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SlMPOSIUM ON EASTERN COTTONWOOD AND RELATED SPBCIES, 
1976. 

. IISl!'Cr Am>' CAB1Q2t DISEAS&~AC'l' IB CO'l"l'OIWOOD IURlERI. ' 

;~' fn~.·'so').~irtt1:/3. R. c~o~-:i1·: P. t. 'OUver1i' .r'T • . H~' 'n~~": 
i .f"· I" • 
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, Abstract.-iaa~s(Pl"~.1~,cottOUWOOd leat beetle) tectueecf 
helSht'~ i#, JlUrs .. 1esan aver.e of ~ 8 ~ (,~ .i.D).per. " '.~ 

,' .. 
. .w1~h. ,Such a .~ ;Loss,~ou.l.d ~a,2o...?5.perceut drop " 
, in cuttings produced. In a aurvey of nine nurae17 pl_tiD6s. cull 
due 'to borers (prim&ri~ clearving borers) and disease cankers 
reduced the nUlDber of potential ~t:t~ngs trca 1.6 to 25.6 
percent and averased a loaa of 17.3 percent. 

Additional. kel!Ords:P.oputus.'ttoid.tlll~·, 1ii8ectlos8es, 8I'Ovth 
reduction. 

' .. :. .. ~ ." ...... 
, " 

• '." • ,.J! .', '. :. "".E:,.~:' _ ... ;;~:~~.c. I .. .. ; . . 

Eastern cottonwood, (.PopuZwr, ,del,toideB'Buv~ ).i.-. :~~Sfor •• t 
apecies whose rapid growth ~d desirable ~ood ~~ ~ene~a~~T9.~~H~').4(: , 
:interest in its ~tens~v: •. cUlt~e,! ,~~v~~~~ae c6m.palU1a are nov pl_tina 
cottonwood on a' cammercl&l scale: an estimated 16,000-20,000 ha(4o,OO0-50,OOO 
a) bave been planted iDthe low .. M;lsa1s~ippl·RlverV6ll.e1;( ~ A;' ~ ~, ' ' , " , 

. . . , .' ~ .. ,' ~ . .' ''''- '. .' - .. - .. ' " ., ~ .... . ... 
. One of the prob;Lemlii ~f !:O:t~JlV09.4 ~nq~uJ.tur." boleever, 1. tlW nuaber 

ot insects which are capable ot considerable iapact. MaJor enemes of the 
tree are: the cottonwood leaf be~e,·ChJiH.om.z.as~riptiz'P. (Morri819561. tbe 

"cottonwood ,t~ borer, GyPB~.:1ia~~~ KtE~' ,<~r.r~~ 1.967) .~d. the..:cl~­
wing borer, PCzn:znthloene do Zt,,,,, dOll"" (Ileum.) (Solomon and Abrahamson 1972). 
Other insects are capable of causing, ~ri~ic ~e,' es~,c1all.y the cottonvood 
borer (P'teotl'odem sCIl,Zator Pab.':l. 'and 8:t_ borenf (Ob8l'BCI deZongi.i Knull and 
0; sa17o:umii LeConte), as weU as'aPhids, mites, and defoliators (Morris et 
ale 1975). Canker diseases, especially septoria canker, are also troublesome 
in nurseries and plantations (Toole 1963, Filer etal. 1974). 

. ..!..., ~ . 

In several European countries, 'insect borers cause the greatest impact 
(Chaudhry et al.1969, Arru and Celler1Uo ~1975) .. ' ':For eXaiDple, 'Arru' (1970) 
estimated in~ct impact (growtbloss, debade, and cost of control) to poplar 
cultivation in Italy at $9.5 million per year ( 1970 figures), 98 percent ' 
'of which was 'attributed to the borers, Sape1'dfz 'CQ.%I(J1zar'iaB L. and CPyptorhynchwl 
l,apathi L. " 

Y Principal 'ResearCh Entomologist, Southern Hardwoods Labo:ratory, maintained 
at Stoneville, Miss., by the Southern Forest Experiment Station, rQrest~~rv1ce­
U3DA, in c'ooper~tj,on~ith the MisSissippi Agricultural an4, Forest Experiment, 
Stat.1Qn ~d the Southern Hardwood Forest Research Group. 

Y Entomologist, Mississippi Forestry Commission, Jackson, Miss., 

lI'ResearchFhtomologist and Principal Pathologist, respectively, SouthVft 
Hardwoods Laboratory, Stoneville, Miss. ' , 



lD.eet.,J.1' acoatrolled, CAll .... '.iuab1. 10 .... 01' cuttUp, DOW 
preterncl ~'.eecUiDP aaplaat1Dcnoc).: 1"" ~l_ f:~:. 011 the teDder 
.1 ..... ~ __ l.:~_~, .. __ ;: ..... ·' •• ltbto the ~efai.-l.. This 
n Plitt, .. he1l1tt· P."owtb_4, ~ .. ~,.tbe"b" '91' ~~~,cutt1Dp 
per '~~~hrer.ail4 c;ther;'tiorwatulmel.'bto th_.t4iu and root­
.toea. u'1IieIltbe' sv1t,cJuii vebarreateCt -.4. sawn .illto51.:..ca'2~1~)1011l cuttina., 
tIloee, ~~,.~ wMll, 'bOr __ , ~:'em.ea •.. ~~. thft .. JlUa'b.er.':~'~.a1_+. cuttings. 
Alao, cuttiap _""'.44-"- ..... ,' U'.'~lect· •. ' 1f11Tserle .. " t'n 1Ii •• 1rlaippi 
are .,not pendtteA t~~\~~tI":C\1~ttJip> ~~1.JIlO~,;;~q.·7"p'rceilt 
int •• uttio. ])y."".-. ,"',ca.aJWra·~ " '. ,.. . ". . , . 

•• , _:" o· ': < .'_' - ~ • 

> • '. ~ 

In tid. Mper ~~e r~rt .'.tu4l •• of:lo .... due tolJiject._ .ita .canker 
diseases innureeries. " " .. '; '. . .' " '. '.,:.. ' :' 

.JCB'1II(IJS ;AID ,~, , .' ., . 

atlight fhta.1th.-A study ¥as ccmducted ,by:'f$olalOltelld ,Cook in 1914 ,at 
the Niss1881ppi 70restry eo.1seIOrilJ'Qra'eiT:·at WiDODa~ -Mis •• I to e.timate 
cJaaqe o~ ineecrt 4e1'01iator. to ~~toavo~~ .. ' ~e~,~~ ~I~~.t~ed, ~ a 
t1nt~~.~iD8.ot ti'Ye, 8.toneVUle. ... el~t .. 'loiI .. Wi."SI.-1\,9:2, .l,p91. 
~' .• ~~"'4IIt"""e4 _ ~D8helcht·~·l~~o~t~ .~f.~, 
~cted Plots., . A »~.' co.nf1~~~t:'~1ctrt,. ~~.'l.52" II r'qt)'·ft,l '1~., .;~; 
.row coratJl1ned.IllUtDCs '$·m ("·~r long 01' e.icho't thetiyesel.,t;.clpnea 
rithaPacing. betveeILc1onea.o't 1~:5 .m( 5""~h:'1'he .;protect8!l' .P~~~: "ere 'tr.eated 
with 3.6 kg per ha (40 tbB per' a): of' '10' pereent ·grsnul&rc8:r:}jO~ .. (a. systemic 
in~cti~1de)"11e4 with ._ '~i,,~.~~oil, ... pp;t~eator .(~raJw.~ .et 
al.,l.913).,,·~e vere.fivereplieati0D8 01' prot~tedandunprotectedplot •. 
arraacedin .a '. nadomizeCt.cCllplete 'bioeJl .deaisn. . . 

< ••• ~. • f':' _;" ,; • _" _.~ ._~,! .: _ .. ", • 

. :'1he~~tmt'eatation '4Uri~g',i~' ~0V1n1 ... 8ODY .... teC;9~.'.· .TIi~Ilt~; 
1'our,"8Witclres' wereae1ecte4 at randal tralt 'eaehot,tbe fiye el()nes'la r eacb .. ' 
plp~. (120 svtttJbe.per plOt) at t~e.end" or':1:he '~D8 aeaec;;n torlie4ht ..• e&Sure-
aente.· : ... " ' 

ID addition to 't)1e S01aaon. and COok studT, thr.ee· insecticide evaluation 
stud! •• in thel!lge nUl"ser,y yielded' data. 08 -~"'on 'both protec~.ed ...... '~.' un-
protected P~8~ Bac!b 01' thet.hese studio (1) contai~ plotBtrea.t~ . 
with.3.~q;per he (,l!O,lbspera.) of 10 Jpeticent.#anutar ea:r1?o~.~' acre''; 
Ybie)1wu. the ... e y' 'that used iJl·'tbe1914study and is thtfrateiloW ?slstered 
for use in ~~eriea', (2) ineludedthe tive select clones,' and, (3). recorded,: . 

. ' s.eaaonaJ . in_at intestatioD.. ... .. \ 

.iI'lh1spub11.eation reporls research involvins~sticides.:.'. It does not contah 
rect8leniJations for their ;useno;-dp~ it iJIlpq tAa.t,~es 41se\18 •. ed~re have ., 
beMreau~ •. .ul"U8e~f~.ticl.cle •. _t,'be!res1.teJ:oed b:r~ apPl'O!?riate:;Sta.te 
'Ol'NeralaCentJie)J'before Uie,r' canb,:,~CtWmen4ed. .' '.' ...:"~".,:,:, ...... . 
21 Abr_on,L .. :P.," o~rg~~ · •. i~~·;·~d·~Co~il., J.t: 'li~T2) i' CC:Ok~: "i~';' 
J •. R., and CollJaa,R.J. (1913);lbrri". R~, !9,,·,fI.Dd.~~~,L.,(;19,'13) •. ~ 
Solcllon, J. D. ,a:mlCoOlt,' J.R. f191l4,.S'fuay reports ,md/or data are on .. ',' 
nle at tbeSouthern Hardwoods ~orat017, S~~l«t, 1AII.8. ~r .ret .. r.-•• 
to tbeee Iftutietfv:lllb'e 1dent1'tted"dlilY bi1f.uthcirs· .iiaaU.' .... ~ 



In the study by AbrabamsOlh Qv~rgaard.and McConnell. treatm.nts'Yel'e c:, ',;: 

aasignedto plots 8 roWa wide and 9.~~,!!l (30-100 tt) long., '!bere ve ... tbree 
'replications arranged, 'in a randaaized,block, desip. 'l\rcty-tour 8Y1tCh~UL, ,_ 
tr'" ,eelecW .trandom,'t'rom"ch clOtte:1.n Mcb.. plot tOi'l'ielgbt measur_entl, 

! '~4' - • - • '-", -, - _.'1' . , ,-' , 

, In 'tile: ;.t~eB b7 ~.okand CoUiRa: ,and by -Morris and .eVa'~. treataents 
wereappI'1ed to singl'e"p'l6tll consist1rJg'·ot 24 raw. 152 m (5()O, ~)10n8 •. .J~~i.~ 
switcheS vere selected'at.',randaa f'rQlet.ch: clone,-ift each plot'tot b~ight' , -

, meuUr-.nts. " - ',~ -, .. ',' . - . " 

Heilh~ grovthaeans .tor prot~ted _d unprotected plot& i~ each study'" <, 
were trMstCmiled (arcsin)" tmd COIlp&I'~_ an anal)'s1s. ot Yal'iance (0.05--1..,.1)' 
with a re.ndaatzed complete block design. 

. . ~ ,- - . . '. .~ ~ .... 
CuUbll.aIlO.1;atoak Age.-Plantingsottbree rootstock ages' (I.' 2~and 

3 years) were sampled in 1974. ",t the, Winona. ~~JSelT . for d .... trQll illf.c~, 
borer. aild disease caBers. lach ot the, tive'se1et!t clOnes was cUvtde4- ~~tc? 
tive blocks. Tventy-tour switches were s~led in"".~h of.~~~~ five blo~ks " 
(120 switChes-per clone),~tr~d~y e~t&1)1'i~~:~-$t~~w1~t.,;~~~ ;.~"" 
syst.atiaa14 selectmg f!J"IerylOth, 15th or ~oth switch, dependil'.ll ~th., 
size ot the block. The number, ot cuttings. of· saleable size pep1i!J'Vitch vas' 
determined with the a1do1'& meaSUring pole marked ott in 5l-cm (20 ... in) inter­
vals. At the same time, theI1~~r ~t cut~~s cul~ed,bec~y.se "Q( ~()r~s, ... ~d/or 
cankers. vas recorded., ' - , .' ." '~.,. . . 

·Mi!tans . tor percelit CUliW'.re"'tNnstormeCl-( arcBi·ti) and co.pariflicms ~ .. 
aong the three rootsteet ages,'by" D\mcan',s lev Multiple Range Test (D~) 
at the 0.05 confidence Iml.· '.;,'; ' ': .. ', ' , , ' 

",,: ·.l. " ... 

'1976 8ta"vey.--Daaagetraa insect borers and disease cankers va.surve,re4 
-in nurseries at Pitler, Huntington, Poin~t ,RedwoQ.d, Stoneville,VicUbwl. foIl4" , 
WiDODa, Mississippi. and Lake Provid.ence. Louisiana. Four ot theievennurserie.8 
had block plantings ot the five Stoneville select clolles.One had threeot 
the tive clones, one had only ahe clone, and one did not ident!t1its.clone.. 
Rootstock age varied trom 1 to 4 years, at :the 'varioUs nurseries; tvo at the ,. 
seven nurseries had block plantings ot two difterent rootstock ages, thus 
providing a total otnine Samples. ,S~pling and C(\)JUlts ot sal84b~e' ~d cUll . 
cuttmgswere done as ,describedabove.Me8.ns rorpercent cull were tranStormed 
(arcsin), and CClmparisona1tere made among locations tor each variable bY' blO$'r . 
at. the 0.05 confldenceleve1.' .. " " " 

'.' : 

RE5ULTS AND DISCUSSION ' 

Bei.(jht GrorIth.-The study by Abrahamson et a1. (Table 1) showed that c " , 

nttehes in protecte4plotsgrew 0.8 .(2.7 tt), or 23 percent" mo:te, than tho", 
that were 'unprotecteQ.. At the other extrem.e, Solomon and Cook obtained a" ' ... 
gr~ d1tterene~ of only 0.,2 m( 0.7 ff), or 9' percent, between 'protected '. 
and UnProtected plots. Differences in growth tound in studies by 'Cook and, 
Collins and by Morris and Newsane were intermediate. ' 

\ 



~ . 

fable~,,:u.'.M(~"' __ ~tfla/b.It1, .. J ~cm~~hi'ljlrb: ~. f' 

~.. ~. .fIIJJIIfh~" ,~-'g2'tNnOOtt.o~· . " ~ 

~:,\.~<r~:t·'~'~ei.t ~l~:~~a fteet) by .t~J ID4 c,_}. : ". '. ~ 

I 

Protectecl ~§T (U."l) '3.,26 (10.7) ".02 (13.2) 2.32 (1.6) 
Qaprotecte4 ·2.1~f·9.0') 2.81 (9;e4) 3.," ('u.6)· ~2.10 (6~9l, 

". 

Ditterence 0.83 (2.7) 0.39 (1,,3) 0.49' ( 1.6), 0.22(0.7) 
'.1,.. .'. " • '.. . ... • '" . , __ 

• - , _, _'.0' . . '_ -', ~. 

3.29 (10~8) 
2.80:(9;2) 

0 .. 49 ( 1.6) 

!I Protectld' P40~ \It_tecl·,.1tb.9.q J 40 lb.) of. :19 pel'C_t.~_·c~)QtuI.oea 
per aere. e ~ ~ '.. '. . .' '" .:~".', " ":", •.. ,' " 

:. f c • . ' , • 

W .. ~ .~'.~ ...... ~ ......... :.,~.' '~" .... "~,.'" '. ~ .. ' .. '; 
8tuq. reJC)Z't1 . ~/o~. ··~t.4 ',,,zoe,,OJl',!11e ~t .·ib •. :,~\~ ......... ~ .... ~. 
8tonft'1llA.II1.'.. ~ . - . ~ ~, 

• ') •• I • ~ ... .!..,f •. ~ '". : ~'. -:.; ~.. t ~ .:. .~ . '" ')" .j ~'_" " " " , 
',' ',,~~ .. ~'-~ !';/"'" '., :·::..t;~~. 

Grovth titter.Dc.aln: eacb. "tu~ $.1".1n:,4.i~eotproport1oQ,:tQttale 4 ....... 
ot inaect ClaJuae. For example, .in tbe studt bl Abrahamson ud ~th.ra~ tbe 

. cottonwood leatbeetle al:mQst c~~~~~atrlp.p"'tbe_.t~ciertol1ac,au4Jdlled 
most otthe t'8ra!Ji&1.a ,ln tbe. UI1~ot.cte4'»lot .. dUr1Jw Ju:q:'&D4AuaUt. Adds,...· 
tlonalaa-ae occurred in8eptenb"~·.1be 'beavyleat'beeble .... in·the un­
~otecte4 plota accounts tort-be'23 .p4Jrcent growth: cHtter~ce.. SolCllllOD and' , 
Cook recorded. onq 11abtdetoliat1on'b71eat' beetles and leAt rolJ.ez', '( eo'UOpu.tia 
ap. >.. and ies,'tban' 'pe~c.l'1t ot th~ termillala v~kl11ed. tbua ezplai,ntJl8, .~ ~ 
tbe srowth,dltter~¢eot 0l1~ 9 perce~betweenp1"otlecte4 &Dd, UDp'otectedp~ .... 
In theotller. two studies ,unprotect.lplota austained moderate 4etolJ.&tion .' ~ 
by leaf beetles:.··.24 'and 31 percent otthe term1lJal.s vel''' ldlle4. reaultU18 . 
in interaed1ate govth lo,.ea. . . ,. . 

.. >'. ;;'. • ... 

Avereae, srowth loa. 'tor tbe tour,tuc11ea va, 0.49 It {1.6 ttlper.av1tcb. 
or a;pprox1m&te~OIie, 51.-CI!l (2~in) cuttias.' • "iaJd.ttcant ditt~eDCe. }let".. 
protected andunprotectedplota. ''l'heretore,'1ta nursel'7 av ..... ~5 cutt~ 
p87 .witch and sustun,ed comparable insect c1&1aa8e. the resUltias growtb loss 
could represent a ®-25 percent reduction in the production ot cuttings. 

. ~ . -.~ , 

Cut.1. by RoptstoakAgs·.-At tbe Wlnona nura~ in 19'1'4 t, 'Cl~~ing borers 
vere resl'Oa,lblA tor most ot the cill-accounting tor a 9 percent 1<?~.1~ .. 
aVerMK fOr the 'ebreerootstock eaes (Table ~}.Borer,damap WU.1p1lU.t.}:lr; 
htper' 1nav1tclles. »t04U~edon 1st ... and 3r4;-y~ ~t.tocks than 1D$hoa •. on 
2n4-7ear. rootil'tOe1s, .·'!hi' 41t1"erence~ Y&iJ". attr1b'i:ltea. ·larle~ to be~t~. srpw'bb,J' . 
on 2n~"'v. rOOt~tQckl"andt ~n., turn t, an, lpcreaae. in total cutiiinas' wbl~pro- ~ 
vided a larser base tor calcUlatins percent ot cUll. ~ . 



... ..-.-. 

,._.,ek., " ... ' ',; ,,10Mb,. ,,~~r.' ~ Tot~ " 
gift ',I .. , 

1,..ar 2,.,..· 
3' .... 

I 

, " ,jJ ','.7,. 
5.1 b 

U.8 a 

9.1 

q" J i 

JI.3' a 
,1.6 • 2.11 a 

1.8 

"0.5-
0.6 
1.1 

0.7 

J8 .... "-"""~; . 

li:'~ a, ~'s, ,~; ,', 

1'.3& ,,'J. 

it 

u.s >" 

--------',----__ -_ .. x'!'J".l.: ........ 'lI!", - .... _, ........ ---....... , ""--_. - ........ #-.. ".Jj."~~ , 

!lW1thta a ~\BIl, .... f'ollowed by th ..... ~tt .. are DOt, siCD1f'1e8al~1,.', , 
41f'teNDtat the 0.0, level .. , ~uqed by,~(!."~ ..... H.1l~p.ie R&ftP~.at. ,. :,' ... , . .. . . "~ :: .,;. . 

'.' .... • " .. ~ .... w.. •• :.j .. ~$ ..... I, .: 

..... , c"el'l aeooUD'te4' ,tor, ,a': 1088 of' a1.o~: ~ peliCe1A;;~'·vb_ 
.y..,.tor the three root8~k as... .ver8fJ!: .eut,,',t:rca ~1~.~, i ,~~. ' 

414 act 41tt .. 81p1tlcant17,emoDa ,rqo:tatoc,k' .... _ " ' 

. CUttirJa 10 .... ' tor ~..,.e .. ' ~.toeb ,~re, "i~tic.t~t, p.1}~, ~bazt' , 
tho.. tor 2nd-year rootstocks When ayerase Cull due to 'borer. au4 caillier. VU 
ocabined. JIoveyer, Dei,tller ".. .. ip1ticutly :ditterat ·tr.CIIl 1088, on. 1.~ 
rootatocU.!h. o .... rall cull tor, ~l ' ~e aaearoupa ay~ .. ed 11. 6~rceut. : 

• • (". '! •• ' •• :-.. ."' . 

" , '., .' ,.... " ".' ~".", ." ' . 
19:1 a SurwIl,.-Cul.1 due to, bor~r.~ 1'~ the ,nine ·nur~8J.'ies., __ ur.Y'qed".. ".:' 

sipiticantly greatest at Vicksburg (23.2 percent) and Huntington Point (19.7 
percent) aDd leut. at the Lake Providence. site (1 .. 3 pe.rcent) (Table 3). Root-. 
stock &&e did not appear to be a' si~1'ic&nt ,.tactorJin'oo:rer lDci~nce. Hov~" ' 
eve, at' W1Qona .an4 Huntington' Point, where, there vere rootstocks ot UiOr,e til.' ' 
one ase, 'cull averaged greater in 8Yi tehes trClll 1st- and ~d-year rootsweb 
t~ frclIl 2n4..yeai' rootstoCks, which lIuppo~i the 1974 t;in41Dgs (Table- 2).' ,', ' . " ~ ... ' - .. ~ .' " . " " 

to ... s due to disease, canker., were siglliticantll highest at Stoneville 
(11. 3 percent) ad loveat, at Lalte PrOYictenc~ ~ (0.3: percent).' The high 1nci4.,nce 
of 'C8Dkera at 8tonedlle vas in switches on' li-yev-old rootstocu.;....:tll. oldest 
laapled in the a~.. Moreover, canker incldeilce vas gener&l~ hishest in 
nurseries maiDtidned at the same ai te tor seYez"~·years. For eX&1llP1e average 
caDker was Duthigbest Oll, 3rd-year ,root,stocks'at WiDO~a (5.3'percent) &1')d . 
J'1 tler (4.9 percent), si tea where i1Urser1es b~ :beeD _int~,n8c1 tor sever¥ ' 
~. At ~ PrO'V1dence, where a Dew nur8~ry' ,was established 1n ·197~n_ 
the Ilidale ot a lArIe 405-ha (1,000-a), cleared site, culltroli caDkera and 
.tro.borera vas the lOwest ot all lites. This, f~ndins was expected bec.,use, " 
oDauch a new site .both, ,the canker 1noculUlll and borer reservoir would be GilIS.1. 



Locati •. 

Vicll.bur •. ,· MI. ... 
Huntington Point, Miaa. 
J'1Uer, Nt ... \. 
Vl~R~ Mi8a •. 
Hunt1n&tOD Po1nt, Mba. 
Winona.' Mi... . 
StonmU ........ ~ ... 
Rec1Yoo4.:" .... ~ " . 
Lake Provlclence. x., .• 

' .. 2 
"1 
,'.3 

'., '3' 
2 

'2 
4 

"2, 
f' 

C';' _ -,. ~-,_ ? ; .. ' .. ' " > < • J ",/." '" i." " .' :._ ,'. .• '. >. p_" --' ",; ,'; .,', -,~ i :.- .. ,: ",' : ... ~1 - -.-' j};jt;',~~, ~'fl 

!lWith1n a' cOl~,m.an8 tOl1~~~"7··\h.'~ui~':iiitir' are not~·~·p!:ti~~tlt·· '" :'.' '.f. 

41tteraut ~t ~ •. O,!,OS ~eVela.:jp.48,.s .b7 .. D,uQcan.s.ew N~tlp1'J~~Te,~", 
. ".'i<.': • . " +':. '. '. ;',' .•. "0 ..... :'. -:.. .: !,..'. ". :;_ ...... ~ '.". ".;, ~'~ .. ;v'.' .. *';.:. :,~ " 

'. ~~. ~'.', .' ._, ~ , ", -',t; 

. Wh_~ trc. bothbON,l-a'~> ~&t,#ri w""c'OIIIbl~e(tortacb 'aPPle,'" ., 
the p1:'Oport1on ot CUll_led lraatli·:ft.CIl ]..6 to 25.6 percent and averag6d ,,' 

. 11.3 perc.nt tor all nureerlea·. ", ';..,' J . • ..: p' . 

. - . , .' '-,," - :. ,', - -,' " ". ; ~." . ' .' . . 

L~~~.···,·· ... ... ·d~ 
~ - . .' 

Abnb_on.L. P' t lev,oiI., t.aadjrbux.ar. '1.'". 1913.. AppUc"tpr tor~ul'il' .. 
i .781)4rI10 uaectic14ea in co,ttoDVoOd buraari.s &i1c1plantat$~". ' ~D;\", .. .. 
:ror.~.";.R.a. 'lote)lo..165; 2p~~ 80\ltb~.~. Ixp. StD~· •• evOr~~~. .,',," La.' . '., . ". .;.' : ,: .... . . . , . . ., 

Arru. G. M. l?10. .t1~j~1 ~l~_"~itl: ~t .'lDaettl, "l.p"C)PPQ <lAG . ';' ..' 
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