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SPRAY INJURY STUDIES II 

Secondary Effects of Spray Injury to Apple Foliage 

\V. C. DUrfOi\ 

Tht: ~eriUl1;:' l lC:-':' uf illjury by spraylllg 1I1akrial:, Lu apple fuliage lllu::,L 
1)(: j udged by it:-, eff ect on fruit -set. hl()ssom-bud iurmation, wood 
g ro \V t b . a ll d s pH r jorma lioll. a nd OJI t he d evel'opmcn t () f f r ui t of de 
sira ble s ize, co l()r , a nd (IUalit)" T h e effeel ()f cer ta in insecticides and 
iungiciJes un severa l 1)1' t h ese i l1uct i( )n s has been st ud ied in investiga 
tions w ith spraying Jll a te riab . !\[ \Jst uE these s tudies \\'ere lllade ill 
u r chanJs atl\l ur r ice a wl 1 ~( ' ldill g. I h:' scr ipti ()llS ()f t he ()ITil ards, methods 
;l1ld tillliugu I' a pplica t iIJll :-' . ri e Sl'1' i P t i () I) su i III a tt:' ri a is a ll d I) ther general 
ill furlllatiull ha\'(' l,ecll p r v:-.e ll ll' c1 il l a ll ut lt er puhli ca ti () ll ( I ) \Vhich also 
cuntain:- a cU ll lp rt' lll'll::-iv(' rii :-'C II :-.:-.i (jll ()f t hl' typl':-' ;ll )( 1 ;1 111()Unts u[ ill 
j u ries to fu liage and -lrll it tktt Il ia., IT:-.u lt fr()lll t h l' U:::'l: of :::.everctl 
spray ing ma t eri al '. lJata cu nce rnill g' the ctll1ltdati ,'(' effects of spray 
in juri es to a pple fo li age a r c p r ese ll ted ill thi" rq)'ort. 

FRU IT-SET 

S t udies (~) :::.cvera l .' ear:-. a g'() ~ It() \ \ ' c<l tll at. ll ll dn ~()va Sco tia COll 
di t iuns, lilll e - sulphu r () i'tt'll ~e rj()lt :; l ." a Ffl' r Ll 'd t he sd (j f apples to SUell 
; L1 1, ext eut th a t y ields ,, 'ere gT va t1 ,\' 1'< ' <l11l' (' ( 1. I ';l rr()tt aud Schuene (7) 
re]Jurted cUlls iderably earlier t ha t ;1 :, lllIlIlH.' r avpl ira tioll of lillle - ~ul 
phur a ud lead a r se lla t e h acl C lU :-.<: <l frui t:-. tu d ru p, ;\ l. o1'se alld J 'OisUIJI 

((») and Ho\\'le U and ,Ma y (3) han' a ls() I'l' ]>u r ted sillli1ar ci-tects. Studies 
\vere begun in :Mich igall in 192-+ to determine the relation of ~praying 
lIlater ials to fruit-set. Tn 1llt):-.t o f these studies, three COUllts werc 
made; first, when the buds had separated ill the clusters CJr during the 
blooming period, to determine the original llumber of blossoms; second . 
after the first drop which usua lly OCCllrs soon after the blooming period: 
a nd third, afte r the econ c1 or J llll e d r op t() deter mi ne the final set . 

Normal Spraying- The resul t:-, tu he co nsidered fi r st are from ex
periments in which the spraying \ \'as clo ne in what is arbitrarily called 
a "normal" manner. This spr ay in g ,,'as done with single nozzle spray 
g uns, with pressures from 300 to 350 pu tl nds and'\\' ith the dosage such 
t hat thc trees were thuroughly \ \ ' et IHl t not drenched . The spraying 
",as done from the outside of the tree alld ill 110 instance from under 
th e tree. In 1924, at M'orrice (T a hle ]2) t he tillal set on Jonathan with 
lime-sulphur sp r ays (Plots 1, 2. and 3) ,,'as 13. 11. and 24 per cent; with 
d ry m ix a n d colloidal su lphur. whi ch are fret' sulphur materials (Plots 
-~, 5,6. an d 7). the set \yas 20. 2.;, 22. and 1,; per CC1lt; and \yith hordeaux 



I I'Jut ;:.t,) it ";l~ I;:.t, per lTIIl. ()ll Iltlld )a r(ht () ll , "itll ti l t' lillil ' ~11\}! 11111 ' 
~ P r ay s . the se t " . a s R 7. a 11 d 7 p n c e 11 t: \ \. i t 11 tile I' r e e ~ til P 11 II r ~ j) r a) ~. 
(). 10. 11. and 10 pn cellt : and \\·ith IJUrclcall x. 7 per ce n t. There \\ ' a~ a 
definitely 1()\\'(:T set. with J-Juhbaru stull thall ,\'it11 J ollat hall !Jut tile di i 
ferences between materials with lIubbardstul1 are not consis tent. \\' itlt 

.I unathan, the ayerage se t for a ll plots is 16, ]8 and 20 per cent respectinJ .' 
lur lime-sulphu r, bordeaux and free s ulphur materials . The same bordeau x 
pluts ( Table 1 J. Plots ] 6 to 21 ) and another set () [ lime-s ulphur pluh 
('fable ] 3, Pluts ] 0 to ] 5) show an average sd ()f 18 per cent fur bordeaux 
~ 11H..l 6 per cen t for lime-sulphur. The first set uf ilg ures certainly do 110t 
show significant differences; in the latter the differell l'e's 111;1." II(' ~ i gl1ir i r;l ll t 
IJIlt the lowest set (6 per cent) is ample [ur a crop. 

In 1925, at ]\IIorrice (Table 14), the final sd Ull J()llathal l ~J>r<l) ed \\ i lll 
lime-sulphur (Plots 2, 3, 4, 5, O. 7. and R) " 'as 3.7. J.J, 2.R. 3.6, 1.3, 4.3. 
and 3.7 per cent. With bo rdeaux . the fillal set \yas .2.9 per cent ( Pl'ot 9). 
III the sam e year. the set 011 Fl'uhbardston with the lime-s ulphur spray . .; 
was 4.1, 1.Y, 1.0, 2.7, 0.9, 1.4, and 3.0 per cent and was 2.7 per cent with 
bordeaux. There are certainly no significant d ifferences here . 

At Morrice again, in 1926, Crable 15 ) J o nathan set, with t.h e lim c 
s ulphur s jJrays (Plots 2, 3, 4, S, {}, and 11 ), 4 .0 , 3.J, 5.5, 3.1, 2.0, and 4.u 
per cent and \\;ith burdeaux ( I!l u t 10) til · ~d \Vas 1.0 per cellt. JlulJ 
hards tull . \\·ith the lime -s ulphur ::; pra)'~ : se t 2.\ 1.3, 2A, 3.:!, 2.5, alld 2.1) 
per cen t in cOlllpar is()l1 ,,·jth J.( i ]>er ce llt f()ri>( )r<1 e; lll x . . \ ga ill tIll' rc 
~ttlt ::; are s imilar . 

Fruit -s <:t recun!:-' \\ ere takell \vitlt j unaLila ll again at ... \ lurrice ;:1 
J927 Cfabl e 16). \l\1ith the lime-sulphur spray s ( Pl 'uts I, 2, 7, and 9). 
the final set \\'as 7.Y, 17.J , ] 3.0, and 5.3 pcr CC Ili. ]>urdcaux spra) eel 
trees ( I-'l ut 10) set 7 . .!. per CC llt and with lillle -s ulphttr and ;llll lllinull l 
s ulphate ( Plot 8). a spray developed in Nova Scotia, ther e "' a~ a ~ct of 
7.1 per cent which is well w ithin the rallgc uf the plot s rcceiving lime 
s ulphur spray s. There are 11 0 indication s h e r e that lime-su lphur has 
r educed the set ()[ fr uit . 

Similar r ecord s are a vailabk fur .\ldn tosh and Ihdd \v jll at Ih:ld illg. 
III 1925 (Tabk 17), the lilllc -s ulphur sprayed t.recs of ]\I[cIllt.osh (Plots 
2, 3, 4, S. and G) ·et 7.3,5.5, 5.3, 3.U, amI ].1 ]J cr cellt. The pl()h \Vit11 
J.O and].1 per cent wer e on lighter soil than t.he 'utlier plots . The set 
with bordeaux ( Plot 1) was 7.2 per cent. Ualdwin , with bordeaux, set 
19.5 p e r cent and the lime -s ulphur p lots had a final set ()f 19.0, 21.~. 
15.9, 21.3, and 13.9 per cent . In 1926, with lVlcIntosh (Tal)lc 18). the 
bordeaux sprayed trees set 4.1 per ce lll as c()lllpar ed t.o 3.0 and J.7 per 
cent for lime-sulphur sprays ( Plots 4 and 7) . Fruit-set records are 
available for both vari e tie s ill ] 927 Cfabl e ] Y). \Vitll lime -sulphur 
( l)lo t 3) the set was 7.6 per cell t , and w ith l)urde<LllX ( 1 )luL 1) it wa '-; 
(j.1 per cent for :0.IcTlltusll . Oil Haldwill , the :-,l'L "ith lime-:-'lllpIHlr ,vas 
(d, and w ith hurdeau x it \\a s 1].3 p er cent. Th e results ,vit h l\lcIntosh 
;tnd Balchvin sh ow t.hat the set. 011 tr ees s pr:1y cd w ith l)()r<lea u x and 
lime-sulphur \\'e r e not s ignificantly d ifferent. 

This evidence indicates that there arc Il()t cllll~ i ~lcJlt awl ~ igllifi callt 
differences ill fruit set with different spray Lreatmellts und er Michigan 
conditions with "normal" spraying and whell no unusual conditions 
prevail. 

Data ;]r(' ;L\'a il ahk ill ~ ('\ ' (T;ll ill ~(; llln' ~. hi 1\\'('\ ('1". \\ h('r e the do sage 

r' 
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Table 1.-] 

Plot 

1 .. . .. .. . .. . ...... . ... Bo 

1 ......... . .... .. 

4 ........ . . . . . . . . .. . . Lil 
Ire 

These data show markecl I 

be traced to any influence 01 
the u se of lime-sulphur uncl( 
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be said that they had a highe 

Unusual or abnormal co ne 
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of 20 gallons in 100 ga ll ons 
of lead arsenate. The prepill 
tions were made as u sua l \' 
trees were well covered but 
orchard, where the sp rayin~ 
lime-sulphur was u sed at thE 
100 gallons and with 20 p'QU 

heavy and six appli cat ions w 
were applied to the normall 
in July after it had been 01 
drop from the heavily spra 
blossoming spurs is show n i· 

--------------------------------------------------------------------------~----------------------------------
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was very heavy or even excessive, where the method of application was 
different, or where some unusual condition prevai led. 

Unusual Conditions- In 1929, at Belding, the spraying was done in 
the usual normal manner but at the time of the petal-fall and two 
weeks appl ications conditions were very favorable for lime-sulphur 
burn, and the susceptibility to injury was increased by the tenderness 
of the foliage and by considerable scab on the foliage. There were 
marked differences in fruit-set on Baldwin. The counts were made in 
the late summer and show the percentage of blossomnig spurs that had 
fruit persisting on them. Counts were made for two classes of spurs, 
on two and three year old wood and on 'o lder wood. Full details of 
materials and results are presented in Table 20, and are shown more 
concisely in Table 1. 

Table l.-Fruit-set on Baldw in, 1929. 

Plot Mn,lcrin,l s 

1 ... . .. . ... . ... . ............ , . , . Bordeall x .. , . , , , .. , , ... . .. , .... , 

3 .. ............. . Lime-suI phil r ... . 

4 . ....... Lim e-sulphur .... . .. , ...... , . , .. 
Iron sulphate , . .... ... . , ... .... . 

Spurs with fruit (per cent) 

On 2 and 3 
year old 

wood 

4() 

20 

H) 

On older 
wood 

20 

7 

4 

These data show marked differences in fruit-set and they could not 
be traced to any influence other than the severe injury resulting from 
the use of lime-sulphur und er unfavorable cond iti ons. S ince bordeaux 
sp ray ed trees blo'omed heavier than those in Plots 3 and 4, it cannot 
be said that they had a higher percentage of set because of light bloom. 

Unusual or abnormal cond itions prevailed also at Belding w ith Mc
Intosh in 1926. The exper iJ11 enta l block was located in a 100 acre 
orchard and the exper im enta l spraying was done in the us ual "normal" 
manner. LiJ11e-sulphur was 1tsed, as indicated in Table 18, at the rate 
of 20 gallons in 100 gallons of sp ray with the adcliti'on of two pounds 
of lead arsenat . The prepink, pink, petal-fall, and two weeks applica
tions were made as u sual with the rate of application such that the 
trees were well covered but not drenched. In other parts of the same 
orchard, where the spraying was done by the regular orchard crew, 
lime-sulphur was used at the rate of three gallons with water to make 
100 gallons and with 20 p'ounds of lead arsenate . The dosage was very 
heavy and six applicat ions were made during the same period that four 
were applied to the normally sp rayed plot. Fruit-set was determined 
in July after it had been observed tba t tbere was an excess ive June 
drop from the heavily sprayed trees. The number of apples per 100 
blossoming spurs is shown in Table 2. 
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Table 2.-Fruit-set on Mcintosh, 1926. 

Method of Spraying 

Normal Excessive 

Apples on each 100 spurs ... . ..... . .. . . . . . ..... . . . . ... . . . . .... . .... . 74 44 

Of interest in this connection' is the relative leaf area per spur for 
the two treatments. The numbers of leaves persisting and the total leaf 
areas per spur at the time of the June drop are shown in Table 3. 

Table 3.-Leaf area with normal and heavy sprayi.ng. 

Method of Spraying 

Normal E xcessive 

Leav,," P" 'pm (avecage) . . .. ............. . .............. . .. . . . . . .. 1 __ 8._3 ___ 1 _ _ 6_.8 __ _ 

Size of leaves (average) . ... .... . . . . . . .. . . . . . . . . . . .. . ........ . .. ... . 12 .8 sq . cm . 7 .3 sq . cm. 

Leaf area per spur (average) . . . . . . . ... ..... . . . . . . . . .... . ... ......... 106.2 sq . cm. 50.4 sq. cm. 

The data presented in Tables 2 and 3 show a definitely heavier June 
drop with the excessive spraying and a positive correlation between 
leaf area and fruit set. It is doubtful whether the excessively sprayed 
leaves were so effective per unit of area as those normally sprayed. 
If this is true, there was a greater difference in the functioning of the 
two groups than is indicated by the leaf areas. The extent of the drop 
with the excessive spraying was not so great but that it might be 
considered as a rather severe thinning but the graC:1e of the fruit was 
materially lowered because of severe russeting and poor color. 

At Morrice, in 1924 (Table 13), in the "special methods" experiment 
where lime-sulphur and bordeaux were used at widely d ifferent con
centrations and dosages there were no consistent and significant dif
ferences in fruit-set between the various amounts of lime-sulphur and bor
deaux, but the average for the bordeaux plots was 18 per cent as compared 
to 6 per cent for lime-sulphur. 

In 1923, at Beulah, Benzie county, records were obtained from Bald
win trees in a mature orchard where part of the trees had been sprayed 
with lime-sulphur and lead arsenate and part with bordeaux and lead 
arsenate.* The spraying had b een done from the ground and was ap
plied outward and upward from under th e trees and then from outs ide 

*An experiment carri ed on by U . A. Cardin cll of the Horticultural Department, 
Michigan State College. 
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the tree. The dosage was heavy. It was a crop year for all the trees 
and there was uniformly heavy bloom. A heavy drop of leaves and fruit 
occurred after the two weeks application . Fruit and leaf counts were 
made in two portions of the trees; fir st , around the outside of the tree 
where there was full exposure t o light ; and, second, on the inside of 
the tree where the light exposure was not so gO'od and where the effects 
of the "inside" spraying were g r eat est. Fruit-set counts were made 
only on spurs that bor e blossoms that season and the leaf-counts only 
on spurs that had not borne blossoms that year . 

Table 4.-Fruit-set and le·af-fall on Baldwin at Beulah, 1923. 

Lime-sulphur Bordeaux 

Fruit 

Inside Outside Inside Outside 

8 11 :Jri; with fruit pe rsistent (pe r cent) . . . . .. . 18 56 57 74 

A vel age number a,ppl es Oll these spurs. 1.06 1.11 1.16 1.22 

. 
Api)les per 100 spurs . ... . . .. ... . ........ . 19 62 66 90 

A verage number leaves per spur . .. . ... . . . . . 3.6 4 . 2 4.7 5. 1 

These data show for lime-sulphur sprayed trees a much smaller per
centage 'of spurs with persisting fruit a nd slig htly fewcr apples per 
spur than for bordeaux sprayed trees. These two factors considered 
together make for the extr'eme differences in the apples per 100 spurs. 
In this connection, there are two outstanding facts; first, spurs on the 
outside of the trees with both treatments show a much heavier set of 
fruit than spurs on the inside of the trees; and, second, thcr e was a 
much lighter set with lime-sulphur than with bordeaux. Comparing in·· 
side spurs, there were 19 apples with lim e-sulphur and 66 with bor
deaux; and comparing outside spurs, ther e were 62 apples with lim e
sulphur and 90 with bordeaux. The number of persisting leaves is 
more or less correlated with th e number of apples found. The fruit 
on the lime-sulphur sprayed trees was larger than with bordeaux, as 
the greater June drop amounted to a good thinning but unfortunately 
the effect of the lime-sulphur injury did not stop at that point. In the 
succeeding yea r (1924), neith er g roup of trees bloomed to any extent, 
but, in 1925, the trees' that were sp rayed in 1923 with lime-sulphur 
bloomed only lightly w hile the bordeaux trees bore the expected heavy 
bloom. This is obviously an instance of too much lime-sulphur where 
both dosage and method of application were contributing factors. 

The general conclusion is that lime-sulphur u sually do es not affect 
significantly the set of apples under Michigan conditions but under 
unusual conditions the June drop may be increased. Concentration of 
material and frequency of application or, in other words, the amount of 
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lim e-s ulphur applied and the method o f application, seem t o be impor
tant factors . Excess ive injury due to susceptible foliage or unfavorable 
weather conditions may al so be important. Large amounts 'o f lime
sulphur do not, however , necessa ril y mean that an excessive drop ""ill 
occur. 

. Blossom-bud Formation- The effec t of fol iage injury on the forma 
tion of bloss'om buds is an important measure of the , eriousness of 
fo liage injury . In 1924, at ,fon-ice, Jonathan, Vvagener , and Hubbard
ston trees were sprayed as shown in Tab le 13. Leaf-fall records for 
Hubbardston show losses of 23 and 35 per cent r espectively for the 
light and moderate appl ications o f weak lime-sulphur. The loss on 
unsprayed tree was 23 per cent. The losses "vith m'oderat e and heavy 
appl ications of strong lime-sulphur were 63 and 76 per cent. Light and 
moderate app li cations of weak bordeaux were foll ow ed by only 14 and 
21 per cent of leaf-fall. There are, thus, three groups. Tn two, there 
was no injury of consequence while in the third defo liation was severe. 
r Jeaf record s a re no t ava ilable for J onatban hut the condition was sim
ilar to that with Hlthbardston. 

The proporti on of spurs bearing blosso111s in the spring of 1925 is 
sh own in 'Tahle 5. S ince the J onathan trees bore little fruit in 1924, 
the production of that year was ]lot consid ered in making these counts. 
Producti"on r eco rd s for H ubhardston for 1924 are available and the 
counts shown are for trees that hor e no crop or only a light crop that 
season. The count were mad e on spurs horne on wood two to six 
years old. 

Table 5.- Leaf-fall and blossom-bud formation, Morrice, 1925. 

J';xtC lL t of illjury 

Injury slight (lime-s lilphllr) .... . ....... . 

Injury seve re (lime-i'lUlphllr) .. . . . ......... . .. . ... . .. . ....... . .... .. . 

Injury slight (bordeau x) ..... . ... . ... . . . . . . . ....... . .......... . ... . 

SPIII'S wit.iL hlossoms 
(pe r cent ) 

Jonathan Hubbardsto n 

!j8 35 

14 22 

51 48 

There were differences of c"Onsequuence between slight and severe 
injury. The leaf losses indicated in the preceding paragraph were for 
the ent ire season I ut leaf-fall in the sever ely injured plot s was less on 
September 3 and much le ss on August 5 than indicated for the entir,~ 
season in Table 13. Inasmuch as hlossom bud differ entiation usually 
I egins in July, it is hardly probable that the leaf-fall that had occurred 
up to August 5 could account for th e difference in blo ssom bud for 
mation . A probable explanation is th a t the function in g of the leaves, 
prior t o August 5, had been se riously impaired. 

At Belding, heginnin g in 1923, one g roup of trees was sprayed each 
year with bordeaux a nd lead arsenate and anoth er g roup with lime-
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JOIl ,Ltltan 

Ilor- Lilla 
dfmll X slIlph 

] D:l1 . 

t D2:) . 7 . 7 ,l.( 

LD2G . fi . (i :i( 

1027 . .'i . 0 :2 . 

jQ2H . (; .2 :1.: 

ID 20 . 2 . : 

1030 .... 1 .D 1 . 
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sulphur and lead arse nat e. At ]VIorrice,one plot was sprayed each year 
with bordeaux and lead arsenate from 1925 to 1930, inclusive, and an 
adjacent plot with lime- ulphur and lead arsenate . The foliage condi
tions were ahvays much better in the bordeaux plots than 'on trees 
sprayed with lime-sulphur and a concise record of the numbers of per
sisting leaves in late summer is presented in Table 6. 

Table G.-Comparative foliage conditio n w ith bordeaux and lime -sulphur. 

Lea vcs p crl' is t ellt on I'PUI"S in late sUlOmer 

Year 
W ,Lgener Baldwin Hubbards ton 

HOI"- Lilll e- 13or- Liltle- 110r- Lillle- Ror- r ime-
d eaux sulphur deallx sulphur deaux sulphur deaux sulphur 

-------1----'1------ -------------- -

EJ2-1 . 5 .8 4 . 5 4 . 0 2 . 6 

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

102 .'5 . . 7 . 7 G.5 4 . 0 * 5. 7 4 . 0 

102D . (i . (i :i. O* (i . 0 -1 . 0 * 4 . 8 1 . .'5 

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

J027 . !i . 0 2 .7* 4 . 4 1.8 

I !J2H . (; . 2 :3 . 3 * fi!) 4 .7* :3 . 1 1 . 6* 3 . (; 2 . 4 

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

I ()20 . .. ... . ... . .. . . . . . :l. 8 2 . :{ * 2 . 4* :L7 .I . :{* J . 2 

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

1030 . 1 . 0 4 . 1 

* Average of two plots . 

The proportion of spurs bearing blossoms on Baldwin at Belding is 
shown for two groups of spurs (Table 7); first, the "younger" spurs 
on wood of 1923 to 1927; and, second, the "older spurs" on wood of 
1922 and older. These records vvere made in 1929. 

Thes e data show a slight difference for 1923 which was a crop year, 
but there were few blossoms present with either treatment in 1924 as 
might be expected after a full crop in 1923. In 1925, however, a full 
crop would normally be anticipated but the lime-sulphur sprayed trees 
produced r elatively few blos soms while the bordeaux sprayed trees 
were full o f bloom . Neither plot pr'oduced much in 1926 but both bore 
satisfactory bloom in 1927 although the bordeaux plot bloomed more 
heavily. Since 1928 was an off year, little bloom was borne; but, in 
1929, trees under both treatments produced bloom adequate for a fun 
crop but with considerably heavier bloom on older spurs in the bor
deaux plot. The set of fruit , however, was very poor on lime-sulphur 
sprayed tr ees. Tbis has been discussed under t.he heading of "Fruit
set ." The actual production of fruit wnI be sh'0wn in a succeeding 
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paragraph. The amounts of bloom borne each yea r w ith the two treat 
ment s are shown graphically in Figure 1. 

Table 7.-Blossom-bud occurrence on spurs on Baldwin at Belding. 

Y ear 

1923 . . ... .. . . .. .. ....... ... ......... . . . . 

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

1925 . ..... ... .... . .. . . ... . .. . . . . . . . . . 

1926 . .. .. . .. . . .. . .... .. ..... . .......... . 

1927 . . . . ... . ... . .. .. . . .............. . . . . 

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

1929 . . . . .. . . . . . . . . .. . 

Fig. 

Spurs blossoming (per cent ) 

Lime-sulphur 

Old e r 
spurs 

47 

5 

5 

0 .3 

54 

2 

61 

YOll nger 
sp lIrs 

0.5 

43 

2 

49 

I 7 

Baldwin. 

Bordeau x 

Old e r 
spu rs 

54 

8 

47 

72 

81 

Younge r 
sp u rs 

57 

5 

41 

SPR AY 11 

z9,26 

Fig. 2.-Spur 

The relat ion of the contiml 
blossom-bud formation with 
shown in Tables 8 and 9 and 

Table S.-Blossom-bud occ 

Year 

192:; .. . .. . . . .. . ........ . ..... . .. . . . . . 

1026 . . . .. . ..... . . .. , ........ . ... . . . . . 

]027 .... . . . ...... . .. . .... . ... , . . . 

1928 . . . .. , .... . .. . ... . 

1929 .... . .... . .. . . . .... . ..... . 
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Fig. 2.- Spur performance with Jonathan. 

The relation of the continuous use of lime-sulphur and bordeaux to 
blossom-bud formation with Jonathan and Wagener, a t M'orrice, IS 

shown in Tables 8 and 9 and Figures 2 and 4. 

Table S.-Blossom-bud occurrence on spurs of Jonathan at Morrice. 

Year 

192f1 . 

1026 .......... . .. , ... . , .. ... . , ..... . . , ..... . . ... .. , ....... . . . 

1927 ., . . . ........ . ...... ... ... .. . . . 

1928 ... . , . .... 

1029 .. ................. . .. ........ . .... . ........ , ........ . 

Spurs bearing blossoms 
(per cent) 

Lime-su lphur Bordeau x 

62 47 

14 20 

fiO 37 

60 74 
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Table 9.-Blossom-bud occurrence on spurs of Wagener at Morrice. 

Year 

1(")25 ........... . 

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

1927 ....... . .. .. . .............. . ....... .. ........ . 

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

1929 .......... .. .... . ....... ........ . .. ....... . 

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

Spurs b earing blossoms 
(per ce nt ) 

Lime-sul!)hllf Bordeall x 

2 

2 1 44 

]0 5 9 

45 

2 48 

With Jonathan, ther e were no differences of consequence at any tim e 
but, with Wagener, the d ifference s were marked . In 1925, the first year 
of this treatm ent, there was practically no bloom in either plot and 
thi s, of course , was not due t o the spray treatment that year. During 
the period of 1926 to 1930, the ave rages 'of spurs bearing blossoms were 
18 and 40 per cent, respective ly, for the lim e-sulphur a nd bordeaux plots. 

The number of spurs present in ]930 on wood of each year is shown 
in Table 10 and in Figures 3 and 5. 

-

1<327 1328 

Fig. 3.- Spllf s p r esent 111 1929 on J o na th an \\"nod of t he fO Uf preced
ing years. 

SPRAY 

'7 

:rig. -I.-Spur 

F ig . S.-Spurs present in 1930 0 

Table IO.-Spu 

Variety Sprayi ng Treatmen 

Lim e-sulphur .. .. . 

J onathan ........ .. 1-------

Bordeaux ..... . 

Lime-sulphur . . ... 

Wagener .... , 

Bordeaux . 
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-~ 

-"'--~ 

13.l6 

-rig. -f.-Spur performance with Wagener. 

Fig. S.- Spurs pr esent in 1930 on vVagener wood of the six preceding seasons. 

Table lO.-Spurs on Jonathan and Wagener. 

Spurs on wood of each year (average) 

Variety Spraying Treatment 

1924 1925 1926 1!)27 1928 1929 

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

Lime-sulphur .. .. . . . 4.4 2 . 5 2 .8 2 .5 

Jonathan .. ...... . . 1---------1-------------------

Bordeaux ... . ...... ...... . . 4 . 4 3.3 2 .8 3 . 1 

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

Lime-sulphur .. .. . . . 5 . 0 2.9 3 . 0 2 .8 2 . 4 1.8 

Wagener . . . . , . . 1---------1-------------------

B ordeaux. 5. 6 3 . 9 4 . 0 3 . 7 3 . 9 1.9 
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Significant differences are not shown with Jonathan but there were 
definitely more spurs with \iVagener on the bordeaux sprayed trees. 

Production of Fruit- The pr'oduction records for Baldwin at Belding 
for 1925 to 1929, inclusive, show the total yields in pounds and the 
amount of fruit that dropped at or just before the harvest period 
(Tables 23 and 24). The records for Jonathan Crable 21) show total 
yield and drops for 1925 to 1930 and counts for 1927 to 1930. For Hub
bardston (Table 22), total yield and drops for 1925 to 1929 are shown, 
and partial records for Wagener are presented in the text. 

Fig. 6.-Production of fruit with Baldwin. The heavy lines show total production 
and the light lines at bottom show the pounds of "drops." 
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vVith Baldwin, there was a marked difference in production between 
the bordeaux and lime-sulphur plots. The percentages of spurs bearing 
blossoms in 1923 were practically the same for both treatments (See 
Figure 1). In 1924, neither plot carried many blossom buds and there 
was practically no fruit on any of the trees. In 1925, the first year for 
which production records were taken, the y ield for the bordeaux plot 
was heavy with an average of 1052 pounds per tree, but was light on 
the lime-sulphur plot with only 449 pounds per tree. In 1926, a normal 
"off" year for the block, there was a tree average of 75 pounds for the 
bordeaux plot and 229 pounds for the lime-sulphu!, plot. In 1927, a 
"crop" year, the averages per tree were 1297 and 791 pounds, respec
tively, for the bordeaux and lim e-s ulphur plots. 1928 was another "off" 
year for both plots. In 1929, the trees in the bordeaux plot bloomecl 
profusely while those in the lime-sulphur plot bore slightly less bloom 
but enough for a full crop. The actual production per tree in the bor
deaux plot was 749 pounds while the lime-sulphur sprayed trees pn)
duced only 198 pounds each. The great difference in yie ld between the 
two plots is accounted for by the heavy June drop that occurred in the 
lime-sulphur plot as a result of lime-sulphur injury to the foliage in 
the petal-fall and two-weeks applications. 

'fhe average annual production per tree for the five-year peri-od, 1925 
to 1929, inclusive, was 645 and 341 pounds, respectively, for the bor
deaux and lime-sulphur plots. The total production per tree for the 
same period was 3225 and 1705 pounds, respectively, for the bordeaux 
and lim e-sulphur plots. The average annual production is shown graph
ically in Figure 6. 

'I'he production of fruit in Jonathan (Table 21 and Figure 7) did not 
vary sign ificantly between the two treatments. The total production 
per tree varied 99 pounds and the average annual production only 16 
pounds, the slightly greater production being in the lime-sulphur pl'ot. 
The comparative results with Hubbardston (Table 22 and Figure 8) 
were similar to those just discussed for Jonathan. 

600 - - -

$00 

t 
~I.fOO 
~ 
U. ':'00 
0 

~ 
4<:00 

~ ;J 

~ 
100 

19;:9 1-9jO 

Fig. 7.-Production of fruit with Jonathan. The heavy lines show the total 
production and the light lines the pounds of "drops." 
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600 

Soo 

----- --
1~Z6 

Fig, 8.- Production of f rui t with Hubbardston. Th e heavy lin cs show 
total produ ctio n a nd th e li ght lin es th e pound s of "drops ." 

Production r eco rd s for vVagener are in complete, but so m e are avail
able for 1928, 1929, and 1930. In 1928, tr ee s in the l)orcleaux plot and 
in the plo t sprayed c'o nti n ttoll sly w ith ] i III e-sulph ttr and j ron sulphate 
bore much m or e fruit th a n trees in the lim e-sulphur plot s. In 1929 a 
group of lime-sulphur sprayed tre es ave raged 124 po ttnd s p e r tr ee, 
while a group of tr ees in the b o rd eaux p lo t and a noth er in the lime
sulphur and iron sulphate plot averaged 174 pounds. In ]930, th e y ield 
on certain lime-sulphur tr ees was aga in 12+ po und s per tre e while, 011 

th e bordeaux trees, it was 276 p·ouncls. 

Drops- The amount s of fruit t hat dropped just befor e the harvest 
p eriod were r ecorded for Baldw in , J onathan, and Hubbardston a nd a re 
shown in Table s 21, 22, 23, and 24. No r eco rd o f drop s is shmvn for 
J onathan in 1930 becanse a seve r e windstorm occurr ed just hefo re 
harvest was begun. F ig ure 7, for Jonathan sho\\' s small di ffe r ences he 
tween th e two treatments, th o ug h t he curv e for the lim e-s ulphur plot 
is slig htly h ig h er in m os t yea r s. \ iV ith Hubbardst on ( I<ig ure 8), th e: 
curve showing the absolute amount of drops is higher eve r y yea r f 0f 

the lime-sulphur plot. The t o tal production did not vary g reatly 1, ,,, 
tw een the two treatment s with the se two va rieties. \iVith Baldwin, 
where ther e were large diff er ences in total y ielcl , th e ab solut e amount 
of drops was large r in th e crop yea r s in th e bord eaux plot lmt in S U C:l 

instances the total production was 60 to 275 p er cent g reat er in the 
bordeaux p lot; it was, therefo r e, t o b e expect ed that the absolute 
amount of drops wou ld h e greater. 

The percentages 0 [ the total crop that dropped for each va ri et y a r e 
shown in F igures 9, 10, and 11 , r espectively, for H ubbard ston, Baldwill , 
and] onatha11. ""'\l ith Hubbard st on (Figur e 9), ther e was littl e differ 
ence in 1925 and 1929. ]"he t otal producti on was ve ry light in iY.:)th 
year s (Figure 8) . In 1926, 1927, and 1928, whe n there were moderat e 
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to heavy CfOPS; t.h e percent age of drops was g r eater in cve ry instan ce 
on the tre cs t.hat had been sprayed with lime-sulphur and had suffer ed 
con siderable fol iage injury . \ \l ith Baldwin (Fig ure 10), in the crop 
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Fig. 9.-Pcrccnta ge of tota l c rop that dropp ed. Huhha rd s(o ll. 
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F ig. l O. - P erc ent ;.! ge of to t a l crop th a t dr opped. Ba ld \\ in. 

13..:::.9 

years, 1925, 1927, a nd 1929, th e p ercc llta O·e o f drops was hig her in e ach 
in stance in the lim e-sulphur plot than in th e bordeaux plot. The r e
sult s w ith J ona than are not specially sig nifi cant but th e pe rcentag e of 
drops (Fig urc 11 ) was hig hcr with lim e-sulphur in three 'O f the four 
y ears when "drop" r ecord s arc available and when ther e w as a moder 
ate t o full crop o f fruit (Fig ure 7). D efinit e r eco rds of drop s are not 
available fo r Wagc ner but th e gencra l observa tion has b een that on 
trees of this vari ety tha t "wer c severc ly defoliated, th e fruit did n ot 
mature normall y and much of it w a s h eld tenac iously . 
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Fig. l1.- P cr cc ntagc o( to tal crop th a t dropped. Jonathan . 

Size of Fruit- The siz e of th e fru it wa s not determined in all in
stance s hut with Ba ldwin at Belding the fruit on hordeaux sprayed 
trees was usually smaller, ;n the heavy crop year s, than on lim e-sulphur 
sp rayed trees but this could well he accounted for by the lllu ch h eav ier 
crop carri ed hy the trees in the bordeaux plot. No records a r e avail -

~.zoo 

~ 

'r/) 
~ 100 

~ 
~ 

< 1~~7 1 ~o 

Fig . 12.-Size o f J onathan apples . 
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Bordeaux , 

fo r 1929 sh'ow that the size ( 
sulphur plot in spite of the S1 

In 1930, the fruit on the tree 
that on the bordeaux sprayec 
loaded with fr uit, as indicate 
per tree as compared to on 1) 
of the over- load of fruit on 
accentuated by the extreme ( 

Color of Fruit- It is very ( 
ment. Definite differences in 
observed frequent ly. This d 
layed 'or non-appearance of ( 
duced development of red pi~ 
of Wagener, for example, ne ' 
fruit grown on trees with n 
dull and 'of a bronze shade, a 



J 

SPRAY INJURY STUDIES II 19 

able for Hubbardston, and no differences were observed. With J ona
than, counts were made in 1927, 1928, 1929, and 1930. The counts and 
the number of apples per 100 poun ds 'Of fru it are shown in Table 21 
and F igure 12. In 1927 and 1930, t h e number was slightly smaller for 
the bordeaux plot and, in 1928 and 1929, it was slightly smaller for the 
lime-sulphur trees. 

The g reatest difference in size was observed with Wagener. In 1928, 
the following differences were obse rved : 

Lime-sulphur (27i g als. in 100). 492 apples per 100 lbs . 
Lime-sulphur and iron sulphate, 382 apples per 100 lbs. 

The lime-sulphur and iron sulphate trees had much better foliage 
and bore more apples, which, as indicated, were larger than those from 
the lime-sulphur sprayed trees where there were fewer apples and 
fewer leaves. 

In 1929 and 1930, the result s were as shown in Table 11. The records 

Table H .-Size of fruit of Wagener. 

Year Spraying Treatm ent Apples Pounds Apples 
per tree per tree per 100 lbs . 

Lime-sulphur (2!/z gal.- 100) 642 124 517 

1929 .... . . . . . . ..... . .. , .. . Lime-sulphur and iron sul-
phate . ... . . . ..... . .. .. . 745 174 428 

Bordeaux . ....... . ... . .... 727 174 417 

Lime-sulphur (2 Yz gal.-l00) 498 124 401 

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

Bordeaux .... . .. . .... .... . 1299 276 470 

for 1929 show that the size of the fruit was much smaller in the lime
sulphur plot in spite of the smaller number and a lower yield in pounds. 
In 1930, the fruit on the trees in the lime-sulphur plot was larger t han 
that on the bordeaux sprayed trees but the bordeaux trees wer e heavily 
loaded with fru it, as indicated by the fact that there were 1299 apples 
per tree as compared to only 498 for the lime-sulphur plot. The effect 
of the over-load of fruit on the b"ordeaux sprayed trees was probably 
accentuated by the extreme drought that prevailed. 

Color of Fruit- I t is very difficult t o record accurately color develop
ment. Definite differences in the color of the fruit, however, have been 
observed frequently . This difference, in general, consisted of the de
layed 'Or non-appearance of a bright y ellow ground color and of a re
duced development of red pigment . The fruit on badly defoliated trees 
of Wagener, for example, never developed the bright red that came on 
fruit grown on trees with normal foliage. The red on this fruit was 
dull and 'of a bronze shade, and the ground color was green instead of 
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yellow. The red pigment did not devdop normally in spite of the fact 
that the expos ure of the fruit to the sunlight was much greater than 
on trees with heavi er foliage but with more highly colored fruit. It 
was true, of course , that on tree s with the heavier foliage there was 
some fruit on the in side of th e trees that was exposed very little to 
the Slln and consequently did not clevdop much red color. These dif
ferences in color were noted, not only on VVagener, but on Hubbardston , 
Jonathan, McIntosh , Bald\\' ill , and other varieties. 

In most instances, ther e was the least satisfactory development of 
color with tre es that lost th e g reatest numbers of leaves and where 
there was the greatest injury tl) those remaining. This was true with 
different treatments on one variety or with a uniform spray treatment 
on different varieti es . Of the varieties studied, Wagener is probably 
the most sensitive to the effect of injury and Hubbardston the least and 
these varieties show extremes in susceptibility to many types of foliage 
injury. These finding s see m entirely cons istent with those of Magness 
and his co-workers (2) (4) (5) to th e effect that a ce rtain minimum 
amount 'of foliage is essential to insure sati sfactory development of 
color, size and quality in th e fruit . 

It has been observed further, however, that leaf atea is probably not 
the only factor affecting color because trees with similar crops and 
with approximately the same numbers of leaves present during the 
period when the fruit is matur1ng but with different amounts or kind" 
of spray residue on the leaves show mark ed differences in color. In 
]930, at Morrice , with J onathan, lim e-s ulphur (20 gal. in 100) and 
lim e-sulphur (l gal. in 100) caused about th e same leaf-fall but with 
the higher concentration th ere was much more residue on the leaves 
and th e fruit was much duller in co lor. \ iV here bordeaux was used 
throughout the seaso n th ere was a high lear-count and good leaf con
dition but the r es idue on th e leaves \vas heavy and the color was not 
quite so brilliant a s on unsprayed trees o r on those sp rayed with weak 
Ii me-sulph UL J t is believed, but not pr'ovecl, that som e () f: th i s d iffer
ence may have been due to a water deficiency in the leaves that 'were 
affected by the spraying material. Thi s wa s the condition observed in 
1930 when very sever e drought conditions prevail ed but in other yea r s 
there has been excellent co lor on trees sp rayed with bordeaux through
'o ut the season or in the last application. 

The color development has been excellent on trees sprayed with the 
lim e-sulphur and iron sulphate in all early sprays and bordeaux 1n 
the last application. Very good color and fini sh have resulted from the 
use of flotation sulphur, other fr ee sulphur sprays such as dry-mix, 
wettable sulphurs, and co lloidal sulphurs and from calcium mono-sul
phide. Good col or developm ent has followed the use of low concentra
tions of dry and liquid lime-sulphur. 

A material that u sually causes considerable injury does not do this 
every year or in every orchard and, in such in stances, the development 
of color is not apprec iabl y affected . This is especially true of the higher 
concentration of lim e-sulphur whell used on young, vigorous trees. 

The deveI-opment of injuri es t o th e fruit, such as russeting by bor
deaux or o ther materials, (jr o f blossom-end injury such as may occur 
on J ona than or oth er va ri eties f ollo\Ving th e use 0 [ a low concen tration 
of liquid or dry lime-sulphur or of flotation sulphur , is not necessar ily 
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reflected in the development of color. It is true, of course, that color 
does not develop normally in such local injured areas, though the gen
eral color development may be to the highest degree. 

Annual Rings- lVleasurements ,yere made of the width 0 f the annual 
rings of branches from trees under the h\"o continuous spray treat
ments previously mentioned; lime-sulphur (2.0 gal. in 100) with lead 
arsenate (2 or 3 lbs.) and bordeaux and lead arsenate. Measurements 
were made on Jonathan and \N agener fr om Morrice and Baldwin from 
Belding. 'fh e measurement s were made on sections cut fr'om wood 

Fig. 13.- Negative print of cross se ction of apple branch 
(s ix diameter s) . Each yea r 's gr o \\"th \\'a s measured at four 
points. 

old enough to show the annual rings indicated for each variety. These 
sections were made on a sliding microtome and then were stained and 
mounted in balsam. Negative prints (Figure 13) were made directly 
from these sections with a magnification of six diameters. Measure
ment$ of each ring ,vere made, at four points. from these prints. Ahout 
50 sections fo r each treatment with each variety were studied. The 
measurements, shmving the spring wood, summer wood and total 
growth for each ring a re presented in Tahle 25. 

With] onathan and Wagener th e spraying treatments began in 1925. 
The amount of sprin g wood with Jonathan is similar for both spraying 
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Fig. 14.-Increase in thickness of annual rings. Jonathan. 

Figure IS.-Increase in thickness of annual rings. Wagener. 
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treatments in 1924 and 1925 (See Figure 14), but is less every year 
thereafter on lime-sulphur sprayed trees . The amount of spring wood 
on Wagener (Figure 15) averaged about the same for the two treat
ments in 1924 and 1925, but each year thereafter was less with lime
sulphur. 

With Baldwin, the continuous use of lime-sulphur and bordeaux be
gan in 1923 but the first growth rec'ords are for 1924. The growth 0 f 
spring wood (Figure 16) is slightly les s than for bordeaux in four 
years and slightly more in two years . 

These data show that the amount of spring wood is less, in most 
instances, on trees sprayed continnonsly with lime-sulphur than on 

Fig. l o.- I ncrease 111 t hi cknes s of annual rings. Baldwin. 

trees sprayed w ith bordeaux . T he m'Ost significant indication, however, 
concerning spring w qod is that it is very uniform from year to year 
and therefore probably is produced, in part at least, from stored foods 
and is not affected greatly by crop or other factors at the time it is 
laid down. The fact that lime-sulphur sprayed trees , that nearly always 
suffered considerable foliage injury, produced less spring wood in most 
instances may indicate that the reduced functioning of the leaves in 
one year is reflected in reduced wood growth early the next season be
cause of a deficiency in stored foods. This condition, however, has not 
been demonstrated experimentally. 

The data for summer wood present a very different condition ill 
certain respects. First, the amount of summer wood is almost always 
greater than that of spring wo'Od; second, the amount of summer wood 
is not uniform from year to year but varies inversely with the produc-
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ti on of fruit; and , third , fo li age injury has oft en caused a r eduction in 
the amount of summer wood. 

The amount of summer w o·od with J onathan (F igure 14) is greate r 
than the spring wood in every instance and the sam e is true-of Wagener 
(F igure 15) . With Baldwin (Figure 16) , th e amount of spring wood 
wa s greater than w ith J ona than and Wagener , and the amount of sum 
m er w ood w a s less th a n th e sprin g wood onl y w h en ther e was a full 
crop ·o r w ith t he combin ed conditi on of a crop and th e large defi ciency 
of precipitation that prevail ed in 1929. 

The lack of uniform ity in th e amount of summer w ood is shown w ith 
J onathan (Fig ure 14) in w h ich ar e shown a lt ern a t e year s o f la rge a nd 
small g rowth and th is alt er nati on is rath er definit ely correlated with 

19Zo /!lZS /9?-7 /9f?8 

F ig. 17.- C1l1ll11lat ive e ffect of fo li age Jll Jury O Il th e inc rea se ill c\: a lll eter o f 
vVage ner b r a nches. 

high and low production ·of fr uit , the high points in the g rowth curve 
being in t he year w h en production was r elatively low. Summ er wooel 
g rowth likew ise lacks uni fo rmity in VVag ener (Fig ure 15 ) but ther e is 
not the definit e a lt erna tion that prevailed w ith J ona than. With Bald
w in (Fi g ure 16) , the summ er wood g rowth in the bordeaux plot was 
relatively hig h in 1924 ""h en th er e was pract ically no cr·op. In 1925 , 
ther e was a heavy crop in thi s p lot a nd th e summer vlood w as low, and 
the same condition preva iled in 1927 a nd 1929 w hen ther e we r e full 
crops ; but , in the other lig ht crop years, the summer wood g rowth w a s 
high as in 1924. In th e lim e-sulphur plot , t h e production of fruit was 
irregular and the g rowth curve is equa lly irregula r. 

Th e a m·0l111t s of slimme r wood w ith J ona tha n and vVagener (Fig ures 
14 and 15 ) a r e less w ith lime-sulphur in each yea r a ft er 1925 r egardless 
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of crop. \lV ith Bald\\"in ( Fi g urc 16), therc was les s summer wood w ii.h 
lime-sulphur than wi th bordeaux in every "off" year, 1924, 1926, and 
1928. In the crop years, there is some apparent irregularity. In 1925 
and 1929, the summer grow th was g reater with lime-sulphur, but, in 
those year s, the bordeaux trees bore heavily as compared to only iight 
or moderate crops in the lim e-sulphur plot. In 1927, when the lime
sulphur sprayed trees bore nl'ore heavily than in any other year but 
not so heavily as the bordeaux trees, the summer growth was slightly 
less than for the bordeaux trees. There is definite indication, therefore, 
that the amount of SUJllmer wooel is r educed by the injury resulting 
from the use of limc-sulphur and lead arse natc at the concentra tion 
applied on these particular plots. 

The cumulative effect on \v\)od g rowth of fo li age injury is shown 
for Wagener in Figure 17. T he rates of g rowth on both lots of trees 
were equal in 1924 and 1925. The use of the m at erials studied began 
in 1925 and the difference in thc rate of increase was greater in each 
succeeding year. The sam e general difference occurred with the other 
varieties studied. 

DISCUSSION 

'The ev idence here submitt ec1 indicates clearly that the secondary and 
cumulative effects of spray injury to apple foliage may be of more 
than academic importance. The combinations 'o f materials most com
monly used may cause injury. Safer co mbinations, that are effective, 
are being sought . Much injury may be avoided, however, by the exer
cise of good judgment on the part of the g rower to adapt the generally 
r eco mmenc1 ed spray ing treatments to fit loca l, varietal, and seasonal 
condit j'on s. The numb er of applications, the rate of application, and th(: 
concentrations of materials may sometim es be varied to advantage and 
other materials even may be sub stituted. Much injury may be avoided 
by not sp raying when conditions are favo rable for the development 
of injury and by not overspraying. 

SUMMARY 

Fruit-set has not been affeeted under normal conditions, but under 
certain unusual c'ondition s the set of fruit has been reduced. Heavy 
application, frequent application, high concentration, spraying heavily 
from under the tr ees, and severe lime-sulphur burn in the petal-fall ot 
in the two week s applicat ions a r e factors that may cause an excessive 
loss of fru it in the June drop. 

Severe injury to fo liage often affects unfavorably the formation 
of blosso m buds. }\ICoderate amounts of injury may a lso cause the same 
result . 

Product ion of fruit may be affected in two ways by spraying mate 
rials, by r educing f ruit -set and by inhibiting the formation of blossom 
buds . 

T h e premature dropping of fruit just before the harvest period is 
often g reater where considerable fol iage injury has occurred. 

The s iz e of the fruit may be affect ed unfavorably by se rious foliage 
1l1Jury. 
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Color deve lopment in apples on trees that have suffered moderate 
to severe foliage injury is usually checked. The ground color is likely 
to remain green and the r ed does not develop fully . 

Growth of wood, determined by measurements of annual rings, IS 

checked where the leaf area has been reduced by spray injury. 
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Table 12.-] 

Plot Materials 

------------------------
1 . Lime-sulphur* ........... . 

2 . Lime-sulphur* ........... . 
Casein spreader ........ . . . 

3. . . . . . .. Lime-sulphur * ... . .. . . . . 
Quick lime .... .. .. ...... . 

4 ........ Dry-mix* .... .... .... . . . . . 

.5 . . . . . . .. Lime-sulphur* (pre-pink al 
applications) ..... . ..... . 

Dry-mix* (petal-fall, two Wf 
second-brood applications: 

6 . . . . . . .. Colloidal sulphur 1* ...... . 

7 . . . . . Colloidal sulphur II* ... . .. . 

8 . . . . . . .. Bordeaux * (average cf six pJ 
shown in Table 13 . .... . . 

9 ..... . .. Check ................... . 

*Lead a rsenate was userI , unless othe 
in the pink and all succeeding applicatic 
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Table 12.-Experiments at Morrice, 1924. 

Flowers set (per cent) 

Plot Materials Amount in 
100 gal. Jonathan 

1st 
drop 

2nd 
drop 

Hubbardston 

1st 
drop 

2nd 
drop 

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

1 . . . . . . .. Lime-sulphur* . .. ... ............. . 2Y2 gal. 20 13 10 8 

-----I---------------I!------I---- ------------

2. Lime-sulphur * ................... . 
Casein spreader .. .. . ............. . 

2Y2 gal. 
lIb. 23 11 7 

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

3. . . . . . .. Lime-sulphur* .... ... .... ... . . .. . . 
Quick lime ........ . . .. ........ .. . . 

2Y2 gal. 
101bs. 28 24 8 7 

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

4 . ..•.•.. Dry-mix* .. . ....... ... ..... . ..... . 251bs. 25 20 7 6 

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

5 . . . . . . . . Lime-sulphur* (pre-pink and pink 
applications) ...... . ............ . 

Dry-mix* (petal-fall, two weeks and 
second-brood applications) ....... . 

2Y2 gal. 

251bs. 
32 25 11 10 

----1--------------------1-------1------------------
6. . . . . . . . Colloidal sulphur 1* .. ..... . ...... . 101bs. 32 22 12 11 

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

7 . . . . . . . . Colloidal sulphur II* . ..... . .. .. . .. . Y2 gal. 24 15 12 10 

---·---1---------------------1-------1--------------------
Bordeaux * (average cf six plots 

shown in Table 13 ...... .. .. .... . 7 
8 ....... . 

25 18 9 

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

0 . ....... Check ........ .. ... .. .. .. . . . .. ..... ... ... .... . 19 9 5 5 

*Lead arsenate was usert, unless otherwise indicated, at the rate of 2 lbs. in each 100 gal. Gf spray 
in the pink and all succeeding applications . 



Table l3.-Experiments at Morrice, 1924. 

Leaves on spurs (average) Flowers set (per cent) 

Hubbardston Wagener Jonathan Hubbardston 

6 . 3 6 . 3 6.2 6 . 0 19 9 5 5 
1---'---'---'---'---'---'---'---'---

6 . 6 6 . 6 6 .2 6 . 1 4.6 12 11 12 10 
---I 1---'--- '---'---'--- '--- '- --'---'---

6 . 1 I 0 . 1 I 5 . 2 I 5.2 I 3.2 I 9 I 5 I 9 I S 
~I~ --::- -4-.-4- --2- .-6- - -1-1- 1--9---6- --5-

----------- 1---1---,---,---,---,- --,---,---,--- ,---

6 .2 6 . 2 4.8 4.6 2 . 1 S 5 13 12 

5.7 1 5.7 3.3 3.0 1.9 9 I 6 I 3 I 2 
~~~~---I--~ 

__ 5_.0 ___ 5_. 0 ___ 1_. 9 ___ 1_.7 ___ 0_. S ___ 5 ___ 3 _ 9 1 7 

7 . 1 I 6 .7 6.6 6 . .5 4 . 7 34 1 26 I 9 I 7 
1--1--1--'- - '--'--'--'--

_ 6_.6 _ 6_.1 _6_.1 _ 5_.9 ._ 4_.4 1_ 1_9 1~1_1_2 I_S 

6 . S 6 . 1 6 . 1 6 .0 4 .0 14 1 9 6 6 ----1- 1-----
6 . S 5.S 5.S .'5.S 3.S 35 I 26 I 12 10 

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

6 .6 5 . 6 5 . 6 5 .. '5 3.6 17 14 9 6 
i----- - ---- -----,----1----'----,----,----,----,----,----,----,----
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Table 14.- E xperiments at M orrice, 1925. 

Blossoms se t (per cent) 

Mal e ri;ds 
Amount 

in 
100 gal. 

Jonat.han 

1st cI rop 2n(1 d rep 

Hubbards ton 

1s t drop 2nd drop 

1. . Sillfocide*. . . . . . ... . . ..... 2/ 3 gaJ. 
Casein Rpreader . . . . . . . . . . . . 3 Ibs. 11 .7 7 . 9 7 . 5 ii .7 

2 . Lim e-sulphur* . . . . . . . .. . . . 2~ gal. 4 .S 3. 7 5 .7 4 . 1 

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

1.9 
3 . Lill1e-s ulphu r* . . . . . . . . . 2.Y:J gal. 

Casein spreader . . . . . . . 1 lb . 4.2 3.3 2.G 

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

1\ . Lime-sulphu r*. .. .. .. . . .. 2 ~ gal. 
Quick lime... . . ... . . . . . . Ii Jbs. 3 . 2 2 . 8 1.2 1. 0 

!i . 
2.7 

L i me-sulph ur * . . . . . . . . . 2 ~ gal. 
Iron sulpha to . ... . . . . ... . 1 U Ibs. 4.4 3.6 5 . 0 

G. J ill1e-s lllphur*. . . . . . . . . . 2!~ gal. 
C u,ne sugar. . . . . . . . .. . . 5 oz. 3.4 1.3 0.9 0 . 9 

7 ... Dry limo-suJphur A*.. . ...... SIbs. 7 . G 4 . 3 1.S 1.4 

R. 

0 . 

10 . 

Limo-s il lphur* (sam e as l)lot 2) 2}~ gal. 5 .5 3.7 3 . 6 3 . 0 

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

Ilord eall:cl·* . . .. . ... . . ... . I\ - R- lOO 1 . 5 2.9 2 . 9 2 .7 

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

Ch eck . ...... . . . .. .. .... . 1.3 1.1 5 . 6 3.9 

*Lead arsenate was used , unless otherwise indicated at the 1'ate of 2 lb!'! . in each 100 gal. of spray 
in the pink and a111ater a pplications. 

'l'Quick lim e was used in makin g this bordeaux . 
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Table IS.-Experiments at Morrice, 1926. 

Flowers se t (per cent) 

Plot M a terials 

1 . . . . . .. Lime-sulphur (pre-blossom 
and calyx applications) * 

Wettable sulphur (2 weeks 
an~ second brood appli
catIOn) 

Amount 
in 

100 gal. 

]0 lbs. 

2 . . . . .. . Lime-sulphur*. ....... . .... 2 Y2 gal. 

3 . . . . . .. Lime-sulphur*·......... . .... 2 Y2 gal. 
Casein spreader. . . . . . . . . . . .. 1 lb . 

4 . . . . . .. Lime-sulphu r* . . . . . . . 2 ,Y:3 gal. 
Quick lime .. . . . . . . . . . .') lbs . 

5 .. . ... . Lime-Rulphur * .. ... . ....... 2 Y2 gal. 
I ron sulphate. . . . . . . . . . . . . . . 1 Ji lbs . 

0 .. . . . .. Lime-sulphur .. .. ... . .. . .... 2 Y2 gal. 
Lear! arsen a te. . . . . . . . . . . . . .. 2 lbs . 

10 .. . " . Bord eaux *- i" . .. . . .......... . 2- 2- 100 

11 .. . .... Dry lime-s lJlphu r A *. 101bs. 

14 .... . .. C heck . ..... . . . ... . .. .. ... . ..... . .... . 

Jonathan Hubbardstcn 

1st drop 2nd drop 1st drop 2nd drop 

18 . 5 1.7 

22 . 9 4 . 0 18 . 4 2 .5 

23 .7 3 . 3 19 . 1 1.3 

23 .G 5 .. 5 14. 0 2 . 4 

19 . 3 3 . 1 21.7 3 . 2 

20 .2 2 .0 Hl.O 2 . 5 

] 0 . 1 I.e l .') . G I.G 

22 .6 4 . 0 ]8 . G 2 . !'l 

15 .0 2 . 1 ].') . 7 2 . 4 

*Lead arsenate was used , unless o the rwise inoica tec\ a t th e rate of 2 Ills. in each ]00 gal. of spray 
in the pink and all later applications. 

i"Quick lime was used in making thi s bord eau x. 

SPRAY 

Table 16.-E 

Plot l\1:.L teri 

1 . . Lirn e-slIlphllr (rain wa ter fr 
plot) * ......... . ...... . 

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

2 . . Lirne-sulphur (well water w 
s ucceeding plots)* .... 

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

7 ... 

R ... 

Lime-sulphur * ....... . 
I ron sulpha te .. . .. . .. . 

Lime-sulphur* . .... 
Aluminum sulpha te . 

O. ..... . Lime-sulphur* .. .. .. .. . . . . 

10 . . ... ... Bordeaux (or tho)* .. . 

11 . . . . . . . . Lim e-sulphur (pink applica t 
Mulsoid sulphur (petal-fall , 

brood applications) .. .. 

12 . . . . . . .. Lime-sulphur (pink and pet! 
Mulsoid sulphur (two weeks 

cations) . ... . . . . . ... .. . . 

] 3 .... . ... Ch eck .............. . . . .. . 

*Lead arsenate unless o therwise ind ica 



Plot 

l.. 
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Table I6.-Experiments at Morrice, 1927. 

Mate rial s 

Lim e-fll il phllr (rain water from c istern used for this 
plot) * . . . .. . . . .... . .. . . . ..... . . 

AIllClIllt 
in 

100 gal. 

2Y2 gal. 

31 

Flowers set (pe r cent) 

Jonathan 

1st drop 2nd drop 

13 . 1 7 . 0 

------------------------------------------------------1----------1----------1---------
2 .. T.ime-slIJ phlif (well water was used fcr this and all 

s llcceeding plots)* ... . .. . ...... . ..... . 2~ gal. 28.4 17 . 3 

---------- --------------------------------------------1---------1----------1----------
7 ... Lime-sillphllf * .... . 

Iron sulphate ... . . . 

R .. Lime-sulphur* ............................ . 
Aluminum sulphate .... . ................... . 

o. Lime-sulphur* ...... . ... . ... . .. . .... . . . 

2 ~ gal . 
o lbs . 

2 Y2 gal. 
o lbs. 

2Y2 gal. 

10 ... . .... Bordeaux (ortho)*..... . .. . ... . ... . ....... . .. . ... 4lbs. 

ll ..... . " Lime-sulphur (pink applica.tiol1s) * ... . ........... " 2 Y2 gal. 
Mulsoid sulphur (petal-fall, two weeks and second 

brood applications). . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8lbs. 

12 . . . . . Lime-sulphur (pink and petal-fall application) *. . . . . . 2 Y2 gal. 
Mulsoid sulphur (two weeks and second brood appli- i 

cations) .. . . .. . ..... . ........ . ........ . ... . .. '1 8 lbs. 

13 ... . .... Check ................... ..................... . ....... . . 

23 . 2 13 . 0 

10 .2 7.1 

16 . 4 5 .3 

13 . 0 7 . 2 

18.6 7.0 

13.7 7.2 

20 .0 13.0 

*Lead arsenate unless othenvise indicated was used in all plots at the rate of 2 lbs. in 100 gal. 
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Table l7.-Experiments at Belding, 1925. 

Flowers sct (pe r cent) 

Plot IVla,terials 

l. Bordeaux* - "j" . 

2 . f ime-sllipllllr* .. 
Casein sp reader . 

3. . . . . . Lime-s lIlpllllr * . 

4 . f im e-s IJl pllllr *. 
Ql lick lime .. 

G .. I ,ime-sillplt!l r* 
Iron sulphate . 

----

6 . J .ilTle-slllpllllr * . 
Cane sugar . 

7 ....... Check . .... . .. . .. .. 

.. .. 

" . .. 

Amount 
in 

100 gal. 

4- 8- 100 

2 y.; gal. 
1 Ih . 

2 Y:; g-,Ll . 

2 I .~ g-aJ. 
.') Ihf' . 

21,-6 giLl. 
1 Yz Ihs. 

21 -"2 giLl . 
G oz . 

. . ... . . . 

McIntosh Baldwin 

1st drop 2nd drop l ~ t drop 2nd drop 

20 . !) 7 . 2 ;':3.4 1!) . .') 

----------

J.'i.!) 7.3 [):~. 2 1!) .0 

1;' . fiJi ;'3 . 1 21.8 

- --- - ----

I :{ . :~ :; . .')ii . 4 1;' . !) 

-----

0..1 3 . 0 1\!) . 2 2 1 . 3 

1<i 1 I 4:3 . 2 1:30 

-----

11.6 6 . 5 58A 2fi.5 

*Lead arsenate was lI sed at the ratc of 2 Ills. in cach 100 gal. of spray in thc pink a nd latcr appli
cations . 

tQ ui ck lime was uscd ill llIaking this llOrdciw x. 

Table l8.-Experiments at Belding, 1926. 

Plot j\Iateria,l ::l 
A IIlO:lll t 

ill 
100 gell . 

Flowers set (per cent ) 

McTntosh 

1st drop 2nd drop 

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

2. . . . . . . . Bordeau x*-"i" .. .. 2- 2- 100 2 l .8 4 . 1 

--------- ----------------------------------------
4 .. . . Lime-sulph!!r * . .. . 2Y2 g,L!. 20.0 ~ . O 

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

(i . . .. . . S lllfocirJe * .. ... . 11 ~ gill. 
Ca,se in sp reader . :l Ihs . 20.4 2." 

7 .. . . . . . .. Lime-sulphur '!' ...... . 2 ~;; gal. 20 . 7 3.7 
Iron sulphate .. . . . . ..... . . . . . . 

- - - --_. __ ._ --_._------- -----------'------'--- - - - - --

*Lead arsenate was used at the reLte of 2 Il lS . in ea ch 100 gill. of spray in the pink a,nd later appli 
cations. 

tMade with qlJick lime. 

SPRA' 

Table 19.-

Plot Materials 

1 . . . . . . . . Bordeaux (O rtllo) * . .. . . 

2 ........ Lime-s lI lph ur (pre-hlossolll 
and petal-fall a:-> pl ications 

Dry-mix (2 weeks a nd ~eco ll 
brood applications) .. .. . . 

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

3. Lime-sulphur* ....... . .. . 

4 .... . ... LiJIJC-Sl ll[lltllr * . ... 
Alllminum sulphate. 

Ii . RlIlfoc id e* .... . ...... . 
C<Lseill spreader ... . 

(j . Lime-s iliplill r* ...... . .. . . . 
Iro ll sulphate .... .. . .. . . . 

- - --------------
7 . . . . . . . J) ry lillie-s lllphur A * .. 
- -----------------

8 . Dry lillie-sulphur 11*. 

D. C il eck . 

*Lead arS0 11a,te was us cd at tlte rate 

Table 20.-

Plot Mate 

--- -----1-----------------------
1. ... Bordeaux*-t ............ . 

--------1---------------------
2 .. Dry lime-sulphur A * ..... . 

3 . . . . . . . . . Lime-sulllllur * ..... . .. . 

------1----------- ----
4 .. Lime-SI1IPllllr } II I ' 

Iron sulphate (a <L(!P Ica 
TIorde,wx (2nd brood a ppli, 

*Lcad arsenate used with alllllateria 
tLill1e-sulphur and iron sulphate, as 



SPRAY INJURY STUDIES II 33 

Table 19.-Experiments at Belding, 1927. 

Amount 
in 

100 gal. 

Flowers set (per cent) 
Plot Materials McIntosh Baldwin 

1st drop 2nd drop 1st drop 2nd drop 

1 .... .... Bordeaux (O rtho)* . .. . 5 lhs. 9 .3 G.1 23 . G 1l.3 

2. . . . . . .. Li me-sulphu r (pre-hlossom 
a nd petal-fall a?pl icat ions) * . 2 Y2 gal. 

Dry-mix (2 weeks and second 10.5 5.1 20 .8 8 . 1 
brood applications) . . . . . . .. 161bs. 

3 . Lim c-s lllphur*. ........ . ... 2!1 gal. 12.1 7 . 6 H) . 6 6 . 1 

4 ....... Li lll c-sulpltllr*............ . . 2 y.;; gal. 
Alu ill inu m sulphate ... !) lbs. 10 .3 3. 1 20 . 1 8 .3 

:') . S lI lfoci c1 e*. . . . . . . . . . 1 ~ g~Ll. 
Casein spreader . . . . . . 2lbs. 8.!) 5 . 1 23 .7 8 . 6 

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

(-j . .. . . ... Lim e-s IJlpllllr*. . ....... . 
I ron s ulphate ...... . .... . 

7 . Dry li me-sulphur A* ...... . 

2!~ gal. 
!) lbs . 

10 Ius. 

5.1 

7.1 

2.1 22 .8 87 

3 .5 17 . 3 8 .2 

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

8 . Dry li lm:-s illplulr 13 * . . ... . 10 Ius. 2.0 ].7 

---- ---------------1------1------1-----1-----11-·----

D .. .... . Cllcck .......... . 10 .8 3.1 24 . 2 8 .0 

*Lead .L ri'ella,[c was used at tile rate of 2 lI) s. in 100 gal. in the [Jillk a,l1(l alllaler ap pl icatiolls . 

T able 20.- E x periments at Belding, 1929. 

Plot Ma,terials 

1 . . . . . . . .. Bordeaux *-'1' ................ .............. . 

2. Dry lime-sulphur A* ...... ....... .. .......... .. . . 

3 ......... Lilile-sulphllf * ........... . . . .......... . ........ . 

1 .. Lime-s ll lphur } ( II I ' t ' t 2 II 1)'/' Iron sulphate a ,LPll IC,L lOll S excep Il( )fOOl ... . 

Borcie,Lux (2 nd brood applicatio ll) . ... 

*Lcad a,rsenate used with all materialfl. 

Amount 
in 

100 gal. 

2- 2- 100 

101bs. 

2 .~ gal. 

2 y.;; gal. 
] Yt Jbs . 
2- 2- 100 

Spu rs with fru it 
(per ce n t) 

Sp urs on 

2 and ;) 
year old 

wood 

46 

20 

10 

Older 
wood 

20 

7 

4 

i'Lime-sulphur and iron sulphate, as in Plot 4, suustituted in petal-fall applications. 



Table 21.-Production of fruit on Jonathan, Morrice, 1925 to 1930 

1925 1926 1927 1928 1929 1930 Entire 
periort 

------- ---------------- ------
Spraying Treatment ui 00 ui ui 

ui ~ ui ~ ui ~ 
;S ui ~ 

;S ui ~ 
;S ui ;S rn 

;S ;S ;S 00 0 ;S ]8 ;S 00 0 ;S 00 0 ;S _ Q.l 

d P, d 
00 

d P, 
...., e)0 00 c 00 ...., 

~~ e)0 <'l en 
<ll 0. C ............ d 0. d 0. C d c ...... ...... d ~r: 
<ll "0 0 "0 0 "0 0 :l 0. .... ...., 0 :l 2:~ "0 0 :l 0. .... "0 :l 0. .... "0 - Q.l 
r-. H r-. 2) 0 o.e) 0 2) 0 2) 0 o. e) 0 o. e) c > 

E-< E-< 0 E-< 0 E-< 0 <r;o. E-< 0 <r;o. E-< 0 <r;o. E-< 0 <r;o. E-< <r;ce 
---- ---- ---- --- ----------------- ---- ------ ---- ---- ---- ---- - - ----------

228 0 .4 303 1.0 214 5. 1 921 431 130 8 .5 287 220 170 8 .2 54 1 319 742 4036 543 1787 297 
---- ---------- ---- --- -------- ----------- ---- ---- ---- -------------

2 152 1.3 124 0 .8 343 9 .9 1786 521 84 5 . 9 422 502 285 10 .5 1170 421 536 3022 568 1524 254 
------ ---------- -------- --- ------ -------------------- - - ---

3 232 0 .9 151 1.3 331 10 .6 2028 613 20 10 .0 91 453 333 6 .0 1375 413 600 3927 559 1667 278 
----------------------------- - --------------------

Lime-sulphur and 4 297 2 .0 289 5 .3 312 8.3 1637 524 31 6.4 151 487 232 6 .0 940 405 561 2948 524 1722 287 
lead arsenate ------------- ------- ----- ------ - ---------------- --- -----

5 173 1.7 113 0 183 5 . 5 880 481 84 8.3 376 448 92 11 .9 458 498 542 2945 544 1187 198 
------ ---- --- --- ------------- ---- --- --- ------- -------------- - -- ---

6 215 2.3 196 1.5 416 13 . 5 2041 492 111 11 .7 419 377 419 6 .7 1299 309 347 1642 474 1704 284 
------- --- ---- ---------------------- ------ --- ----------------

7 114 1.7 405 1.7 227 7 . . 5 1076 474 316 5 . 1 1088 343 291 1.7 1012 348 627 3243 518 1980 330 
------------------- --- --- --- ---------- --- ---- ---- ------------- ------------

Average. 201 1.5 226 1.6 289 9 .3 1481 550 111 7 .2 405 365 260 6 .7 971 373 565 3109 551 1653 275 
------------ -------------- ------------- --- --- ---------- --- --- ----------

74 2 .7 305 1.0 95 4 .2 ... . . 174 8 .6 436 250 75 14.6 310 414 399 194C 487 1122 187 
-------- - -- - - ------------------ --- --- --------- ------------

2 111 1.8 224 0 334 89 .0 1670 500 131 8.4 698 503 2.57 7.6 1050 409 386 2163 558 1443 240 
------------------ --- --- --- ------ ---- --------- --- --- ----------

3 100 1.0 270 0 .7 499 3.2 2741 549 123 5 .7 228 185 525 8.7 2122 409 683 3261 478 2200 366 
----------- --- - -- ---- --------- ---- --- --- --- --- ---- --- ------ -------

Bordeaux and 4 52 1.9 110 0 .9 164 1.2 689 421 140 8 .6 667 466 40 7.5 160 401 421 2480 583 927 154 
lead arsenate ------------ ---------------------------------------

5 266 1.5 207 1.0 442 3 .4 2453 556 46 13 .0 234 509 250 5 .6 1029 411 517 2508 486 1728 288 
---------- - - -------------------------------- ------

6 191 2.6 48 2 . 1 488 1.4 2481 50.') 9 0 43 477 47.5 2 .7 1937 407 197 798 40.) 1408 234 
-- - - --------- ------------------------ - ----1--7 145 2 .0 218 0.4 541 2.9 2835 523 97 4 . 1 429 ~I 559 

2232 406 495 2412 487 2055 342 
-~-~ ------------ ---- ----- - - ---

Average .... . . . ... . .. 134 1. 9 197 0.7 366 3 .9 2144 522 103 7 . 6 390 378 311 4.4 1262 407 442 2223 .'i03 1554 259 

Table 22.-Production of fruit on Hubbardston, 1925 to 1929, Morrice. 

1925 1926 1927 1928 1929 Entire period 

Spraying Treatment Tree 
Total Drops Total Drops Total Drops Total Drops Total Drops Total Average Drops 
lbs . % lbs . % lbs. % lbs. % lbs. % lbs. lbs . % 

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

I 45 11. 1 492 30.0 393 16.0 650 31. 2 66 13 .6 1646 329 26.0 
---- - - -- - ---- ------------ - - -------------- - --- ------------

2 307 3 .9 436 17 . 4 621 13 .8 717 27.4 387 11. 1 2468 493 16 .7 
-------------------------------- - - ------ - - --------------

3 120 5 . 5 74 29 .7 119 16 . 8 334 66 . 1 49 14 .2 696 139 39 .8 
Lime-sulphur and - ---------------------------------------- ----------------

lead arsenate 4 49 20.4 780 31. 0 76 15 . 8 1114 44 . 2 201 8.9 2220 444 34.9 
------------- -------------- - - --------- - -- -- -- --------
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Table 22.-Production of fruit on Hubbardston, 1925 to 1929, Morrice. 
- - ---

1925 1926 1927 1928 1929 

Spraying Treatment Tree 
Total Drops Total Drops Total Drops Total Drops Total Drops 
lbs. % lbs. % lbs . % lbs. % lbs. % 

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

I 45 11.1 492 30 .0 393 16 .0 650 31. 2 66 13 . 6 
--- - -- - --------------- ------ - -----

2 307 3. 9 436 17.4 621 13 .8 717 27 .4 387 11. 1 
--- - -- - --- - - ---- - - ------ - - - --- - - -

3 120 5.5 74 29. 7 119 16.8 334 66 . 1 49 14 .2 
Lime-sulphur and - -- - - - --- - - - - ------ --- - - - ---- - - ---

lead arsenate 4 49 20.4 780 3 l.0 76 15.8 1114 44 . 2 201 8 . 9 
- -- - --------- - --- -----------------

5 234 5 . 5 112 9.8 335 11.6 90 26 .7 56 17 .8 
--- --- - --- - - ---------- -----------

6 50 8 .0 571 33. 8 234 11.1 793 29 .8 32 9 .4 
--- - --- -- - --------- -------- - --

AYerage . ... .. .... . . ...... . 134 6. 3 410 28 .0 296 13 . 8 616 37 . 1 131 11 .4 
- ------------ - - - ------- --------

I 28 10 .7 381 9. 4 326 9 .2 520 9.4 17 11 .7 
- -- - ----- ---------- ----- - --------

2 42 2 .4 133 2 . 2 58 6.9 597 19.4 2 0 
--- - ----------- ------------- -- - - -

3 338 4 .7 30 3 .0 461 4.8 460 3 . 9 80 10 .0 
Bordeaux and ------ - --- --------- ------ --------

lead arsenate 4 24 12. 5 450 16 . 6 106 18 . 9 672 18 .0 0 0 
- - - - - -- - - - ---------- -- - - - ---- - - - - -

5 100 5 .0 294 6 .8 318 5 . 3 759 26 .3 63 15.8 
---------------- - - ------------ - - -

6 70 11.4 739 10.4 578 5.9 920 26 .7 71 11. 2 
--- ------ ---------- - - ---- --- - - - - -

7 65 4 .6 334 22 . 1 353 7 . 9 404 32 . 1 15 13 .3 
---- - - ---------- --- - - - ----- - --

Average . . ..... . . . . . .... ,- , 95 5 .8 337 12 . 1 314 7 .0 618 20 . 3 35 12 . 1 
- - -- - -- ---

-

Entire period 

Total Average Drops 
lbs. lbs. % 

------- --
1646 329 26 .0 

- -- - - - ---
2468 4fl3 16 .7 

--- - -----
696 139 39 .8 

- --------
2220 444 34 .9 

--- ------
827 165 11 .7 

- --------
1680 336 27 . 5 

--- --- - - - -
1589 317 25 .7 

- - - ------
1272 254 9.4 

- ------ - - -
832 166 14 .9 

--- ------
1369 274 4 .7 

- -- - - - - - -
1252 250 17.5 

- --------
1534 307 16 .4 

---------
2378 477 15 .7 

------ - --
1171 234 20 .2 

--- - -- - --
1401 280 14 . 1 
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Spraying Treatment 

Table 23.-Production of fruit on Baldwin, 1925 to 1929, Belding. 

Tree 
Total 
lbs . 

1925 

Drops 
% 

Total 
lbs . 

1926 

Drops 
% 

Total 
lbs. 

1927 

Drops 
% 

1928 

Total 
lbs. 

Drops 
% 

Total 
lbs . 

1929 

Drops 
% 

Entire period 

Total I Annual 
lbs. average 

------ - ------ 1---,---,----,---,- - -,---,---,- - - ,- - - ,---,-- - ,---,---
293 13 .9 144 10.4 963 12 . 6 3 o 539 10 .5 1942 388 

8,6 7 9 16 (' 1292 12 .7 6 o 740 3.4 2930 586 

1 __ 3_1~1-1-1-.1-1~1--6-.9-1~1~1~1--O-I~I~I~I~ 
4 101 8 9 .7 397 6 .8 1278 6 .2 12 0 760 10 .8 3465 693 

----1----'----,----,----,----,----,----,- - - - ,----,----,- ---,----
5 1196 5 8 o o 1375 11.6 o 635 12.7 3207 641 

4501 , 9 .9 
3 1 0 1 1187 I 9 . 1 ==:==:==:==:==:==:==: 0 _ 0 869 11.4 I 3451 I 690 

13 .7 2760 552 

6 1518 o 1793 11.2 4 .9 o 
1153 o o 1429 6 . 1 

8 1005 o 1168 10 . 6 o 568 8 . 8 o 18 

900 

9 942 8 .4 o o 1078 6.4 61 o 445 11. 0 2526 505 
Bord eaux and lead a rsenate 

10 1380 9 5 65 3 . 1 1774 17 . 3 95 o 912 9 .9 4226 845 

11 849 10 . 6 198 8 . 6 1174 8 .0 3 o 805 12.4 3030 606 

1- 12 1-~1~1~1---s.g1---ss51~1--8 1- 0 1-----:ros1-l3.3I2666I----s33 
13 1320 , . 3 22 13 . 6 1356 5 .0 15 0 1039 7 .4 3752 700 

14 1322 3 .2 o o 145.'5 7 . 1 8 o 880 109 3665 733 

15 1463 4 .4 o o 1\100 ]2.1 o 1232 11 .6 4596 919 

16 961 5. 2 o o 962 10 .2 40 o 447 5 .3 2410 482 

17 10 38 .'5 2 I 51 5 9 1.'528 8 1 5 0 935 12 2 3587 717 
1--1-8-~ ~ --]-46- ~ lO44 ~ - - 12- --0- ----s2O il- 6- 27f;8----s33 
1--1-9- ~ --3-9-1--0- - -0- 790 ~ --10- - -0- ~ l10 2z2() ~ 

Average . . . ........... . .. . 1.. ~ --7-3- -;: - -8-.1- ~ - -9-7- 1--21- - -0-~~ ~----:-

Table 24.-P roductions of fruit on Baldwin, 1925 to 1929, Belding. 

1D2:i 1921; 1927 1928 1929 Entire period 

:-!prayinE.: Trentillent Tree 

Total Drol's Total I Droll" Toral ]) It:p, Total I Drops ' Total I Drops I Total Annua l 
lb~ . ' , lbS. i (, I !h" ' , i Ib Q 

( [ Ib:;. I ro t lb". ~n-erag\-' 

___ 0 I-~_I= 6:) I 6 . 1 ,- 4 , 2 1_ Il~_'_ 0 -0=1 - ."):3 I 20 . 7 - 590 llS ~ 
2 I 681 1 / 4 1 16:; I l . 8 111~' : IIIi 0 I 0 1:346 t 17 .0 2314 463 

--;$ -I 72i-I--\-I .-O-I-~1 ~~I-~I t) -~I~-~1J:1."413062 ~ ---'--1-_· ___ --- ----__ '_~_I~~_ 1:32_1_ f)~ 5n2 I~ "L I---O-i __ t_' _1 _~~~~ 
I~_ 6,,1'_ Hi . 1 14 8 n I 00 2 I 12 \1 0 I 0 18.) t 23 8 1983 376 
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Table 24.-Productions of fruit on Baldwin, 1925 to 1929, Belding. 

EI:2 ;) 192(1 1927 1928 1929 1 Entire pericll 

Tree 1-- 1 . 1 I I To~al D~o[,s To~al . D~(!p :i 'l;()sal ]) ~cp~ To~al I D~ops To~al D~~ps Total ;A.:lJlU~1 
lb._. lb~ . I _h lb. . c lb~ . 1 ,(j lb~. d' erao 8 

I ·1 t - - ----.- --. - -I -------- - -- ----- - -------------------

' __ 1_1 ___ 0_1 __ ~.J_~J __ ()_l_l_ ~I~''-- ___ O_ __0_1~~~~ 
2 I 684 1 :- 4 I 16 ") I 18 11 H) , II Ii II 0 I 0 :H6 I 17 . 0 2314 463 

--;~-- 722- -\-' -O-~ ----:?8 -~I-:0 (~ -,~I 1(J.0 .~.l1.4 3062 ~ 
--L-~ -I~ lo.li l32-~ - 592 I--~--;--I---O-' --()-1~118.O ll58 23l-

Spray ing Treat ill ent 

, 5~lG.l--ill -l- -(-)-~u-.!-) ----O- -- C-- 185 I~~~ 

--(-j -:- .,)96- J:o.(i-, 152 - -~~--8-.i.:> ·---0- - O--133t18.O~381 

. . 1-7 ---~----() t -10-1-l(J.;-;--1,2-~---0- - 0 -- 17- 35.3----u6~ 

Llll1P-sulphur ancllea(l ar~('(\n't' 1----------- - ---------------- - --- - ---------- - ------ -
. i- 565 1O . t! 'I 4812 . \) . 946 10 . 6 6 () 17:2 12 . i- 2170 434 
'--9 -I-----m-~ - 63 -1~1~ -9,7 - -0- - -.-(-) - - ----u7 ~ - 1061----m-
1--1-0--~ ~I--~ ~-II~ ~ ---2- - --(-) - ----w-6 - 20 .7 l825----:365 
1------1------------------------
: 11 589 lO . n ·

1 

22 0 . 1 , 758 15 . 8 0 0 :255 17 . 2 1624 325 

1

_ -------1---- ------12 258 9.7 117 4.3 524 19 . 1 2 0 365 17 . 6 1:266 253 

1--1-3- - 445l2.8 --6;- - u -~,13.4 --0-1---0- -----u:l ~ 1547 ~ 

~~I~·I~I_~_I~~--O---OJ~I 25 .2 ~~ 

I 

15 596 16.6 44 22 . 6 1420 9 . 1 0 0 I 361 14 . 4 2421. 484 ----1- ·_---_·_-- ----1-----I' , 
I···.. 449 11 . :- 1 229 : "1..) 1 791 12 . 2 36 10 . , I 198 1:-.8 1705 3 Ll1 Average . ... 
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Table 2S.-Annual Rings of Jonathan, Wagener and Baldwin. 

Thickne::i::i of \\"00:1 in each ring (centilileters) 

1 D:! -l 1 ',):!,; 
Yaridy Spraying Treatment 

In:2t1 H):2; 1021:1 H)2(1 

I "- c.. c.. I ,- ' I I L< I c.. 

~ ~ 1 ~ ~ i ~ ~ l ~ ~ .~ ~ I ~ .~ ~ ~ .~ ~ ~.~ ~ ~ .~ ~ ~ -'-.--- . ---_!_,:J~I~ ~'-=-i~!~l~!-~I-~--J-'"--~I~~-'"---' I~I_=-_r 
L>me-,u!phu,.. . . . . . .~~i . 0,,0 _ o,~ . 022 .043 .060 _ 02" _ 0." , . _ '~~,_ O!~ , O'\_-,,~ ' . 0! ' ~~C43 .060 1 . 01., . 034

1 

. 0·10 

Bordeaux.... .(1:2 , . ll;>1 , u,f) . 021 l):2q 050 , 1):2'} . ().):~ . (1 ; , , ():?l , U:31 . 0.')2 . 02.') . o.').} . 0 , 9 U:21 U:{; .0.-) .... 

Jonathan 

{l.rl II," ~ II:' (ll" 
. - I . "I' ,) . L' 

' I I 
0;:2 . IIHi l 1l:{J . 1'.')0 tl12 . 1l:29 [ . OJ ] 

--1-- ---- ---
Lime-sulphur . . , O.iJ . 02() . In?; . 010 . O]:! . (1:29 

-1--' 
(!..(. :j . UHi .038 . 0.1..(. .on . 1':{1 0-11; 

\\ ",,!!ellt'I' 

.1l2! )' 1l~7 lID II]."i Bordeallx. I).; ~ (jf)n .r: 20 . lin.} 0-44 . 1IH 0:31 

.03\1 

I 
-1- -- -I -I 

. (Fil l . on: . IHPi . 077 . 024 1 . 1112 . 03 (i 

-1-- - _I --'-- --1---
. 11:\.) . U.52 l 0>' ; . ()-1:~ 0)0, 71 . U:~ 1 i 

______ I 

Lillle-tiulphuJ' . I ):);~ . WI Ii , n:3( ) 1)410: 

:~i Haldwi l l 
I 

. U.{4 .076 . 1:!O . 037 
I I I I 

. 0.)7 1 Bonleallx. . 11:33 .0:31 .Uti:2 
I I 

(170 UU9
1 

,U3'} .023
1 

. U2S
1 

. ll -17 1 .075U:2·')1 . (lOS I .031 
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