 
result of arsenical injury. T he loss may be 40 to 50 pcr cent or more 0 f 
the leaves on spurs. Wagener is very susceptible and McIntosh very resist­
ant to this yellow-leaf injury. The leaves that persist are often injured so 
that their functioning is undoubtedly impaired. This spray also often causes 
considerable russeting- of the fruit and on susceptibl e variet ies, b10sso111-
end injury. The applications most responsibl e for russeting of the fruit have 
not been determined but the petal-fall and other ea rly season application s are 
probably important. 

Lowering the concentration of the lime-sulphur but not o f the lead arse­
nate usually r educes foliage injury on most varieties but there are exceptions 
to this. The effect of lowered concentration on russeting is not clear. but , in 
most instances, the general appearance of the fruit from thesc plots has been 
much better than with the hig-her concentrations. Blossom-end injury has 
not been consistently reduced but has actuall y been greater in some instances 
with low concentrations. 

The addition of lime to the standard concentration of lime-sulphu r (2 Yz 
gallons in 100) with lead arsenate has not reduced or increa ed foliage in­
jury but has reduced the amount of russeting. The effect of lime on b10ssom­
end injury is not well established. 

Casein spreader has not decreased foliage injury but has increased it in 
several instances. Russeting has been g reater in several cases and b10ssom­
end injury has not been prevented. 

The addition of cane sugar, calcium sulphate, or ground tobacco has not 
caused significant differences in fo liage injury, russeting, or blossom-end 
injury. 

Aluminum sulphate has not prevented yellow-leaf injury. 
Iron sulphate in the so-call ed standard 1ime-sulphur-1ead arsenate spray 

has reduced yellow-leaf injury remarkably, but does not prevent true Jime­
sulphur burn unless used in large quantities. Russeting is probably re­
duced to a certain extent and blossom-end injury is practically prevented. 

Dry lime-sulphur has caused about the samc amount of leaf-fall as com­
parable amounts fungicidally of liquid lime-sulphur, but comparisons of per­
sistent leaves llave often indicated a slightly better condition where the drv 
lime-sulphur had been uscd. O ne gallon of liquid lime-sulphur is considered 
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to be equal to at least fo ur pounds of dry lime-sulphur in the control of apple 
scab. Russeting on J onathan has been less with dry lime-sulphur than with 
an equivalent of liquid lime-sulphur, but with McIntosh there has been 
more russeting with the dry lime-sulphurs and there have also been con­
sistent differences between two brands of dry lime-sulphur. Blossom-end 
injury seems to be just as great with the dryas with the liquid lime-sulphur. 

Dry-mix, wettable sulphurs, and other free sulphur materials in combina­
tion with lead arsenate are unlikely to cause injury to foliage, especially j f 
lime is present in the mi xture. T he nnish of the f ruit is usually excellent 
where they a re used and blossom-end injury usually is not so serious as when 
lime-sulphur and lead a rsenate a re used. A limiting factor in the use of 
these materials is their relatively low fungicidal value in the control of apple 
scab. 

F lotation sul phur has not been obser'ved to cause any foliage injury or 
russeting of the fruit , but considerable blossom-end injury developed in 
J onathan when this sulphur was used with lead arsenate. Calcium mono­
sulphide has not been observed to cause an y injury to apple foliage or fruit. 
'The value of these materials to control scab has not been es tabli shed in 
1\1i chigan. 

Bordeaux causes very little foli age inju ry on the apple under ]Vli chigan 
conditions, in fa ct , bor deaux sprayed trees are usually characteri zed by ex­
cellent foliage . Blossol11 -end injl1ry has not heen obser ved on bordeaux 
sprayed t rees, but the all-season use 0 f hordeaux is undesirable on mos t 
vari eties because large amounts of russeting usually develop from early sum­
mer applications. Bordeaux, however, can be used very advantageously in 
the late summer application as russeting is unli kely to occur at that time and 
there is little or no hazard to foli age when spraying with bordeaux is done 
in periods of high temperature. 

Other copper sprays , such as basic copper sulphate and copper ca rbonate, 
have cau sed severe injury to both fruit and foliage. 

One ex periment in whi ch special methods of applications were used 
showed definitely with lime-sulphur and lead arsenate that injury to foliage 
and russeting of the fruit a re directly proporti onal to concentration, rate 0 f 
appli cation, and the actual amount of acti ve ingredients applied. \ i\Tith bor­
deaux and lead arsenate. there was little or no correlation between leaf- fall 
and any of th e factors mentioned, but russeting of the fruit was very defi ­
nitely correlated with concentration, rate of application, and the amounts of 
copper applied. 
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Plot :'Ifaterials 

Table 23.-Experiments at Morrice, 1924. 

,-imount· in 
100 g31. 

LC1YCS on spurs (ayerage) 

H ubb1rdston 

Russet on frui t (per cent) 

" 'agen er Hubbardston 

Original Junc 30 '-\U !l;ust 5 1 September 3 1 September 301 September 30 Light :'Ifedium 

-I-

I. .. . .... . .. 1 Lime-sulphur'. 2' 2 ga1. 7. !l 6 3 6 3 4.5 4 .5 3 . 6 13 

2 . .. . . . 1 Lime-sulphur· ....... 3' 6 gal. 
Casein spreader .... . lIb . 1 !l 6 1 6 1 3.6 3 .5 1.4 3.5 

3 ........ . .. 1 Lime-sulphur* ......... 2' 2 gll. 
Quick lime ..... . .. . .... 10 lbs. 76 3 !l .5 !l 4 . 1 ::: .9 

4 . . .. . . .. . I Dry-mix* ...... 33 1bs. 7 .8 .) / ;j 1 5.5 54 12 

.5. . . .. .. •.. 1 Lime-sulphur* (preoink and oink applicltions) . . 31 2 gll. 
Dry-mix' (petal-fa ll, two weeks and second-brood appli- 7.9 G 3 6.3 5. !) 5 !) 

c1tions) . .. 351bs. 
----6.... .....1 Collo'''''1 "I,h,d' . .... . 10 lhs. 7 8 6 4 6 4 5.4 5 .3 

7. . . . .. Colloidal sulphur II* . .... . ; 2 g11. 1.5 G 1 6 4 5.7 5.5 

8... . 1 Bordeaux' (a\'erage of six plots shown in Table 24 ) .. 1.6 t3 -; .j 9 5.9 5 .8 

14 

40 1_' . __ I 

9 .... .... Check. .. . ... ... ... . . ....... . . 7 S G 3 6 3 62 6 0 

*Le1d ar~ClHte was used, unless otherwise indicated, at the rate of :3 lbs. in e:lCh 100 glllons of spny in the pink and all succee:l ing applications, 
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Table 24.-Experiments at Morrice, 1924. l,," 

LC1"C~ on H]lurs (,n'cra!'c ) HU:iRct on fruit (per cent ) 

Rebtiw 
Plot '\hteri1b .... mount in R1te <:f amollnl ~ Hublnrd"ton \Ya!'encr HuhlnJ"(b(oll 

I 
100 gal. :lppiIc:ltlOll act I I'C 

ill!'reriicnts 

June 1 JUlie 30 .\llgllst .5 :)eptcmbe~ 3 ~c]ltclTihcr 30 ~eplcm"er 30 Light .\I c liull1 HC]H 7 

r: 
'T 

('~l'('k l I ' ~ G.3 __ 0_3_ Ii ~ Ii 0 I !____ ~ 
10 . l.l!llc-sulphllr. . . II 'J I ....-

l.e:1<larscn:ltc. . II ~ Light __ ~ r, r, r; G 1 ___ (1 _2 _____ ll_1 _____ !_.6_
'

_ : ___ ' _____ 0 __ I' : 

11 . Lime-sulphur . ! I., I' I v: 
Ll'1d ars~n:ltc ., 11 ~ '\foder:ltc I SO I .j 2 .5 :2 3 :? 12 0 :g 
------ -------- , ---- ,----- l 

1~ Li11lc-'ulphll~. II'.! gt!. 1 I r. 
Lnti ar'cn:ttc II:! Ib,. RelYY S . 2 ;j 7 4 4 I 4 :2 I) I:l > 

13 Lime-slIiphur . . ~~~- r-< 
LC.ld ar-einle ;: Ih,. Ligh t I ~ ~ , G :2 4 :-, .J Ii :2 1 1:2 >-' 

14 U~~l(I-:~~~i\l:~li~ - :! ~-I. - -~(-ld-Cr-:l-te- I 1--.:;-,--1 3 .:1 --:l I~---1-. (-.J - ' 2, 1-----' ~ 
1~ l.il1l('-"ulphllr . - :l£!I1. - 1 ' ----,----- -----1---------- ~ 

16 :;::Jl::l'~~:'ll:lt(' ~ I~SI()O Hew)' 1 .j 0 ~ 0 __ 1_.n__ I , 0 ~ ----=.\ ____ 1_0__ 1 2 
1.('.1<i arSC'n:ltc I Ih. Light , G , . 1 (j , () () Il .j I , :3\ .50 Z 

----- --------- ,--------- '\ 17 llm 11'll!'\ ]-\- 1011 ~ 

L"l,! :1''' ·THe . I lb. .\lorlerate , .5 6 6 GIG I ii () -I 4 ]tj .:;0 ]0 l~ 
-----i----- __________________ _ 

Ib Horde 1m: :i-. j [(10 co 
l.e.ld :uscn:lte . Ilh. Rel\'Y 7.R G ~ Ii 1 I) 1 Ii () 4 () 1:.! .j2 36 

10 BorJt'.luX 1)- 1:2 100 
LCJd 'lm'Bate :3 Ih". Li~ht I 0 G ;.; .1 i-. .j ;.; .j ~ 3 ;.; H) 40 

20 llo-dl':lUX G- I:2 100 

_I Lp:1d :\l'i'cn:lte :)Ihs. _ ;\ loder'ltp I , 6.G ~ G 5 . 6 ~:j , ___ 3_.G__ :n 6:2 

::ll. Bor<ie.lll'\ IH:2- 100 
L'~ld :1",n:1te :31h". R C1\'r 7 6 G 7 l\ 1 (j.l 3 S ]() :llj .1:3 

Table 25.-Experiments at Morrice, 1925. 

Le:wc" on :;pun, (:wer:11'C) Injury to fruit (pcr cent) 

Plot 

....-
~ 

Jon:lthan Hllblnrclslon Hllhl):lnbton Jon:lthan 

.\l1lount in I 
100 g;al. --------------

",;,;",,1 J"", " 1 J,," ,., 1"",. l' I ""I. III ",;,;",,1 ,hm' " : .Iw. 1 I. I", 17 1 ,,,I. 9 

J ____ _ 

),falcrials 

Li!Iht I.\ fpdillm I Li<rht 1 B\t~~;Tn-
Hu';,;ct Hll""cl Hll:;.'ct I illjllf~: 

"J: 
-::; ---'---

t'llifocidc* . . . . . . . '1 2:, Wll. I 1 I C3~l'in sprc1dcr . . 3 lh,. '/ . 1 () -I fi 0 . .[:, :) :2 Ii \ .j 1 .j.:; I .j I) ...... I 2:2 0 0 I 0 1_ 1_1 .2 
___ . 1 Lime-sulphur*' 21 ig:d. I . :; 13-1 I {j I i (, 1- :3 n 7 :2 I;'; Ii 1_ .j 1 I J!) I 21 :3 II' 0 I 0 I·~~ 

I T ;~n " "I n h". * 0\ .: ~.,I I I I -

1. ;:;:; 

./ 



Plot ),rat cr i al~ 
Am ount in 

100 P:ql. 

Table 25 .-ExpEriments at Morrice, 1925. 

Le:l\'e~ on ~ pur, (~ \'er~p:e) Illjur,' to fruit (per cent) 

10"""" H"bb","'", H"bb,,",'oo I .T""'h,,, 

. . _ ,I , ' . I _I , Li"ht ~ rPdium . Lil!ht Imo>,,()I11-
()rJl~ lIlal l June l i, Jul.I' '?l ,\1I 9;. li- :"iCPt.]() ()n!!!lnl .Tunp '?C Aup:.1 I _-\u'!. 11 i"ept. D }' ~ " t D" t n ,0 t . P'l,1 

___ , ______ 1 _________ 1 _______ , ___ ~~,~ Il1Jur~' 
1. ~~~~)i~;(~~l~'~:~d~~.· : 1 flt;:d. ~ ~ I~I~,~ ~ ~ __ '~_-_I _ I~ ~:_'_L_~_I~ __ o __ I __ o __ I~,--
:! . . .. 1 Llme-';lIlphur*. ···· 1 ,?1 2 9;:11. , /.) _G_c! _ I_{j_l ___ c! __ I _ __ .l_!_I_~~, __ ll_'c!_,_ti_._l _ , __ .)_ l ___ 4_!_1_ .~ __ 0 _ ___ 0 ____ ., ~ 

3. .1 ~~~l:i~~l~;;~~~~I:r... ··· .1 i\fJ.g:
1

1. I~ ~I_~ ~I~I _I_) _:l_ I~I_~~J~ ~I ~ __ o __ I __ o __ I~~_ 
_________ ._' -_' _ ' _1 1_6 9-

1

- 'i 0 ___ .i._~ 1_ , ~_) ,_.) -_I 1_.5.5_1_4 :1_1_4 ,\_I_l_'~ S __ O _ 1_ 0 _1_0 -,,_. Lime-sulphur* 
Quick lime . 

,?I gal. 

. Lime-~lIlphur*. 'I ,?12 9;11. 1 1 I I I I I ron sui pha t c. . . 1 11 I h". i S i 6 , . . 5 , . ,.( , :! , 1 6 . 1 6 1 .5 n .5 ::-, 17 . 1 0 0 () 
---- ,--------------- ------1-------,------1--- -----

13. . . ··1 Lime-sulphur*. .. ·1 :2) :! g~l. 1 I 
Cane sugar . . . .j oz. i S i . 3 , . 1 () ::! Ii I i 1 , 6 0 I .5!l :i .5 :i c! 1!l (l 0 0 Ii , 

7 6 , ,3 --i-l---f-i -1-~--;;:-~I~~5-0--:2·5 :3 - -0----0-- --,.(-,-
. I Dry lime-sulphur ,\ *. 8 Ih, . 

8. I Lime-sulphur* (s:nne as Plot :2 ) .. :2 1 :! gaL 7:67372--b-O-'-'i-'3-721-6-0- 15051--,.(-s-164--0----0--~ 

L-. -.-. -. -.1 Borcleau:d* . . . 1--'1--8---1-00-
1--:-.-1- : ~ : 0 I : 0 I " : l " " " 65 6 , 72 " S .; 2" \1 -

10 . . . . .. Check.. .. . .. . J , ., , , , , , 4 , , , 0 6, I ", " 6 , , 0 0 0 : \I 

*Le1ci arsenate was usc I, unl es" otherwise inclinte::!, at the Dte of :2 lils. in e.1ch 1001'.111011:' of ";)r\,\" i.1 the pi;lk :l11d all il ter ~ppliC1tions . 
tQu irk lime \\'JS u'e ! in m:lkin'! th is bordc.lUx. 
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Plot :'Iateri:lls 

Table 2o.-Experiments at Morrice, 1926. 

. .\mount in 
100 g~l! . 

Jonathan 

LC_1 YeS on spurs 2\" crage) 

Hubb1 rdston 

Injury to frui t (pe~ cent) 

Hubb:lrdston Jonath:lll 
BI,·s<nm-

I ' 1---
1 

end 
- I _ I '. - " I Light I \f"r! ium Lio-ht I \ferl ium hjmy 

_________________________ 1 June 1-0 1 June 28 :\uP;. o , Sept. 13 , Ju ne 1~ June 28 • .-\.ui'. J I :)c))l. 14 Russet Rus~e t Ru;sct Russet , __ _ 

I . . . . . . .1 Lime-sulphur (pre-blossom and calyx 1 I I 1 I 
applieat ions)*. . . . . . . . . . . . . . . . . . . ... 21'2 gal. 

,,-etta hIe sulphur (2 "'eeks and second , .2,.1,.0 5 !J 6 S I) !J G 9 6 -1 10 8 I ·1 8 I 
brood applic)tions). 101bs. 

2 . Lime-sulphur*. . . . . .... · 1 21 i gIL --I -O-:-_-6_.=8=1-6-.-3-·===-1=8==.-G-~-I-·-:; -0-'-,,-- -11- --4-6-) -1-_-l-o-!)-I==-l~._O-_- --2-6-3-1==_4-8-,-6-3-

Lime-sulphur*. . . . . . . . . . 21.~ g11. 1 1 I I 
Caseinsprelrler . . ... lIb. Ii G __ G_6_~,_4_n ___ ' _.1 __ ~_~~_4_._0_1~ __ 0_.1_~~_9_0_ 

3 . 

4. ~::r,tl1~~m': I l\t,'" I " 1 64 I " I 50 , 1 fi4 , 1 '" I " 0 I' S 1 1 I , ,,_ 

5·'·" '· ·"1 Lime-sulphur*. .. . . ... . ...... 1 21 2 [(1 1. 1 1-'-1'----1-1-1--·-1'-
_____ Iron sulphate.. . .... l !~ lbs . . __ G_8_~._6_._!J _~_9 __ ~_G_)_.1 ___ 6_~ ,~ ~,_o_l_~I~~_ 

6. . . . . . . . Lime-sulphur. .. . l l~ g11. I I 1 "I I 

7. 
Leld arsenate.... . ... 1 ~ _~~ ~ __ G_3_~ _l_' _\ _ ~~ ~! __ O __ ~ ~ __ I._I _ 

Lime-sulphur ... . . 
Lead arsenate ... . 

8. Lime-sulphur ... . 
Le1d arsenate .. . 

i 1'" I 70 : " 68 55 , .1 7. 0 I ' .0 6.4 I 0 I 0 I 11 .4 I 0. , i :2 :2 

: I i \t.gl1. 1--, -,-1-6-.-8- --0-) .-6 - --0-- .-3 - '-0-' -g - i-6-' - --6-) -3 - --4-6 - --1.5 -;1-
0
-. -1 -1-3:,-1.-4 - --0-.-6 -I--.j -. -1 -

g .. . I- l-im-e--su-Ipl-lU-r .-.. -. ----- 21i!1;1L 1 --,--------------1---1-------

Leld arsenate. .. 2 ibs. 66 63 6. 2 5. 2 71 6 4 .j S 4 6 10 .8 02 ·11 . , 18.5 , .j 
------------ ------ ---------' _________ 1 ___ , __ - ________________ _ 

10 . Borde1ux*- t ..... 2-2- 100 1_-_' _1 _'_6_8_1~ _ 6_6 ___ 6_9 ___ 1_' _' _1 __ -' _1 _1_~1~1~ ~ ~I_o __ 

11 . Dry lIme-sulphur A*' 10 Ibs 1 __ 6_9 ___ 5_-_1 ___ 5_.5 _ _ 0_- _1 ___ fl_J _8 ___ o_ .j_I_._j _2_ ' __ i ~ _ l-t_ I ___ 0_-_' ___ 3_, _4 ___ 1_4 __ 11_ 1_ 

12 . Dry lim e-sulphur -'\*. 8 lbs. 6 8 6 6 I 6 7 .5 0 6 S (~ () 6 " .j S ,0 I 0 6 32 :) 2 3 G q 

1

_--------1-------

:: :::::m'.WIPhm" 1

6 100 

... -:-:-i-:-:-I : >1- :---:-1--: -:-i ~ ~_:_'_:_:_I_:_U -:- I~ -33-
1 

-: - --: ~1-1-: -: -
*Le1d arsenate was used , unless otherwise indicated , at the rate of 2 Ibs. in e3ch 100 ga llons of spray in the pink and all bter appliCJtions . 
t Quick lime was used in making this bordeaux. 

PInt :'f:itpri!i' 

Table 27.-Experiments at Morrice, 1927. 

.\p'OUl1t in 
100,,11. 

21:; ~11. 

L('.l\"(,~ 011 ~pur:-: 1 \'er~lg(' ) 

,j"!l1l1nn 

JUllC 14 :\ue!. ~ept .• 

- ---

r, J ~ " 

()e :. 

Injury to fruit (per cent) 

Hublnrrlston 

Light 
Hu,;,;ct 

\ fediull1 
Russet 

Light 
Russet 

JOI1'lthan 

\ [cdilll1) 
Rm<scl 

llh;;s01l1-
e~J( I 

illjury 

2.) ! l_r,- ' ___ 1 _____ _ 

;'.i I -=_f/ !_o_l_o_I~I __ ~ _ 
1. . .1 Lime-sulphur ( 11 lin W:lter fl'nlll cistern \lseJ for (Iii, plot )'. 

:2. . . . . .. L une-sulphur (lrcl l watcr IV'" uscd fIJI' tlii, a flll al! sllcc('C'li!lg 
plots)'. . . .. .... .. . . . 21:! ~ 11. 7 ,) ·1 I 

c..n, 
~ 

~ 
>-; 

Q 
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--< 
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Plot 

1. 

2. 

3. 

:-Litpri d,; 

Table 27.-Experiments at Morrice, 1927. 

AI110unt in 
100 in!. 

JUIIC'l-l 

LC1YC'S on ~p\lr;-: 1\'er~H'!(I 

,J'1ll11!1't1l 

_\u,,:. ;--; ~'pt . I Oc:. 

Injury to fmit (per ccnt) 

Hublnrrlston 

Light 
HllSSct 

:- [crlillm 
Ru;;sct 

Light 
Russet 

Jomthan 

:-Iedi\!nl 
Ru:,set 

Bl')i'S('IlU­

C'nd 
injury 

---- --------! ----1----'--- ----

Lime-sulphm Rlin watcr from ('i,(crn meJ for Ihi, pl<1 tl* ... 

Lime-sulphur \rell "'aier was u~cd ['lr this and al! "\I"('('C'li!lg 
plots)* 

Lime-s\llphur 
Le:ld arsell'1.te .' 

21:: £: 11. () -l 8 ~ 

21:! £!;11. 7 .j 
-------,-

·)1.)g-1J. 

j Ih. (j 0 

I 6 

:~ ,j ::! n _°_1_°_1----=--1_.8 
I-

2 ~ I 2 7 

Le:td arsen::tte .. . 

.) . _ . .. Lime-sulphur ... . 

J!:] ~1!. 
nOlle 

]1, god. 

4. .. ... 1 Lime-sulphur ... . 

I Lc:td arsenate... nonc . __ 6_0_ .j !i 

t , j n 1-8-0 I-o-!-o--o--o-I-o-
----- ---------------

1.1 I 49 I ° 1 ° 0 0 0 

6 

7. 

8 ... 

Lime-sulphur* . 
Iron sulphate. 

Lime-sulphur* .... 
Iron sulphate .. 

Lime-sulph\!!'* . 
Aluminum ~u l phate .. 

01.,[':'11. 

l' ~ II>" .J 3 4 I 

:? I .~ g11. 

nIb;;. 1 ( G -------- ---
::!l, g:l!. 
(J If);; . I. G 1 ;j:? 

-t (] 

j -l 

9. 

10 

11. 

18 6t 

Lime-sulphur". . _I 21 ~ gal. 7 0 I-~ 3""".5'----'----'----'----'----'----

Dorde:1Ux (Ortllo)* .. I 4 1h5. 7 .3 --1-; -);- li 1 

:? 5 
----1----1----,----,----,----

.) 0 33 _ 2 

Lime-sulphur (pink applic1tion)* ................ _ . . _ 
:-lulsoid sulphur (petal-faJ!, two weeks and second brood applic.) 

12. 
i-fulsoid sulphur (two weeks and second-brooc! appliC1t ion). _ . 

~I.? g.1l. 
81bs. 

21 ~ gal. 
Sibs. 

7 .. j -It 

G 0 4 !1 -l :; 3. 1 

Chcck ..... . .... _ . ..... . ... . .. . .. . 13. 

Lime-sulphur (pink and petal-fa ll applicJtions)* . . ......... -. _I 

1-·[ ...... · .. ,-.. · ---1--'-:-1-'-

---------------------------------------
*Lead arsenate unless other'\'.-ise indicated, was used in all plots at the rate of 2 Ibs. in 100 gl11ons. 
tThere is also 7 _ -1 per ce!1t of hcw}' russet. 
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Plot 

1.. .... Lime-sul phur 
Quick lime 

~ra t e!'i 1 I s 
Am ount in 

100 gl1. 

Table 28.-Experiments at Morrice, 1928. 

LC1yes 011 S;lUrs (:wer3. ge) I njur ies to fruit (per ce nt) 

J h 

1 

H Ubbard- I 1r I 1 J h onat an 1 s ton ~, H u )\nrdstoll omt an 

Aug. 16 1 ' cpt. " Sept. 14 Sept. 18 Light 
Russet 

:-- Ie lillln 
Husse t 

H e1Y\" 
Rus;;ct 

Li ght 
Russet 

l\ fedium H C1Y\' 
Russct R usset 

BIOSS'lIl-: ­

e'ld 
jnju !', ' 

( Lim c mcd in petal -b ll'

l 

01 ' I - - --1'----1----'--------i----:----'----I----I--------
t \\'o weeks and second - ~ g 1 . .) - . 1 

brood appli c) tion)* 8 1b5. 4.9 3 - 4.3 1. 9 1, . 6 I ,\ .3 I ,[ .. ' ... I" ...... .... I 

- 1----

1 

-1------_.-1 -

1

-

2 . ~~~ictli~~1ur (Lime usedinall::lpplie.)* ~ \{)2 1. 4 .6 :3. 7 3 9 1.'5 . 16.3 . ~ ~ I 12 lUl 1 4 .S I 0 . 1 07 

3 .. Lime-sulphur*' ;2 12 !n l. --4-g-,--:-3 -1}- --4- 0- --1-.-4- ---;01--1(-) -.. -!~ ~ --.. -.-0- --0-- --O-Ij-

4 .. Lime-sulphur *. 212g·11. 1---------------------1---1------'1---
Calcium sulphat c 4 Ibs. __ 4_._7_ 1 __ :_1_.i ___ 4_6_ ~ ~I __ lf_j' _4_, __ 1_._2_1~ ~ __ I _. 0 __ ' _ _ 0_._6_ 

5.... .. Limc-sulphm*... . 21 i g1!. 1 

Tob1eco dust. . . 5 lbs. 4 . !1 :J f1 .j:3 1. 7 3 1. 4 1:3 ,~ ;2 .[ 2:3 9 11. :2 1 n o;., ___ ___________ -----1---- ________ . _____ 1 ____________ 1 _ _ __ 1 ____ • _______ _ 

6. .,. I Lim e-su lphur (,,\.1 1 applic1: ions exec.pt in 212 In !. I I 
Iron sulph1 te f second brood) 114 11>;; . .j ,j ():2 1 6.3 3 . 1 :26.:2 
Borde l ux (Second brood a ppl int ion)* ;2- ;2- 100 

~I Lim e-sulphur \ (All appl ic1tions except 21:ig11. ----------------1----1----1- - --'----'----'----

14 .8 3 . 6 Ii 1 1 .) 

I ro n S'llphate second brood) * . 212 1bs. 6 ·1 , il :3 6.:) 3 . :2 32 .8 11 .[ 
BorcleHlX (second brood appltc1tlOn). 2-2- 100 

1. 1 16 .8 2.3 o 3 0 . 2 

8...... Lime-sulphur (prepink and pink app! ic.) 1 212 g.d. ,--------1----1--------'----1------------i----

I 
Lune-, ulphur (pet::d-fall , t \\ O \\('eks and 4 0 3:3 . 5 G '. 3.2 30.8 .. 1 : 0 4 ]9 . 7 1. 4 0 3 b 

second brood appltc:ltlon)* 1 g1!. 1 I 

~ I Lune-sulphur (pre-pink and p1l1k fl pplic ) 212 g1 1. 1---- --~-----I-~---~~-I--~-'~~---~-- --------I~---
Lunc-3ulphur (petal-fall,two \\ ecksalld 46 30 .j)) 22 :34 6 ':9 n. l :?3 2 .4 fl . l 

second b rood a pplic:ltion )*. 11 i gal. 
------------------------------------------

10 . . . . . . 1,ime-sulp'lul' (pre-pink and pink applic .). 

P lot 

I 

Lim('-sulphur (pctal-hl !. t \\-O wceks and 
sccQnd brood appl ication)*. 

M ate l'i :1b 

;2 1 ~ ~pl. 
4 !l 3 G ,) 13 :2 4 I 4 :3 

2 in!. 

Table 28.-E x periments a t Morrice, 1928-Continu ed . 

\mount in 
100 gal. 

1,C:1\'C5 on spurs (u\'crage) 

Jon:lthan Huhlnrd­
ston 'Yap;ener 

AUi(.lG ;-;cpt. 21 1 f'cpt. I ! 1 ;-;cpl. 1S Light 
n u~s(' ~ 

H u hlnl'<lston 

:--fcdium 
Husset 

o '* 27 3 B 3 o 3 

I njurie;; to fruit (per cent ') 

H C1 \ '\' 

R lic'srt 
L ight 

Hlls:;rt 

.]on:lt k ln 

~ l e li llm 
HlI s~et 

Hcw,' 
HU ;-;:-:i·t 

18 7 

1310;;';0111-

cud 
injur.\-

11 ~I Li"'o~""I"h " , ·. . " ;, ,1 1 4 . 3 1 :) 0 I ;) .~ I 1 S I. :1 7 S 1 13 :3 I 1 1 -I :?:l,i I' I.i.. 1- :2 fI _.f_'1 

~30rdc :tu."( ,( All ,llppli.c: c;xcept pctal-b ll 1T. 3- 2- 100 I L? 
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Table l8.-E x periments at Morrice, 1928-Continued. 

;'[atcl·i:t],; ),mount in 
100 WIL 

L C:l\"CS on spurs (a\'eragc) 

Jonalhan Hubbard­
ston Wagener 

I njurie,; to fruit (pcr ccnt ) 

H uhlnrdston .]()1l:1t lun 

' \U " .I G I S cPt 21 I SCJlt. 11 1 ;';C]l l. 1 ~ LI[!1lt l ;.redl1l1n l H C1 \ \ 1 Light ;.reh um l He)\\" BI~~~~m -
r Hu',r ~ Russet Ru>sct Hus,Cl Russet Hu"pt 1 l IlJ Ul\' 

______ ------ ______ 1_-
Limc-sulphu r*. 21 2g11. .f 2 1 __ 3_0_1~1 __ l_~_~~! _ _ 1_1_i~:~I~_I __ .f_ f)_ 

13ordc1ux (.-1. 11 apptic. except petal-fl ll lt ··1 2- 2- 100 I I I I 
Lime-sulph ur (peta l-h ll applic.)*. . . 21" gl i 6 2 6 .5 '1 1 :1 2 1 3.5 f) l ,~ ;- I 36 () i 3 () :? 0 0 :-, 

BorLie lllx (.-I.1l applic. except petal-fa ll )* 2-~-100 ----1----1----------, --1--------1--,,--------- -- - -- 1----
Lline-sullJhur (. t i f II [" f ) ] 12 gIl I 6 1 6 4 I 3 ~ 21) 6 38 6 I :j 1 1 .)\ fI ) .) 2 I 'l l 0 3 [ro il sulpha (c ,1C a,- a apJl 1c:1 lOll . II ';; lbs 

13o,dc1\lx (pre-pink and second brood --------1---- - - --,--------1------------
applin tion o nl~· ) *. . .. .... . ........ 2- 2- 100 I 

Limc-sulphur , (pink, pebl-fa ll and two- 2 1 2g~1. .5 .0 6.9 I :j 3 I 36 .1 IS. 1 1.) 1 185 .57 0 I O f) 
IrOIl sulph:llc ' weeks appl iclt ion) l !i lbs. , 

---- - - - - ----'- --.- --- ---- - - -- ---- - - - - - --
Limc-sulphur 21 i gll. 1 

Ctlcium ar,;cmte .. 2 [\)8 . ......... 3 .8 5 .5 2. 7 :35 .4 G. t 0 .. .. . 1 ......... ... .... .. . .. 
Quick lime 8 1b8. 

--1------1------- - - --- ---- ---- - - -- - --- - - -- ---- - - -- - - --

Koppoco llonti,,",l,," " . 10lb; I~"--" 1~1~-:-r~:;-I-:-:---;;-~~~6-;C I-" . -" ... _ ..... 
Chctk 

*T. e:lt! aN':l'l tl' 11' :), lI' ~ I. ufJ le;:, otherwise indicl te:1 . at the n te of :3 Ibs. in e1ch 100 gal. in the pink, pcb l-fa!1 awl two wccks applicl tion and 2 Ibs .i11 the second brood spr~ r . 
t .-\ ll horde.lUx 11' :\': l11:\d" with qui ck lime. 
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Plot Materbls Amount in 
100 gal. 

Table 29.-Experiments at Morrice, 1929. 

LeJ.Yes on spurs (m'erage) 

Jonathan 1 Hubb:ud- I ,ragener 
ston 

Baldwin Spy 
1 

-'-'-'-1-

1 

Sept. 12 I Sept. 10 Sept. 11 Sept. 10 Sept. 10 Light 
Russet 

Jonathan 

Medium 
Russet 

Injuries to fruit (per cent) 

Baldll'in 

Light 
Russet 

;-'fedium 
Russet 

Spy 

Light 
Russet 

Blossom­
end 

injury 

---I 1----1----1----1----1----1----1----1----;----1----

1 ..... ,I Bordeaux (Prepink and second brood ap-
plication) *, . , .. , ' . , , ..... , ....... .. , 

Lime-sulphur } (Pink, petal-fall and two 
I ron sulpha te weeks application) 

2-2-100 
212 !.(11. 
11:(,lbs, 

3.4 4.2 3,2 3.7 4 .1 20 S 20 1.4 

2.4 __ ___ =--~_ 1.1 =1.0 2.0 - _ IS 5 I 0 I G.G I 3\).6 1 7.S 1---.:. ....... 

3 ... . .. 1 Lime-sulphur (Prepink application)*"... 21'2 (pI. I I 1 

Lime-sulphur * , . . , 31'2 g2L 2 ..... 

Lime-sulphur } (Pink, petal-fall and 2~J. gal. 0 0 'l 'l 'J ') ') ') 
Iron ,sulphate twoweeksapplic.ltion) l'l,lbs. 0.6 3.S 3.1 3.4 ,). __ O.S 1 0 1 O.~ 1 _0.1 1 ~.~ 1 4 .0 
CaselU spreJ.der lIb . 
Borde'\ux (second brood applicltion). 2-2-100 
--------------1------1----1----1----1----1---- ----1---1----1-------

4 ..... Lime-sulphur (prepink, pink and petal-
hI! applic:l.tion) *, ......... , , . , . , . . . 21 :J gal. 

1.0 34.1 ;;.1 o -; 
IrOll sulphate 11-;: Ibs. 
Lime-sulphur } (two weeks application) 212 g'll. 3.4 I 4 2 2 I IS '} I v 

---I ;::~;;;:~;;}:;;;:;;';;::~;;if:l!. ;~;~~;o '1 1--
4
-.-

0
- --3-.-1-1--

2
-.-

0
- --4-.;- --17-.-4- --------1----

Bordc1ux (second brood applic:ltion ). 2-3-100 
---------------1------ ---------------------- - ----------,--------

o .J 20.3 2, G 1.0 
5 . ... 

Lime-sulphur (prepink applicltion)* . . . . . 21;j gIl. I 1 I 

1 

Limc-slllphurl(pink,petal-fallandtwo 2~-2g:l1. 4.0 40 3.1 3.3 4.4 11..3 0 0 3D.3 D.7 1 0.7 
Iron sCllphate f weeks application) 1~ lbs. 

6 ..... 

Bonle1llx (second brood application). 2-2-100 ________________ 1 _______________________ _ 

7 ...... / Dry-lime-sulpburA* .. , 101bs, 2.5 1 :19 1 1.7 1.S 3.) I 2f3 7 0.0 61 I 30.5 I 20.4 I ' 2.j 

--s= Liml.'-sulphur (SlIDe as Plot 2). . . . . . , . . 1 21 i gal. :2.1 ~1--l.-4- --1-.-9--~:3311--3-.-4-1-S3 2~1--7.31--1-.-0-

Table 29.- Experiments at Morrice, 1929-Continued 

LelyeS on spurs (a,'erage) Injuries to fruit (per cent) 

\ _ t' 1 Jonathan I HUbtbard-1 Wagener 1 Baldwin .-u.uoun ll1 S on 
100 gal. _______________ _ 

Spy Jonathan 
Plot :-hteri:ds 

I Lio-ht I :\{eclnun I Blossom-Sept. 11 I Sept. 10 Sept. 10 Sept 12 R ~ss t Russet . e.nd 
u e , InJUIY 

9=-:-1 BO[3;\:,~?II ~pplica:ions except PCl'~I-1 2-3-100 1---1---1'---1'---1------1------
LIme-sulphur 1 ( t I f II I' t') 21~2 gal. 3 8 4 3 3 7 ·1 a I 4 7 -±2 8 18 ot Iron slllnh " tp r pe a - a app lC1 lon 11/' Iho 

Sept, 10 

Baldwin 

Li£!ht 
Ru,;sct 

37 . 2 

:'- fedium 
Russet 

9,0 

Spy 

Light 
Russe t 

10.3 
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Plot 

10 .. 

~bteri3ls 

Table 29.-Experiments at Morrice, 1929-Continued 

Amount in 
100 gal. 

Jon~thun B:tlch\in Spy 

_ _ _ ___ ____ _ ___ 1 ____ ,_---

Dry lime-sulphur A (prepink upplic.)*.. 101bs. I 
nrylime-sulphurA 1 (pink,petal-faIl 101hs. 23 2.8 2.7 15 22.1 21 02 31 .8 S.7 0.;-
Iron sulphate f and two weeks 1!4 Ibs. 

applicat ion) I 
Bordertux (seconr! brood applicltion). . . . . 2-2-100 I I I 

~I f31measPlot:3* ........ , ...... 3 ± . 3.S . :3 . 1 '.... - -l-l . 291 I 2.G 0.2 .... . ... .. """ . 2.0 

± 0 I 2 O . ± 5 22 ,1 I :3 8 0 2 I· .. · ' , ' .. .. 3, 1 

-G-2-:- ,-. -.~ -.j-3-i~-0-.j-I-0-1-".-.-, ,-.. [-,-"-,, ,-,.-,,-0-

12, 

13 " .. 

I 3 G S1me as Plot 1 * , ' . . . 

Check, 
I 

*Lead arsenate waR uRe1, ll'llesf' otherwise indicated at the rate of 3 Ibs in 100 pllons in the pink, petal-fall and t\\'O weeks applications and 3 Ibs. in the second brood. 
tAll bordeaux was made "'ith quick lime. 
:j:Tbere is also 2 \) pcr ce~lt of hel"Y russet. 
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Table 30 .- Experim ents a t Morrice, 1930. 

Plot :'Iaterills 

1.. Lime-sulphur ) 
I ron sulpll1le {('Ill applic .lt ions except second brood)* 
C'1sein spre1c!cr 1 

Bordelux (secDnd brood appiic:lliDn) 

ILime-slI1i!j,hltlr ( .\ll apnliCltions exccpt second brood)*-; ron su p 1'1 C • 
2 .. 

Bordc1Ux (;;econd brood :lpplic.ltion ) 

. .\mount in 
100 gal. 

21:2 g11. 
] I'b Ibs. 
lIb. 
3-3-100t 

212 gal. 
1 1-b lbs. 
3- 3-100 

21 
____ Koppers flot1tion sulphur (pet11-LlII, t\\·o wceks and second brood appliCJtions). 1_ 

-1 .. .. . ... C'alciunl ,ulphide ( Cal- :'[ o-~ul. ) * ... ..... .... . 12 12 1bs. 
- ----

LC1Y€S on 
spur." 

(:}\"erage) 

Jon:lthan 

Sept. 17 

4 -i 

-1 6 

.3 0 

-IIi 

3. . .. ." i Lime-sulphur (prepink and pink :1pplicltions)*. . . . .. ...... .... .... . ... . 

-----
]Olbs. 
11-b Ibs. ! ! 
:3- 3-100 

212 gll. 
11,1 Ibs . -1 -1 
:)- 3-100 

5 . prY-limle~Sutlphur.\ (.,\11 applic:ltions except sccond brood )* 
Han Sli P1l1 e 

I 

Borde:LUx ('rcond brood application ) 

G.. . . . . .. JI,llne-Slldlh)llltlr (All appliCltions except second brood) *.. 
ron su p 'I C 

Bordelux (;;eeond brood applic'1tion) 
---------------------------------------

21'2 g"ll. 
21 ., In I. -1 -1 
] 1; lbs. 
:3-:3-100 

21 i g11. 
]I,lbs. I (1 
211>s. 
:3-3-100 

'1 Lime-sulphur (prepink. pink and pet:lI-LlII applicltions)* . 
J
1
,lme-'::ldl

h
)hu

t
r (two weeks applic1tion ) 

I 

ron su p :l e 
Bordelux (;;econd brooc! applintion ) 

----- 1---
S. .. Lime-sulphur ) 

Iron sulph1tc r (.-\.ll applic ,ltions except second brood ) 
Calcium arspnate 
Bordc1ux (second brood ~Jlplintion ) 

7. 

9 . . Lime-oulphur* . 21:! g11. -1 1 

Table 30.-Experiments at Morrice, 1930-COlltinucd. 

Plot 

1 n 

;\latcrial" 

1l0rde1llx (.1 II applic liin]]s C"('cpt Iwhl-Llil )*-i' 
Lime-su lphur (petal-fed I applintion ) 
Iron " tlnh ,tr 

.\11l0111lt in 
100 gal. 

:1 - :, 1 aot 
:2 1 ? q: tl. 
I 1 ~ I h .. 

Le'l \"c,;,; Oll 

"JmI'': 
(,n'er:l~e ) 

.Jon:lthan 

~(lpt. 17 

1.9 

Light 
Russct 

21.9 

74 

I-~ .I.l 

9 :2 

~---I 

9 -1 

12 :3 

12 9 

],it:i11 
Hu">'et 

.Jj 

I 

, 

Injuries to fruit (pcr ccnt) 

Jonathan 

:''fedium 
RU RRet 

o 9 

0.2 

0 . 1 

a 1 

o 1 

O. i 

Blossom­
cnd injury 

o 1 

10 .4 

0 .1 

1-0.1 

0 . 1 

0.6 

1---

I O.S 

Injuries to fruit (per cent) 

,)oll :lth:111 

'\[c li'lll) 
R'I';';l'l 

3 1 S 

Blo,'Soll1-
Co,,! injUt'.\· 

~cald 

o 9 

0 .4 

2 0 

2 .1 

0:3 

o 9 

0.2 

OS 

') I) 

~u!1"ClI,J 

a :3 

~ 

~ 
'1 
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Plot 

III 

Table 30.-Expe riments a t M o rrice , 193U-Continuecl . 

IIfnteri:tl, 
Am(Jllllt in 

lOO gal. 

L C1 \, CS on 
.'Jlur~ 

(:lwrap:e) 

Jonatha!1 

,.; ,t 1- ! Li~.cht 
, P). i Rll';:'ct 

Borde1ux (AlI .appliC1tions except ,Ppt'll-flll )*-T. . :1-:1- 100t ----1-----
Llme-"lilphur (petal-Llil appilCJtlOn) 21 2 'Z d. 4. 9 4, . 'l 
Iron sulph'ltc I 11-l Ibo. 

Injuries to fruit (per cellt) 

Jonathan 

i\[eJiulll 
H'J:lse t 

:H .8 

Bl03som­
end injury 

~---. -. - I Bordelux (Dchyed dormant and second broor,l appliClliQn,.; )*.. :1-:3 - 100 1--.--,--1-----------.--
Llmc-sulphur (' k t l fll dt ' r r ) 21.,g ll. 4 . 7 n .s 1.0 0 :3 I 

Sun5cJlrl 

0 .3 

Iron sulphate ( pUl.-, pe,1 - :1 an wo weeKo 2PP lC1 lOllS ] 1.~ Ib". I 

_4 _. 1 __ 1 1. ~ n () __ 0_._4 

~G.7 I 2.0 

12 Lime-sulphur' .. 1 [ft!. 

J:3 Dry lime-sulphur A *. -! Ibs . 

It ' " I 
Dry lime-sulphur A. * . .. 10 Ibs. 4 . -! 0 :? 11. 6 1. -! 

n . ... Check 4 .6 1.2 

*Leld arsen:lte \\'a, meel. unless otherwise indicated. at the r:lte of :3 Ibs. in 100 glllons in the pink, peul-f:lll and two-\\-ceks applications and 2 Ibs. in the seconcl hrood spra~·. 
tQuirk lime \\'1S llsed in mlking all borcle1ux. 
~ \"uHexforl1llcJd arsen:1te W::IS used in th is plot. 
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Table 31.-Experiments at Belding, 1925. 

Leayes on spurs (aiwage) Injury to fruit 

Plot ~Iatel'ials Amount in 
100 gal. ~IcIntosh Baldwin .'. felntosh 

Original June 1 July ~~ _-\.ugust :?6 Original June 1 July 2~ _-\.ugust ~G I Light russet (per cent ) 

1.. ...... / Borde:mx*-t... 4-8-100 7. 0 __ fl_Q__ G8 67 66 6 ~ G,l 3!l.6 

2, . . . . . .. Lime-sulphur*..... ~11 gal. 
Casein spre:tder. . . 1 lb. 7 . 4 7 :? 7. 1 I 5 .4 6.6 5 ~ 5 2 3,6 38 ,1 

_.:i'_·_'·_·_··I Lime-suIPhur*. 21~gal. 7.4 73 -~I G~ 6.5 .jS 5,1 40 144 

4 ,. . . . ' Lime-sulphur*. 312 gll. I 
Quick lime. 5 I bs. 7 7 /'.5 7 ·1 ;- . a 5 .5 ,j . 4 5.3 4 4 10, 7 

.5. . I Lime-slllphur·..... 21'2 gll. 
Iron sulphate.. 11ilbs. /'~ 71 70 50 64 ,jj .54 50 52 

Lime-sulphur' . . . ...... 1 212 gll. I 
Cane suglr. . . . . . . . .5 oz . G ~ II Ii Ii .j .j 8 G 4 I ,j 3 I j 3 I 3 0 30 4 

I 
1

--------
I I 

•• . •• I Check.. . .. . 7 1 -; a G !l G 0 6.5 G ::> 6, 1 6 1 I 8 j 

*Lrad ar<;enate ims used at the rate of 2 Ibs. in each 100 gallons of spny in the PlIl!: and all brer applic:ltion8. 
tQuick lime was used in making this bordeaux. . 

Table 32.-Experiments at Belding, 1926. 

Leli'Cs 0:1 spurs (unrage) I Injury to frui t (per cent) 

Plot I Tlb teri2ls Am ount in 
100 g:ll. ~fcIntosh 

--I--
I 

J uly 7 I _.l.ua;usr j I:-;cptember 1Gi J une G June 6 

I 
l. Ortho bordeaux* . 4 lbs. 

2. Borde:tux*-t ...... 2-2-100 7.7 7 .j i 7 6.3 

3. Lime-sulphur * ... 21 ~ !!:'11. 
Cnspin Snrp'l r1 0 T , Ih r. R G .; -; ..;;: r, , 

Baldwin .\ [cI ntosh 

J uly 7 I August 5 ISeptember 161 Light I ~fdium 
Russet Rllsset 

I 
88 . 6 

I 
11. 3 

,j .j + ~ .~5 .. I 24 3 

S () + + 4 J. 

0\ 
N 
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""'" n 
~ 
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Table 32.- E xperiments at Belding, 1926. 

Plot I .\bteri:1ls Am ount in '\feIntosh 100 g:11. 

June 6 I July 7 .-\ugust 5 

··1· 
I :c=, I O,'ho ho,d,,,,' . 4 Ibs. .i 

2. . . . . Borde:mx*-t ...... 2- 2- 100 7.7 
I 

t . .5 I . :5 

3 ... , . Lime-sulphur* ..... 31 ~ 12;11. 
Casein sprelder .. lIb. 6.8 G.5 G 2 

I 4 ... , ' 1 Lime-sulphur" . ... . 21 22;:11. 6 8 6 3 .j [1 

5 . . . . .. Lime-sulphur · .. ...... 21 2 g:l l. 

I Quick lime .. .J lbs. 6 !l 6 4 (j 2 

6 .. . , . I Sulfocide* ............ 12 g'1 l. 

I Casein spreader . . .. 21b5. 7.2 6. 7 6 G 

i . ... I Lime-sulphur" .... .. ... .. 21 ~ ~n l. 

I Iron sulphate .... p ~ Ibs. "( . 2 6.5 6 3 

8 .. I Dry lime-sulphur A * ... 101bs. 6 . S 

• 

6 2 .j 9 

, . . . . I 0,,. hm'~"'phu, B' . . . .1 10 Ibs. 6.6 6 0 .j n 

10 . . . . .. j. Check. . . .. . 
I 

7.3 6 .8 6 . 

*Lead arsenate was used at the rate of 2 Ibs. in 100 g:ll1ons in the pink and all later applic:ll ion5. 
plade with quick lime. 

Lel\'es 0:1 spurs (:1nrage) 

:'-:eptember 16 June 6 I 
I 

7 7 6.3 I 

I 
.j . \ 6. 1 

rJ 1 

6 0 I) .j 

G 2 6 4 

6 0 

G 4 

.j 

6 . G G .1 

Baldwin 

July 7 August 5 September 161 

6.1 5 . ;j + 8 I 

I~~J 5 . 7 .5 G 

5.5 .) 5 

I 
.1 .8 5 . 7 I 4 6 

I I 6 . 1 6 . 1 .j 1 

I I 
6. :2 .j 9 .5 2 

5 .8 ;) . '/ 4 0 

I 

I 5 9 6.1 

Injury to fruit (per cent) 

:'I fclntosh 

Li~ht .\fec!ium 
Russet Russet 

88.6 11. 3 

55 .4 34 .3 

4 .4 

8.8 

3.3 

l2.1 

11.9 

12 . . j 

25 .2 

0 . 1 
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Table 33.-Experiments at Belding, 1927. 

Plot \[aterill, 

BordclUX (Ortho)* ... 

•. . I Lime-sulphur (pre-blossom and pct'll-b!1 applintionsl" 
Dry-mix (:2 weeks and second brood applic:ltions) 

Limc-sulphur* . 

Lime-sulphur* ....... 
_\ luminum sltiplntc . .. 

f'u lfocidc* ...... 
C:lsein spre1der. 

Lime-sulphur* ... 
Iron sulplntc ... 

Dry lime-sulphur _\ * ... 

Dry lime-sulphur B* .. 
------
Check. 

Amount ill 
1001nl. 

.1Ibs. I 

.... 1-------;12 [nl.- i 

16Ib" . 

:?!"2 ~nl. 

:?l.? ~:n1. 
9Ib:,. 

12 iOI. 
::? Ibs. 

]1,) gll. 

\I I!-)". 

IOlbs. 

10 Ill". 

~l.('vl W'lf; user! at lhe r1te of 21h". in Inn g:lllon;:; of "prJ,' in the pink :lnd all hler 1pplintions. 
TThere IW' tPnt of hew.\· russet "~boo 

Lewcs on spurs (ayerage) 

Baldwin 

J une 21 Ju1:,2Q I :-<ei1tembrr :2 

.j. \I 'i . ll .5 :j 

.j I) ~ . i 
----

.j -± -! .) :2 -
----

.j " .j :2 ~ Ii 
-----

.j . S -I . :2 :3 , 
----

.) G .j :3 

.j () 
1 :3 :-, :2 . 
1-----1 

.j !) .j :-, .j -! 

Table 34.-Experiments at Belding, 1928. 

Ortoher 1:2 

~ ·1 

:2 ~ 

1:-' 

:3 ~ 

:3 II 

:3 . . 1 

1 \1 

I njwy to fruit (per cent) 

\ lcIntosh 

L i ~1lt 
Hussct 

3'1 ~ 

:2 2 

Ii (1 

:3 :2 

.j () 

1.j Ii 

1" :3 

\ tedium 
-Hu'"et 

25 1 t 

() G 

T.e ]\'es Oil "purs Cwcragl') I I njury (0 fruit (per ccnt) 

Plot \Iate~ ials .\1l1fltlllt in 
lOO ).ul. 

:-<cptcm her In 

13:tldwill I .'oI (·Intosh 

\ ldnlosh 

LiC'.ht 
Hu"sr! 

.\[cdium 
HLls~rt 

---- -----

1. BordC'lUX \11 :lPi,lintilJ:ls (''\('('I,t pctal-L1!1)*-t. 

{,:~'~(.:~\I~ll~I~\I;: (pc<·J!-Ldl :Ipplin;ioll) 

Limc-'ulphllr* . 
1'(1)1('(") rill>'!. 

).) I()!) 

~1 ~ !!:d . 
11 :'11" 

~\{)~~ d. 

:11j :1\1 2, it 

------- -

:! :1 

C\ ,.... 

>;7 

....... 
( . 

C': 
>­
Z 
'Jl 
t-v 

C 
"'-
~ 
l 

t:; 
C 
l 

r 
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Z 
Z 
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00 
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Plot 

1. 

2 .. 

Borcie:ux \11 :1pj)lin[io:1;; cxcept pct:1l-h!I )*-t. 
Limc-"lIlpilur . . 
Iron ;;lllph:ltl' p~;'d-fdl :1ppilcJ:lflll) 

Lime-"ulphur* . 
Tolu('(") rlu;;t. 

Table 34.-Experiments at Belding, 1928. 

}'fat c~ials 

I.e 1\'e" OIl spms !1\'crage), I lljur~' (0 fr'uit (per cent) 

.\p)(Jul\tin 
lOO g d. 

.) 'LIO!) 
]1: rr:ll. 
11 ;'11)';. 

:-1eptembcr 19 

B:lldwin .'.fcInto:.:h 

;j Ii 

]1 ) g I l i 
i!lh 2 .3 

}.ldn!osh 

Lid1! 
HU'''l't 

:Hl :; 

}.fe:iium 
Rus:5ct 

31 I ~ 

Lime-·mlnhur* . ~~;t- 2 I : :3 + :37 . 1 ,'llJ 

<1. 

.) 

G 

I . 

8. 

D. 

Lime-<ulphnr . 
Cllr!UIll ar"en~tl' 
Quick lime 

Lime-"ulphur 
Iron S'I1ph'1te (}l"e:->i:1k. pink, petJI-Llil. and two \I'pcb applin(io!l:':) 
Cllcium ar;;e:1:1(e , 

~~I~\~I~~\r,e:l:lte ("('(' l:ld hwod :l!>plintifln) 

I
Lime-,IIII!})}lltlr (prepink, pink, pet:ll-hlI and two \leeb :1pplic1tion;;)* 
ron R'l P 11,C 

Borcie1ux (second brood applin(ion) .. 

Lime-slllphur 
Qui ck lillle 

Lime-s'I1phur 
Quick lime 

Cheek 

\ Lime used in all :1pplic:1tionH " 

i Limc u,cJ pct11-L1I1, tWfl weeks and "cc 'm" kond :lp;JliC1tions)' 

*Le1d :1r;;e:l:tte w'rd i'l "II !lIm, c'(eqn \I·here olherwj,e indieJted. 
tQuick lime usc! to llnkc b:J"l!CllIX. 
tTilerc i, :1"'0 () 5 pe, C2:lt [)f hC1\,Y rU'''el. 

')1 ., gll . 
::;11,-;. 
\ Ib,. 

')1., tnl. 
11; Ih,. 
')111-'. 

~- .) 100 
~ II),. 

:2 1 :! fUl­
I II Ih,. 
2 -~- I OI) 

21 ., ~nl. 
i-,Ib:.:. 

·)1 ·'l!11. 
; 11>,. 

----

:3 !1 11.0 

:3 " ::1 0.1 

----

1_:30._ :?H { os 

1 G I 3 2 12.+ 
- 1-----

:3 .. 1-1 :j O. G 

-IG ,1.6 

J. 
--:; 

::..-
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Table 35.- E xperiments at Belding, 1929. 

Plot :'Ilaterials 

1.... .1 Bordc:lux*-r. 

2. . . . . . 1 Dry li me-sulphur A. *. 

3 .. . . Lime-sulphur· .... 

4 ............. 1 Lime-sulphur ' ( .\. II r 1(0 s e ce t second brood) Iron sulphate ( . app IC. I n x p 
Bordelux (second brood applicltion) ........... . 

*Lead arsenate used with all matcri:lls. 
tLime-sulphur and iron sulphate, as in Plot 4, substituted in petal-fall appliC2tion . 

Table 36.-Experime-nts at Grand Rapids, 1928. 

Plot 
Materials Amou nt in 

100 gal. 
Stayman 

Light Medium 
Russe t R usset 

l. ........ 1 Co,""' 00"," ""b"",,' I 2 lbs . 23 33 

~:..:..:. Coron~ ~O'j(, plus (copper c~rbonatC)* .. ... / 2 lbs. 12 38 

3 . . . . . ... . PIJrf' h ,l ,c:. l r': ~n nnp r ~ lIl nh .. ) t o 

•••••• ••• ••••• 1 

Amount in 
100 gal. 

2+100 I 
101bs. 

2% gll. 

211 gll. 
1>1 lhs. 
2- 2-100 

I njury to frui t (pCI' cent) 

H eavy L ight 
Russet R usset 

'11 .'is 

.50 4!J 

L C1\,CS on spurs (average) 

Baldwin 

September 5 

3.9 

1. 3 

1.2 

2.6 

Grimes 

Medium H eavy 
Russet Russet 

42 

48 
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Table 36.- Experiments at Grand Rapids , 1928. 

Plot Materials Am,,"li" I 
Stayman 

100 gal. 

Light Medium 
Russet Russet 

1. Corona copper carbonate' 

2. 

3 .. 

Corona 50% plus (copper carbonate)*' . 

Pure basic copper su lphate* . 

2 los. 23 

I 

33 

2lbs. 12 38 

2lbs . 10 39 

Let-down basic copper sulphate' . 2 lbs. 20 29 

Borde'lux ' . 2- 2- 100 33 47 

6 . I Lime-sulphur * .. 21 .~ gal. 31 40 

i . . . I Check . . 

' Lead a rsenate was used with a ll materials in all applications exr:cpt the delayed dorman t. 

I njury to fruit (per cenl) 

Grimes 

H eavy Light :Medium 
R usset Russet Russet 

41 .58 42 

50 49 48 

50 38 5:1 

41 39 52 

16 .50 :18 

13 6!J 29 

62 :3 7 

Heavy 
Russet 
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Plot 

2 . 

4. .. . . . . . 

Table 37.-Experiments at Grand Rapids, 1929. 

Lime-sulphur (All applications)* . 

rri~e;~I~J~~~ } (Al! applications except second brood )* 

Bordeaux (second brood application ) .. 

"faterials 

Bordeaux (delayed dormant and second brood applications)*. 
Lime-sulphur I ( . k If II d k I" ) ro n s I h t f Plll -. peta - a an 2 wee 's app !C1 tions. ro . u p a e 

*Lead arsenate was used with all materials. 
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