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HISTORY OF WALNUT HARVESTING IN CALIFORNIA 

Culture of the Persian walnut (J'ttglan81'egia) in the United States 
is confined to the Pacific coast l'egiol1: most of the commercial orchards 
being in southern and central Califomia. Early culturnl operations, 
including harvesti ng, were primarily forest practices. An ax was 
used ior prunin~ more commonly than the prun.ing saw. Seedlings 
only were planted IIntil about 1002 or H)()-!. Dllrin~ the next 10 years 
plantings of budded or gmttec1 varieties increased, and since about 
191R all plantings have been of this type. 

Hn,rvesting procedure in the early years consisted of gathering the 
walnuts fr0111 the ground aite}" they had ch'opped from the trees by 
natural processes, In an en'ort to gather aU the Cl"OP some growers 
used towers (figs, 1 anel 2) to faeilitate glt'aning. Shaking poles 
(figs. 3 and 4), 1'lIhlJel'-he1HlecI mallets, nnd onwr clt'vices were used 
to some extent as aids in pickillg, but 1l1(ll1l1y to complete harvesting 
and gleaning. 

Plantings incl'eased rapidly. As the volume of walnuts to be mar
keted became grentt'l', mOI'(' and more attplltion was given to the pro
duction of a high I'tualify pI'oc1uct. The illdustry became particlIlarly 
concerned with tiw fnet that a lnrge proportion of the CL'OP developed 
mold, 'I'hp Oalifol'll ia "'a111 lit GI'O\\'t'l'S Assoeiation, organi:l.ecl in 
1!)12, sponsoL'eel 11 l't'st'lll'ch program by th(> Ulliverstyof OnHfol"llia, 
which reslllted in theintro<ll1etioll of Hrtifieial clt'hydl'lltion as one 
means of speeding hllr\'est H1Hl PI'I'\'<'lItillg ll101d. Ill·1!)2:1. Bate'hplor
(,0 3 showed that slo\\' 01' (]Playpd harvt'st resulted in increased per
centages of mol(ly kt'l'IIPls, 

The industry g'L'nclua lIy fHloptwl llt'\\' pl'aC'f ices. all (lpsignec1 to speed 
the haL'vestillg Pl'oC't'ss, Those grO\\'I'I'S who a<1vIlllc'l'fl harvest, into 
an earlier scnsQn~ ll(HH'\'('L'. fOl1l1tl a c1('finite limitin!! fadOL' ill "gL'cen" 
nuts, or nuts with f'11(' hllll ull>'l'pal'al'(,(l from the' sl\('11, which later 
came to be called gl'(,Pll stickti!!hts. Pi('!,('l's could not I'emovc this 
hull by llanc!; nncl' if thl'Y aitpillptNl to do so with the husking peg, 
frngments of aclhl'rin,!.! hull ;;tained the sht'll, making the llut a cull. 
At first it was custonlal',Y to thl'ow tht'se gr('en nuts against the trllnk 
of the tree :indleavl' them nntil tIle hnl1!'i ('0111(1 bp I.'emoyed. Since 
owners objt'etecl to the pi('k('n;' rt'l1loying these' grpen llllts from the 
tree it finally bt'came a comlllon pl'netice fol' the pickt'L's to Illl1'Y them, 
gettin:r tllt'm ~Hlt of sight to ayoid criticism, Loss from these prac
tices was consldel'al)le. 

COLOR AS A FACTOR IN WXLNlT QGALlTY 

Aftt'r 'Vodel 'Val' T . .in tllt' pal'l,Y lD:20·s. the imp0l'tation of walnuts 
from Franct' il1(,l'east'd to SII('11 an t'xtpnt that th('y otl'el'ed scrious 
competition to Cali:t'oL'l1ia walllllts. The kemels of tht'se imported 
nuts 'were chal'acteristically lif!11t in color, ~\s the supply of im
ported 'wa1nuts was gl'eatt'l' than the dOl11t'stic supply, consumers be
came familia.r with the light-('olol'ed kpl'Il{'ls and soon developed a 
pJ'efen'l1('p for thel1l, Bp(,llll:,(' of 111(1 hi,!!11 pen'plliage of light-colored 
kel'l1t'ls in SOme loeal i t'i('s and a YPl'y It igh IWI'('PII{agp of a IllIWl' 01'1 ight
brown kt'l'lH'ls in OfI1PI'S, dl'IH'lllling upon I Ill' l!l'p\'ailing \\'(':ltl1('I.' clll!'ing 
the. growing nnd hlll'\'(':-;till!! seaSOll, Califol'nia walnuts WCL'P at a 

• rtalie llUlIluprs in llHI'C'llthp,.;(';: 1'['f('1' to LitN'lItl1l:(' ('ltl'(l, n, 77. 
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F[lil!lIf: I.-A Hi·root tow!'!' witli whip pintflll'II1 (lPSi;':IH'd (!ll' ,\'illlllg', wi(lel), 
spaced trees. Tilt· :lVI'OII:; n:o;si:;t ill [li('king Ilr IOl'alir.ing tilt' IlutS. 

diSH(l\'ttlltagl'. lind t 1\(,' j.!1'(J\\·l'I'~· assoeilltioll '\·w, ('olllpl'lletl to stl'PSS 
coloI' st:! IIda I'diza (ion 0 f i (s !lI'Oel nets.

• Tlw dp\'ploPlllt'llt of ('olnl' ('0 l\C'l'i OIlSIll'SS 011 the part of thpCalifOl'nia 
waillut illdll"tlT Was !!I·adun!. Om' of the fh'st in<ii{'lItions was tlH~ 
11ldl1sioll of a ('0101' ('t'HII't :-upplk\l by till' Hssoeialiol1 ill till' bullptill 
puuli..;lll'll uj' HHtchl'IOI' ill W:.l:} tD. 111 H!:.lU tile a:;;;ociation cstab· 
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Eshed definite color standards. both as n. basis fOI' detel'mining th~ 
value of walnuts delivered by its grower ll1elllbel'S and ns a gnarantee 
(0 the t'as(el'll tmde. Signilkant price ditfel'l'ntinls were estahlished • 
on the basis of these eolol' stallllnrl1s in combination with standal'ds 
of soundness Ol' edibility. Thest' :::chetlules underwent b~",eral revi
'lions alllll'(·fiJll'nll'nts lJetwt'l'n W:2G and 19-10. 

During thiti pel'iod elrods to illl\>I'O\'('!·wrne! colot, by \'ilrious mctholls 

• 


FI(iI·II~;:!. "\. :!! ·l'n"l. >'l'lllil l'i1 ill'l' I~'I'I' "I' 1(111 PI' j,.; tYI'I":t1 of t !II' <1",,1;:11 1If',''';;''III'Y • 
\\'1 Il' I'l' 1IlI';!\' 11'['(''; Iparl' Iinl.,' .-p:l1'1' 1'111' thp tllll'L'\' to gIl thl'uugh, It is easily 
111lllll'lll"'I'l't! alill ('till bt! buill at luw cu:;t, 
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i
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As u consequence of this situation the entire industry was alert for 
improvements in,lml'Yesting that would preserve the light color of the 
kernels normally characteristic of the mature green sticktight walnut. • 

DEFI.NITIONS OF TERMS 

After color and SOUI1\lIll'SS stanclal'(ls were set up by ChI' California 
'Yalnut Orowel's Association, certain terms came into crenel'al use in 
the illdustIoy. ~in('e the 1'(.'::;(.':IITI1 work was c()l\(lllde~ in ('lose co
opemticlI1 with tite assol'iation, theil' tt'rll1:i al'e llsed in this publication. 
Some of tIll'se terills lll'e dl'filH'(\ as follows: 

Blight (5)-A badel'ial disease which may inft·t't 01(' hulls of the 

• 


• 

F[(Il'J:~ -I.-Shnldllg )iolp;:, r:l1I!.(ing [1'0111 HI to au t'l'('t in 1(,11g-(II, al'(~ Woil,a 11$ aili:; ill 

bl:ing'inl; wnllllll:; dOWll from llt<: tl't'l':;, 



l .... j III I Ill) [1.'\1. 1\ 11.\1:\ 1.~1l'\1. Ill\, 1'1:1:,.;/.\:\ \\".\1.:\["1' 
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, , ~ l,,,,' , 01,; .; :-t d.l\ I', "; f I~" ,Ial ]It,I[,,\!lI'd hill"; Wilh II 
'. 	 ·r ,;, .-- .1'\ of \'. ., oj 1,"\,1· .... LI ,11 .. ,,1" t'q'tl·uti) u ....PIL 

• \\ ,f. tI III ,,: - -t:l~.,- .. \ f!'I' 1 ~p.\\III :11:.[ IJlallll'it\, 1I1ldpI' 
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1"I, " f \- ). ,:", IIi 11 :'::",1: Lilt- !i!,I.,al kl'l:d.JI', ('\\'\'1'1 :1- l'UII,., l,!,
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" ,1>\ ,'.1 ;'.' ", \ I'l'.!' ,.:t! i,I",wIIIII!,!, 111'111'1'-,., 
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WALNUT QUALITY AND FACTORS CAUSING ITs DECLINE 

The effects of difFerent harv{~sting methods on walnut. quality llre 
gh,en bdefly in table 1. "Natural h:ln'est" ns used in the table refers 
to thegntliel'ing of ,wnllluts nftel' they have dehisced (opened nat
urnlly). "'Yatel.' sweat"l'efel's to the water-sweat process (40) used in 
handling' the 10 to 20 percent 01 green nut!>. TIlt' value of the enTI)' 
and rapid harvest made possible by the lise of ethylene as showlI 
by its l'fl'eet on quality is indieaU·d ill lhe tuhle. The bble shows 
further that the use of the etllylelle Pl'o('('ssl'edu('es to a lIIinimulll 
lhe quality los!'! eaused by fh'e fndOl's and in('I'pasl'R the quality loss 
l'uused by one (v('ining). These .tadors al'l' briefly discussed in the 
oI'lle I' in "which they al)pe:n' in the table, which is l;ot necessarily the 
onlel' of tlll'ir·importance. 

IIusA: jly 8t(lill,~,-Boy('e ('7) shows that walnut husk fly illfestation 
does 1I0t O(,CUI' unfillale AUg'lIst, in II IO!>t seaSOIlR. The Pl'I.'C(·IIi:Ig'l' of 
infest.ed nllts illt'I'pnSl's I'apidl." as thl' 5l'aSOIl IHh-all(,I.'R alld nil' hullR 
soften so thttt'the flies Clln ,hly eg'g's on the 111 , Bl'l~tlk-<1own of tIll' hull 
callsed bv 11111';k II\' Inl'\'a(' 1'('SUltS ill Sl'\'l'I'P stainillg of the shell, 'rhl' 
promptrl'nlO\':d fl'Oll! til(' treps lIuHll' pussibh~ by fll(~ l'thylelll' pl'OC'{~RS 
perlllits har\'l'stillg' a Jal'gp pad or the ('rop it; tillie to escape hllsk 
fly infpstation. 

SWllrtwn.-Thpl'{' is. no ('ollsist(,lIt rOl'1'elul'ion bp(,,'ppn fhe extellt' of 
visible sunbllrll on till' slIl'!':t<'(· of tIl!' l!I'PNI hllll al1<l tIl(' sl'\'erit'\' of 
injury eitllPl' to slwll 01' 1.l·I'lIel. II; sonl(' 1ot'1I1itips and in Romp 
seasons a slight: yellow ('olomtioll of the hull may be :\('C'olllpanied by 
an 1Illinjlll'Pc\ slll'lI alld 1.el'IH'1. Tn ot'hpr ypal's 01' olhel' lo('a1ities nil' 
;.;11('11 mlly be injlll'l'd and till' 1.pI'l1el not injur('(l, 01' viet' \'l'l'Sa, If the 
sh('l1 is not dis('ol()l'('(J h,\' till' sIIn1)lll'II, it iR illlpossihlp to pie1\: Ollt thl' 
Sllnblll'l1Nl nuts afh'I'lhc' hllll is I'PIlHlYpd. rsp of tIl(' ethyl(,lIe Pl'OCl'SS 
'for loosPlIinU" till' 'hlllls of U"I'rpn s!il'idight walllllls P!lnbl('s tI gl'ow'.'r 
to ('III I (lilt Slillhul'lIpllnllls l~(.fOl'(' tile,hllil i::; 1'(>11\0\'('(1. • 

'Wol'lI1y,-Thp pad." :;tal'l and Sjlpl,(I iliadI' possiblp with Ihp ethyl Pill' 
pro{'l'ss, as ('ol1lpan·d with thl' llIost' rapid llatnl'al lIal'\'('st pm;siblp, 
redll('l's fill' lIulllbpl' of WOI'IlI\, walnllts and also tllP llumbC'I' of walnllts 
wHh sll('ll:; :;ta ill('tl hy \\'01'1\1 hill 11('1:;, lin ('tl'eet' silldlnl' to stttining from 
lillsk fly illf(,~tati()II, 

J!olc,.-With til(' Plhyh'ne jl"O('l'SR, nlid h) a (,l'l'tain extent with 
wat'pl: I;;wC'nt. walllu!:; ('1111 b(' rl'nlO\'('(1 fl'om I'lle tt'pPS ;;uflieil'l1i1y parly 
to pI'P\'C'nt 11101<1. 

r rilliu{/.-For ~Ollle unknown l'paRon the exposlIl'e of "'nll1l1l's !!l'own 
undl'" ('Xtt'PIIll' ('oasta 1 ('olld i tions to tll(' fenl\wrll (111'P I'('(J! d1'('(1 JO!' PI h,\'
lenp tl'patl1ll'nt (lal'kl'IIS the libl'o\':IS('lIlal' bl1ndles of tltl' kl'I'npl Ill'lliele 
('xtl'ssin·ly, Tlds dal'k(,lIillg' 110(,;; 1I0t take pla('(' WIt('11 the \\'afe"-s\n~at 
P"OC'l'SI;; is Ilsed . 

..:lmbel-hlf/.-Im'C'sti!!atiolls pI'ow(l thnt 1111(1(',' !lol'1I1l11 ('ondit'iol1s 
the walnut k('l'I)('1 ha,.; IIll1ximlllll qlllllity when it first I'('adws t'nllmatu
I'itv. '{'lIlll'" ('p,'hrill elillla!i(' ('olldil ions. til(' dafl' af whi('h titis OCCI1I'S 
1l1:~\' /'oilleitll' wilh til(' loosl'nin/, of the hull, 

'(""'1<1('1' othpl' ('Iilllatil' l'oll!lit itllll'i t Ill' hulls mll\' not 100s(,11 nOI'lllally 
lIntil as llHH'h a:;'!}(j dayS at'tl'!.' tlH' k('I'111.'1 hns l'(.a('hC'dlllatlll'ity, ihlis 
{ll'layillg' tIll' slal't of' (11f' ltatlll'ni hlll'\'('::;t. DlIl'illg' thl' dl'lay'IH'l'np', 
quality dl·[Pl'iol'Ht(·:; I'apidl),: l'i('kill,U" ,,'a11111[5 ill till' !!I'PPII sti('kti!!ht' 
stagl' ",h('11 (lil' 1.1'1'11('1 is fully Ill;ltlll'l' and loosc'lIing til(> hllll wifh the 

• 


• 


• 
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TABLE I.-TIle etled of '?Jari01l8 lWl'vesthl!J 1ltetltod8 on'tvalnut quality 

Hlm'cst with aid of- c:! 
rJJ 

-"" .,"' ._-_...,,--;--------- t'1Faelofs of \\,11111111 quality Natural hun'cst ----~ ..,\Yuter sweat Ethylene o 

!:'l 
------------------~---I ~ Hiz{' ~_, •• "'"'' _ ,,_._" .... __ • No {'{feet-____________________l No (·lfect. _________________ _ No effcct. ..... 

..-! 
EXil'mul app<'arlllll'(' of "Iwl!: I 

~ _ , t"'l'prforlltions ._____ " __ " ____ Alo-______________________ do __ ~_- ____ __________ Do. t?l 
Z 

Di;;t'Jm~i~~~~J~--.---.------ -----do_---------------------l ...do.. ___________________ Do. t?l 

l'lllkeye_________________do______ . _______ """_ .•do .-. -- _________ 1.\ Do. Z 
J[1Ii:ikJly sLuing____ • __ •. Hcducc$ slighlly if hnn"c,;!, is I Ih'c!ucl':; ~ol\;;id('ral>ly__ ,,_--; Almost c:Iiminates. :!J:iru~~ I I ..... 
B.Hllbllrn ___ • __________ Hlo\\' han'est illl'rell~e:;; rupid ]tt'due(;s ..;;OlllcwhaL through ') Reduces to minimuUl through early ::0 

hll\'\'csL decreases. incrt'll";l'd speed. start and speed. <
t?l 

Soundness of kernel: 
BIi~ht-------------------- No (,lfet'L ____________________ No clfcct-. ---.--.----------- No effect. ~ .....]jlnnks________ • ___ -______ _ .do. ___ .~ ____________ •___ • ___ do_____________________! Do. Z
Bhrin.L ______ ..•. ___ ....... '. .do. __ .... ___ ... .. _do ______________ .. -_.J Do. o 

HunhurJl _______________ , . HIQ\\" hUf\'ci:itim'r('usc:'i rapid llcduecs. somc\\'llIlL thfl)\lgh t Reduce,; to minimulU through early 


, hur\'c:,(. rcdIH'c:;. incrcased !;peed. start alld speed. &1 

"·orIllY ___________________ !llnpid harvcst deCfl'IlH'S s1ig;htly_ ~oJlle illlprO\'elllcnt ___ . ___ ~ -1 Do. t?l 

l\IoldY____________________ , Hlo\\' hur\'e;;t inerense,;; rnpid Hqdllcc$ sOl11ewhat through I Do. >j:I 

hur\'cst reduces. lll<.'reuscd speed. 
t?lI ::0 

Color of pelliclc: ! rJJ 
Hpecklu__________________ -1 Apparcntly 1\0 uffect___________ Apparcntly no effecL ________j Apparcntly no clfect. >Veining___________________!. ____ do___ ____ ________________ Improves______ ---._ --- -----, Damaging Oil coast; little or no Z 

effect in other districts.
f •Ambering_________________1 l\fuXilJlIIIll speed of han'est re- lleduces through IIlcrenscd Reduccs to a minimulIl through ~ 

duces sOUlewhat; but loss lUay speed. early start and speed. 
?be scverc. ~ 

~ 

!~ 

u 
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I\id of ethylenemnke it J?ossible to preserve It -fn1' greltter proportion 
.I' of kel'Jlel qllality. This IS the greatest etonomic vallie of the ethylene 

I)l'ocess. 'rhe water-sweat procl.'Ss cannot be used effectively until the 
lUlls nre near normal loosening, but pl'eserves whatever color qlmlity • 
remains at thnt time, 

CHEl\UCAL PROCESSES IN DEVELOP~U:N'T OF A~mER COLOR 

Probabl~y tht· sallie ch(,111 ica1 l'paction occll I'S ill the fOl'lllation of unv 
color in trl(~ p('1Iicle~ wheth('l' it is speekling, veinillg, /1Ir1bl'I'inl!, 01' 
"black" kernel, the last being all illtellsification of limbering. Speck
Jill" is localized, as the teL'lll implies. By the s('('ond day of a hettt wave 
Jight-g'l'lIv 11I'eas have been obst'I'nd on the pellicle, These discolored 
areas al'e~uJld('r minute droplets of moisture which form between the 
ker.'Jlel Itnd the, Hlwll tissue undel' conditions of extTerne tl'llnspirational 
loss. Sucll light-gmy, almost water-soaked areas turn dlll'k bl'Own or 
blllck in It few days. 

So fill' as is knowll, tIle chemical compotlndsinvolved Illld the re
action that OCCUI'S have not IX'ell cletl'rlllined. Thcl'c Ilrc two chelllical 
l'eactiolls.lIOWt'Vl·l', one 01' both of which lIlay ac('olillt for the forma
tion of ambol' colo[' in the kel'lI('l pelliele or ~for slwekling or veinillg. 
One of these rcactions is the oxidal'ion of the colorl('sH eompollllclllydro
jllglonc (1, ·l, i,-l1a pM hall'lll'tl'iol) to JOl'lll the bl'own j uglollc (5 hy
droxy-i, 4-1Ia.phthoqllinone). The crystals of juglollc ha ,·c a re(1<11:;11
brown to bl'o\\,11 eolol' t.hal. blllt'kells ut hi~heJ' Il'mpemtlll'eB, This 
color rllll:.!e is sil11illll' to that -fOlllld ill ambet' and speckled wah lit • 
kernels. The othel' reactioll is the oxidation of blllllin com pOll rltls. 
Both ofthese rcactions arc probably cm:Ylllal:ic .ill character. 

'I'he coloI' Pl'OdllCNI by the ellzyillc-catalYZl'<1 oxidation of (~lltecllOl 
tmmins in varil'tlcs of pcaehcs slIbjeet to browll i Ilg (85) is very silllilu' 
to that of Illall." walnut kel'II£'I:-;, fllasnllleh af> "ill the wall1l1t, jllglone 
occurs cOlllbilH~d with tannin in all pal'tmchymatolls tissues ('x('('pl the 
embryonic l'Oots and leaY('s" ( 1.7)1" fllJ.?-i"O 1.1.1), the color change 11111 y 
be c:tllsed 1)\" both these l'('ad iOll!'> llndl'l' BOlIn' l'Olltlitions and one (ir 
the othel' ui;(I('I' dill'PI'l'1l1 Ol1e;:;. Til 11lIy evcllt, as far as COlOl' is con
cel·ned. the result would b(' similar. 

ORiel;'; OF TilE ETHYLENE Pnoc~:ss 

For It lOll:.! tim!.' l'thyll'ne as a. ('onstitut'nt or smoke was URl'.(l unknow
ingly as an. aid ill soitening Pl'llJ'S and IWrsil)lIlH)IlS and in the fruiting 
of mangoes alld pilleapples un. In 1!):2;~ Dt'nny (2;3) diston're'd that 
ethylene, liS II prodllct of iJ1('J)tnpletc ('Olilbustioll fl'olll k('I'oselle heatprs 
used .in "sweatillg" citl'u!'> fntits, was I'esponsible I'm' the colol'ing of 
oranges and lemolls. It has slIb;:;efJuently bl'PI1 fOllnd (/5, ]0, :34, !?!'I, 
gO, ;30, 65) that cthlylene is It c'on;:;tituent of the pl'oduets of respir!l
tion of certain plants and sern's some pm'posl' in tl1l' nDrmnl fllne
tioning of plant processes. Th(' nse of ethylelH' to l'l'l1ledy c1e.ticiency 
conditions is.no more an Illtific'ial procedure than is the addition d 
nitt'ogenolls salts tD thl' soil as a fertilizer. 

Chare lind Chllr('h (/0), alld Hairl'!.'t al. (;j) cOllit'iblltN1 additionHI • 
informatioll 011 the (·III.\'I(·Ill' pl'()('essing of C'itI'IlSfrllitH. Ha!'V('y (Jl) 
and HiblmL'(i (.JJ) Ilsl'd t·thylt.'l1e [0 bll'al'h t'el('IT alld to HtimllJate tLc 
colol'illg of vadous fruits. ROlla (5U) found that ethylene is an Hid 
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in tho colm'ing of tomatoes. Dayis und CIll\l'ch (tJJ) usod it for tho 

• 
c?lol'ing, softening, and l'emO\,1l1 of, astringency of 1.1'(:o-1'ipo hllrd p~I'
smUllons, Chace and SOl'ber (II) mtroduced Its USo mto the penr 111
dustl'Y as It means of softening the fl'uit helot'o canning, 

D. H. UlIlldle, lila nal!l' I' of tho Los Nietos and Rllllchito 'Walnut 
GI'.oWCl'S Association of Uivel'u, who was familial' with these ust'S of 
ethyleno as well as wit.it the gl'el'n sticktight problom in the hllrvostillg 
o.f walnuts, conceived the idell thllt ethylene llIight looson the hulls 
of walnuts, Lille ill I:he hal'\'ps\: season of l!)a~ I\l' placed two lots of 
gl'e('n stil'ktight wailluts ill Ihe etllylelle-tl'l'nt:ing I'oom of Il citrus
pa('king hOllse, The ellt'oIlI'HI.dng result.of Ihis lin~t txial wao l'epol'ted 
10 tllp fit'lli lI1ullngl'l' of I Ill' ('nlif(Il'lIia WHIIIIII Growers Association 
alld till' ,\gl'i('trltlll'ttl Extl'IH;ioll 81'l'vi('p of I Ill' University of Culifor
nia, UII nd Ip's S('('oIHI tda I WIIS obs('I'\'(lti by nlt'lIlool'S of tho Exton- . 
shw 8l'I"'ic\', tnH: it: waS illl'()lwIIlSi"l'. .III ('.oOPl'I'llt iOIl with thl~ Lllbor
atol'y of FI'ltl! 1Il1d Vl'gl'tnhle Clwlllisil'Y of IIH' Ullited Stlltl~S DcplIl't
IIH'lIt or ,\g!'it'ultlll'l'. III Los .\ngpl('s, al't'nlig"PlItonts ",m'o nmde. for 
1I101~l' (~.xl (,lIsi "Co Ieia IR, bill it p\'()\'l.'d illl)lORSible 10 filld st.ickUg,ht wal
nllts 1'01' nddi'fionlll ill\'llsligation ill thai' Yl'al'. - , 

• 

Til 1'(,(' wt'l'lu, bl'I'OI'l' thl' 1101'11111.1 lWl!illllillg of' HIe 1I)a:~ walnut
hal'ytlsl' srHSOIl. (,,X 1)(,I'i 1l1l'II\S \\"(,1'(', COlldllcted at the Labomt.ory of Fruit 
alld Veg(ltabll' Cllplllistl''y, whi('11 (,Ollfil'IIIPd Hnlldlp's idell, 11 wns 
iIllIlH'diatl'l\, dis('oVI'I'NI, hO\\'l'\'('I', Ihat· lIlallY n,la\l'd pl'obl(IIllS had to 
lw so1\'('(1 \)('1'01'(' ('lhyll'llP ('(luld 1](1 nSNI ('OIlIIlIPl'C'ially by wnlnut 
gl'owPl'S, Ext (Illsi Vl' n's('a I'('h iII !!1M, l!lar., IIl1d wan provided tho 
aIlS\\'('L'S 10 1I108\: qm'stiolls 1'('lalillg to tile pl'lIl'fieul applicIIl:ion of 
('I h)')(' II (I 10 til(' hal'v('stillg of walnllts, 

Ethylene is a highly flammable gas. The concentrations recom· 
mended for the processes descl"ibed in this publication are not 
explosive, hut persons operating the equipment and wOl'king 
around the operation should avoid breathing the gas even in the 
low concentration fOl' considerable periods of time as the anes
thetic ell'ect is cumulative. 

Operators must use cat'e in handling the cylinders containing 
the gas, operating the valves, piping, etc., to prevel1lt It!aks and the 
COnSe(lUent forming of explosive and poisonous conceltb'ations of 
the gas. 

Cylinders must be stored in cool, well-ventilated places, away 
from oxygen cylinders, never in sunlight or wht!re exposed to 
other sources of heat. 

In places where concentrations of the gas greater than 100 parts 
per million of ail' are unavoidable, operators must. wear a gas 
mask e(luipped with a canister guaranteed for filtering ethylene. 

DEVELOPMENT OF THE ETHYLENE PROCESS FOR TREATING 
GHEEN STICKTIGHT WALNUTS 

• 
Thl' PI'O('l'ss ('on::;isb; in plllein/! 11111\111'(' I!l'l'PII st:ieklight walnuts in 

suitable ('olltnilll'I'H in I'Pllsonabl" gtH;tight rOOI1lS Ilnd t!xposing them 
1.0 tl l. to .I ,(lOO ('OlW("nU'at ion of ('ih.YIl)IIt~. As fal' uS pmlsible, tempel'll
illl'('H are held bl'l Wl't'll (i:)O anti HW If. 'f11l' ITl'Utillg" 1'00III is thoroughly 
ventiluted two 01' threl' tim(l~ (laily, to 1'('1II0Ve excess 1II0iHtlll'e und 
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ltccul1\ulnted cnrbon dioxide, IUld is recharged 'with ethylene ufter 
each velltilution. 'rhe hlllls 1008ell in 1 to B days. As soon as at 
least 05 percent of the hulls are 100selled, the walnuts llre hulled llnd • 
drying is stlll'ted (5,6).6 

FIRST THIALS OF TUE PROCESS 

The .lil'st laboratol'y expl'l'irnent on loosening the hulls of gl'eell 
st.iektil,!:ht walnllts, sbll'ted on AU/!,mit 21, 1!J(1:3, was between 2 alld 
3 wl'cks ill a{l\,am'(' of the n,ol'llllt! dute of hnl'vest as IH'aei:iecd by 
thoso who stul't.ed as cndy as possible, and a month ellr iet· t:han the 
beginnillg of IUll'vest ill the Ill:ljol'ity of ol'eh:Il'<1s. The ollly evidellce 
of IlppI'ollehing 1Illltlll'ity was the j)l'l':;('lIce of tl slIHlll IWl'l'l'ni:ngc of 
walnul:S on I,L sl'l'dling h'l'O wit:h c\':leks in the hulls. This tree was 
lwown to be l'Al1lsist('l1tly eady. It: is wpll to noll' 1I1'1'l' that till' hulls 
of slightly blightl'd, "'OI'IllY,' 01' ot\ll'l'\\'ise wl'ukp\l(·d wallluts cl'Ilck 
about 10 days to 2 weeks bd'OI'e thosp of 1I01'1I1l11 walnllts. 

l'\\,o sampll's of W:t1l1uts hom theEI Montl' dish'it'!, one of Placl'ntia 
vlll'iety, Lhe on\('l' f1'01l1 a ~l'NlIing tl'(,(" "'l'l'e pi('\wd on August 20 and 
deli\,l'red totll(~ Illbol'Hi(H'yfol' t!'ial on AlIgllst ~n. The two SHlllpll'S 
were divided into fOUl' pOI'tions Pilch. Olle lot (No.1) of each val'lcty 
waS placed on shallow II'a,Ys in a ('llbinPi: nPPI'oxill1alcly 3 by 3 by ,~ 
feet with an inil'l'iol' VUlll1l1!' of abolll: I,ODO litt'I'S. It wits cons!t'lIt"tcd 
of. tOllgue-and-gl'oovc .Iul11iwl'. insulatell Oil the inside '.VWI Celotex. 
A large sliding door 1)('1'l1lil'tNl thp ('ntit'c elHI to open. The door 
could be l'lalll(wd shut, makillg the enbilll,t pI'Hetically airtight. Tem
pcmtlll'e. within the box. could bp ('ontt'ol\(;d by elce(l'ic strip heaters • 
equippl'd with a thel'mal l'l'gulatol" which was set for 75 Q F. One 
IiteL' of ethylene displaced by watcL' :from a flask was fOl'ccdinto the 
tik!htly closed eabinet through 1'lIbbcI' tubing, /!iYillg a eoncentl'lltion 
of 1 to 1.000011 the basis of the tolal volUllle of Ihe ('ahinet. DlIl'ing 
the tL'eating I)(,l'iod thl' ('aUilll't was opened twiec daily for haH-holll' 
periods. pel'mit t i ng ('0111 pIpit' wnli IIlLion. Aftet· each ventilation it 
was l'eeha1'g'e(l wiOI l'thyll'nc. 

Since the ",all'I'-S\\'l'at Pl'Ot'PSS (40) was til(' only means then known to 
assist ill IOO~(,llillg walllut hulls-it WaS uSl'das it check. Lot 2 oJ each 
varicty, thN'l'fol'C, WtlS watl'r-sweated accol'ding to the standal'(l Jield 
pl'occ(llll'e (.10).

'rhe thil'lL poL'tion of (\nt'h sample (lot 8) was placed in single layers 
on npI'icot-dL'yillg trnysin a cabincl' similar to that lIsed for lot 1.. 
A we!' burlap snl'!, was placed ovel' the walllut.s [0 keep them damp, 
and cthylpne WtlS applil'c1. This was a cOlllbinatioll of the watel'
SWl'at and ethylene Pl'ot'l'SSes. The vl'ntilation schedule waS the same 
as fOI' lot L 

Lot ,b was handll'd pI'ecisc1y as waS lot 2, wit:h thc ex('cption that 
ethylene-sat;uL'atccl watel' was llsl'd iLl place of ordinal'Y tap watm' "for 
drPIl('hing til(' walnllts.' 

Thl' hulls of lot 1, trl'ated dry with ethylene p:as, were loost'fl'Oll1 
the shells at- the ('11(1 of 88 h01l1's. They \Vl'l'e then plal'l'd in a de
hydl'ato~'. Thil,tecn days were l'l'qllil'ptl to lOO~l'n the hlllls or lot 2, 

Ii Also MAIISII. n. TJ, OI'I':IIA'I'ION IW \\'.\rSu'r m:IIYllltA'I'Ollfl. ('aliI'.•\~I'. l~x[lt. • 
StH, (j I)P, l!l::fI, 1~llllll'O';':l'iI(lIl('(I.l 

1Ethyll'lll' bas i:; :4olullll' ill wall'1' 10 (hI' t'xtPllt of auollt !! 1ll'I'/'l'ut h~' volume. 
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Fa•• 1:1: Ii, III \lilil'!' "\\i':i!il •.:. Ih,' hll'l" '1'1I"!, "1"'11 111111 b""lIlIlI' 1111'111,· a,; tltll\' 

1""",,, Il"'!fl 1IIl' ,lll'lh, 1~;lI'll'l'i"l ,11"';1.\' , ..I, it. II II Io-ld,1 , ... I!\illillg' iii,' ';hl'Ii's 
d II ... \\"~I"lh ill'" nillO\\"" t" 1I'liiaill ill IIi" \\';d"I' '1\'I'al I"" I,,"g', 

!Ill' ,'Il",'k [III ilt lIall'l' '\\1':11. ,\1'11'1' thll l'i!!1111i (II' Ilillili dar or tliiH 
Ill'UII1II'ld, "IIII,i"I'I':"III> tll','n.\' dt'Il,IIII'I,d. al:~1 II,\' I Ill' Ildl'll'~'llth day 
:tlllildl, \\1'1'1,1,:\1111 .\i'<'I,[III'I,<I :llld .[1'(':[\1,01 III!!, (j), 

TIll' Itltll, 111'1111:\ \lNl' 11111 all 1'lIllq'dl'll'ly ItlIJ"I'IIl,d WIIl'11 I Ill' IlIltH 
\\,'1'1' hllll,·" ,.., 111 1111'''' afll'1' 1111 I. ,\11 addilitillul tla\' \rInild h:I\'(' h(,1'1\ 
!!I"""':lI',\ 1,,11:111' IJI'lIdl1"l'd IIII' -:lIlll' 1'1' :ill"':I" ill 1,;1 I. 'I'llt'l'lllyl(,1l1 
".!d"d III I Ill' \\;[11'1' ill I,ll I !tntilllll'll','I'1 ill illl'I'l'w... ill!! I Ill' I'nll' or hllll 
II:!.! II 11l'11 ('''1111':1/'(·01 II il h 1'llI'd, 1111:2, Till' I'P"ltil"; 01' liti,.. Il':-I nl\' 
!,!I\I'" ill I:tid,,:!, 

:-'1\ Ilti,,!!- \\!'I'I' I11'''1 I!.dll (llil h\' tld ... II'inl. (I) EliJ\'It'lll' :-lillIlJial('11
1

I Ill' 1:11" "I' Itltlllllallll'il\,(':lII-ill'!! lilt' IlIdl, 11111111'1'11 11'11111 I ill' ,11l·1I ill 
11111'1'11111'111 111(' lillll' 1'l';plil'l'ti 1.,1' \\:111'1' ,.11 1':11 ill!..!', 1:2) ,\I:lililaillill!! 
a 111,,11 l'lllldolil \ ""I'ill~' 11'1':llllIl'IJi. a:- ill 101 :L 1'1'1 :1 I'd 1'.1 1111' I'il't,!,( til' 
1'IIt,\!''lil'. ,:;, \" Intll d"":1,\ dl'I"I/lI'I'" i'l Ill(' lilll!' 1'("pJiI'I·tI 1'01' Illdl 
l""~I'I!I'l~' \1 it I, .. ilit!'I' 1111 I til' 1,1/ !l, I II '1'1,1' Illtil~ 111I1'('lll'tI 11\' 1'111\'1· 
1'11\' diol 11\11 ''1':11'1, "1"'11 :llld 11['1"11111' 1IIl'al,I :t~ did litll~l' l'II)";'IIl'd'II,\' 
\1:l1l'1 ~\\I"II. ,:,1 III IIlI I. ill!' 1'111111.11'1,· iIldl 1'111111' IIII'. !Pal'illl!' till' 
-1...11 II\'T!.!111 :11,,1 .,i111l1111 :Illy 1i111'I' adlll'!'illl!' t(] iI, (Ii) 1':lityll'lIl' 
III"-I""·.! IIII' !";]!,, fir illlll!:tllll'l' \Iallllll~, '1'111' i'ill'l I h:ll Illl'''l' w:tlllut,.; 
tl"lI' :lltlll:IIIIl't' 1\;1' "IIfll\lI 1.,\, Illl·il' :11'1'1':11':1111'1' "i'II'1' dl'II,\'III':llilll1. 
,\111\,'\'1' l!till ....,,1111' II ('IV ,IIl'lllll;I'lI. ;tIlt! all \\'('n' 11:11'" ill ,'\lIlli', .\1 

• 
llt:i1 liI L ".llll\II'\I'I'.IIll'"i!.!lIili"Hli"I' ,d' ,lli"'']:lI'" ,'ollll' \\'a' 11111 l'I'nliy.PII. 

1'1 :til "ItI'~I"I'il'ld 1'\I'I'l'iJIll'ld";, hllll, ill 1111' l:llit)l'nlflI'Y :Ill" ill till' 


Iwil, I'll' 1:t1" ,,1'11':11'1 ,d' 1'11',d"III' III 1.1"'111':11'("" Ill' :til' ill 11'l':tlilllJ; 

,\t:llI.l,.'r- 1\:1- ""!I'lI"'I"'.] :1':1 ~I:tll"al''', 
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TABLE 2.-Time 1'egui1'ed to loo8en walnut hulls by treatment with ethy 1ene and wieh:wate1,!(Weat ~ 

8"
Placentia Seedling l?'J 

~ ....l~o!; Dura- Dura-l ConditiOn of shell Condition ot kernelTreatment tion tionNo. Condition , Condition
of of ~ 

of hulls of hulls 
treat- treat-

IllCut ment ~ 
,,- .t< 

.":t"'p, 
H

flOUTS ,.;;;HOUTS 
No decay___ 88 No decay___ Lighter than in normal Thin, with apl5earance of Z1 1:1,000 ethylene, dry treat- 88 

harvest. immaturity.ment. <::>
Decayed ___ 312 Deeayed ___ Stained by decayed hulls___ Do. c=.2 Water sweat______-------- 312 


3 1:1,000 ethy1ene, walnuts 196 Nu decay___ 19(5 No decay___ IJigliter than ill normal Do. '" 

harvest.covered with wet sack. 

Decayed ___ Decayed ___ Stained by c;l~cayed hulls. __ Do. ~ 4 Water sweat, water satll- 3]2 312 

rated wilh ethylene. i 
 i~ 

1 There were a few partial sticktighis after 96 hours. ~ 
~ 
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EFFECT OF ETHYLENE-TREATING ENVIRONMENT ON THEWALNUT KERNEL 

After the discovery that ethylene stimulates the maturation proc
esses of the hul1~ thus conditioning the nuts for rapid, easy hulling 
after 11, relatively short treating penod, the next step was to (lctel'mine 
what l'ifl'ct ethylene and the trfuting environment have on the qUitlity 
,yf the kemel. 

Table 3 shows the effect of telllperature as a factor of treating en
\'h'onnlCnl: antl various treatments on field-hulled and green sticktight 
walnuts gl'OWll ill nn Ol'('hal'd at "'hittier uncler sel1licoast:tl concli
tions. Three separate pickings 5 days apart were studied. 

T,\BLE 3.-Et/'ect ofen'oil'071rnent dwi1lg treatment on t1~e colm' of 
field-lt'll11ed and green 8ti('ktir;M v'a1mlt kel'1wls 

Lite pereontag() of 
kernels in walnuts 

pieked

..Q) 

;::l 
'00 

:::l 	 ::: 
Q)::: 

"'" ... 	 ""'-Q) 

Condition of nuts Treatment <:l 

g. 	 ... <:l "'''' <:l,!4 
a o.<:l..., 'tl 	 ..., 
~ 0 -.j< 	 <:l::::0 	 ::: ]1 lQ .... .... bI)..... 

<:lZ ..., 	 :.a ~ ~ ~ So 
<:lQ)

0 	 "0 S 0. 0. 0.. 

• 	
Q) Q) Q) >bI) 

~ 	 0:; ~ U1 U1 U1 ~ol 

of. llour,~ 
1 Field hulled _______ 	 (1) 80. 0 81. 7 81. 783. 3 _____ do ____________ ------------------ ---
2 	 76 84 10. 7 11.0 15.7 12.4 (2) _______________3 Green sticktights___ 	 ---- (1) 395.3 ~ 91. 0 78. 0 88. 1 _____do ___________
4 	 76 84 88. 7 75.7 62. 7 75. 75 , _____ do ___________ -----------------

l';thylene 1-1,000__ 70 84 82. 7 78.0 70. 0 76. 9 _____ do ___________ 80 84 79. 3 73. 0 64. 7 72.3 _61----~~~0--------_--

1 Drying started immediately. 

2 Hulls removed with lllechanical wire brush; no ethylene used. 

3 13 percent exhibited reddish-brown blotches on all otherwise lite pellicle, 


indicating the lust stages of inllnaturity. , 
'5.3 percent exhibited reddish-brown blotches 01\ an otherwise lite pellicle, 

indicating the last stages of immnturity. 

Lots 1 and 2 of lLll three pickings were field-hulled. Drying was 
started imrnediately with lot 1 of lll1 pieks, wlli1e lot 2 was stored 
at 76° F. for 8,~ hOllrs withont. ethylene. Kernel color droppe<l from 
81.7 to 12.4 percent as a result of long storaf:;e at high temperature. 
Lots 3 and 4 were gL'l'en sticktight walnuts which were not treated 
with ethylene. The hulls of lot 0 were removed by blltring, and ell'ying 
was startcd at once, thlls preventing flldhcl.'loss of kernel color. The 
percentage of lite kel'l1t>ls was gl'eai-eL' in ·this lot than in lI..ny other. 
Lot 4 "was stored for 84 hours flt 76°. An average of 12.4 percent of 

• kel'l1el coloI' was l()st when compared with the average of Jot 3. Lots 
5 anc16 were ween sticktighb, treated with ethylene. Both were treated 
for 84 hOllrs, but. lot 5 was kept at 70°, 6° cooler, and lot 6 was kept 
at 80°,4 dl'gl'ees wa riller than lots 2 and 4. 

S.J2ai:!o.. --r;O~-3 
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The loss o'f kernel color between the Itycragc of lot 3 and tlle Ilverage 
of lots 4, 5, and () was (widently due to tempeJ'atm'p anc1not to erhylpne. 
LOt. 4, which received no ethylene, maintained It colol' compl\1'able to 
that of lots 5 and 6, which l'eceived ethylene. 

The avemge kernel color of gl'elm stidd ip:bts in. lots 4, 5, and 6 
after holding was 13.1 pl'I'Cellt lowel' than that of ht 3 which waS dripd 
illlnwdiately. J!'ieltl-hulled nuts IH'ld for S-l hOlll'S at 7()0 l!'. 1e-3t (j!),a 
percent of thpir kernel color. rfhe contrast bct\\'e~1l losses shows the 
relative stnbUity of kernel color in nuts in the gl'een stiektight stage 
·which have just reached 'full maturity. 

When the hlllls of greell sticktight ·walnuts that were just entering 
the period of maximum eolor stability were bulred olf amI the walnuts 
were dried immediately (lot 3, table. 3), irregul:n' al'l'as of a reddish
brown color appeal'ell on the basie:dly lite kernel pelli('le. 'Vhen wal
nuts were treatNl with ethyll'ne HeveL'al days 01' a '\"l'ek b('fOl'e this stage, 
the entire pelliell' had this l'pddish-l.l1,t)wlI eaH!:, This discolol'ntion was 
observed ill til(' fin;tlot tt'l'a(:ed in 10;13, 

The last tra(.'l'S of immatlll'ity, as illllie:tip<1 by till' small, il'l'egulul' 
reddish-bL'own blotehes, disappear('tl when thl' walllutH WPl'e treated 
·with ethylcne. This was not true of thoSt, buif('d, Apparently during 
the ethylenc h'eatill~ lwl'iod the Ilwtabolism of the walnut kel'ncl 
continued, removing this litHt visible (mce of ill1l11atlll'ity. In onc 
test 13 rcrcent of the gwen sticktights jn the HL'st l)iddng , when bufl'e(l 
and (hI 1.'<1, had sueh 'reddish-b)'own areas Oil ot Il'l'wise litc kcrnels, 
and 5.3 percellt in the seeoll<1 pickjng had them (table 3). The com
pflllion lots from the sallw pkking, when exposed to ethylene for 36 
hOllrs at a, telllpeL'ature, of (iOO F. or highN', showed 110 evidence of 
this dis('oloration. \Vlll'1l wahlllts fronl this picking were Iwld at 
50° for 64 hOUl'S a slil;!ht amoullt of this immature color rcmained, 
indicating that at this temperature the rate of walnut metabolism iii 
exceedingly low. 

These and otlwr studies clearly indicated that walnuts free of the 
hull eanllot be ine1ndl'd with green sticktights in treating billS with
out Herious dangl')' of detcL'ioration of Kernel ('olot'. Before this was 
fully llndeL'stood, Ow 11mbl'l' ('0101' fl.'cqllently obseL've(1 after ethylene 
treatment was bplie,·ed to be ('aused by the ethy.ll'lIe. The labo1'lltol'y 
experiments displ'O\'e<1 fhi!';, J!'or the bl'nl'iit of growers, however, 
sevel'al fipld experiments were rUIl. 

In three ,trials with t~"o ,:aril:t'il'S of walnllts, sampl~s w~re' drawn 
at randolll frolll gl'owel's dellYeL'les and each lot was dIVIded mto equal 
portions. The hulls of on(~ part of euclt lot weL'e 1'l'1I1(lYed by It ('0111
bination of wateL' ~W('tlt and sCl'upilll' with. a. knife over a 2-dny period. 
The (,Olllilall ion lot~ wen' h,(':\tNl witYl ethylene iII the sta nelard mnlllWl'. 

The ~:ondition of the kel'lH'ls uS detel'milH,lI by a "cmck test" S is 
showllin table oL Thpl'l' was no moldin the ethylene-treated lots. The 
1I11tL'catedlots ('ontained a few moldy walnuts, and one lot contained 
two nnts with a Hlightly immatllre appeaL'llllcc. 

. • ~rht' "CI'lle!;: tl'xt" 11;;1'11 hy till' illdu::;tl'Y to (ll'tpI'mir\(' "()11l1l1IW;;~ fllld k('I·11l'1 
('010[" ('()lIsists ill l't';ll'kill;! 100 IIllts, l'l'lllll\·illg' 11ll' kl'l'IlI'ls fl'(J1ll nlC ;;11('11;:;, amI 
t'las,;if,\·ing tlll'1Il 1II'('onlillg' to I'siailiishpil shllllla I'<ls. Both sOlllllhwss and ('ollll' 
al'P \,;\111·(':,,:;('11 :\,; a 1ll'l'\'('llhl~,W, willi sUllIl(llll':<S fil';;t. Thlls "00-;:;0" lIleallS 00 
[lI'I'Cellt SUllnli, :::;0 IIel'l't'lIt Iile. 
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TAlILE 4.-Percentages of SOllnd and 7i~e, kernels fOtlll(l in crack te8t,~ 
of etltylene-tl'eate(l and 'U1ltN?(tted 1valnuts 1 

801lnd\ Lite 
Date picked Variety Trentmell t ker- ker

lIels nels 

------------I·~--------------I-------------------------

Per Per
CClit cen'l 

?- InlO 1'1' lIt·I"' {Untronted___________ _ 67 598<'r> t ,~:>, v' --- ace ~----------- Ethylene treatcd _____ _ 77 60 
[' , {Cntrcllte(L_------ ___ _ 96 00D0___ .,. - -IU.lIIC--------- -----!~lhylelle treated ____ . _ 96 00

l:l t?(l 1910 10 ,{Lntrcnled. __________ _ 88 
ep. -, . --- ---- .. ( -------------; Ethylene trcat.ed _____ _ 9593 I 86 

I I 
......_'. -,-----

I 'L'(':;t milde in field by H. It lticlll\rdson, specialist; in agriclliturnl extension, 
University of California, H.iv()rsiC\(', Calif. 

PUYSIOLOG!(:AL PHOCESSES ANn THI~lH RELATION TO S'I'AlIILlTY OF 
KmNt-:L COLOR 

Data 011 the stimulatiOIl of walnut-hull matul'ity were supplied to 
A. H. Fil1('ll, associatc hOl'ti('\I1tul'ist, University of Ari7.ona, and agent, 

United States Depa I'tment of A~ri('ulture, who worked on pecans in 

10:35. Studies conduetcd by him in 1V3i) alll1 193G indi('ated tllnt 
"ethy lene is efl'('C'tiv{' in ('allsi IlA the shm'li$ of till' IWt'aJlS to loosen from 
the shell, a:nd the shueks when so looscned dchis('c normally. * * ." 
This illdi('atesfhat in tl warll1 dry environlllcnt thl~ sallie physiological 
I)I'o('c5ses afl'ed: the maturity of peclln hlllls and walnllt hulls alike 
(2'7) .0 

I'~thyl('ne not only stilllulates tl\(' tnahlrin~ of the walnut, hlllls bllt 
elilllinatl's (he last "isible tl'a('(~ of immatlll"ity from the kernel pellie1e 
of walnllts pi(,\wc\ a fl'\\' <lays befort' 1'111\ matllrity is l·eat'hl'Cl. At 'fllll 
lIiatllrity llll' walnut 1\('rl1('1 is nlost stable hom the standpoint: of those 
('IH.'tni('al Ol' physiologieal PI'oN'sses that eontl'ol jllglone oxidation or 
('n7.ymatie oxidation of tallnins that pl'odllce lImbel: eolor. This lIIaxi
1I1l111\ stability {'xists for a fcw \tollrs to seveml d:tys, dependillg on 
('Itvi ron nwn tn 1 ('0 II II it'ioIlS, pri Ill:u'i ly 1.('1ll pel':ltI lI·e. . 

If tl1(" life lH'oecsH's in the walllllt are stopped at this stage by de
hydmtion, the li~ht ("olo!' of the p<'l1iell' is fixl'd at its hi~lll'st point. 
Ot:hel'\\'isl', physiological lH'Ott'Ssl':; {'ontinll(' to inerl'asc the extent of 
umbcl' eolol'. High tempcratures and hiAh 11l1llliclity iJlcl~ease sus
('('ptibility to sU('\t chang\'. Se w'ra 1 physiolo~j('al processes appal' 
('Iltly take pInel' ill walnuts at the same tinlt'. Evicll'nc(; indicates 
that ('Ilvironmcntal ('onditions ('ontl'01 the Tate of ehang'c of kernel 
t'olor and of th~' maturinl! of the hull. rncler some couditions the two 
may Pl'o('('t'd $inlll1taneously. rllder other conditiOlls kernel maturity 
and nmbering IlMy proceed more mpidly than hull maturity. 

~ AI.i'O 1~1:'i('H, "\. H. 'I'1I~: QU.\I.ITY (W TIH; U':III YU~IA I'I,;('.\N ('itOI' ,IS AFPE(''l'~:J) IIY 
Tlu:A'r~n;N'1' Wl'l'LL ~:I·.1l YL~:;"": (lAS A:'ill ,\II\'A~('I:"G TilE IIATI.~ m' PICK!:'\(:. Ariz. Agr. 
Expt. 8tH. ('lr.. jill!. 10:17. l~li11ll'\ll:;I·aJlhc(\.] 
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QUANTITY OF ETHYLENE REQUIRED .-\ND METHODS OF ApPLICATION 

The minimum quantity of ethylelll~ necessary to bring about the 
muximum l'at(' of hull loosening- at various temperatures has not been • 
detel'lllined, Initial trial~, based on expel'in1l'nts with other fl'llits, 
sneh Il::-; peal'S, ol'ang-es. lemons. and pet'Simmons. were mllde at the rat!.) 
of 1 part of etilylt'll(' to 1.000 parts of air spaee in the tt'eatillg- compart
IlHmt. That a 1-1.000 ('o11eentl'ation is lIlllple for 1111\xi1llUI11 hull 
100seningwas PI'O\'t'd dlll'ing-W~H)-:l(i in expcl'inlelltH to dl'\'~I'mine the 
ctfl'ct of lH'C'ullIulatiolls of elll'uon dioxitLl' Oil the rate of hull loosen
ing, In til(,s(' t(·sts. till' etilyl('ne con('entmtion in tJ'(~atilll! cllalllU(~I'S 
WlIS det:el'llIilll'(l inllllediatel," aft('rll lal'gl' quantity waS ildlllillist('l'ed 
and at regulal' intplTals Hu'oug-hout the ]~-houl' pel'ioel b(·tween Yen
tilatio11li.Fol.' this PllL'IH):;(' an (,t11ylene deteetol' waS used, This 
instl'lllll(tllC. whi('h is identiml with the eOlllbustiule gas indicatOl', Wl~S 
<ie::.ig-ne(\ fot' ]ll.'o{p('lion al!il inst (':I l'boll IlHlIloxide and other ('om
uu::;tible ¥asp::;ill lIlilH'S eX('t'pt that it is ealibl':lted 1'01' ethylenc. It 
was so desil!lll'd as to gi "(' a sat isfaelol'," I'eading (plus 01' llIillllS) of 
,~ P1U'tS Jl('I' lOO.OOO, Bt,l'a use of tilt' "OllllIlC o('(,llpit'd by wallluts in the 
tt:l'ating- ('abillc! tlte initial ('oIH't'nITati()n waS fn'qucntly 125 to l!}O 
pa!ts ]IN' i()O.{)O(), 01' fl'ont :!3 10 no 1)(,I'('('llt hight'I' than the 1-l.00n ('on
('('ntl'ation bused 011 the ail' "OIUlllC of til(' eabill('L At the elld of 12
holll' lH'riod . ..; 1111' conl'('ntl'lltioll within tltt' cabilll't l'tlllgcd from 8 to SO 
parts P('l' !Oo.ouO, -

In l'xpel'ill1l'Ilts Oil tl'PlIting walnuts uIl<lel' (':tll"as (,~6), con('cntra
tions of I'ihyl(,lll' in the atlllllsplwl'P of tlH' t)'eatinl! ('hamLet' were ('aI'C
:fully llH'aSlIl'l'(1 illltnt'(}iat(lly aftl'1.' ('al'h ('hal'l:~illg and c1l1l'in~ the illh'l'
val br·twe('n Willi lat lOllS, ('()Il('~'lltl'a!'i()nS WPI'P 1ll'Vl'r IlIg-hel' t'han •
1-~.{]O() and fl'Nlllt'lltly'lpss than l-i.OO(). but IOWo;(,lIing- of walnut hulls 
was llS I'apid as in tIll' "h('C'k lots. where ('Oll('('lltTatioll was maintained 
('ontinuollsly at 1-1,000, 

III thl'l'(' Pxpl'!'illll'nls. ('olH'pnil'ldions of tnOt'e than 1-1.000 did IIOt 
im'l'l'ase thi.' I'at(' of hull loos('llin)!, The appal'ently equal l'fl't'd of 
dilh'I'('nt C'OIIl'l'IIII'arions or ('thylpIH~ was :t1so 1101('<1 by D(,II11,\' U,J), 
wC)I'ki ng wif h 1('nlOns, lIe fOll nd t hilt ('OIH'l'lIl...at iOlls l'angi ll¥ from 
1-l,OO() (ol-:!()O,()OO had appI'oxill1ately the Same ('ll'ed 011 the coloring 
of lelllons. 

Ex(,psslve thollgh eO)1('Plltl'utions of 1-1.000 may be, the low cost of 
tlll' gas ill I'plntic}n to tIl(' b(,11I'fit dt'l'i"l'd 111a(1(' it'll11ne('eSS:ll'y to givc 
c1i.'tail('(1 stlldy to tht' minimum eOllC'('ntl'ation that wOllh1 pl'odue(' the 
m!lXiIll1l111l'llt(' of hull loo:;('llinl!, "'!ith tile pl'i('e of ethylene at 55 
cents a pound, the ('ost of till' quantity nec(':;saI'Y for administl'l'ing- two 
ehnrl!('s a dayfol' It :~-day pel'iod doe:; not exc('('db') ('('nts per dry ton 
of walnuts n'eah'(l FlII'tlie)'11lol'e, thC' 1-l.00n ('ollC'(,lltl'atioll is one
thil'tipth of thC' millimum explosi\'C' mixtlll'i.' of this g-aS with ail', thus 
pl'(widing nn llmpl(' tnlll'¥in of safl'ly fol' ('Olllllll'ITial pl'at'lie(', 

111 ('oulm('r('ial pral'til'C', (·thylene is purt'llasN1 and deliwl'ec1 to the 
COllsnmer in stl'(li I:ank::; in (11'1'SSlll'l'S I'angill!!' up to 1,SOO pounds per 
squa 1'(> i neh, R('gll Ittt ing- eqll iPll1(>11 t eonsist'i Ilg of presSlll'e-l'ed ucmg 
y;\1I'('s is anlilahl('. and its \lS(' is (,,,,,continI fol' safety, R('g-Illatill¥ 
YH I\'(' d:>Sl'llllJ I ips i Ilt'ludr flow III\'t l'I'S en I i bl'a 1('11 in ('II bie feet Pt'l' 111 i nllte. 
The !!,lIS ('an b(' {'on<iIll'f(>(L into a tn'atil1!! cltambPl' thnllwh rubber •
tuuiu:!!' 01' pt'L'lHaHt'llt pipes, The IOl'atiol1 of the point of il1tr;duction 1s 
not impOltant,U::5 is pointed out in the next section. 
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Dn"FUSION o~' ETiLYLEN~: .IN TIU:ATlK'C CII""IB.I,:nS 

lIol'p important thun concentration of ethylene in tl'eating chambers 
• is its difrllSioll through (hI:' Ina:>!:> of wnlnLlts. EthylC'ne has n density 

of 0.9i. It difruses l'eadily tlu'oufrhont the ail' in It small tl't'ating 
<:ha1llbl.'I.' of 1.000-litel' ~'.apacity. slIeh as is lIS(,l\ in la\.JoratoL'Y eXI/(>t'i
111l'l1t8. Howen't:, when walnuts Wl'I'C plat-ell in \.Jill;; Lo tlll' lI1axinlllllL 
lIl'pth of H I'l'('t (\.Jcyond which hull Cl'u:lhillg O('l'I11'S) diffllsion waS 
slow anti i lla<1l'<llla teo T£'sts WHl' mad£' i 11 ('onllllPI'cin I bi ns. A Sl'I'ics 
of (,OPPI:'I' tllbl's-WflS plaeNI in till' \.Jill at till' hnl(> M filling. The (UU('S 
l'xtended olltside the l,i liS n Ild \\'el'(' so a L'I'angl'(ll ha t a i I' eOll hi b(' d I':\wn 
from ench :2-foot len~1 thl'oughout thl' enth'c dl'pth of walnuts. '1'1 H)1'

llIal ('om'petioll ('lIlT('lIls in ditl'!'I'Pllt billS ,'al'i('(1. bill, in gl'Ill'I':d. it: was 
I'011 lid thai aftt'l.' H 1-·1.000 C'hal'!,!l' WIlS :l(imilli~,il'I'l'l1. pith!,L' abovp or 
b~\!()\\' t h(' IIlass () r \\':1 llluts. no !!as l'oilld be' detp{'(pd at the opposi t"C end 
d IlI'j ng tht' Pill i1'('1 ~-11tJ1I1: !ll·l·j4',t! hdW('('I\ "~'111 i la I iOIl~, The IlIosl I'llpid 
difrllsion I'PtOn\N\ was ;~ hOUl'S. 

III ('()lIlntPI'l'iul pl':lt'til'e. 1"l\\'I'l'I'OI'l:'. it is llP('p:;:-;al',Y to pl'o"idc fot· 
suflkjpn\ IIIP('lllllli(,:tl l'il'('llllltioll of tltp ait' to di;-;(l'ilJui(' tlte l'thyll'lIe 
thol'ougltly lhl'ougl\ollt the wnllluts, 

OTlII~1t ~h'n:HIALS TE:iTED FOil TIl~:1Il EFfECT o\' II el.L LOO:;I::NING 

• 
Et ltyl('lIe t'ltlorhYlli'i 11. (,Ii IOI'(l 1'01'111. propylt'l\(' oxit\p, a11(1 ('(hy1el1e 

oxide' WI.' 1'(' 11';;(1'11 for flt('il' Hbilit \' to l()o;,e'll tli(' hnlls of sli(·!.:t ight 
WUlllll!";;. III all (Tial", ethvll'1I1' of I'll(' slallllUl'li ('OIH'Pllil'atioll was Ilsed 
u:-: a l'Iw('k.•\\1 lot:; \I'(,I,(:'('x:llllil\('d a~ soon a~ till' pthvlclH' h'pa(lIlPllt 
lilld loosl'IH'd tIll' hull:,. 111 110 ill~llInt'{' \\'PI'l' I Ill' I'l'Sltlts al:' sati:.;i:adoI'Y 
as with I't!l,'lc'lle, All tpst:> W('I'(' dis~'ol\til1llt'd as :;0011 as thr f'thvlcne 
lot \\'a~ hlllil'(\. ,. 

D(·finit!' :;tillllilalion. 01' bIO('akin!,! of rl':,;L has \)PPI1 "found to l'Pslllt 
fl'oll1 II ",pm)' ('ontaining ~,~I-dinitl:o.Ii-l',\'('I!)lwx.rlplll'nol whl'n applied 
to d('('illuolls fruit (I'PPS and ;-;III'uhs thnr 11:1"(' nol I'<,('n subjPctl'd to 
:illllkil'ni cold during ",illIN' to C'llatl!e tIl(' buds to (\('vl'lop IHH'mally 
IIndN' tl\l' illflul'lH'l' Ill' wal'll1 spring il'III\JPI'llIIlI'l'S (I,ll, E(ltyl(,II~' ltaS 
thl' SallIe' l'lfl'd (/<~••In. I:Pl'lIl1;-;P 01' t.lH' :;imilal' C't\'p('\ of thC's!' Iwo 
('llI'lllit'als on (\Ol'll1iUll'v.lhe ptfpC'1 of dinitl'O Oil til(' mnturih' of walnut 
hulls was ((':-;(('(\. TIH'~<;()dilllll SHit, sodilllll-dinit 1'().(l-(',\'('lol;PX,\·lpllPIlO
latl'. both witlt and without soap as:l w('t(inf! age-nt". was IISP(L "'alnllts 
\\,('1'(1 dipppd into this solutioll for "fll'yillg pl'I'io(\s lip to i) minutes, 
but if: had no pfl'p('t on I lit.' rilte of hullloosl'lling. 

TIl(' possihl(' U~l' of li,'1' sll'anl 01' hot \\'tltPI' was Sllggl'S('<1. lfully 
Illatlll'(~ PluC'l'l1tin w:dnllts nlld illllllllllu\' EUI'('ka walnuts wel'p t('slpd 
ill both stearn and hoilillg 1\';1lpl.' fol' ppl'i()d~ l'lIll)!ing fl'OI1l ;m speonds 
to 10 millutl'S. _\.Itholl,i!h sonw lo()sl'llil1J,! of hulls WflS pl'odu('('\l by 
both. a. cOllsi<.it'l'lIbl(, Pl'I'('('l1!lIW' of sti('ktighrs 1'('maiJll'd a H('L' l minute 
in boiling water alld;~ IlIjlllltC'S in stpam, LOII)!t'I' l'XpOSlll'l'S sli)!htly 
hnstl'l1('(i thl' l'Rrp of hull In/! but' ('l\usl'd th!' I}('at to P('Jl('ti'atp to the 
kpl'I1el. pl'o(\u('ing sl'l'ioliS dis('oloJ'atiollllllll haslc'ning (II(' (\(,\'pIOPlIll'llt 
of l'allt'idi(,' by bl'('llkin!! dowlI 111(' oil ('('II~. The I'('>;ults of tl'inls with 

• 
steam and boiiillg \\,utel: al'l' gi,'el1 ill table 5 . 



• • 

~ 

~i 

TAIILE 5,~Ejfe('t o/steam, and boiling 'u'afar on hulls 0/ green stiddigltt 'Walnuts, Sept, :35, 1940 ~ 

-N-"'-	 Stick- Results of crack te!it made Jun, 23, 1941 I 	 ~ II1Il- ., I
I t \ I 13 T ' t1g Its n 
N~.l Variety ~cr Condition of hull Steam ,~~tl~~g re,-, 	 ! , . I I ~ 

Jluts 	 n~alll- Sound l~ite j'Black BIalik IShtr-IRancid Oil"
,i 	 JUg ;. . ; e c( 1 ." ~ -!. 1--,--1 	 -.~- ---,I 	 . t:C

i ; Per- Per- Per- Per-; Per- I Per- PI!T-j' Per- o 
I llli'lluics I' Minutes C('I/I celli cCIII celli ccnl. I CCIII , celli . cCIII t" 

t" 
44 I Plnccntiu.______ ]]O l'UCrll(.ked.. _______1 ControL. __ COlltfoL._.' 22 94 57 _____ .i 3 ; 3 __ - ... _._._ t'j 
52 '_____ do .-.--.-, 110 _•. __ do ___________ .--------.-- 1•.. _.. ____ ; 3 95 27 1 I 3 0 :j
~(' ; I J 10 I ' I ., '0 n- '0 I 1 J f 10,)1, ___ •• (0_._______ _.' .lO. ___ • ______ , __ • __ • ______ 1 ___________ , vi ' _____ " .• __ •• _ Z
55 ....do.. ______ 110 _.• .do--.-------.1--_- _____ . __ : 3 ....... ___ .! ] 95 0-._____ 1 4 , ______ • ____ _ 


<::>.JO •..•du.... ..llIO '. ____ du___________ _.· ______ •. l 1)2 to 5)~___ , J 90 0 . 1 I 1 • 2'___ (2)'0 <::>
(j(j ;_ .. __ do ___ .. __ ._' H9 !_____ dO"' ____ ' ___ 1 3 _______ •. __________ .-1 1 gg 0- ______ , 0 II! 0 0' ~'=' 

(; '_. ___ do •• ______ no 1___ ..do .. ________ . 10____ • ____ i___ ~ ________ : 0 9(; 0------1 1 I 3 i----,,- 100 
3S 1-----dO_---_---- 110 1. __ .do __________110________ '____________ ; 0 9(; 0, 1 3 , ______ 1 100 I 100 f154 j _____ do.. _______ 110 I Crackpd ______________________ 13•• ________ 1 0 92 0 . 1 5 1 L_.___ 5 
42 __ .do_________ 110 _do_. _________ . ___________ .: 5 _________ 0 89 0 2/ 2 5 20 20 rn 
40' .do ... _______ 24 lIullcr1. ________ !____________! a._----•.•. --.... 68 4 4 8 0 100 

16fj Eureka :1 _______ lO;)t;JH:rnekcu________I____________ ' a__________ 44 74 1 18 3 5 ._____ 1 ~ 
8 _•.. _do•. _______ 105 _____ do __________ ,, ___________ ' 5 __________: 20 77 0 11 . 2 10 ______ • ____ _ "t! 

J	 !'i(j~ :_ •. _.<10. __ ... ____ ~~ ,__ .. _<10 ___________ ' ~----------------.----: 3~ q~ 0 J,!! ~ 17 .-----.1 100
·J3 '__ •• do ___ . ____ ;):) ·__ ..•<10. __________ iI. ___________________ .' 16 b_ 0 _:J' :J I 7 i------l 100 o 
4!) :_____ do. ________ , ,)5 ----.dO.-.--.-----l1 10____ ..... ____________ , 4 09 0 1 5 1 24 !.-----l 100 "':I 

1
_1_.•... :... •......'._." ,_, __~___~__~, 	 ________._____-'-__ >::;, 

1 II II lis eXllmined llftl'r!~ minllte rC\'clllcd a pcnetration of one-half the t;hickllcss of the hull. The nuts were returncd to the boiling ::0 

Willer for 5 lIIinutcs lungcr. n >

.2 Becollling oily. 
3 All i11llllature walnuts. ~ 

::0 
t'j 
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EFFECT 0.' TEMl'EUATl;UF; AND DUItA'rIOX O~' TUEA'I'M£NT ON LOOSENING 

WALNUT HULLS 

In 01'(1('1' to study thl' dfec:t of y:trious h'lllpel'Htlll'Ni on till.' l'IItc of 
hull IOOt'iellill" dlll'ing tt~catml'nt with ethylt'lIl', six l'XIWI'illwnlal l'!\b
ineh; in IHlditic)ll to thosl' deRedbed previollsly W{'I'l' \'ulIsll'Ut'lNI. 'l'ht's{~ 
cabinets, shown in figUl'l' i, Wl'l'C Hi by ;Hl hy :W in('lws and W('I'I' built: 
to hold.thl'Pl' boxes, each containing aao wailluts, The cabinets were 
heasily illfiu\ated, The entire frollt of each cabinet was a dool', which 
pI'o"ided (lI'I'fN't ,'{'nlilatiun and ('as," HCC(,S:; to all thl'l'{' bOXl,::;fol' 
iW:iPN'tioll, .•\1 till' top alld bottoll) of paC'll (lOOI' \\'('1'(, hQh's through 
",hith tubes \\'('1.'(' in:;~'I,t{'d 1'01' illtl'odu('ing l'lhylel1l' 01' witbll'awillg 
saillpies of till' a(lllnSph{~I'C i'or del('I'lllination of ethylene OL' cal'bon 
dioxidl' ('oll('entrat iOIl~, 

011(' eabilH't Was ('onsll'uC'tI:'d ill a ·HJO F, I'pfril,!"l'raiol' box, thlls mak
ing it I.llJssibll' til maintain any {l('sin'd !l'11l1WI'aiul'l' dowlI to that point. 
Allothel' "':\" pem'ide(\ with an ah-cil'l'ulnt ion challlbl'l' al'OlIlld all in
sidl' gah'anilwd-it'()n ~h('II, thl' ail' .fOI' ",hleh Wal' dl'awn by hlowcr 
1rom'(\l(' ~1O" box, .\\1 ('abilll't~ W('I'e l'qllipped with ('I('('trie s(l'ip hellt
(,I'S ('ollil'olh,(( by [het'mal 1'('l,!"lIlatol's, Thus with the ('olllhillation of 
1'('l'l'igt'l'Hlioll alld tlrl'l'lI1ally' ('olltl'olh'l\ 1'1t'(,tl'i(' strip Iwatl'I's, it was 
po:;siblll to ('ollfl'ol tlw tl'IIIPl'l'HtUl'l" at any l1('sil'ed poillt above 4JP. 
Eill'h box was equip(l('d wilh all all\olllalie l'p{,()l'dl'I', II thl·I'lllogl'llph. 
and It hUllti(\()gl'aph, 'I'll{' Il'llIpI'I'atil I'l' of thp:i(' boxe$ was l'l~gulatcd 
al; aPPI'\I.'(illllltl'ly 30''', GOo. 70°, HO', DO", and HlOO, 

Thl' H('('lItnulation of cal'llOll dioxidl' I" :I lid l'.'(('cssi,·(' humidit ,-within 
til(' tl'l'ating {'halllhl'I's Wl'n' {'Ollt l'ol\('d by flaln's of sodiulII h)'dl'oxidc 
)lm'('d ill n IwarY}!llh'alli:wd-it'oll {'olltaillt'l' that ('o\'el'c<1 the clltire 

1Jot torn () f ('Ildl ('lI billet. 
Thl' J1Hltel'ia I 1'00' tlH' Ipl\1lWl'allll'e and dUl'atioll ('X)Wrillll'lIts was 

obtaitH'd in tlrl'('(~ pit-killl,!"s at ii-tlav illt('I','als 1'1'0111 two Ol'l'hal'c1s, Olle 
waS lIl'al' \\'hittil'I' tLo~ .\nl,!"~h'; ('011111,,) IIl1dl'l' :;l'llIitoastal {'QIHIi
liollS, Thl' o(IH'I' was Iwal'ltl'lIlt.'t (Hh'('i'~id(' ('011 II t y) 1111111'1' intl'l'ior 
('OIHlitiollS, Aft!'I' Uw walllllts "'PI'l' e:ll't'i'ullv l'lIlIl,d to elinlillate ficld
hlll\('(lnul:-;, ('1';1(,1\(,<1 hillis, :lntl I1l1ls with ali" appl'al'aIH'(' of llli!!ht or 
SlIlIhlll'll. tltl' n'll\i1ilJlng gl'l'l' II sti('klights WP'I'l' thol'(lIlgltly llIixl';1 (fig, 
S) and di"idl'd inlo lots of ;\:\0 I'a('h, Eaeh lot was ,,1:II'I'd ill a box 
wit h a ",it'l'-nll'sh bot {()III, '1'111'('(' su('h boxes Wl'l'e Ihl'll plated in each 
01' til(' six L'abilH'ts, Ethyll'IH' was adlllinistl'l'{'d in tlH' standard nlall
nl'l', at It ('ol\C'l'ntratioll o'r 1-1.000, with n all-minllle ycnlilllt iOll eYcr), 
1~ hm\L'H, 

TllI'~'e hUIHll'NI and thil'ly wallillts of {'a('h pi('king W(>I'(' {l'stell imll1('
(\iatl'lr to lIl'tl'l'llIilll' tltl' 1I111ll\>l'I' of hlllls that \\'I'I'('.loos(' frollllhc shcll 
fit tI\(: lime till' I'XPl'l'illll'lIt stariN\. Olll' l)(l.'( 01' a:\O walllllts was re
1110\'('\1 from (':It'll ('abilll't lit thl' ('IHI of :m, (iO. nnd ~H hOlll's, 'I'll(' lots 
w('re (lilt thl'\1I1j.!11 11 bl'lI~h 1111111'1' nlHl a l'Olln{: was mnlle of tll(' 1I111ll!J{'I' 
of l'()IlIpl(~t(· stit'kl i),!I,lts,. Tlw hull~ of pad ial, and ('onlpll'lp st kktights 
\\'('1'(' lln'n butft'd otT wllh a molol'-dl'I\'l'n \\'1.1'(' lH'ush, .\\1. lot;; W('I'C 
tlwlI (lril'tl in :l t1H'l'lIlall." ('OIlITol\l'd d('h,\'{ll'aIOl' opC'ratillg witll a 
fOri,(.d-flit, deaf! lit a tI'IIIPl'l':ltlll'C not to l'Xt'I'l'd IO()~' F, Each IClt was 

I. Carhon (\ioxh\(' ('OlIl"'lItrut!(iIlS \\'Pl"t'IIll'HSI1I\'t\ wilh 11111111111'0\'".\ gas :tJIal~'lWr, 



Itlt'r ,'1'.1"1. '0'.1,,11 .. ,1,·J"nuill!' II,,· tll,·,-, .. I' ll'IIII'\'t':t(llt'I' lwd tillll' of 
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FIGl'IU! (),-EIT~'('t llf telllperatul'e mid (lUI'lItioll or trNliml'lIt Oil (A.) I'lIll' of hull 
loo:wnll\~ IIIHI (lJ) (h·,'ploplllt'lIt of IlIniJPI'·('olol'eli kernelS, ll'h'Sl picking 'It 
Whlttler. Los AngeleS County. ('ulif" in Itla;), • 
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Whittier, LOS Angeles County, Clllif., in 1\)35. 
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luubel'ing waS in dil'~ct proportion to the rise in tempel'llture and 
duration of trentment. 

The green stic-ktights in the fh'st pi('king ilt Whittiel', from which • 
the hulls wem butFed, contained 13 pel'cent of slightly irnmatllre 
kernels, This pro\'es that the walnuts were pieked at the beginning 
of the stage of maximum kel'nel-colol' stability, That fact is further 
substantiat('d by the \ongel' time 1'eqnil,etl to loosen the hulls of this 
lot in eOlllpal'ison with the second and thi1'(1 pic'killgs, 

In this test it was lleceSSal'Y eo add heat in all illstances to maintain 
Ihe h'lllpemtul'e of the waTn'uts at lOt)O F, In IIUllll'L'OUS field trials 
both in small tl'eating compal'i:Jllents ('ontaining less thall 1 tOil of 
walnuts llnd in 1:II'g(' l'Onllllel'l'ia I Jots oJ as many as Hi tons (dry basis) 
staeked in field hoxps in a t'iIl'\Is-tl'('ating l'oolll,m:urimllll1 tempcra
t.\Il'('S \\"('1'(' vel'Y dc,rini(plv sp!f-I'l'uulat('(l bl'tWl'('11 no' and 0;3°, III th('s(' 
cases tl1(' ,\'aenuts hnd 'been 1)l\lIWI'ly ('ulled to eliminate decaying 
01' blight('(l hulh;, In no ('ol11nH'I'('ial pl:~lIt hal' a tell1perntlll'c abO\'p 
n3° b€,pn ()bSN'V~'d px('C'pt ",11(>n d('('aying hulls wel'e pl'Psent, A l1Iaxi
mum of 102 1:,0 was ObS(\I'YNl in olle inRtam'C' wh(\1l dec'ayed hulls W('I'C 
pl'l'spnt. Th~se field tL'ialR o('('ul'I'pd at tilllPs when tliC' t('mpel'atul'e 

• outside was below i.HF. indieating dl'l;nitply that the I'ise of tl'Il1I1l'I'a
tUl'e was callspd uy th(> illl'I'PHRt'd I'PRpil'ation of the waIllllts and that 
l'espil'ation was 1'('(:lI'(\('(l at tIl(' higill'l' tell1pel'afUI'eS, 1'('slllting ill selJ
regulation at a point not dallgel'ous frol1\ the standpoint of kl'l'IIel 
c'olol'. IH'()vit1(,(,\ tIl(' \\-alllllts \\"('1'(, hlll1e{l as ,Soon as tIl(' hlllls ",('re loo:-:p, 

Figlll'es 9 to 16 alRo show the effect of length of tt'C'atment on rate 
00£ developlIH'lIt of alnh('r ('ohn', They proYi(le additional evidl'lI('c 
that: (1) walnut IIllIlIIH'tuboliRIIl pl'o('el'<ls \'PI'," s!owl." at teml)(:~ra- • 
turl'S bl'low 60" F,; (:!) less tllllbl' I' l'olol'l'e:;ulrs hom tl'l'atnwlI[ of 
(SO hOlll's ol'lps;.;, l'pgnnll('ss of !('mppl'at-ul'e.th:ul fl'om IlHlJ'(' pl'olollg('<1 
treatillg periods: (:1) dC'n'IopnH'nt of :1111 bpI' ('0101' is gl'patt'l' a!' all 
tempt'I'a i IH'PS aho\'(~ GO" :tii tllp t ililt' of tJ'PH t I11l'll t: 1t'llg! hens; (4) de
YelopllH'ltt of a111 1)('1' ('olot' ('\'('11 at- lOO" Illay not- bp sPl',ious -fot' 3(i houl's, 
01' eV(,1l as long as (iO hom's, pI'o"i<1NI tl'l':ltl1lent: 1$ stat't('d at the 
beuinllillU of lilt' ZOIlt' or Illaxi III II III stnuilitv, 

'£n gen'~I'aJ. this part (yf the eXpl'l'illlellt i,~di('ntl's that tIle I'lite of 
hull lIwtaooli.sm iR 1't'lnti'.l'ly low at ;j()O: at 60', thollgh sOII1l'\\'hat 
highe1', jt is still too 10\\'; hut at 70°. as in<1i('atl'd by till' spepd of 
hll11 ]oospning, it is sa(isfnetory, .At tl1l' sallH' time high('l' telllpem
ture:; up to no,' or 1110'" ('an \)(' tol(,l'at('(l fl'om tht' Shlllclpoillt of kel'l1pl 
colol' pl'oddNI thl' tirnl' of h'C'atment (loes not pxepC'd (jO hOlll'S, 

l!IHIH intpriol' ('ondi!iOlls, less ambpI' ('olot' (\('\'eloped ill tIl(' first 
pieking thnn in t'itlH't' thl' 5('('01](1 or third picking. a;:; illlli('atl'<l in 
figl1l't'.s 13 (B J. 14 (B), an(lUi (B), TIll' !'att' of ambel'-('olol' dp\,t'lop
ll1C'nt in this il1.stal1('(' in the intt'l'ior (fig, IB (R)) i::. ('omp:II'alJlp to 
the a\'pl'agl' ratl' of kpl'lH'l-eolol' (l(,\'ploPIllPl1t at\Vltittip]' undt'r spmi
('oastaleOllditiolls (figs. 0 (/1), 10 (8), 1] (B), and l~ (B)), Thp I'ate 
0-£ ([('dille for the s('('ol1(1 and Ulil'd pkkinp-,.; under intpl'iol' eonditions 
{fig;';, 1·1 (B) and IG (B)) wa,.; 111at(,l'i(l.11," hip-lH'l', 'flIP ('ondition of 
tht, kl'l'lIl'l" and t11(' "att' of hlllll()o~elljJI,g ill nlllot:3 indieilte that the 
matul'ity of the ~l'(,olld nlld thil'(\ piekillg" Ht Hpnwt was 1l11lCh flll'dH'I' 
a<LnuH'ed, This i" ndditiollul ('yi(\(,IH'(' that thp L'ntp of i1ll1bcl'-eolOl' • 
dpwlolH1IPlltis Illlll'lt llighl'I' ,,'llPl1 walnuts al'e ph'ked dUl'illg thp lattpl' 
part of tIl(' ;-;tng'l' of gn'a!r'.st k(,I'l1el'l'olol' ;-;tahility, 
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'Vh~n it is realized that 95pet'l'cnt 01' Il101'e of the hulls were lot)"e 
at tiw ('1\(1 of \ill }tOlll'S, as shown by fi~n1'e::d) (-l) to 1(i (.l)) the reason 
(01' tlte l'IIpidinCI'('ttSe in the pel\'('ntage of lImu('r-('I)IOl'ci1 kel'nels 
is llppal'ent. .Maturation l)l'O(,CSSl'S haticanil:'d the keJ'nels to the 
l'llll of the stage of maXilllllll1 physiologi(:al stability lit that time. 
This ('ondition is I'PlIdlNl .in tilt' nut wht'l} the hnll I OOSl'llS, Thlls, 
the fact that !J0 pel't('llt or 1l101'(' of till' hulb W(lt'l' I{)Oli('il1dieat~s that 
tl\(' lot liS a lI'\Ioll' had l'('aeht'd the (ll\t! of tht· stability stage, and 
tilt' :Z,l-h()lH' j>('I·jo(\ fl'OI\1 Gil to S·l hOlll'S of ('(mtillued warm, moist 
('II\'il'olJlI(('ut ill('n'a~(\(l tlt(· Pl'lh'lltag-t' of Hlllb('I'-('O}of'(ld 1\('('lIcI8,'1'O 
l>I'P\'PlIt 111l' t;hl'l\l il':~ I ('h:l ng('S !.:llusillg ambl'l'i ng at thls point, u cool 
Il'lllJH'I'\t.lUl'(' IS l'rqllll'el1, 

11'1'0111 "\('S(' data it ClIn 11(' stdcly Buid. that fully llllll:ut:ed walnuts 
tn'atl'(II\·.~.th etityll'LH' under }l1'0lH'l' conditiolls of hlllliidity Hmle:ll'bon 
dio.xidl' at tPIllPl'l'lItlll'P;; h'om 70 0 to nlJ~ F. will bf' Hi! pCI'('rnt 01' 
11101'(' I'eau \' to It till il t the ('11(1 0 f GO hOlil'S, TIl(' (lOS:;! ble I'('bu'd i1Ig: 
('Ired of t'Xl',·,;,.;i·,'(' 1ll0iS(Ul'C and ('arbon dioxide will. be discusscd Int~r. 
Thp Ilt'l"d :fo), il'l'iHiJl!! long-l'1' thnl1 (ill hOI11's l'an be tnl\:l~1) ll:> an jndil~l\.~ 
lioll of too {'ltd.\' pi/'king' ",ith (,OIlSPl[IIt:llt illllllntul'it:.r, 101\' tempera
lm'l's at till: start oj' !I'l'n(Il~\'I\(. ill::Hlllil'\t'nt diffusion of ethylene, or 
HJ1l1l' otiH'\' Impl'Opl'I' [iH:lOl' III the Pl'Ol'CSS, 

Co()r.J:~C WALXCT$ Dcnr~c TllEA'I':\!F:NT 

"~1I1n\lt~ in t I'l'nting bin:; ('an bl:' ('()()h~\l sntisfaclot:ily with yentilat
illg fall" (lx('p\J1 wlwn Otll:-i<ie Il'I!I(lPI.'ntlll'l's al'e UPI Wl'(.'11 t;i)" alld 
H'-, HI' [(Ill" F, wi(lt hi!!l1 l\lul\idirv, Silw~' IIndl'\.' tllPsC cOllditions 
1I'(III:,pi I'atl'd Il\oi~t 1\1'(, (>\'apm'atl's :ft:(lI\\ rill' ;.;u!'l'nt'c o{ the wtdnl1ts too 
l'ilowly for liati"rHdm'y cooling, tlte IllU;{ Hhollid U(I libcmlly spt'inkled 
with Wlltl'l' ju,;t Iwfol'l'V'C'lltilaciol1,l!: It is not tI('('essaI'Y to satUL'ate 
till' l'IlILL'l' lot: in fad, ,;nl\\I'\lli01l wns found to bl' t\('triml:'nUtl because 
if llllUll' 100 long a. V('lltllation !H'('l'::;lilll'Y in ()\'(h'I' to evaporate the 
wntt'!', .\ftl'" tlll' spl'illkllllg, \'('Iltilfltol' fails :-Itould b(' op(>l'att'd long 
I'\I01I!!h to dn' t!l(' waillut,; t!ml'ougldr, This ,;\'~t('lll of cooling call 
lit' lISpd. oul,r' whpL'(' fOI'!'Nl·t!t'uft wu'tilntloll is 'H\'ailublc, 

£FnXI' OF fit \II\HTY 1:-; TnE.\TI;-\C CHA~mr:n ox RAT8 OF Jil L1. LOOSI';r\INC 

In tIll' (In.. ! lnbm'aiol'V Plhyll'I1!'-f l'l'ut.illP: (,XP(,I'iIlH'llL it was :foulHl 
that maitllHilling- hil-(It lttllllidity by pitwilll-( II Irpt ;.:ad\: Ol'('t' lhl,' walnuts 
ill till' t ..paling ~'abilll'l l'p:illited in :-;hlll"l'l' lomwnillp: of th(, hul!:, than 
tl'('aling- wlIll1l1t:-; dl'\' ill a :-illlilul' \'J1bill('!', J)uJ'i))p: tIll' Ih-:>t .f;clIson's 
\I'(Jl'kii \I'm; fotllld. that \\,11('11 il tl.'Ptlting (>1H'loSIII'C was nead.y filled 
with waluut:; alld tlll'il' Il'IlI\)Pl'ntlln' dl'Oppl·d bl'\ow tilt' <1('1\' point o:f 
thp 1l.IJJlosphpl'l' :>1lJ'l'OllIHtiJlg tlwJJl thf' HlIts IWl'allll' ~'o\'I'L'Nl with con
d('HSt'<l 1I1Oisllll'(, (lIltI [11(' !':ttl' of hull \oosPltinp: was l'etlmll,'d. [l'he 
pf!\'\'t of' l'x\'('~sh'(' l1Ioi:-;tul'P in tL'Cllting-l'italllb(,l's\\'ns eht'l'erOl,'e invcsti
!!atl'd ill tIll' Inboraf\JlT. ' 
, The {'xp('I'itl1(,llt W;tS in many rcspcds compttmble 'with the first 
Inb()t'alory expl'l'inH'nt n h'l'ad,\' \'('1'(11.'1'('(1 to, TWl'llty-fiyc \\'a lnllt~ 
pl(,kpd on .J Illy ii wup plal'eli with tIl(' :;t('JlI~ dO\\'1t 011 W:lll'I'-satm'alecl 

!~ l'llpnhli;:h!'<l linin (If K n. ~r\I"p:-;, t\;:~(ldntl' 1I1:\)t'('';"OI' of agl'ienltul'al ('UgiIlC('I'
illg, Clli\'l"'~i{y (If ('nil fUl'l\in. 

http:tn'atl'(II\�.~.th
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totton, They were then llut on npricot drying trays in the 1,OOO-lit~r 
treating cabinet. At the same time 35 nuts of the same picking 
wel'e placed on au apricot drying trtly itt R duplicate box with no • 
cottOiI and no added moisture. Both lots wel'e treated ·with ethylene 
gas nt tIm same concentration und at the same tillle. The results on 
hnl1 looSt'ning are sho\\'11 ill table G. 

'[.\LIu: G.-Etfc<:l of ll'l.lllddity 0/ fl'fating cllftlnb<1' OIL )'ate of lt1tll 

loosening of wllllll~t.., tJ'£'atfdtl'ith cthylene 


Hulls 10(lse OJl~'" 

Date aud time Treatment he!;un ,July 9JII!\'10 ,luI\' II ,Jul\' 12 
(-1 (5 1 (6 , (7

I dlL~'s) days) l dllYs) , da,"';) -----------i--~__.."....."._.t_____t__~ 
I . 
Percellt Perc'cllliPcrcclI1 Perrelli 

25 nuts 011 lm/;lIrnted cOttOIl •• ' ,llIly;3 lit 2:30 p. UL . 0 i S,t I 9G L. ... _
35lluts, dry - .. ~_._ .. __ . do (I) 100 . ____ .1 __ 

2211~1~~~{~:'I~~~~~l'l'lLtor with 50 (.IO~._.____._.._O_L._~J~__= 
I IIull;:; w~r(' loo.<c 011 n few nuts. 

T\\-~nty-two nub:; from th(' :;;11ll1C' pieking: wC're 111:H'('(1 ill n lO-lit('l' 
dN;i(ocut(il' into whidl JOmilliiit(>!,s of wut!,'1' hat! b(,NI pliH·(,(l. The 
nuts W('l'~ SUPPol't('(i 011 a tray aboY(' the wah'I'. and (·thylelle was. in
tl'oc1u(,et1. The ntlllo:;phel'C' in the dl'si(,tatOl' waS ('olllpll'tely saturated. • 
as indkat<.'d by nle pl'('{:ipitatiQll of ll1oi:;tul'(I on the :;idl's. The hulls 
of ull tl1C 'wtlhmts tl'parpd dlT W('I'(, loo:;e at ill(' ('lId of udays, but :it 
was 24 hours \alt·r b(~fol'(' 9G pel'('C'nt of tim hulls of those on wnter
£:atuI·ut<.'d ('olton W(ln' IOO:;PUNL In ('ontmst, ollly ~4. pel'('cnt of the 
Huts l11itintailled at lOO-pel'cent saturation hild loose hulls at the end 
of 7 dars. 

Silllilnl' tl'('all1ll'ntB witlJont ('th\'h'Il(' were tried. Tlte dry wnlnuts 
h(>l·mn to wilt l\lHlal\'w hullR W~l'~~ pnrtly l()()~el)ed ()]~ tl1(\ fOlll'th day. 
Thos(' on ;;Htul'~\ted ('OltO\l ~howNl no j()o;';('IlIl\~ until th(·y bl').!an. to 
dl'(·omposl'. Till' Jot in till' de;;i('t'fltOl'. whieh n'llI'('selltetl wntet:-'sw~at 
t'onditiolls, hnd 73 Ill'l'('('nt of lo()s(', hulls 011 the fiftec'nth clay, but the 
hulls W('l'e badly ll('('olllposecl. . ... 

The Inboratory data w('n' flllt11er :mbsbintJated by a field test 
desif!ned pl'imal'ily to dl'{t'l'llIilll.' thl:' type oJ sll'Ueturl' net'eSSlll'Y 1'01' 
b'l(('{'(,:,8fuJ ethylelll' (I'Nltnl(lut of walnuts (46) ,13 Fii'ty-t\\'() titl'lIS 
Held boxe"fillt·d with wull1llts \\"('rr pJaeed in :tn OP(11l BhC'd ulld~)' two 
layers of I-oullce ('an\'a::; SllPPOl'tNl by :1 light wooden Jl'alllcwol'k ill 
SUdlll wny ns to IH'o\'i<l(' ail' Spll{'e al.'ound the entire lot. .A partial fil'st 
dllll'f!(' of t:'thyll'lw WllS lIdminj:;tl:'l'l'd, lol\o'Y('(l hy continuolls tri('k
ling.'. The L'etrhtilldt'r of the ::lalHe pitking-. whi{'h had been intimat(>ly 
mixed before di\'ision, waS Vlnt'peI in a bl'!!l' bin ill a (,OlUllll't'l'ial 
ethylC'llC'-tI'Nltill!! dwmb('l'., .\.t the beginning of eaeh \'entilatioll pe
dod, it Wild Iouud that mOIsture had L'ondcllticd on the walnuts in the •

I) rUlluhllsll\'(l Il{ltll or n. P. l!lI:;e:;, tlss(l('inl(' f\mfe:;::ml' of ngl'1\'ultunll \'ngil\(~cl"
lng:, rlliYI·I·~ity nt' ('nlil:m'uill. 
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bin below the top 2 or 3 inc11(~s, The wnlnuts under the cunYIlS were 
Ilt 110 time moist from ('oudcnsat-iol1, ThN'c wet'e 2:2;, pat'tinl stick
ti~hts fl'On1 the 52 boxes of treated walnuts after 72 hours of treat
ment,

As thel'(~ were no decayed hulls in the lot and the hulls were ct'isp, 
they w(\l'e handletll'eadilv bv the meehanit'al huller, In l'olltrast, the 
lot "t.reateil in the bin, al(hollgh it ('ontaiI1l'd Pl'opOl'tionatl'ly 1\0 more 
"titktightii, did ('011 til ill a (,OIll3ilh'I'nhlp PI'OPOI'tioll of del'ayed and 
1l11IShy hull.,. which lHldly dogged the huliN', 

EFn:c'l' OF CAIWO~ DIOXll)g AceD\\. L:\·t:lO~S O~ HATI, OF Hm.I. LOOS~:NING 

In investigations 011 the lise of ethylene to ('0101' ('ii I'US il'llils,it 
WIlS found thnt (In tH'('\Il1lltialioll ill tilt' tl'eatill!! room of (,HI'\)on dioxide 
equaling 1 pelTl'nt v!:,ibly retarded the mte of ('o\(lI'illg (,J) , In treat
ing wallllltS in ('Pl'laill ('0 III IlW I'eia I plnnts, ullpxplainahle delays oe
('UITl,d ill the ratp of hun loo::;enillg, :tnti ('al'bon di()~idp waS suspected 
as II \1o::;sible eaUSl', .\rt'onlill~ly, i\l\'psligatiollswC'I'(' designed to de
tl'l'lllilll' t\le l,fl'l'd of Ht'('lIl1ll1laliollS of ('al'boll dioxide HIHI also the 
('()Il('('IlII'atiolls that l'('tal'(\e(\ till' rail' of hllll IO(JSl'lIillg, Till' (Iclay 
ill ratl' of 111111 IOOS(llIillg in (,Ollllll('I'l'ial plalltS WIIS latcr found to be 
t'ilused by slow <iilrllsioll l)f l'lhylelle alllong the wnlnutsratllcl' than 
by ('at'l)oll llioxide, 
"'L'cst:;fOl: t'ilrhOll dio~ide 1It'l'lII1IUlaliolls wpl'e made over a· 3-year 

Iwl'iod, Th(, most i nt('nsi n~ wol'l(' waS dOIll~ i1\ the la bomtory, liili ng 
II\(' ('abim'ts dps(,l'ibNI in t\le section, Etl'l'd of Telllpcl'lliure ttnd Dllra
tiOIl or Tn'alllll'nt 011 Loo::;ellill~ "~lIlnut HillIs, p, 21. The findings 
of' t1l('se I ('sb; were as follow::>: 

(1) No tnl'a:,;tll'nble 1'('lal'dat ion of the rate of walnut-hull loosen
in~ (j(,t'UlTNI with cHrbon dioxide tOIH'enll':diomi ofl('ss th:l11 3 per('cnt, 

(~) Bpl'al1sP of tht' YIII'inbility of the lIormal ti111e \'(,()uired to looscn 
walnut: IIlIII:l) the en'pet of ('OI1t'l'lItl'atioll;> between 3 and'; percent was 
que:;! jona bll', 

t;~) Definite I'('tnl'datioll Ol'(,U1TNl with C'O!H'cllit'alions of 7 pcrc'cnt 
(Jr \lIOrt', }l'OI' exall1pll', while dll't'k lots ShOWNl only 1 to i3 stkk
til.!hts out of ;~llO walnuts in diillllbc'l's wlH'I'p all ('al'bon dioxide was 
:Ibsol'bt"ll. lots subjl'{'ted. to l'OIll'('lltrati()lls of7,a 10 7,7 pl'l'eellt of ('al'
l)on dioxillc' had 11 to ~7 sth-kti~ht:i in aoo, On n IWITl'lItage basis this 
alllOllI1ts to 0,3 to 1 PPI'('('nt with 110 ('arhol\ dioxide IH'('Sl'nt as tOlllpal'ed 
with :3,7 to !) Pl'l'('pul with:-;Iightly o\'el' 7 I>l"\'('(,lIt of ('arbon dioxide, 

(,l) Thl' highest ('O\H'(,1I1I'lltion of ('arbon dioxide found in (,Olll

1lIl'L'tinl tn'atill!! stl'lll.'lurps at the entl of a l~-hour IWI'io(\ just before 
Y('ntilntiolt wn~ .j pel'l'ellt. Only in rarp eases did the ('oIH:entl'ation 
('x('t'ed ;3 perl'C'IIt. tUlll U!:mnlly it waS Ipss than ~ pen'pllt, 

;o;iul'e some l'OIIlIlIPI'('ial SII'ueturl':5 HI'(' so built: that total ail' space 
within till' tTpat,ing room is ,'pry littl~ greater than the yolt~mc of 
\\'llinII b; pla('('(\ 11\ the' eh:.lIllbl'r-a ratIo a:l 10"" as L:l to I-It was 
thou~ht that thl' l'l'spirat.ion of tlw walnuts llIight t'edut(, the oxygen 
l'onll'nt of lhe utmoS'plH're pllollgh to aired thp rate of hull loosening, 
This waS ba~ed on tlte fal't thaI till' I'l':'eal'clt on the coluring of citrus 
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fruit pl'(~"ion:;;ly l'efcl'l'ed to showcd that ('arbon dioxide Ilc('ull11l1ations 
Ubo\'c.l pl'l'l'ellt "isibily I'Nlu(,l'd the ratc' of tolol'ing but did not affect 
the I'llte of metabolism (J). ~\('('ol'(lingly, II test was JIIndcin the 
I:lborutoL;~ b:eatin¥ ('nbinets in whkh both ethylene and oxygen W~'I'e 
added. .lhe ethylf;'lll'-ll'catl'd ('olltl'ol lot and the lot tTeated WIth 
ethlylene and ox)~g~n were mnintaine\l tlt the Same tl'll1perntm'e. The 
rate of lHlll IOOS('lllll!!, was tll(, !:lam!,' III both. lots, It: waS ('on<:llIlil'd 
that l\bsol~ption of oxygen or .lack of oxygen in treating chambel's did 
not ilfl'l'c:t the rute of hllllloo:;E'lIillg, 

.\lthough no :i[weifi(' studil's on l'l'spil'utiol1 \\'('I'e ('anied on, some 
intel'N:;tin~ filets l'('latiw to rE'spiration were obtained fl'ol11 Ihl, dab! 
Irathl'I'e<ll11 the l'Xpl'l'inwlIt,,; to dl'll'I'lIlillC' thE' l'lrl,~,t of eal'bon dioxidl' 
Zn the mtl' of hull loo::wnillg, The quantity of ('arbon dioxide in 
the ntlllospherC' of lhe treilt ing eabinets was d('i:('l,'llIill('(1 at the end 
of eat'll l~-hollr ppl'if)(l, ju:::t before "pntilat ion and l'l'('hnrging- with 
(·tlrylene, Two ilalllp!t':i of ga:;; "'Cl'e analyzed in l'adl ease, olle hom the 
top' and the OtlWI' fl~()lll thl' bottolll of dIe l'abilwt. III the tests made 
in W!1(i till' h'mp('I'atul'(, of the ('abinNs WitS maintained at nOll F, _\ 
:-:mall el('ctl'ic fall ill one of the eubillC'ts kppt the air stirred contin
uOllsly, while in the other there was no atmospherjc disturbanee 
betWl'en Y('ntilations, 

~illlilar te;:ts \\,('n' ('alTied on in 19;H with the same treatillg cabinets. 
The tempel'Utul'e was maintained at apPI'oxiIlHlt('ly l:iO" .F, The results 
01' both sel'ies of tpst:; aL'(' gi\'en in tablt' 7, 

T,\JlI.t:i,-('urooll lIio,l'hlt- in ti'('((/illg ('(lbillf'IN jUNt o(iol'(' ('ur/t I'('nli/a
tion period, in t(w/,~ JllI.ld(' in ,,,'( !'till/b(ll' 1fM/;' and l[),J'{ 
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L('ngth of HI'pt. ii ~cpt. He'pt. ~('pt.
trcnllllcnt 1 li S

(hours) 

Fnll HUll Flln Htill 
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j 

2,4. 3, 2
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._--_. 
7'2 .. -... -- '" ...... ~ . . ~- -... ~-- .. . - I. 1 .L Ii 
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In ('rPI'\" (':\:'(\ whpI'p llip I r('u lJl\('ll \ Wt1;' (':\I'l'ipd on in :-;till ail', the 
quantity (If ('ill'bon dioxid(' was 1.;1'('at(':-;( llPHl' L1H' bpgillnin!!' of. the 
tl'patin,ii: P(1,·jod. Tllpl'p W:lS it (h,iinitP d('clinc a~ thl' tl'('ating ppl'iocl 
approadH.'d (iO hoUI.';'; \\'11('11, pxccpt in (,xcl'ssin~ly high cOllc(,lit rat ions 
of ('al'lHlll dioxidl'. tllp hull:-- (If all tlH' Illll~ ill the lot:-; \\'('I'P 100:-(', In 
t!le two ill~lam'('s wll('L'(' till' tl.'ealllH'nl WaS l'Ul'l'ic'd Oil long('I', on(\ fol' 
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72 hoUl's and the oth('I' fot' fl(l hOUl'R, th(' dt·('lilll' WIIS Irllll:ked, This 

• 
OUS('I'vulion is in kel'ping with 11ll' ('xpl'I'i('\H'(' of 8("'(,I'al o!lWI' workers 
with ,'ill'ious fruits, Kidd lind 'V('st (,Wn. in tlwil' work witll lI(>pl('s, 
n)lplil'd the t('rm "('!i\ll;ldel'ic" to the pl'l'io(i illullediah·ly l)l'(,l'l\tiillg 
(1111. mallll'ity, (\lII'illg which tIl(> ilH'I'l'IlSe ill I'IIh~ of l'eSpll'tltion is 
gl'('lltl'I' thun alllllY olltt'I' time in t1H'lifl' l,Yt'll' of III(' fl'lIit. 

Davis lind ChllL'('h (.11) l'('\IOd thnl ('thyINI(1 stilll1llut:N1 the sof
tPlling. ('0101' dt,,'(·lopllI{,nt. alH 1'('spil'lltol'Y ad ivit,v of pt'I'silllll\OIlS liS 
lilt'S nppl'ollt'hl'<\ 1'1111 IIlHtlll'ib' b('\'ot,t' \lonnal sorh'l\il1~-"the sta/{e 
l'OI'I'Nlpollding to thnt \\'hkh I~itld and "~eslll('signal('d as elillln<:icl'lc 
ill appl('s," They;.;bo\\' thai UI(' I'till1111atin' (·n'eet of ethyle\)(~ on 
I'PSpil'lItion (\('elilll'lllll' till' fl'l\it I'iJlNwd. (':;p('('ially ill tlte Illst stages, 
Bai('1" p\ Ill. (.1) 1'011 lid thl' SIlIIH' thillg \0 1)(' 11'lH~ o.f: ol'allgl's-thal is, 
tht. (./1'(.(,( of pthylt'II(' Oil I'l'spirali(lll is to im'l'pnsc the I'atl' cOIIHidl~I'ltbly 
on'l' thlll ill ail" alolw. lind l'\h"Il'IIl'-eolol'NI frllit tnlH'1I fl'o\l\ the billS 
in tIl(' puddng hou:;(' I"t'spil'(·d III1Irh H1()l'(, Hlowly Ihall average lots 
imllll'll!at('ly, a n('I' pit-king. f'itlH.'I' with 01' wit:hOl,lt (It hylt.'lIc, 

In "I('W oJ tllp O\)SPI','atloIlS by t1WHC work(,I's. It wOllld seem reason
nhl(' to nSSIIIIl(' thnt walnuts wiih gl'(,('1\ stil'ktight: hlllls al"c at It shlgc 
of' 1I111tlll'ity Silllilul' to tht' l'lilllUl,t't'l"il' ill nppll's, lind lltat tilt· mil' of 
I'(':->pil'atioll dl'dilll's slnll'ply liS this stage is passed and the hulls are 
1(J\I~t'IH'11. Tit is 11l'l'iod HPlwa I'S to bc ('oi nt'ld('nt with the stage of 
IlIUXillllll1l i'\ability or ('0101', 

MA'ITRITY S'ITI)IES 

• Cp to tlw tin\(> Ihese stlldies w('n' sIHI'INI, no im,pstigal ion 111\(1 be(,11 
made of \\,HIIIIII mallll'ity bN'HIIse. Iml'\'l'st: had n('('('~sal'ily 'followed 
nal 1\\'lI I IO()Sl'lIing of till' hull. alld 110 pl'oblelll of IlHlIllI'ity existed. 
TIll' fil'sl lot of wulnut,.; Il'pflled with (,thyl('\h' WII:; piekl'(1 ~ ()I';~ wceks 
bl'i'ol'(" till' lISIIHI hal"'('~ltin1(', ...\. ('I'lIl'k 11.'51 ;~llOw('(1 t Itll! bl'l.\\,l't'n ;lO 
and -w Pl'l'Cl'Ill of tlH'BC lIuts w('l'e IIOticl'tlbly slit:Ullkcll because of 
i 11111 Jallll'j t ,-, 

TIll' PPI'('Plltng(' of Shl'llllkl'll !;:('I'II(,ls. la\('I' (,IIllt,<1 inmllltlll'(' shrivel, 
ill till' I'IHl'('11l in nll'iPty :wd sl'l'dlillg lois 1I'('aIN\ d('('I'('IIS('(\ raPidly 
dUl'ing: (lip IIl'X! ::! WPl'k;;, A ~ilJlilHI' illl 11 lat lIl'it,\' wa~ appal'(,lIt whl'lI 
till' Ii I'S[ lots II r ElIl'(,lm \'n I'j!'t V \\'1'1'(1 t \'(':\ (,\1 on Ol'lolwl' ::! alld 3, The 
aplwHI':tlll'P of illlll1allll'l' l{hri"el tLiBIIPIWUI'I'(\ ill this lilte VIII'iet)' in 10 
to [·1, dn ,'S. 

Thpi't'"ohsl'I','ations iI'\I to Iht' \Jl·lip( that pthY\('II(' ('oll1<1loo:;ell the 
hulls or illlll1alII I'P walllll!S, This 1ll'li(,\, was {'OIl'lirlll('d 011 ,lilly 3. 1l);1-\., 
wbl'lI walllut;;ol' lhl,l'lal'(,lIlia ,'a 1'(('(." pi('kl'(\ 011 ,lllIll' ~s wl·,'p'loosl'nNI 
ahel';' day"': t l'palllll'lIL WII\'II pil'k(,!1. this lot of \l'lIllIlI!S WaS ill the 
"jp\1y" i'lllgl'. thnt b. 1\0 solid 1It:1ll'I'illl had bpl'lI j'{)I'IIIf'l1 in the d(~,'('lop
iug- ('otyh,doll:-i, \V1ll'1I dl'il,d lIlId l'\'Hek ll's(pd, (I)(>y sll(\\\'N\ lOO peL'
(','nl or iJlIl1wtUl'(' :-hl'i\"(-\.

Tlu' l\l:\:~ il1\'P;;!i!!;Htiolls I'('n'alt,d a 1H'l'd 1'01' lldaill'd l'hl(lv of the 
Illat lIl'ity ql1P",liOIl, .•\t this !.iIIit' III(' III'gl'nt IWl,d of n lIl,Hllitt; sign of 
Ilta(ul'itv that (';til Iw I'pndilr ob"'PI'\pd with ('('I'tain!,' II\' all\' olle 
whill' Ifw wnll111h tll'[' on [hl' tl'(,1' (,i.!) 1[,\.1 to iJl"pst1!!'at'ioll (,I' tho 

• l'l'lutiolbhip ll('t\\1'1'1I IIwtlll'it,\ lind "dlll'kl1Ilillf! of tlll"lihro"lIselllal' 
bllUdh'!'i I "pjlls) \(':IlliJlg 1'1'(.)\11 tilt' st~·IlI. till' dl'\'l,loPIlIl'll( of d:II'k: 
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( 2 H(>causc of lack of cxperi(>nce of obsernml in dislingui::hing immature shrh'el from naturally thin kernels. some of tba .latter were un- a 
e doubtedly wrOlll.\ly cla:;sified il5 "shriveled," Subsequellt experience proved that there ie only an occ&."jonal immature ,l;hrh'clllfier 95-100 f;j

pcrc(>lIt of the nuts de\'elop brown packing tis:;ue. z 
3 Hand-picked from lower limbs of tree from which regular picking W8:\ done (line above). t>j 

• ,Free of hull. Field hulled. .... 
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I I Full maturity Wa$ reached in each orchard between the 2 pickings .separated b~' horizontal line. 
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TABLE 9.-Pucentage8 of lite, moldy, a'nd 80und kernel8 in ethylene-treated andfield~lLUlledwalnut8 in ~ cli'l1wtic a1'eQ,8 ~ 
of 8outlte1'n Oalifornia in 1934 

~ 
Ethylene-treated Field-hulled o 

.~ 
1

Date of I Per-
Location of orchard Variety picking 1 cent- ~ 

Sound age of Lite Moldy SoundLite 1MOldY 
pick. ing ~ 

Per- Per- Per- Pe/"- Per- Per- Per- ~ 
cent. : cent cent cent ! cent cent cent 

Aug. 15 63 30 I 48 <0, 6' 0 1 61 <0 

I Aug. 20 241_0_ 87 47 71 1 89 C> 

Aug. 27 7 0 95 90 40 1 97 ~ 
Placentia_______ 58 0 98Coastal-Ventura County__________ ----------------- Sept. 3 O. 0 100 

r'lSept. 9 81 0 97 
Sept. 17 --!""--- 61 1 96 ~ 
Sept. 25 64 0 97 to1 

59 1 96 'tISept. 28Average ___________________________________________ ::'0 O. 6---------------- ----,,, ....... -

Aug. 16 19 0 86 4 6 0 6 
Aug. 21 45 0 95 14 60 1 76 ~. 

---------,--------  > 
58 0 95 49' 46 1 97 o

Intermediate coastal-Orange County________________ PI . > t' Aug. 28 ______ 38 :xlIlWlI 1a__ ---- Sept. 4 0 94 251 92 
______ 13Sept. 12 7 84 ______ 10Sept. 20 23 73 ______ 10======j====== 91 ~ Sept. 28 ------ ------ 2Average ___________________________________________ ______ 0 ~ ------ ------ 5.1 ---------------------1--------- :xl 

to1 

, '\.J 



• • • 
lljAug. 9 I 46 I 0 I 8:> I 0------1..------.. ------

Aug. 13 30 l 0 86 0 1------.----- - ----- 
! Aug. 18 I 53 I 	 0 8,1 , 5 j------t-----· ------ d 

Ul 
l"JIntermediate interior-Los Angeles County____________ ,Plac:entia________ : Au~. 2(\ ~.M-I-1--ll-n3.--39T79l.-;-~ 

, , 	Sept. 2 1 66, 196 58; 61 5 94 

Sept. 8(1: 53. 4 937 :------1'------ ------	 0 

'lSe L18 1.------ ____________ '. __ • ___ ' 26 13 87 
>:j 

" t ?7 ' I' 1 3013 86 , \ l:;cp 
p

. - ;------ ------;------1"-----' ' 
l"J 

Averng~___________________________________________ · ____ ------------Ir~~f~~-r- -!~ -, g' 41--- ~~-:----g-;: ~:~~~j-~~~-- --'--48 ~ 
t"' 
l"J 
Z 

____.' ----,-----..--1--1----. l"J 

· . . 1 ' I C' 	 CI <Aug. 24; 55' 2 ; oa' 46 I 80!.3 I 95 Z 
. Aug. 17 i 50 	 1 • m 14! 77 I 5 88 

JJ crnlC lUte IIltcrlOr- .os • .,.lIge c:; ounty____________ lase__________ I Aug. 31 I 65' 1 I 01 I- -- I 7S, 6 I 92I t d Sept. 7 '-- ____: ______ ---.- _I !l7' 5B 11 I 86 
.. do_.. , ______ } ______\ _________ '-, 52 12 87 ~ 

1;d 

Sept. 14 i------ ------ ------1------1' 	 ;j39 6 88 
Ul

Average___________________________________________; _______________ : ~Sep~. 24_1=: ~-)---:st::::=!:::::: ___~:. ~. 5 86 1-3 
Aug. 10: 21' 0 ! 55, 0 ------ ------ ------ Z 
Aug. 14 ~ 23 0 I 48' 0 I- ----- -----. -----

" 	 Aug. 22 i -t'{. 0 ! 75: 0 ------ ------ ------I 	 ~j 	 ,_._- ".-------'---{---,----- 

. . " _ 	 i ') .' jAug. 29! 46: 0 !Jl I 0: 57, 3 89 

0 

InterlOr-Ibvcr"lde Count~'-------------------------i Ilacentla_______ Sept. 5; 49 2 I 84' 17 t 25 '13 60 ~ Sept. 10 1 53; ·1 I 81 14 1 21:16 71 1;d
S~Pt.18-.-.-+------ ..--.-----! III i 4 81 UlSept. 26 ,______ . ______ '-- ____ 1______ 3 ,10 80 

, . Oct. 4\'------1--- __ )______1______ 0 ;25 ! 55 ~ 
A'ierage___________________________________________[___ -------------1--------- ------, 1 ------ ------ ______,l!. 8 t·----- ~ ~. 5 ;------1------ ------1 iJ.91 >General ayerage 2_______________________________ .-- ----------------. --------- ------1 	 ----- 

~ 
d

1 Full maturity was reached in each orc11ard between the 2 pickings separated by horizontal line. 1-3 
2 Arithmetic average-all lots of equal size. 

~ 
I-" 
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areas in the packing tissue inside of the shell and ahio the development 
of abscission layers either in the stem or next to Om walnut." . 

On the stal;t of. "'ork in 1934, it was decided that observations of 
the behavior 0:£ the packing tissue H should be made in considerable 
detail. 

As th~\ nuts approached maturity, brown spots ttppeared towar(l 
the blossom end of th~ walnuts in this packing tissue. These spots 
spread rapidly l111ril the entire mass of packing tisslle became light 
brown. At abollt this stage the tisslle began to dry and produce n. 
cavity arollnd the kernel. 

During- the 19~H harvest season, It representative sample of each 
lot used for all purposes of the investigatiQn was carefully examined 
for the following- physical factors: ('l'llcked hull, absclsRion layer 
.(either twig to stem 01' stem to nut). darkeninO' of fibrovasctilnr 
bundles from stem to c~nter of kernel, and the con~iti()n of the pack
ing tissue, whether "white," "spotted," "brown," or "dry." The data 
thus obbtined were classified and conelnted with the resllits of final 
crack tests of 300 nuts each. In the crack tests, the nuts were observed 
to see whether they were lite. veined, shrivel~d, sonnel. These data 
have been arranged in table S, pp. 3-9. A line is drawn across the table 
to separate the pickings between which full maturity was reached. 
OOl'l'elation of these data with the development of brown color of 
packing tissue h~d to the development of the finalmatl11'ity test. 

'rhe results of the crack test on these lots are presented in table 9, 
pp. 10-1. Here, as in table S, pp. 38-9, the line across the table in(li
cates that. the crop reached full maturity behveen the picking date 
above and the one below. A study of this table shows that green stick
tight waIn uts picked just after 100 percent of the paekillg tissue had 
become brown had practically as high a percentage of lite and sound 
kernels as field-hulled lots. The fact that a few lots of field-hulled 
nuts containec111 slightly higher pel'C'elltage of lite kernels is further 
evidence that uncler favorable weather conditions walnuts that are 
field-hulled retain a bettel' C'olol' of kernel than the same nuts would 
have if (·xposed to the telllpel'atUl'es required by the ethylene process. 

The quantity o:f sound field-hulled nuts that could have been har
vested aR lioon as the entire crop was mature. as indiC'ated in the table, 
val'ips from 1I0ne in Ole interior area to -!(i percent 1'01' the Ohase 
variety and m) pel'cent ·for the PlacrntLn yal'iety in the intpl'mediate
interiur area. The rlecline thest~ fielc1-hullrd nuts wOlllel sllirer as the 
reslllt of temperatllre duri ng ethylene treatment (table 3) indicates 
the need for separatillg field-hulled nuts from green sticktight walnuts 
before treating. .. 

In 1D35 Davis (19) reported detailed chemical and physical investi 
gations in which he studied "specific grayity of the whole walnut, ratio 
of the w('igllt to the yo!ume of the kernel i a percentage of chemical 
constituents Stich as oil, protein, tannin. starch, sugar~ and glueoside." 
He subseqnently stated (20) that "it appears that the optimum ]utr

11 "Pu('king tiRRlIl'" is tilt' whitt', pithy ti",;nt' tha t !ll1l'ing the neriocJ of growth 
of It dCYl'lopiug walnut, fills 1111 tile space lI('t\\"('(,1I tIll' lol)('i; of the ('o(:yh'dons 
and lwtw('('n til{' eot~'I('dolls nnd th(' RIII.'IL In the dry walnllt till' rl'lllaillS of this 
llaekillg tiRSlll' fOl'lll tlle lllajOl' alltl lIIinur Sl'ptUIIIS anti the thin layet' that 
lines til(' sheIL 
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yestt.ime ean be better ascertai1led by the wen-known crack test than 
by any other means found up to this time." He fnrt'her calls atten
tion to the diflicltlty of sampling, as follows: "It is diflicnlt to obtain 
satis:ractory samplesholl1 a walnut gro\"(~, and yet the whole matter 
of changing the IHIl~vesUillle depends on secudng ,'epl'esentative 
~alllples." He suggested that the CI'tH:k test be based on blliting the 
hulls fl'OIll walnuts with a circular, l'e\'olYing wi!'e bl'llsh, followed 
by washing alld standard drying, and belil'\'etl that the packing-house 
manager 0,' a well-t!'ained field lI1an t'Ollld take care of the classifica
tion or Cl'Ht'k-tl'st I'esults sinc(' the greater part of the work would 
come be:tol'e HL'tllallu\I'\'l'stillg begall." 

Dads' illlpliNI t'Olll'llISions thal sppl'ifk gl'avity c011ld not be lIsed 
as II satis:tact:oI'Y test Jor l1latulity \\,('1'(' confil'llIed in attelllpts to sal
vage the InatUl'e nuts 'from several tOilS of walnuts blown from trees 
by a high ",in(l nt HpllIet on August :2:3, H);l5. All nuts blown, down 
\\'el'e gl'l'en stiektights. Two days after the storlll, the lints wpre 
gHthl'I'Nl fl'Olll IIr(' gl'ound and plat'('d in tl'eatillg' ('lranlbCl's. ,After 
~'i~ days in l>lhylelle~ stllllples wel'(' pla<:pd in a tallk of water. '1'he 
I'('sults ar(\ showlI in table 10. According to the JlIatllL'ity test, de
Hcl'ibed latl'l', lfi and ;3-1: pel'C'('nt of the Placl'lItia 'Walnuts and none 
of the EUl'eka walnuts showed all brown paekillg tiss\le. 

T.\IILg 10.-[>(,I'('(,II/agc of matul'e and illllllaf'lll'e lNtlntds, as indiaate(Z 
b!l ('0101' of 1)(U'/"illg /i8.'lle. in (t lot ,,('para/eel b!/ 87)(~('ifio f/ I'(ll'ity at 
Hemet. ('ali / .. . lllf! . .37. ItMfj, and percentage of sOllnd (lmllite ke/'nels 
(l.~ ddl'l'milled b!l ('/'(/('/~ t('8t 

-,- ._

('olor of pa.::king tissue I 
,~~-~--~-" ---:------i SOli IIdl 

I Or- White Spotted Brown ker- I Lite 
kert chmd ......_._-.---- -~---,--- lieIs I nels 

j 

"I 1 '['I I J'I t 
l' oat- Sank 'oat- Sank 'O:t - Sa lk

cd ed cd' 1 

i------I.,~~- ;J~cr-_-!~i'-~p-e-I-,_-I ~:>~,:-j Per Pcr- I Per-
I celli celli f Cflll celli cellt: cellt cent I cellt 
'{ I 2!i 10 ·1,·1 1 19 0 54 ; 7

PlacentitL .. , 2, Hi i 42 l 34 0 i GG t 4 
EureklL __ • ~_ __~J_,~_.. H j 28 2·1 0 I, 0 1_ ~ :.__0 

TIU'se finc1infrs wel'e Sllbstantiat'ell by subsequent crack tests. A 
]al'~l' [ll'I'('C'lltage of the nuts was (,OInml'lTially :-;ou1Hl, however. It 
will be 1l0fl'll that while lIone of the Illat \II'C nuts sank, a hu'ge pl'O
pOl'tion that floatNl Wl'l'C iJl1l11ature~ as lndi('tlf'ed by the ('0101' of the 
lhtt'king U::;slIe.Elll'eka walllllts \n'l'e eXl'pC'<lingly immatul'e when 
blo\\'n fl'om the trees, as indicatcd by total absellce oJ browil packing 
tissue. 

The hWl'stigntions in 10:i.\. led to tentative matul'ity l'eCOIllI11l'I1Cla
tions by Kimball (41) in :llllIC 1U:35. TIU'sc l'eeol1ll1wlHltiQIIS, based 
on the den'lopnll'lIt of bl'own color in thl' paeking tisslle, werc as 
follows: '·n the wa I nuts when shaken (not hand picked) from the 
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trees and opened al'e found to luLYC 100 percent d:u'kened and drying 
pa('kill~ tiHHue witll some cavity around the keJ"llel oet.wecn the halves, 
it is believed there is no danger of immllturity," • 

During 1D3;) approximately 150 Held tests "'em mude for veri fica- . 
tion of the tentative recoll1l11endutions (44), A cal'ctul procedure 
was followed to obtain representative samples, Sampling began about 
August 15 alld wus continued at regular int('t'\'als ill the same on'hards 
until all walnuts wem tully mature, The data tor two typjcal Ol'

chards, table 11, show the relation between brown packillg tissue uncI 
full matlll'ity, Frol1l the infol'lnatioll thus gathet'ed, ~lefinite re('oll\
men(\atiolls were made as follows (4.D : ;"When a sample of at least 
100 nuts slHlken from aIL parts of sen'ral tl'ees is found to IHlw 100 
percent brown pac'ki ng t iSSI1l', with ea \'it ies £01'111 ing a l'OllllCl the 
kernels, th(, walnuts will be safe for haL'\·cst." . 

'.rAlI[;l;; ll,-1'!IpiNtl mahtrUl/ data ()otainrr/1l'it/t Placl'ntia NII'iety 

ojlcalnut8 in Hid':; 


COMi'I'AI, S~("I'IO~ OF Los ANn~l,f}R COUN'L'\' 

Color of paekin!{ ti';SllC 

j ('l'Ilekl:'d Ifully ! Condition of imma-
Dalc 1 hull.· m!l- ture kcrncls 

Whi-tJ Spotted Broll'n i1n:~~~- turc I 
---.~! _.

per-I Per- Per- Per- , 
j" 

('ellt .c('n/. Perrelli (Cllt cC111 
iG 2·1 1 0 100 o Shrh'cled, dark. •
18 ' iG ! 6 i4 20 Do. 
o ·13 5i (i., 3f) Do. 
1 35, 6-1 ·11l 51 PIUlllP, olT-color, 
o 2(i' i4 J2 8S ' Do. 
1 0 DO 2 OS 
o 0 100 0 100 

·Ii 53 5!l 41 nark. 
44 ·18 ·12 ;)8 i-ion1(' reci spotting, 

·1 lHi 2 08 Do, 
o 100 _~_1~~___"__ 


I Picking started 011 Hcpt. 2·1. 


'.rhe. only cOIHlition under whith this matllrity [('>it was found to 
need nH)(lilkatioll was \\'h(,11 I he walllllts wel'(' gl'own in extTC'llIely 
dL'Y soiL Then I-he pac-kin.!! [i['suc was brown and driC'd bal'k, TOI'llling 
a ctlyity around the kernel as eady as a week IX'Tore matuL'ity was 
rCllehNI. 

The necC'ssity i!or careful sa III pI ing cannot be oY('relll phasizecl. Nllts 
for the Illntul'ity lest :-:110111<1 bl' ~haken frolll all part~ of tree'S with 
the same \'.igOl' as iH used .ill haL'\'e::;ting, Failure to do thiH has ctlllsNl • 
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gome ]OSSI:'S (43), Hand-pieked samples do not yield n representative 
('toSS section, The two piekings on .August 18 of the ]>lucentin YllI'iety 
ft'om the P\lente orellal'd (table 8) indicate the difl'erencein vercentage 
of brown paeking' tissue that mny be expected, Greater diffel'ences 
were found on othel' o('('asions, 

"MllturilY l'(>('OIlIIlII'll(lations \\,('I'e made II \'ailable, to g-I'owers through 
thl:' Agricllltut'al ,Extension S(,l'ViCl'. rnh'('I'sitv 01' Cnlifol'llia,15 

In 'In:3li til!.' ctu('sti(lIl was mil>pd of the possib'le pl'el>l'lH'e of an nbsc.is
sion layel' in til(> ('Plltel' of the walnllt at thl' point wlwl'e the conductive 
tiSlllIl' f.'onl thl' ;.;tl:'l1l bl'anthes illto tlw (lellit'II:', It was felt that jf 
sHeh alarl:'r did ('xi::;t its forlllation \\'ollid lIeel'::;sal'ilv eoincide with 
thl' lIlilt III:ity of t h(' ('otyledolU;, Th is possi bility waS i 11n'stigated with 
the as:-;istllll(,(' ot' till' Dh'i:;ion of POlllolog'Y of the ColIl'/!p of .:\.g-l'icul
tUl'(' :lnd thl' i)('IHII'tIllPnt of BotallY, of tl\l' Cnin'rsity of Califomia. 
('al'(',I'lIl1y PI'('IHII'C'« ~alllph's "'('1'0 examined mieroscopieally and no 
ab:ich:;sion la),el' tistiue waS fOUllCl,l6 

PIlEPAIlATIO~ OF WALNUTS FOR TREATMENT 

Rp:;e!lITh rC\'l'nl(>(\ that it. dppal'tlll'\.' fl'olll cllstomlll',Y hal'vestilll' pl'UC

tiel> waS 11('('c':;::;al'y wlll'1I l>thylelle was used, These elillnges a~'e dis
l'lltised under the a PPl'OPl'illt e heads, 

PICKING 

It hn::; b('('11 )!l'I1(>I'nl kIIOWh'(]).!I' .tt1l101I!! ).!I'OWI:'I'R that, walllu!s ('an 
bt' "ha\;:l'll fl'olll t.Ill' tl'Pl' 11101'(> I'l'add,\' in tlte pariy 1I101'nill).! whell the 
ailllosphel'k hUlIlidity is hig'h than latpl' in tlll' day \\'11('11 the l'elati\'e 
hUlIlidit,· islo\\'l'l' Hilt! th(' tl'llIpel'atul'c.has l'isl'n, ","hell picking 
dntl's WC;'I'l' al!\':lllt'('d to pl'I'lIlit hal'\'esting as SOOIl as thp k(,l'IIcls Wel'e 
Illlltlll'\.', I'I:' !.!a n ill'S:; of til(' ('onditiol1 of tltP hull, it was found that 
illllllatlll'l' \ntlllllts fl'(>(III('ntl," ('alllp fl'OIll tIll' tn'l' il:; ('asily as those 
that \\'l'I'l' Ilwtlll'P, This ('mphasizNl thp 1Il,t'd fOl'matllrity tc'::;tf; bdol'e 
allY :;hakill!.! wa:; lIlI<iPI'iakl'Il, FUI'(lH'l'lIlol'P. in ROIIIP\'pars thel'e R('eIl1S 
to 'ue a n'I';, lilllit('d tOl'lllatioll of all\' abs('ission \;I\'l:l', either between 
till' twig a'ild til(' :;tPlll or 1)('(\\,('pl\ t,'lll' stl'lI1 and thl' 'walllllt, so that 
thc'l'e hi fYl'pat dilli(,lIl!y in shaking any wailluts from the tTees, The 
fad ()l'S I~SIl\lIl"iIJh' foj, this va I'iaYi011 'ha n~ not been (let ('1'111 i11('(1. In 
most ,,('1IS01\:;, 110\\,('\'('1', pickil1).! walnut:'t in thc g'l'een ~tiektight stage 
wlwlI till' kpl'lIl'ls ill'(' llIatlll'(' is ('ntil'ely pmdi('al. 

Inintcl'nwdiat<· ('Iinlatie al'(,u", at SOIlI(, distallee 1'1'0111 the coast, pick
ing- 0 f wa IlIllt;; is o('C'asiona lIy ('0HI pI ien tl'd by lllll','pnl'i PPIl ill/!, This 
('ollt\itioll is bl.'ollght about by UIl(,\'C'Tl and pl'oioll)!c'd blooming and 
",c,tting-of !luts in thl'spl'ill.!.!tlsn l'e>slIlt of nbllol'llIal dOI'manc), (!i3 • .IS), 
Sueh an l'xpPl'iPIll'p in 1D40 is l'epol'!('(l ill thl:' s('C'tiOIl, ('I imatic Limita
tions to thl' rsp of Ethylene for "'aillut Harvest, p, 56, 

.. KOWAI.I .. ~1. II., RI'C;m-;;;T!O:'>S 0:'> llJo:TIm~Il;\"I:'>G ~IATl'HI'l'¥ O~· \l'M,XU'I'S, Calif, 
A:':J" :Ext. S('l'V, ::! pp, HI;;O; 'l'lll<: !JI·~n:I:'Il:'\[\li or \\'.\IS!"!' ~1A'!Tt:1TY !'Ol: gAHr.Y 
)r.\ltn:;;T II, I'TIlYLt\g, Calif••\~I', Ext. Sl'!'\', ::! pp, In:·;~, I:\linH'ogl'aplll't1,] 

,. K h Pl'ol)"lio:.:. Dili"iO{1 or ('()lIlOl():;~', 1'1Ii\('1',.;itr of ('alii'ol'lIia, g'alllt'l'('« thp 
SHmpl(',.;, alld 1·:tIH'1 :-Inst. DI'partUlPlit 1.11' (l"tallY, 1'\'Pll!'ll'd the !II'galire findings 
in un UII[llILJlilii!l'tL ((Ottl'l', 
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GROUND SCALD 

It has been cOl11mon harn~stin~ prllctice 101' shakin~('rcws to pre
cede pickers by a ft'w hOlll'S to a day, It was slIg/fe;:;ted in 10a:1 that 
exposul'e of ~I'een stiekti~hL walnuts to dil'ed sunlI~ht on the gl'olUld • 
waS hUZlll'(lous, This belid f!TeW in subsequent yeat'S to ;:;ueh an ext£'nt 

thnt limited tests wel'e llIall£',in whieh mol'e. than 100 nuts each W£'l'(, 

used, The t£'I1l[)£'rahll'e of tIl(' IIllts was obtnined by bUl'ying the bulbs 

or mel'CllI'Y th£'I'lIlol1l£'tcI'sin the ('clltel' of at I£'ast (Jill' wn lnut in each 

Jot. .A ('hi.'ek lot was kl'pt in thl' shade, In a tNit at ",Vhitticr CXpOSUl'e 

or gwcn stitktights to til(' sun rallgellft-ol1l 30 millutes to 4: houl's 

and 40 minutCH, It was fOlllld that til£' tl'lIqwmtul'l' of the walnllts 

in the. hull becallle.matel'inllv hi!!h('1' than thos£' with the hlllll'cll1o\'ecl, 

tltefOl'lIlt'l' I'euehillg itS mll('il as ':2:3° F, high('1' than the ail' tClllpel'u1ul'e 

in the shade, the latt('I' only loo hig-h£'r, This diffel'Pllec was dup to 

thc gl'£'at£'l' ability of thp hulll'll \\'a.lllut to give up 1llOisilll'e. The 

loss of ('0101' qualit,)' undpl' thesp ('onditions is shown in table 12, 


The data lliHIl'I' PU('lltp in tabl(' 1:2 were obtain£'tl in a. tpst made 

th(,I'(', on tL ('I£'lll', hot day wlwn the temp£'rahll'P in (h£' shade was lO·ho F, 

A thel'.lllOllletu just undpl' (he sul'i'aC'(' of thl'. soil 1'l'g-iRtel'ec1144°, A 

tht'I'lllollletcl' in !!I't'l'll stiekti!!llt walnuts on tl1£'. sm'face of the soil 

l'egistl'l'ed 12G O lit the £'n(l o(:m 1Ilinutt'S, During this tilne no dis

(,O\Ol'lltion of the hllll, 01' sun scald, (h:>\"clopl'Cl. The £'xposed lots ('on

~ tttinet130 p£'I'(,pnt of lite kernels, us compal'ed with 87 percent for the 
check lot not exposed, • 

TAIIU~ 12,-Elfcct of di)'l!f'f s!ln7igltt on gl'cen sticldlgM 'walnut8 •<:lreell stirkUghts meld-hulled walnuts 

]1,0\\'-' 
, LQWCiit Hi~hcst i cst,T,ocation and IIip;h('st ternpcra- tCll1pera- ! tcrn-. " exposure telll pern lure ture 	 ,Lil(' ture !pera-' Lt1.e 

I ker- :. . . Iture Iker, nels i . n('l,; 

_____. Air I Xut~'lOil_ Ai~_ Xu! ~'_"\ir 1~1'~I~I~~1 '_ 
I ' [ , Per- I ! Per-

Whittier: lo /i'.1 0 P. j a p, 0 F. o F. , C('ltt 0 ,,'.I 0 P. fop. , c(,lli 


In ~hll<l(' '" '. _ _ 92 '",._ _ 78 92 92 1 78' '69 

InSlIIl3hours. ___ ;._ 109 90 80 lOG 8-/ 71 

In SUIl 4 hour>; Ilnd , . 


40 minute:; ____ ,.:,." 115 ___ ."- 90 GO i lOS, 8-1! 89 

Puente: 


Tn llhndc. _ _ _ _ ,'l(H _ 10·' R7 I I 

In ;;un (or half 


hour ____ . I·H 120 30 ...... _- ,~ ____ 
I
I __ - 

Hernet:1 il 
 I 

Hulls not ll('alcled __ J ____ ' . ___ _ 	 7·1 ----1----- - ..
Hull,; ;;(,lll([('(1 	 7 ..... - ' ..... - '" - ........... 


t \\'a111I1t,; gatliN('d during commercial hary(',;t; length of time exposed to ;;lIn • 
not known, 



• 


• 


• 
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~\ ween sticktight walnut exposed to direct sl1l!1i~ht on nn exceed
ingl.y hot clay will soon itSSuIrle a definitely !::il'alde~l 71ppeal'ance, simi.
lal' in every way to that produce(lby dipping a walnut .into boiling 
watel', 'Yalnllts fl'OIll W'hittiet' and Puente (table l~) did not become 
s('ldd~d, The figuL'£'s fOL,11elllet ate for walnuts gathered (lllring com
llIel'c'uLl hnL'\'Cst. 'Valnllts were ~haken from trees in the normal proc
C':l::; of hal'vest in the late llIorning antI WHe gatilC'L'Nl from the g't'onnd 
by tJll' piekeL'::; dlll'illg the nftcl'\1oon, The ~amples were laler'drawn 
from sacks, Nut;; that sl\Owell nt h'ast SOnlt' s('ald~'d hllil ti!i:llll' W('·I'e 
t'ompan'(l with spe('illll't1s fl'OIl1 the sam(' sat'k that showeclno seaM. 
TIll' tPntP<'I'utlll'e dUl'ing tlw (la,\' i:'i not known.lJllt it was exceedingly 
high, Ill't'!illlllably nwre than LI0 0 F. in the shade. 

Subsequent fil'l(l obs('t'VlItiom; at PUPllt£'. (\11 a day when the tem
pl'I'atU!'e in I Ill' ShlHfl' was 11 ~o, l'e\'l'all'd tha t ;~O III inut(>s was slItlident 
to PL'Odll{,(, ('ompl~,tl' :-;{'a Id of hull,,; both Oil tIl(' :;idl' l'x(losed to tIll' Sl\tl 

nn!! that ill ('onhH't with lhe ,!!L'ound, It is "aft, to ilS>iUIIIl', thl'refore, 
that till' scaldl'd walnuts ill tIll' U('IIll't t(';.;t had laill in thl' sun fo1' 
at Il'a:;t :m InlllUlps or 1ll0l'C and thilt the ulI~('alded walnuts had lain 
i II llw :;had(>. TIH.' lo~s in ntllle bpI wl'ell TJ })(>I'('(>1l t Ii tc, 1)0 pct'('C'nt 
sound of the llll~caldpd lot alld T pen'Pllt litl'. DO pPITent !iound of thEl 
~(';t1dNll()t would lw appl'()ximah'ly G.;~ {'('lit;.; a pound. 

Thl':;e datn show that l!I'l~en stiektil!ht \Yalllllt:i mllst not: l,e allowed 
to lie 011 t.\w ,!!\'Otlnd in t he sun lOll,!! (:llOugh to pl'l'mit thcI\1 to become 
itl'atl,d, The tilll(' d('I)(,I\<1s on tite t('mpl'l'rttllL'e in the sun. 

:.IEED ~'()It SEI'AHATIOX OF NeTS I~ PHEPAH,\.TIOX FOR THEATING 

'I'll(' ;:;tnbility of the l'!.'eHm.\" whit(' ('oloL' of tl\l' walnnt lwlliele, whieh 
i:-; nOl'llIal in walnul"; !!l'O"'!1 lllHlpl' fa\'Ol'able ('ollditions, (\l'(','paSl's 
rapidly H ftC'I' t1w k('['npj has I'(',l('\tl'd flllll1llltll!.'ity. It i::; Illo;.;t ~tnble 
j,pfOl'(' an,\' loo;';(,lIing of the hull whill' on the tl'ep, less stable when 
thl' walnut h~ls h('l'll piekc'd and plll('l'll in a tl'l'at ing bill, .As ;:;0011 as 
tIlt, hullloo;;(,lIs. wlwrlll'r 011 tIll' tl'l'C' 01' in thl' tn'lItilt,!! bin. the tenllpncy 
rm' tIll' nlllbl'I' ('olot' to d('\'l'!0!l i;:; ,!!I'l'atlyim'\'l'a:led, The rllte of 
IUllbl'I'inf,r il1('I'pa;;l's I'Ilphl1y wlll'n waillut:; fire ('ollfil1l'd ill l,thyll'nl'
tl','nlin!! l'\taIlIIJl'I'S with lo():'(' OL' ('1'IIl'\;:('([ hulls OL' with hulls rellloved. 
TIll' ;;nilll' hi:,rh ratl' of lllllbl'I'-('olol' dl'\'('lopml'nt is llltlilllail1('d in the 
hnlll'd walnut dlll'ilw :lll\' intl'n'1I1 l)('t\\'l'l'll 11II11in~ and (\l'\trdl'lltioll 
(11' (Illtill!! intt','ndttl'~t l1(;lW(]I':ltioll, 'rhe rate ine'L'('a:le!iin 1111 Sbl!!l'$ 
ill propol'tion to tht, I'i;;p iIi te1l11)('I'atl1l'p, ",hill' l'Il\'il'onlllelltnl ('on·di
dOllS Iad!tpL'ill,!! 100;:;(' hull, Iti:,rh humidity of (I'patin,!! bins and storage 
bill:', 01' ilttl'l'lllittl'lIt dehydration) pn'\'PlIt any appl'(lciabl(' dehydl'a
lioll. l'pslIiting in sa(m'alioll of the ntlllClsphl'l'e ill the cllvity lIt'ound 
tIlt' kl'l'lll'l. 

Thl' 'following host to dC'«'I'mine thp dJ't'l't of stol'a,!!l' tl'mperatlll'(' on 
tlll' dll \'plo!>IHl'llt of tlllllwl' {'olor ill both ,l!I'PC'1l slh-ktights and field
lllllh,(l walnuts was \1ltHk in l!l:\:i, _\ ;:;lll'l'Lnl pickill,!! \\'n;:; th()I'OIl~ltly 
mixl'(i alld llivi(\l'(\ intolol;.i of llllnutsl'tt('b. 111111;:; of (JIll' lot of !!I'('(~n 
:;tickrights W(,1'(, illlllll'dilllt'ly 1J1l/l'pd on' witlt :t po\\,el'-tll'i\'en C'il:cular 
win' 11l'1I:'ih and tIlt' WI\II1\\(;:; \\'l'I'(' JlI'(Jlllptly dl'il'd al1!ll,\':tl'k t('~tl'(l to 
<1l'rt'rIltinl' thc ('0101' inhp\'('lltly PI'I'Sl'llt ill till' (,lllil'P lot. Ollt' lot of 
fil'hl-hullt.d \\'lIillll\.:-- W.t:'i 1ikl'wi~l' dl,it,d alit!. l'I'aek l(';-tl'd. Olle lot of 
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crreen sticktights was held at 74:° F. tOt· 05 hours withou!: ethylene. A 
field-hUlled lot wns plaeed ill II tt'eatin!! bin ('otnparabl(, in e\'ery way 
with those in ",hic,It the gl'een sticktights wel'e placed. They wet:e • 
not treatea with ethylene, hut \\'l')'e ]l('hl at 7+.0 for 1)5 houl's. The 
othel' green stic'ktight lots \\'(,I'e placl1d in tempel'atm'e-contl'olled 
comp:n'tments Itt 50'>, GO"iO°, ~mo, nO", and 100" :lnd exposNl to (lthy
lene fOl' H1 hOUl'S, 'I'll(' I'NHilts of this test al'e shown in table 13, 

The fipJd-hulled lot h('ld in humid stol'age was dt1finitely injnl'ed in 
quality. nt'pen stit'ktight lots held at (luO F. and WHI.'111Pi, ('QuId have 
been hlllh'd IOIll! 0('\'(11'(' !II hOlil'S as far' as hull IOQs(llling was con
eel'l1e<l. Till' \.·xtl'a time rl'llI'ps('nt('d Ulll1(,('(,Bsnr',v ('XPOSIII'l' to wal'm 
humid ('olldit iOlls sinIilal' to thnsp iltl]losed on fi('hl-huIIN] nuts OJ' nuts 
wi til ('r·al'l'Nl. loos(' huIh.; alp il'ki ng ti me t ha t aI'e pu t i lito t rea ti ng 
<'1IHmbt·!'S. 

TAi\LI~ la,-R( 1,IIiol/ oj .~t(/[I{; o/lutll U/atlll'illl Id time of fi'('(dment and 
temp('}'{ltw'/ dllring tJ'Uilllllllt to 7088 of C'olOJ' quality 0/ Placentia 
1(xdllllt8, rUlilll'a ('mUI.ly. if),]:) 

Condit ion of II UIs 

Gr(,(,11 l4ticktiglits 
l~i('ld hull('d •

Do .. " 95 : 3 Si.i 88 

?95 69 _t) 9,1 
01 OS 27 95Grc('11 sticktight,; • !)1 '.11 ;i:3 9,1 
fli 14 81 0,; 
9] 2 9() 9S 
!)1 0 90 90 
!)l 3 90 93 
..~.---'--~."-- ...----.....-

A loss of 11I'HI'IS iO lWI'I'l'llt· of tlH' litp ['0101' ()('('Ul'l'\·tl in tIlt' fil'ld
hulh'd lot hp]d ali!i F. without eth,'I('llefol' ~Hhol1l'::; (tnhlp :3, p. 15). 
Ht':>I11ts with hlllll'(1 wallluts. Ill·ld 'ill hUlllitl wnnll sIOI'n!!I'\\'ilhout 
l'thyll'll(l for lIi hOfll's. 111'(' ::6\'1'" ill labl£' 1-1-. TIlt' fnet [hat "tIll' P:qwL'i
l1l(lnt ['('1[.1('(1 ]ll'illtnl'ily lo (ll'h."dratioll is of no 11101l11'lIt, The {,OIl
ditions of StOl'H!!l', lnllllidit\'. Hlld 1l'III[lPI"HIUI'l' \\"('n' similar. 

T11(':-,(' (lata itltii('fltl' that' to sltiJjt'l't fi('ld-ltullP(l walnuts 01' waln\lts 
with hulls ('1';1('1;:('<1 and loosE' fl'OlIl !"lIP shell to thl' warlll moist ('n
yil'OIlJlll'l1t (If l'tltyh'IIt'-tr'l'iltll1l! dt:1I1l1)('t,;,; "'ill t'p:-;tllt ill dpYl'loPlIll'llt of 
HllIlwl' l'olnt'-a 10:-:- or ('olo!' 'lIlHI;t.\", ~lll'h ll11t~ :-:llOlIhll)(' :-;ppal'at('d 
all!l hnl1l'1l HlIIllh·ltyd!'illioll :-;110\1111 bl' -;t:11'\('(] pr'olll/ltly, 

• 
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• 
TABLE H.-Effect oj deZltyelZ or intC)'mittent deltydl'ltlion on km'/lel 

coZor oj 'waln'Uts l 

Treatmcnt Litc Moldy 

Percent Perce lit 
Drying slurted imlliediately after hulling. __ • _ •••• _. ,,_. ___ • 79 3 
Phu:ed in stornge bin o\'cr dehydrntor for 16 hours before 

tll'hydration... ._ .,_,., , ___ ." ".• __ w 48 8 
;::;helled nfter hulling und kcnwls dried. ___ . " .• _________ ••• 96 0 
Coutinuol1s dehydl'lltion at L07~~Q to lOOo P _______________ • 85 0 
Interrupted dehydrntiou:Lot 1.________ •••••• _______ • _____ • ________________ • 81 1 

LoL 2______ • _•• _. _______ ._. __ • ____________ .______ 79 1 

I 'l'c.'it mude by II. B, Riclmrtisoll,fi."sislullt farm uddsor of Hh'cfl;ide COllnty, 
Calif. 

METllOlJb OF S~:PAHATION 

• 

S('\-('l'al llH'thods Or separating green stkktights trom nlll·s .free of 
the hull Imn' bel'n utilizl'd by !tt'oweL'S, TIll' sill1pll'st is to hll\'(~ the 
piekHs k('('}) them npal't, but' tIll;; system i:::; not entirely satisfactory 
bel.!au:;~~ or the hllllJall (llpment. il. 1l10re .:mtisfadory method js i:o 
bt'ing Ill! lintsinfL-olll the li('hl lind puss them over a sorting belt, 
wh(';'(' It smnllpr. morc hh!hty trained trew CI\n sppamtc them, Even 
with thi..., pl'oC'l'dul'c It lai,tY(I'lHllnber of pnJ'tial stkktinhts Iret to the 
hllllt'l'.with the I'Nmlt tl:;-lt the hulling is illeolllplct~ anl thc nuts 
with adhl'rillg hulls bet'olln' t'lliis unless tlH.'Y are subsequently watcr
swell t{'d, IIl'tlli::; llH'lhod, if 11Jl ," !lollbt l'xi::;ts as to whether Ol' not a 
nut is l\. sti('\dight 01: a I)(lrtinl sticktight, i,t should be incll1d~d!n the 
lot to b(\ ethyll\l1l\ tn'nt(ld, t'\'PIl though a, slight crack may eXist 1ll the 
hull. 

Field exp('rit'lll'e hILS illdklltt'd that ecrtnin mc('hanieal processes 
('an ('Ired ltl't'asollubly l·olllpIPll> s('pltl':ttiOI1, )Iany walnuts, pl~L'tiC
uJ:rrly by middh' Ol'latl' han'l·:,;t ;'t'!l;,OI1, haye hulls ('lItil'ely loose "1'1'0111. 
tht' sht'll but with 1)0 ('I'ad,s in the hull to ill<lkatc. their eondition, 
If :meit walnut:; 1\1'(' l'lUbj"l'ted to n Y('l'th-al drop of approximately 4: 
il'N, titl'ikiu:: n ,.;olilL bOHrd )llaeNl at a -1:;)<; allgle~ m6::;t of the loose 
hut 1II1l'\'Ht'kc·d hulls at'(' bl'okN\. l1ulking-it possible topi{'k thl'l1). out. 
Two (,(ll'('iul lipId trial" Hlad(' ill Illich;coH:10n ['('n'a led thnt from 15 to 
:l~ p('J'{'('nt or what W(,l.'(' tlppal'Pllth' !,!I:een sliektig-ht walnuts had 
I'ntil'('ly loose hllll~, Tht' w'ltieal (h(lp so cr(H,kcd the hulls as to 
(l('t'ntir t/WJl1 to be :"e[ltlt'att'cl and. :;('nt to the hllnl;~1' lind dehr<lratol' 
ratht'I' tlHln to the erhylPlW-( I'('atillg bin. \\'1\I'I't' theil' kernel color 
wott Wiu\ \'l' bN'l1 (In maged dlll'in!! the ,bS- to GO-hour treatment:. This 
drop should PI'('('('(]e ai1r IH('churli('al 01' pkking-be1t s('t)aml'ion, 

Tltl'l't' types of IllN'h(lllil'al l'l'pttl'atol':i hayl' u('('n d(·n'lop('cl. One 
type ('onsists of fl reYoh-ing opl'IHnd cylind('1.' with thl' side's or the 
pal'alh'l I'oll!'i() sIHH'(>(l liS to t)(,l'lIlit hulled walnuts to 1)I'OP thl'OuglJ, 

• whil(' tllo:;(' with tlll' Imil:; on. wlwth{'r ('nt('kN\ OJ' lllll'l'IU,kcd, an' ('anted 
(In'ough, lIand ph'king- ('roln belts fot' ~l1('h mixtUl'l':; i~ of ('out'se 
tJ('C('s:-tllT, .'UlOtJl('t' t,rpp i", a ;-;11 a1((,]' tnhl(' with p:u'rdl('1 bars :\(')'oss 
it. This tnbh' NtH be ('oll::;l\'l1t'ted with clo::c-spaccd bars at the r~ceiv
Ing {'nIl to t'lltnillllll' tl'H ... h, :-i\lch liS h'il\·e~~ twig-s, and bl.'oken hulls. A 
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second section with wider bur spacinf,'"S permits field-hulled walnuts 
to "fall thl'ough, while nuts 'with hulls ilre carried to the end of the 
table. 'l'IH~ thir'd type, shown in figure 17, ('onsists of paL'allel bars 
on eccentl'i(' beurin!!s so SPIl(,(,tl that as the walnuts 1'011 down the •
I.mrs tilt, trash and'llllllcd walnuts fall thl'Ough, while t.hose in the 
green hulls are cll1'l'ied to the end of the lltble. 

DECAYEO on BLIGHTED WALNUTS 

That the enyil'(mllH,'nt of tl'C'nting ('ll:llllbl'I"S ac('C'lcl'aiC's bact(wial 
c1e('ny of the hlllls was l'('('ognizc<l III 01(' lin;t )'(,Ill"" wOl'k, til Cinc 
of the fil'st ('thyl('lle-trcat('(l lob;, a small. [lI'OPOI-tioll of sunbul'ned. 
blighted, and bad I)' bL'uiscd wa Inut:;; Was ineillded, DIlI'ing the nOl'lIla I 
time of tr('ating, till' hulls of III(' l'lItil'C lot tUl'I1Nl blade "Theil 
hulled, it was found that the slwlls W(,I'(' Btalnl'd IIn<1 the k('I'lIpls were 
('ho('olale hl'OWll, This ga\'l' I'hll' 10 tIll' pI'aeth'(' ill ::;ubsegllt'llt expN'i
menial wOl"k of l'ighlly /i('lllll"lltillg Ilut~ with dl'l'H..YNI or blightl'd hl1l1s 
fl'olll all lots b('illg tl'('lllNL III ('0111 llIl'l"eia I pm('{ic'e, walnuts with 
del'H,YC'd 01' blighted hulls should not Ill' pllH'l'd in l'thylC'nC'-h.'eating 
chnnrl)(',I'S l'itltPl" b,' thPlll:il''''PS 01' Illi.\'pd with gl"('PII stil'ktights, Th~y 
sltoultl b(, hulll·a at 0Il('t' and thol'OlIgllly waslll'd, If lH\l'pssa I'Y, tlwy 
should be 1ll'ld in wall'l' SWl'lll until all,· adhl'l'ing hull 100sel1s, 

HOlllC' gl'O\\'l'l.'li han· llOt: followed this PI"lIt'1 ie:'p, ('iihel' bl'('lIuse of 
lnek of tilll(' ol'fneili( ies Or lW(,II11Sl' thpy (litl not nPPl"ceiatC' its impol"
itlnC'l', KUIllPl'OUS lots hll \(' hPl'll ob::;N'\'Nl \\'11 kh. \\'Iwll l'ptno\,ed fl'om 
tlw Il'('lltillg C'hllllllwl", \\'('1'(' so l)l'okl'll dowlI by badl'l'ial dN'ay as 
to bl' dl"lually OIlP slimy nIH:;S, Dl'failed ('xl)('l'imelltal datn on this • 
pllrticula I' phalie W(ll.'l' Hot gath('l"pd, 

SV:\"[HK\' 

8l1nlHll'n of tll(, walllut hulll'P:''LlltS ill a <list'olol'ation I'all!.!in!! :fl'om 
n lighl \'l'llowish ('list Oil tl1(' ::-idl' of an oIIH'!"\\,be !,!l"P(,1I hu"ll I'(l dlll'l\: 
bl'O\\'1l (;1' blnek lIn'n::-. ",hid[ lllll." or lIlay noi hp shi'l111k('Il, dt'PPlldill!.! 
on tlll' lilll(> of Yl'lIl' \\'1H'll til" HIlII!JlInl OC'CUI',;, 'I'll(' ('xl'('llt" ofillj\ll.'Y 
to eHIH'l' tlip slll'1I 01.' till' kl'l'IH'1 i" not lluifol"l11ly propoltiolla I to the 
('X{('lIt of \·isibll' :--llllhlll'I1, This \'at'intioll is th(' ('('snIt of sl"·Pl'al -fac
tOt'S, Hill!)!)!,! whil'll al'(' t11(' tin!!' \\'hpll RtllllHll'l1 OC('tll'S in ("c·tatioll to 
tht' dCI\·plolillWllt of tlul 11IH:, thi('lm('SS of hull, and ('lilllati(' conditions 
in tIll' gl'lH'I'1\ J Hl'(,tl i llYnI \'l'(1. 

.Most fn'<jIl(,lltl.\' sUIlIJttl"ll thai l'PRUltR in SeYN"(' illjury ('0 tIlt' 1\(,1'1ll'1 
diseolOl's thl' sIwlL Ihus I1wkill.!! it possIl,j(, fot' thl' Ilut to 1)(' ('nll('!l 
in tht' jll\('kill.!! hOIlSl', In SOill(' in:;t:ul(,('S, 110\\'('\'('1', IH'p:-illllmbly \\'1ll'11 
snnbul'll ()('('lll'::; lat(· ill thl' Sl'a::;OIl :trtp!, tlw shl'1l tiSSlll' is eOlllp!l'(,I\. 
fOI'l11('d, the' sll('ll lIlflysho,," JI{) injury, ",hpl'pas the kpI'l1('l llIay b't' 
dal'kl.'IWd 01' hlll'm"(l. Thisr'OIHlitiol1lllllY 0('('111' illlll'al'lr lIll\" ,\'alnlll~ 
gol'owing llbtl'kt in tIl(' ~lnu.. hilt H i:- inos! ('0Il1111011 iiI tll(' Wal'lll('l' 
it;Wl'io)' s('('liollS', Its (l('('UlTl'llt'P, l'Yl'1l tll('I'(" y:u:.il'S ",ith W(\tltlH'I'
cOlldiriol\;; in dill'l'l.'l'llt :<l'aSOIl;;, . 

In illtpl'iol' distl'icts \\'!tPIl JaIl' :"unlllll'll lla~ oc('ul'l'C'(l, l"(>sul(illf!' in 
<liB('olol'l\tioll of tlH' 1\(>1'111'1 1ll'lIicll' without dllll1:lgP to tilt' ;;hpll,it" 11a,,; • 
hN'n fOllll<l [ll'o/ltablp (0 l'l'lllo\'~' slIllllIll'lll'd 'fl"Om lI11injlll"~'<l gl'N'11 
:::.liektigohtS':tnd tl'PHt til(' lots sPpHl'atl'ly (",j), ,nll'n l'I'lIckNl, the 
SllIlIJltl'lIl'<l lot~ Wl\l'(' foulld to Iw ilPUI'I.r HlO pen"ent allllll'l', with many 
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• 

• 

• 
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almost black kl'l'l1(~ls, The, uninjUl'ed walnuts freqnently wet'e first 
gmde, At Riverside It net profit of 78 cents pel' hundred pounds WIIS 
Illude on the crop from severn 1orchards handled in this way, • 

CONDITIONING WALNUTS FOR ETHYLENE TlmATMENT 

Expel'imenlnl tl'ials hayl' shown that t.he mte of hllll loos('nin~ in 
ethylene-treated waln1lts is very slow below 60° F, Walnuts should 
not' be pla('('{\ in a tn'atillg' challll,)(.'I' if the It'lllpel'atlll'e hl IIllder (iOo, 
On the oth('I' hand, the heat of I'espimtioll l'auses a.sit'ady t:ise ill 
tempel'ature dlll'ing t:he II't'nting' "l'dod, It is bl'tt:t' I' Ih('I'el'ol'O that 
walnuts be cool when tJ'eatment: staris. prcfl't:ably nelll'700, 

Natural conditions in the field dllring han'est (:an b(' lltilized to 
bt'ing abont this desirable t(,lIlpt'I'aIUI'(': If nighl klllpemilll'es arc 
low. walnllts pit'kl'd early in the Illol'ning shollld 1)(' puI in t11l' Slln, 
in sa<:,ks,fol' a sllflieil'nt' time to allow th('1lJ to absorb heat to ap
IH'oxilllat('ly the <I('Ril't'd tl'nqwl'atlll'e, H. 011 til(' otll('I' hand. day 
tem])t'l'atlll'(,s al'p so high thai \\'lwn walnuts an' pidn'd fl'onl the h'ee 
their tl'mpel'a!.lIre is well nbo\'e 'iO°. they ('an be <'ooll'<1 by lettiIw 
the sa('ks :;tand. ill thp ghndp, II' tl'IllIWJ'atlll'P (If W:lllHlt'R is'lInu\'oi<i= 
ably hi~h wlwn tlH'Y a 1'1.' plal'Nl ill tI'l.'ati II~ bi ns. Yl.'lIti1:tt illg fa ns Rhollld 
be operated l()n~ ('II(JlI~,dl to Nlualizl.' tl'lIll'l'l'atlll'l' withill tl\(' bins and 
at the SaHlt' tilll(' cool the nuts, 

HANDLING WAL:\TTS AFTER THEATMENT 

Hn.LI~c •The !'('Illo\'al of wallllltH 11'0111 thl' i'l'I.'I.'S while ill the gl'een Rtick
tight stage illt l'Odll('pd t11(' (ll'ohll'll1 of bruised hulls, MORt of this 
bl'uiRing iH (':IllSI'd by the illlpaet of the falling l1uLWhen :I ,walllllt 
eh'ops fiO 01' GO fC'l,t lind Htdk(,s a Rtone. a hard clod. O\.' another walnllt, 
the h 1111 iH bl'll iH'(1. SOll1l' bl'lI iHi IIg is ('a IISl'd by l'Ough ha n<l I i IIg cllll'
ing ~Ol'!ing amI sl'pal'atillg at' plants, 'I'lwse 11I'IIises Illay bl' only a 
sma 11 sl'I'ah'h 01' lila,)' a fred one-fourth or OIIP-tll iJ'd of th(, hnll, All 
unshell(,t\ walllllt:.; to bl~ lll:lI'ln'tNI l'olllmel'C'iall" an' bll'ad\('d to l!ive 
t11t'1ll a light: ullifol'lII color, Tlhas IOllg bl'PIl imo\\,11 that juiel' f'1;olll 
the hulls bl'lIispd dlll'ill~ hal'\'l'St. l'ith('I' by a hllskillg \)Pg 01' hy a 
lI1e('llalli(~al hulll'I', staills the sl1('lls of tIlt' nllts HO that t Ill\, will not 
hlpaeh sa (i:·,fa{'\ol'i Iy, Sllt'h lIlIltlplH'hahl(' wa InlllH a I'P d is'l'a nlpd as 
('ulls on tlw basis 0'1' ('xtl'I'lIal apppal'al1{'p, Til ('PI'laill ('aSI'S. lip to 7~ 
pel'('ellt of till.' gl'l'PII sti('ktight walnuts ('ollling in fl'OlIl thp lipid \\'PI'P 
fonnd to be hl'llisPll. TIll' Pl'I'(,l'lltnge \':tried with soil ('OIHlitioIlS, size 
of tre~'s, alld nH'thn{\s of! halldlin~, 

TIll' ('It'pd on a gl'Pl'1l sti('ktight wnlnllt of a hl'lIi:-;(' ('ailSI'd Ly fall
ing i:; sOIlH'wha! difl'el'l'nt frolll that of a hlllll'l' 1ll'lIiH' 01' a hllHkillg
peg wound that ('U(H thl'ollgh till' hull to th(' slIpl!. Thl' tisslIl' of tIll' 
bruised :tJ'l'a is cle:;tl'O\'l'(l. hut ill most ('a~('s tlw :;11(111 is 1I0t (lirel'tly 
pxpospd, WhNI slIeh ,nt! 11 Ills a I'l' put i III 0 Il'l'a (i JIg dWlllbl'l':;. I't hylplie 
has 110 ell'p('t Oil till' bl'uisNl area!), The dl'il(l tissuP'{\l'i('s and adhel'ps 
dos('l\' to the ::1 ll'I1. Wl)('11 tl)(' rl's( of Ihl' hull loo:;eJl:-; Hl1d is 1'l'l1lOwd 
b\' th~ hull('I', till' (h'jt'<1 t isslIt' of' fl hl'lIised an'a 1'(,lllaills as a b\('l1\ish 
011 t1H'slIpll rp to (ill I>PI'('PI1I. (If thl' s(,\'(,I'('ly hl'uis('d ,wallluts hulll,a • 
aftl'I'l'thyll'lll' tl'patl1ll'llt \\'('1.'1.' fOlllld thus dal1lagl'll. 
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SOL'IlIal \\'ashin~, i.t was discon'l'cd, would not l:enIO\,(.' these bits of 

• 
adhering tlt,jed hull. rt: was necessary to hold the nuts in n squiL'l'el
('age type of washertol' sevel'tll minutes and to keep the machine so 
filled that Iluts rolled 4 to 6 inches deep. The shoLt soaking plus the 
I'I·jttiol'l of one wallillt a(rainst a1l0thcl' efredin'lv I'cmo\'cd the ndhel'iull' 
hull pIII,tielt's. 'l'Iw sheO ulldel' tl1l'1Il was not m:Hcl'ially stained, Thi~ 
l'xtrn washing ean be il('t'Olllplished in It standard washer of the sqllir
1'(.I-eagt' typc 1II(,I'ely by partly dosing the exit with a IHUTOW board, 
(hUH baekill~ Ul) the walnuts ulltil they fall O\'l~l' the board, 

Walnuts dil'e('t fl'ol\l the ficld that al'e put: through the huller before 
the hullH al'(' 100::;(' al'e 80 {Iilnlllgell by the hulling process that they 
do not 1'{'SPOllt! to ci hyl('IIC U'eal nwnt:. XOt' do slIdl danlllged nuts 
"(,8P0l1d to nddil iOllal ('thyl{'I\l' trcailllent it' t1wy have ('olllefl'olll the 
tl'{llIting {'hlllllbL'I'. In O\"(IL'I' to pI'l'sel'\'(' these walnuts unt i1 the re
l11aillill~ I.HlI'(iollS of hull a 1'(' IO()S(~IICd, Ih('y III liS!. be washed im
IIIl'iliall'ly 10 1'('III()\'~' jllieps of IIIl' ('I'lIshi'd hl1ll alld he I\l'pl under 
wnlt'l'-swpal: ('ollditiollS 1'01' L~ to ~H hOlll'S, 01' uIIUI the I'emaining huH 
i::; IOOSPIll'l1. 

• 

The pll.\'si(llo~it'al ('olltiit iOIl of til!' fully mat 111'(' walnut that per
mits tllL' fOl'llIatioll of ('(JIOI' ill Ihl' kl'l'lIl'1 p('lIil'I~' 1'l'llIains IIIlt'hallged 
1I11tilthp \\"alltll! Iwgills to til',\'. WIIl'II dehytlmlioll sIal'ts, the humidity 
of I hl' ('II\'it \" l)(~t W"I'II IhI' kpI'llL'1 and (Ill' slwllis I'l'du{'ed. The lower
ing of hllniidily appal'I'IlII,)' l'hnn~l's the l'n\'il'onllwnt: of the ImL'llel 
pl'lIi<"i(' sulli('il'lIt1y to ('hl·l·k tilt' d(,\'plop"ll'nt (If IlIlIbl'l' ('0101'. As lOlw 
flS <If'hyd I'H IiOIl is ('onl i nllolls a lid (he hll\ll id il,)' of (h is ('ayity is low, th~ 
11('\'('101'"1('111 of Hllda'l' ('0101' is kl'p( at thI' Illillinllllli. It' at any time 
hl'l'm'{' th!' walnllts an' fllily dl'Y {I{'hyllration if'; intt'I'I"lIptetl, for in
stal1('(' b\' :-hlit-do\\'lIs at lIight OJ' faillll'l.' of ail'-('il'l'lIlalillg systel11s, 
adn'I'l-(' ~·olldil.i(JIlS ::;11('11 as sat IIl'all'd humidity and high Il'lIlpl'I'aturo 
aJ'p inllllP<iiatl'ly bllilt lip alld (hI' alllht'I'('olol' i"1I(,I'l'as('s. 

Th(' (,fI'N't Oil fipld-hulh'd wa11l111::; of hi~h hUlllidity aJld high tcm
I>l'l'allll'(,8 ill st()I'a~1' is inliieatl'd ill lillC's 1 amI 2 of bible 3. In the 
(p:;( SUlIllIlllI'izNI il\ this tnbll' Ikid-hllll('d 1l1l1s that \\'et'C dl'il'd i1l1llJe
dinl!'l.\' a\'l'l'n~I'11 ~l.'j" I'I'I'('L'III of li~h(-l'lllol'p(l kl'I'\1l·ls, while a ('0111

pHnion lo( hpld atj'(j° F, rOl' HI hOIlI'S a\'PI'ag('d I~A pl'l'C'elli of \ight
('olol'I,d kl'l'llL'b. Tubl(' \:1 :-hows [hnt tht'l'p was II dl'Opt't'OIll (ill to 3 
Jiil' kpl.·IIl'ls \\'11('11 lil'I<I-hlllh'd 1I1l1s "'PI'C IIl·ld at 74° fol'!);; hOlu's. 

EI"F~:C'1' OF \)1::1.,\ n:u Ih:1l rDHA'1'IO~ '\,,1) l's~: OF HOLDING BINS 

I \1 aitt-Ill pti n (r to i \1('1'('11>:(' thp dlkie\1ey of lll'hy(h'a t iOIl ('q II i pment, 
IlInll\' ~I'O\\'l'r8 han' sl:ol'(>(l wailluis as thl'\, l'alll(' frolll the huller in 
the '\'Iinll atJllosphl'I'e aboye the dl'hydl'at(;I\ thinking that this warl11 
a it' \\"0111([ (II'Y 11H'1ll01' at: least 1)\'('I>lII'e them for dehydration by 
Wlll'ming lIw11I. En'n u{,fon' thel'P was a defil1ite undel'standinf!, of 
lhe ('lII1S(' of allll)(,l'in~, it had bpl'l1 founc1in the fielL1 that such It 

prut'ti{,l' WuS damaging. .In (}Ill' lal'gl' plant it was found necessary 

• to install a sJlP('ial uil'-eil'('lIlatillg 5y::;I(,11I in (h(' ()\'('I'heaLl storage or 
h()ldi\1~ bi\1s. thlls al't nali\' ('I'l'atinu a (I('hvdl'utm', to nlake (ht, bil)s 
usabll< )[:111)' gl'owl'l'S, \I\inking that t('\\llll'm(III'l' was more impor
tnnt than nil' ('in'lIlation, ('los('(1 (heir d(·hythatol's tightly at night, 
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holdillg a tl'mperatUl'e of 105° to noo 11'. inside. The humidity Illlill: 
up, Cl'Ctlting a ('ondition of high tCllIpel'lltlll'C and high hUlllidity thut 
cllused l'apid developmcllt of umbel' color in the walnuts. 

Holding walnuts under llny c.ondirions after hulling Hlld bcfol't' 
complete dehydl'lltion is detritiwlltal (48,49). Subjecting walnuts to 
such treatment is eOlllpal'lIble to putting fielll-hulled walnuts illto tlll' 
high humidity and l'clutively hig'h tcmperature of nn ethyk'ne-tt't'nt
ing challlbt,l', 01' to allowing' wnlnuts to l'enlllill in the hulls 011 the 
tl'ee aftt'l' the hlllls [Ire· cOlllpletl'ly loose. 

NutneL'OuS fit·lll Idals Wl'I'e made to dptpL'lnine the (,lfe'ct .on eolol' 
of stOl'nge UI H.le I' dilrl~l'ent conditions. The I'esults o:f one sueh ipst 
IU'C sUIl1Ilt:tt'i:wd in table 1~~, p. ,W, III this test, pN'C'entage of lilt, ker
nels dl'eiinel\ from 7!) to ·18 ill I(i houl's in It storuge bin. )[old 
iIlC\'('IU:iNl 'fronl :~ to 8 pel'('('nt:. Tabh· 14 also shows t.he dfl't'\; .ofillt(,I'
1'1Iptions in (ll'hydl'ation, as w<'ll liS theinen'ase in :l1\I1>el' eolol' that 
nOl'mully Ol'(,III'S dlll'ing dl'hy(iL'ntion. One pOl,tion of n lot of walnllis 
was shl'lilo<:I illlnll'diatl'ly nEtl'l' hllllillg', and the kel'l1l'ls were (lded 
at LO!)· F. 1'01' ubout IV:! houl's. A Sl'cond portion was (hiell conl'illu
ously hi It sinlldll\'(l (ll'hydmtol' at temperatul'{'s of l07:V~0 to lOoo, 
A third pOl'lioll was slIbjl'('\l'll t'o daytime lh,hy(hution witli shul'
downs at night. Thl're wen' 1.1 lWI'('('nt £('wel' lite kel'lleh in the lot. 
continuously dried as ('ompal'PIl with those lh'ied out of I:he sh('ll. 
showi JIg til(' l' f1't.l't of st anda I'd tlphyd I'ation, Iniel'ru p\:ed (lehy<lratioll 
redu('l'll till' proportion of lite hrllcls by 5 p('n'pnt. This phenollle
lion is also disl'ussed by ~ran;h,L7 

HELATION BETWEEN ETHYLENE TREATMENT AND MOLD 

DEVELOPMENT IN WALNUTS 


:Mnny ('olldil ions clul'ing' the harvt'sting of wallluts arc:' cO\l(lll('ive 
to devplopllll'lll (If moldy IWl'lll'ls (.1) .•\11 :II'e in ml(' way Ol' another 
dt'finitc'ly lIss()('iat:NI with it t illlt'-iPIll))('ratlll'e-hulllhlily l'l'latiollship 
aflel' thn fil'st (,I'aekillg' of tltl' hull. rl'lH~ PI'Ol'l'tlll\'C of pickillg \\'al
Huts as SOOIl as lilt',\' :tt'l' 1I1l1t II L'l', Pl'Onlptly looSl'lling the hull with 
etilvhllll', HlHlimllll'<liall'ly starting dl,hydration, l'Nluces the perecnt
Hg'C of l1loldy kl'I'lIl'ls, 14'1'0111 the ('ommPl'('ial standpoint the ('onll'o] 
of 1lI0ld is ('x(,(,pdillgly impol'tant. Both ll'('(lt'I':d and State standard
ization la\\'~ spPl'i:fy a l1laXimlllll toll'l'all(,l' of 10 pel'cellt of illedible 
k(,I'IIl'ls from all e'a usps. In :ttld ilion to moll\. WOl'm i Irfestntion, 
slll'iVt'l. blad~ ('01.01', aud ral1t'iditv. as \\'ell as seVl'l'al minoL' detl'ets, 
a1,'(' (']a;;SI'\l a" l.'\lUS('S of inl'dibility, It is ('olllllll'I'C'ially impossible 
to eliminate IOO PPl'Cl'lIt of such llei'e('(s by (,lIl1illg' (\I\I'in!!, the pa(,king' 
process. Till'I'dol'e, if the ('utiee tolcl'nnel'is abso\'bed by moldy 
In.'I.'nl'I::;, 1lll1llY otherwise valunbk lots al'e 11l'('e;;sal'ily l'educed ill sales 
value O\.' al'e thrown into the l'lIll c\assifi('ation. 

The pel'l'l'lltage.of moldy kel'llt'ls in fil'ld-hnlled (nntuml harvest) 
w:tinut;; fl'om ali Qrl'hul'(l in l'al'h of the fOlll' ('limatic areas is giVl'1l 
in table' n, p. ·W. TI'l'a\Nl walnllts a\'l'I'ag'NI only 0,:) pm'('(·nt moldy, 
while the field-hnlled lots avel'ag'l'd 5.9 pel'l't'llt moldy, indicating' 
the ('oll1llll'l,'l'ial impol'talll'l' or ('thylen(' trl'utll1l'nt. The llVel'nge of 

11 (Sl'(' foot !lot (. n, Jl. ] 2.) 

., 


• 


• 


http:pel'l'l'lltage.of


, •. 

• 


• 

USE' OF E'rHYLENE L.~ HARVESTING THE PEHSIAN WALNUT 55 

the dlltll in tllble 9 is included with other data in tnble 15. In all 
experimentullots treated with eth~lene, there were almost no moldy 
kernels. The average fOt' the entire period of expedmentntion wus 
only tl fraction of 1 pel,'cent. Similllr lots of fiehl-hulll~d walnuts were 

. not Ilyuilable :fOL' compul'Iltive purposes. Cl'lIck tests were subse
quently made on the two portions of etu:h pieh;ing. 

T.\IJI.,: 15.-Gompcu'iwn O/1U;l'OOl!tage8 o/1Iloldy l.~eJ'ncl.~ in tl'(Jate(l and 
'ttIltreated 'lOalnut8, 1m' pe'riod A,ltf). 8-0ot. 4, 19J4 ' 

Nuts not Excess in 
trented 
Nuts 

treated unh-eat
SOlll'Ce of dllta (field ed Over with 

,ethdene hilll~d) trelLted 
lots\ . 

~ ',~ ,,~->< •• ·•..·-,· ..-·1----
Percent Percent Percent 

gxpel'imentlll lots: 141 H(lt'cial tl'Cllfed lots of 300 
nuts clLch fl'olll.[ climatic lm'ng, (j to 8 pickings..\ 0,1) 5.01 5.41 

Commercial harvest: )rcrchant.llble crop 1L\'l~rtIge 
from 2 com(llll'llble seedling orchlLrds ill Los 
Angelcs COllllt~·, lH34 __ ... ", _______ ,'. _ 4.1 8. 4 4,3 

l\'icrchantuhle erop 1I\'Crtl/-lC frolll 6 blldded orchard!:!, 
crop treated, and 7 budded orchards, crop not 
treated, Los Angeles County, 1034 ____ • -"" - ." 4. 6 7.5 2, !) 

l\ferchuntahle crop avel'II/-1C from 2 seedling orchards, 
crop treated, anti 3 seedling orchards, crop nut 
trcated,Los Angelt'!:! County, 1H:35 ______ ... 5.7 8.5 2. 8 

~[erchlmtnble crop aV('rll/-lc frolll 17 buddcd or

chards, crop trclLted, nnd 15 buddcd or('hards, 

crop not trcated, Los Angelc!:! Count", l!)35 __ - _ • 2. !) 7. 4 


.Merclmntnble crop lWl1mgl~ frolll t orchard, Chasc 
vlLriety, trcater! lind un trcated portion::!, 'Los 
Angelcs Count~·, 1f)·IO••_.,., ____ ._ ••• _ - - -. "., 2. Hi 6.16 4. 0 

FI'OIll 3 budded or<!lllLrds, treatcd and untreated 
portions, Riyerside County, H)3()~._ .. _.. ___ , ." .-.--•••• - 4. 4 

From 12 blldded orchards, crops 110t treated, lind 1 L 
budded orchllrds, crops trcated, Riverside 
County, l03!L ____ •• ____ . , " - •• -'" • --.-.--. -------- 6. !) 

Frolll 5 bll(ltled orchards, crops not treated, lind (j , 

budded orchards, crOps tl'(~lltNI, ~l\n BCl'llHrdino I 


2.7lludLoll Angeles Counties, 1\)3\L__ •• --' - -------'.------- •• ----- 
'•.•.._., .~-- ,,-----------_.___.....!..I__-.!___.!-.__ 

1 F!('ld-hnllp<J nuts Wl'l'l' Hurled out nll(l ouly wnlnuts with uncrllc!,cd green 
hulls Wl'l'l' tn'atl'(I. DehY(!l'Iltion of the t11'!t1-hull<)d nuts WIIS sturt('<l !lIllllcd!
ntl'ly. Crul'\, tests \\"PI'l' suhsC(lUl'ntl~· 11lllllp on till' :! 1I0rllons of l'lIeh Uil'k!u/-l, 
St'l' tnblp I), 11. 40, 

The rl'll1l1ininrr data ill table 15 wel'e compiled it'om paekingllOuse 
records for tn'atcd and uull'eatefl CI'OPS fOL' fhe entire season. In these 
data, the cthylenc-trcatC'd CI.'OPS are (,OlllplIl'able to the eOl1lbination of 
treated (mel field-hnlled in the expcL'imentallots, beeause only the early 
pkkin{ts of the so-called ethylene-treated ('rops W(lI'e actHally tn'ated. 
The cl~ta thus pl'C'sent It coinposile of the entire mCl'chantable crop. 
'l't't'ated CI.'OPS are shown to ~'()l\tail\ from 2.7 to G.!> percent fewer moldy 
kernels than untreated ('I'Ops. 
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CLIMATIC LIMITATIONS TO THE USE OF ETHYLENE FOR 

WALNUT HARVEST 


Studies of the maturity of the walnut kernel in relation to hull • 
loosenin~ indicate that the kernel matures most rapidly dul'ing- warm 
weather, whether humid or dry. On the other hand, hull miltnl'ity, 
which might reasonably be called synonymo'Js with hull loosening, 
proceeds most rapidly during weather with reasonably cool, humid 
nights. In the coastal ureas, where day temperatures are moderate and 
nights are relatively cool, kernel maturity is somewhat retarded and 
hull maturity is accelerated. The difference in time seldom exceeds 
It few days. "In the interior, where ni~hts are relatively warm, with 
low humidity, the kernels mature rapidly, but hun maturity is delayed 
until fall weather al'rives with cool nights and higher humidity: The 
int(,1'val IwhVl'en the maturity of the kemel and that of the hull may 
be as long as 3 to '1 weeks. 

'Wulnuts gl'OWIl in all pOI,tiolls of the State have been trt'llh·d with 
ethylene. The data accumulated indicate that lInder cel'taill climatic 
cOlHlitions the use of ethylene is not only Ullnecessary but even detri 
mental. 

In gl'lll'l'al,ill the entire eoastal section, il'om Mendocino and Napa 
Connti('s in the north to the western sections of Vent11m Connty in the 
south. walnut kernels mature and hu11s loosen at abont the sanie time. 
Under these conditions the pel'centage of lite kel'11els is normally high, 
and there is no need for stimulating hull loosening. Furthermore, in 
all coushtl sections. the vascular bundles that form It network in the 
kernel pellicle darken whell walnuts are held at the required tempera
ture for the time ne('essary for ethylene treatment, producing an un • 
desil'able sh'iped or veined appearan{'e. The llse of ethylene is deh'i
mental under sneh eonditions. Table 8 shows the relationship of 
veilling to elimate. From 51 to 100 pcrecnt of the walnuts from Ven
tura 1)(,(,(\111(' \'('ined, At Tustin. SOll1(' 10 mill's ]nlaIH1. yeining oc
CULTed only befol'c the nuts hecame fully mature. At Puente. 30 milps 
inland. fl'olll 1 t·o :3 percent showed v(lining ahout 10 clays before the 
full matnrity stage was reached. At MOl'eno Valley, GO miles inland, 
no veining appeared. 

In Santa Bat'llal'll and Velltul'a ('ollnnes wal'm winters eause dor
mosis (J2~ 13). resulting in an extt'emely long blooming season, 'Val
nuts may be blooming and nuts setting for nearly 2 months. 'Vhile 
the hUl'\'esting period is somewhat shorter than the blooming period. 
there will be fully m!lttlre walnuts that have Illllen Ironi the trees as 
well as walnuts on the trees in which the In'l'nels have just solidified 
and are 4 to 5 weeks from full matlll'ity. 'Valnuts ill al1 stages of 
maturity are removed from the tree during shaking. This uneven. 
maturity makes the use of ethylelle inadvisable, Ullc\'en harvest 
caused by delayed foliation occasionallv results in complications in 
intermediate climatic areas after extTel11ely ~warm winters. 

Under the climatic conditions of the northern Sacramento Valley, 
the central and southern San .Joaquin Valley. and the jnterior sec,tions 
of Los Angeles. River'side, and San Bernardino Counties, kernel ma~ 
turity precedes natnralloosening of the hull by 10 days to 4 weeks. 
In these sections the ethylene process is of maximum benl'fit. • 

Intermediate between those sectiolls normally having typical coastal 
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weather and the interior sections is a zone subject to both long and 

• short-time val'iatiolls in weather .conditions. This area is typified by 
the southern Sacl'llmento and northern San Joaquin Valleys, and 
Contra Costa, casteI'll Ventul'a, Los Angeles, and Orange Counties. 
In this intt'I'lIIcdiate climatic zone there is usually a period of 1 to 3 
\\'e('ks b('\:ween kel'llel matul'ity and hull maturity. In most seasons 
the use of the ethyll':He pI'ocess preserves the kernel color. 

O('casionaly after wal'lIl winters the uneven blossoming with re
sultallt une\'en matllL'ing produces conditions comparable with those 
of the warmer coastal sections. such as Santa B:U'bara and Ventura 
Connties. Such a season was 1940. The winter of 11):)9-40 set a record 
ror high temperature. The blooming season of 1940 extended over 6 
to 8 weeks. (ll'owing- conditiolls tltll'ing- the Slimmer W(\l'e more coastal 
than normal, so that a greater amoud of veining was found after 
ethylelle treatment than had e\'el' before been observed in these dis
h'ids. II'lll'thel'lIlol'P. the ulwven ripenillg of walnuts I'esulted in a wide 
rallge of matul'ity dm'ing- the first picking. "'hell sueh lIlWVell ma
tUl'ity occlIrs as :~ I'estllt or nn unusually warlll winter, a compromise 
bl'twC'C'1l picking :1 few immature walnuts and allowing most of the 
Cl'OP (·0 hUllg too long is advisable in ol'der that the kernel color may 
be IH'C'scl'vcd to the gl'eutC'st extent possible. Experience nt Puente has 
pl'Oved that evell under these conditions the use of ethylene is profit
able. 

• 
"Teathel' variations in northern sections, Stich as ('ontra Costa 

Connty. may muke the use of ethylene advisable. In 1£)40 kernel ma
tUL'ity pl,t'cpdecI hllll mattlL'ity by the length of time uSllill in more 
intl·riol'sections. Several crops wPI'e san·d Trom serious loss of kernel 
color by the ethylene PI'OCCss. However. in such dist'l'icts the ethylene 
pl'o('ess should not be necessal'Y as a regular pmctice, and in most 
seHsons, under coastal weather conditions, it will cause veilling. In 
most years it is bettel' to use the water-sweat process to loosen the hulls 
of the sticktig-hts that are brought down by normal shaking during 
the harvest. It is only when charactedstically interior weather contli
tiolls pl'emil at halTt'sttinw that ethylene tl't'ahnent is beneficial. 

The efFect of climatic factors on maturity is shown ill figures 18, 19, 
20. and ~L Each fignre shows the percentage of lite kernels resulting 
froll1 the treatm('nt or ('reen sticktif,hts with ethylene from the date 
whpll fil'st tl'ia\:; wel'e st~rt('(l until s;'few sticktights were encountered 
in the advancillg harvest that t1'eatment was discontinued. These 
eharts also show when the fil'st field-hulled walnuts wCI'e found. A 
yeLtical1ine marked "~[", ill figul'es 19-21. indicates the date on which 
a uratUl'ity test showed the Cl'()P to be ready for picking. The data 
from ",!lith these charts wpre made are from tables 8 and 9. 

At Ventura. (fig-. 18), under extl'eme coastal conditions Imi1e from 
the ocean, full hull maturity waS reached on August 27. At that time 
DO percent of the walnuts shaken fL'om the trees were so matllL'e that 
they were free or the hnll. The weather conditions that produced 
this deg'l'ee of hull maturity were favorable to the pl'eservation of the 
Jite <'01'01' of the kernel pellie1e. Treatment with ethylene produ(,ed 

• 
no beneficial efl't'ct. On the ('ontral')" it c1al'kl~lled the fibl'ovascular 
veins to such an t'xient that th(' ('olllll1('I'eial gmde was lowered, 

At Tustin. Ol'tlllge COllnty (fig, ID) (.5,]), 10 miles inland, nnder 
moderate coastal conditions, hnrvest with ethylene could have started 
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~ HAND- PICKED SAMPLE 


FWUlt~: lH.-l't:!)'l:l'lltUI,(t' of litl' kl'l'lIels ill gl'l!l'll "I ickt ightf; am} IIl'lt}-l!ulh'!l wailluts 

bct'o)'!l ami aftm' stJu't of l:Ollllllercilll hat'\·cst. Vl~lItlll'U, YCIlI:III'll Cllllllly, 

Calif.• 1!):l4, 


about August 25. At that time G5 percent of the first picking were 
~reen sticktights. Commercial picking in an ol'chard stal'ted 011 

~eptember 3. The beginning of hlll'vest cOllld have been Ildvllllced 
about l) dllYs jn 19M. 

At Puente (fig. :JO) (5J) , 30 miles inland, under hltermediate eli
matic conditions, harvest by the ethylene proce~s could have been 
started on ~\lIgust 20. At that time 1)0 percent of the walnllts were • 
in the green sti<.'idight condition and wonld have gone into ethylene 
treatment. In this distl'iet ('ommel'('ial picking withont ethylene was 
started by the l'adiest opemtol'S on Allgllst 31, The mnjol'ity (lid not 
begin until a week to 10 dnys later, 'Vith til(> aid of ethyll'lw, harvest 
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Fl(1\'1t1~ HI.-l'pl'('(·ntllg'l· of lill! kl'l'lIl'l,; in gl'l'l'll !;tj('ktigIiIS nllil IiPlI}-linlh·(1 wal •
nuts IJpful'c ali(I ut't.t')' IIllltul'il,\', ~1'1I:<t ill, Orangl' ('IIUllt,\', ('nlif, 1!\:.:-1, 
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"'lOllIIt; 20,-1'('1'\'('111 age or IItl' k(,l'JlI'ls In gr<"l'l\ sth-kli!;hts 111111 ftchl-hlllled 
wllinuts Itl'fon' Hilli nrtl'r lllaturlty, l'III'nt(', Lvs Angl'll's Ctlunl~', Cllllf" 1034. 

COli Id ha vo bcen stal'ted 11 days ea rlim' thun the ead iest norlllul hllrvest 
Illld H to Ui days earliel' than the llvemge. 

In the inl.(wiol' (fig. :U) (53), hUl'\'l':;t with the lISC of ethylene could 
ha \'e sturted Oil August 25. 'l'his district is approximately 60 miles 
inland. At that t.imc 100 PCl'C(!llt of the walnuts wm'e green stick
tights. The fin.;t fil'ld-hulh'<l walnuts Wl'I'e ·found on August 21). The 
earliest hal'w"st ing h('gan on Hl'ptCllliJl'I' 11, and thc majol'ity of 0llcr
alOl's did Ilot lwgin untillhe 15th 01' the tRth, Thus even theelll' iest 
opel'atol~S lost Ii days of potential hal'vl'stlilllc, and the majority de
layed betwl'l'n 3 and 4 wed.:s. During this period tIll' highly perish
able lite kc I'IIP I ('0101' was slIbjN'ted to the lllifavorable t'omlition of 
full rnatul'ity in:;i<ie a gl'(J('1l sticktight hull at the high tempemtUl'es 
ehal'uetcl'istie of t,hat dish'iet. 

It wi II 1>1' not I'd that the IWI'l'lm! a~e of lite-<'olol'ed k(~I'nels of walnuts 
tI'(,'at~'<l wil"h (,thyil-n(' ill('I'eased fl'olll tlll." l'al'lil~st pickings to appJ'oxi
Illall,ly the tillle ,tt' 1'1111 matul'ity, wilh ndatively little irllpl'o\'ement 
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wninul;; IJCI'Ol'U Hnd !Ifll'!' lIIaturity, l'IllJl'I:m<>, Rh'('!'siilc Uoullfy, Cull!" 11)34. 
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thereaftet". The characteristic development of amber color that occurs 
during ethylene treatment of immature walnuts accounts fOl' the 
greater percentage of amber-colol'ed kernels early in the season, This • 
1llustrntes what has been :;aid Pl'('\'iOllSly concel'lling the necessity of 
timing hnrvest to agl'ee with filII matUl,lty, A more detailed diseus
sion of the relation of climate to ethylene is gh'en by Sorber (53, 54.} 

PHYSICAL CHARACTERISTICS OF THE P£HSIAN WALNUT 

The change of pl'lIctice introduced by the ethylene pl'ocess called 
for information on the physieal charactel'il:itics of waltlllt!:i. The fol
lowing data wel'e obtained as a basis ff)l' propel' engineering in plant 
t'ollstl'\lction, dehyd I'a tOl.' ca pa('i ty. etc. . 

Table Hi shows that: (1) Gl'ppn stiektight 'Imlnuts we i:,.d I fl'Oll1. 
29.8 to 3:3.5 pOllnds IW1' eubie foot; (~) 1 ton of ~l'l'en sticktight w1l1
nuts requires appl'oximately G;l ('uuie feet of bill 01' box yolllnle; 
(3) approximately ~~5 ('ubic feet of !!l'eell sticktight wallluts are 
equiyalent to appl'oxinlHtely I ton of ll'l'y-hllllt-d wallluts; (c~) 1 tOil 

of dry-hlllled walllnt::; OCtllPY aPPl'Oximately .100 ('lIhicfeet of space. 
The pN'l'l'ntage of moiHtul'e lo~s in (>thylene-ll'pated and \\'atel~

sweated green stiC'ktights, as well as in field-hlllled walnuts,.is showlI in 
table li. Tlw dat(' at which h:ll'\'(>st by the dhylene process ('ould 
have started, as shown by matlll'ity tests, is indicat.ed. The pl'opor
tion of greell stkktights ('xisting at that date proddes an indl'x to 
the value of the ethyll'ne 1)I'o('('SS allcl indicates the proportion of the 
total Cl'OP to be h'eaied. 

In conlleetioll with thl' l'n~ill(,l'l'ing \\'OI'k (gO). it: was foulld that • 
green sticktight walnuts Ita\'e a natlll'al angle of repose of appl'Oxi
Illatt-Iy;>,ii cle~I'ees, or a slope tltal I'i:;e:; H incites pel' foot of horizontal 
distance. ' 

• 
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T.\IlUl 16.-'Volwlletl'eiy/ds all(l t!qlltL'ul(Jnt8 of g1'C1'I1 sticl.-tigM, ll'et
In/lled, and d"i'/!(l 'walnuts, 'lIwi8tUl'e l0158 in dcltYlZ,'ation, aUll ,-dee.of 

• mtls1 
l"ms'!· l'lCKIN'O OF MA'!'UItE GREEN' STICK'rlGHT \VALN'UTs-:-ETIlYl,ENE TnEATED 

I 

Pounds pcr cubit: 
foot of walnuts 

Hulled Hullcd 
Date of 

1---.,.----pi('kiJl!( 

1034
o 

Z 

• , 

I Au!-(.27 

2 8(·pl. .1. 
aH(~pt.2
41 Au!-(. at 
5\ 8(-pt. 10 

5.4113.0 

i:!Ui ~l 
I All the walnuts wcre the Placcntia ,'ariety except tho~e from orehard 4, whieh 

were the ('hnsc variet\'. 

• 
2 Locations: Orehard I, Vcntura, Ventura County, extreme coastal, 1 mile from 

occl\n. On-hard 2, Tustin, Orange ('ouII ty, intermcdiate eoastal, approximately 
10 milcs inland. Orehard 3, Puente, Los Angeles CounLy, intcrmediate interior, 
approximately 30 miles inland. Orl'llllrd ·1, Puente, Los Angl)\es County, inter
mediate interior, approximately 30 miles inland. On'hurd 5, .~loreno Vnlley, 
Hh'crside County, extreme interior, approximlltely UO mile,; inland. 

http:Au!-(.27
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COMMERCIAL UTILIZATION OF THE ETHYLENE PROCESS 

EFFECT OF ETHYLENE ON TIlE FLAVOR OF WALNUTS • 

Thc :ntrO(ludion of et.hylellc ill It IICW hal'\'eHtill~ proc'l'flim.' bl'ought 
the need for dctl'l'l11ining the possible efreet on the flavol' of the walnllt, 
Investigation had r~'\'cal(~d that lIlany \\"ltlllUis ha\'e a nOlit-eable flavor 
considel"('d objcctionablc by mall.)" persons fOl' a pCl'ioll of ~ to·l wecks 
aHel' dehydl"ation, cspl'ciltlly when l1al'\'pst('(l ClIrly, En'n ficld-hulled 
walnuts han' this abnol'mal 01' oll'-fla\'ol' for a sholt pl'l'jod, The flavor 
pl"Oyed nallll'al allCl disappcared ill 1 to awreks, That thi!> pcclllial"ity 
of Pel'sian \\'alnllt$ had III.'\'CI" Pl'l'\-iou;;ly \.)('cn 110ti('('([ was in nil pl'ob
ability duc. to the lad\: of parly l'l'itie-al ('xalllillatioll and 10 thcl'ad 
that \\'Idlluts had always beell 'Iun'\'csled :tHet' llahu'al hull looselling 
and dehrdl'afion, 

Sixicl;n lots 0,( wa IlllltS. tOlllpt'isi II~ the El ~folll (I, l~tlt'l'ka, Mayt'tle, 
anc'iJi'l'allqtwtf(, "lll'i(,tips, WHe t'Slll'einlly pt'('pat'(·d fol' a ddaill'd 
£\a\'ol' test. I~i!!ht of tIl(' Hi loIs WPI'P II'l'al('d wilh l'I hrleltl'. B "'I.'I'C 
wa!.(·I'-SW(·a!Nl,' altd ;) \\'('I'C,' ficld-hulll'll. Etl,I,,-lellc-ll'('aled: wall'l'
sWl~al('(l, and fi('ld-hull('d s:\llIplt's \\'('1'1.' taln'lt 11'0111 thl.' salll(, II'(~(' of 
cll('h va I'i<'I.\', Ol\(' lot of l':\t'h \'HI'iN,\' was duplil'ah'(1. Thus 20 lots 
wen' al'l'altl!pll rOl' ta:;il' t('stiltg. submittl'd WiUl IlUmb('I' idl'lltifiea
don only, 'rhl' Ililtl, tl'::-tl,'I'S, who \\'('I'C ,,"('II qualifil'll to jlldge walnut 
f1a\'ol', W('I'e lInfallliliHI' with tlte dill'pl'l'ltt tn'alllleltts lIS('I.\. The" were 
l'equ('sted to ('Iassi fy tIll' lots as l'x(,I,'II('n(, gOO(1. fail', POOl', (Ii: \'el'Y 
pOOL" ael'ol'diltg 10 tht' following: dpfinit iOlls of (('I'IIIS: E.l'('cl1('IIl
Fl'psh nutty fin \'01', 110 p\'idt'nC'c of stalpIlP::':'; or billC,'I'UPS8, ('I'is\) and • 
SWe('t, (/o;Jtl-Entirl'l,\' pas:-abk but lal'king ill frpsh lIulty f anw. 
nost.lIh'nes":, llIay ut' "lightly bitll'I', Pllil'-ii'lat tastc, lila," han' slight 
illdi('alioll of sla!clll's;'; OL' I':tlleidity, biUl'I'IIl'SS lIIay bl' prl'sl'lIt 10 the 
(lxtt'llt ItOL'jnalh' found ill \\'alltllts wHlpl' (,l'rtain ('olldilions, l'oo/,
Dpeicil'd Stltll'ltl'SS, I'alll'id 01' stL'OIli! taste, illl'lulil's other off-flavol's, 
rC/'!ll'ool'--Ilwd ihlc. .~ 

Thl' l'cJ'\r!ls of this h'sl' :11'(' gin'J] ill labll' 18, III altolhel' test, 2R 
slIllIplt's of wallluts \\'l'I'P ('Iassifil'd by the inspel'lioll dppaI'lIlH'"1 of 
thl' Califol'nia 'Val II lit OI'O\\'('I'S ~\:-:s()('iati()II, a('('ol'dillg to the pl'e
"iollsly indi('atl'd fla \'01' sta ucla I'd, TIl(' 1'(I:-UIt of (It is t(lst is shown 
in tahItI LD, Frolll thrsl' [p:-:ts it appl'al's dl'fil1itp that f'thyll'lIC tl'eat
ment has no dl'tl'inH'lIlnl ('ll'('({ Oil flayol', Thl' irH'onsisl('IIt'y of testers 
in jUdging the dllplil'ull'd :-untple:i is showlI in table is. 

• 
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TAIII..E lK-Rl"\1l.1ts of jla'l'Ol' t(lid on (tl,ylme-trm/td, 'u'atcr-,\ju'eatuZ, and fidel-lll/llul 'llJabl-uts: 19J4 
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17S ____ .do... _.. _-. _____ .. i. _. _do ______ ... ___ . __ ._ G J.' F' G EGG G E 2 l 5 2 0' 0 z -c ~ .. ~ . .. . l' .. ' > ) .. ,'t "" i·Jill _.,_ dO _____ -. ____ . ___ ,o.l \\alll :'\\(,11 .. _.• - ________ G I ] (. ] G G {, G.' 0 ! ti 3 0 'I 0 
] "'0 I . ]~••11 I II' I ']c I" ]< ].' ].' (' G f' ]..! ') 3 4 0 0 :;"' " ___ .. ( 0 _________ -________ I( ( III I ( ... ____ ._________ .- _. v I 'i - ! 
]83 ?lJu\'Ntt'_ •. _. __ ••. __ ' ___ Wuler sweat.. .. ___ •• _.••• __ • G G E G E G P ]? I E 3 -1 1 1 I 0 ::0 
]83 ___ .:110. ______________ •__ .. _do._ .... w.. __ ._. ____ •. , (2) G E 1~ G F ]I' PHI 2 2 4. 0 I 0 <; 

18.'] _. __ .dO ___ .. ___ • _______ •• _-.'. Eihylt,lIe ___ • ________ • _____ .- F '. E E EGG 0 G E. -1 4 1 0 
t"lI0 

]82 '_._ .do ______ • __________ .,. ___ do•. _....... _. ______ F! G ]~ F P ]> G G E! 1 3 31 2 0 ~ 

18.J __ .dQ____ ..••_________ • Fit-hi hull(·(L. _____________ •• G I P G (.; G. J~ ]1" E !] 4 2 2 0p. 

lS{i __ .do._ •••. _.... _. __ .1_ , _do.. _•• ___ ._.,. __ •__ G ,G G G E ]> G G G! 1 7 0 1 I 0 o 
]RS I }'ralltju{'({p.. _. _________ .. : Wnll-r l5Wt·uL ___________ .. _. F: F ]) E F P (l F G I I 2 ,1! 2 ..;!I0 

Z 

JRS _____ do __________________ '____ .do__ .- ___________ • __ . (2) F F G G ]> 1~' P ]~! 1 2 3 2 0 
lSu ..• __ .(\o__________________ ' Ethyl<'n(~______________ ..._. G G G F F F G Jo' ]C j 0 4 4 I 1 0 a 
)87 ; _____ do __________________ L . ___ do_ _. ___________ •____ G . P PEG F ]~.]>: E 2; 2 2 i 3 1 0 .., 
lS9 • _____ do __________________1 Ficld hull('IL_______________ ' G F G g G i P F;]> F 1 I 3 3 2 i 0 !'I 

::0190 l. ___ .do _____________ • _________do_____________________ G l P F P F! G G I]C GO' 4 : 3 I 2 I 0 UJI !' ----

Totull'thylellt'-trcnted___ ---------------------------- ----1--------- -.-- ----'----!---+--- ___.I 16 29 261121 1Totnl not treated ___________________________________________ ' ____ ---- ---- ----'--------- ____112 37 1 27 14 I 0 
~I I I' i I jI 
~ 
> 

I E=,Exeelll'lIt, ]~ Fair, G=-Good; P-Poor, Vl>=Vcry Poor. 

2 Omitted frolll numerical SUllIlIla!',)'. These clns::;ifications are defined in the text. ~ 
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TAUL.: 19.-S1l1mnal'!/ Of flavor' text of etllyle1le-tl'eatetl, 'I.Vatel·-,~'I.()eatetl 
and fr'eld-Imllctl 'walnuts in 10J.'1 

Ethylcllc______ • 

Ratings 

Trel'tmc~t Samples 
EXcel

lcnt Good }i'air Poor Very 
poor 

--_-_·....,.." ... '-0 ,~ " ......""" .,."" ....-~ ~-

Number 
14 1 7 5 1 0Watcr swcat. ________ 7 0 3 4 0 0Field hullcd. ___ •• ___ • 7 2 1 3 1 0 , 

.._--~-

EFFECT OF ETIIYLENE ON TilE KEEI'INC QUALITY OF WALNUTS 

To determint· wlll'thl'l' ethyll'l\l,·tn·all'd WlIlHUtS ,,"olllll k,t·(,p tiS wdl 
as walnuts f\'tllli whieh till' hull:; hud IOl)St'IINI \lutul'ltlly a special lot 
of the. Pltlcelltin variety WtlS obtaillctl ill lIIidsl'nsoll so that appl'oxi
mutely hnlf. I\S they ('umc fl'OIll tIlt' fi(·ld. would be ~l'ecn st:i('l\tigills. 
rl'he sticktigilts w\.'re givcn st:andanl ethylclIc U'Catmcnl JOL' GO hO\lrs 
in It commct'ciul plunt at Pucnte, Aficl' trCl\lmcllt the hnlls Wel'c re· 
movcd, and the nuts wcre tlchydrntl'll ill the san\(' ma('hillC and under 
the Same conditiolls a:; w('rc the Iil'ld-hull('d nuts, Both lots, field
hulled und ethylcne-tL'\.'atcd, were subjcded to standard packing-house 
procedure, }t'/'{II11 till' two lot-s, 100 pound::; ench werc taken at L;ulldom 
und stored lIudet' COllllnercial conditions by the CnlifoL'l)ia 'Valnut 
Gl'owers Association, 

Crack tests Wel'(1 milde illln1('(1iatl_,ly 01\ arrival at the, storage plant 
Ilnd on the Hl'st alld Hftel'nth of the month following, Thev were 
sampled Oil the fifteenth of each month for a year, liS indielltetl in 
table :20. 

The colol' quality of 1\1110t8 c1celined slightly, but the rate of deeline 
wus the SallW for the field-llltllNl as fOl' tll(, ('ih\'lene-tl'eatN1 walII IItS, 
This test indil'utl'S that the ethylene treatlllent lilts no detrimelltal ell'eet 
on ke('pingql\ulity. 

These spl'cially condudl·d flavor and stomge tests WeL'C supple
mented by observllt ions alld studies by reseal'elI "'OI'kl' l'S, coopemting 
groweL's, packing-house IlltllJagel's, :lIi(l others, 'Vith olle exception 
(56) no data wen' 1'1'('O1'(1NI in slIeh ellses, but in 110 ills/alice was it 
possible to distin~t1il'h (>thy1l'lIe-ll'l'Ilied hom nontl'pat-('(l walnllts, The 
tests illdicatctl thllt t;lH'l'e \\'ilS no lowedng of gmde becallse of ethylene 
treatllll'nt, 

Co:m.1ERCIAL t\flOI'T\O~ ANI> UrlLIZATIOX OF THE ETHYLENE PROCESS 

The ethylclw pl'utess h:\8 bePIl l'stabli:-;lll'd as an intl'g'l'al pal't of 
walnut hni'Vl'sting in mHlly di:;tl'ids of Calij'oJ'J)ia. JIl Jl);H. seven 
ethvlelle>tl'eatin rr plants were constL'llcted, Of thcsC,'. three were in 
eentrnl ClIlifoL'l{ia under interior dimatic condit-ion, oJle WlIS in the 
~an FeL'l1ando Valley of Los Angeles COllnty lIndt-t, sl'lIli-intel'ioL' 
elimlltic ('omlitions, and three were ill the San Gabd,,] Valley under 
intel'llIcdiat:c clilllalic conditions, Various growel's in otll('L' placps 
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utilized ethylene tl'elltiug rooms in citrus packing houses. One COlU
met'cial trcating plant was built by Mr. UundeH at the Uivem Walnut 
Growcrs Association under semicoasta1.conditions. In a11, 77 growers, 
owning 1,8~3 tteres of walnuts, lind pI'oducing approximately 1,000 
tons, proecsse<1 tFlCil' crops ill whole oi' in part. ~Iore than 200 tons 
wl!re treated, In 1035, ~~. additiOllal plants wcre constructed ill 
val'ious parts of the State, In lU;j~. a lml'tial sun'cy, made with tho 
IIssistflnce 0.1' ~the Califomia. ltValllut Growcl'l:; .\sHociation, reported 
:li plant:;, In addition to tlH'~e. data wN'e gathcI'cd on 15 others, 
making it total 01' .~~ plants in opt'l'alion that year, One of these, 
\l large plant in HiYl'rsiti(' County, WnS built espechilly for custom 
wurk. Th(' Hh'('I,:t plnnt \\'('nt out of ~'xislence in 1!);3li at the time 
thl' m;soeilltion ct'ascd fundioning, These plants serve S.DuS acres, 
with a toUd yil>ld of 1,li~7 tons. ){ost phllit:5 do some custom work. 
The lll'l'l'lIg(' :;('J'\'l~d by till' tolal HUlllber or plnnts is approximately 
double that of tilt' pl'opelty 011 whkil tlll'Y are located. Exterio~' 
and inlel,jol' "iews of t\\'o of the eal'ly plants lire shown in figures 
~2, 2:3. and ~.b. 

'1'.\111.1': "2(J,-N1W!ll/.~ 0/ ('I'!l('l~ t(lds Oil eth!lline-tr('ated ([n(l jie7d-lntlZed 
11'(l/I!III,~ 81()1'I'd /lll(/('I' COJ/lIIlI'rcinl cowli/ioH8 /01' .lJ months 

li'ield-hulledEthylene-treated 

Dale Lite' 1Tnt I.. ! .. , . Litn ITt 1 

"pl'l'k-; ,n. ,Sound' Lite spet'k- ? a~olll\d Lite 

led : lite .' led lite 

/'er- [ ec/,- : , I . Pcr- Pcrpl!;,_l~ Pc/,
('enL cCllt· ('ellt ' ('cIIL I cCllt I cellt 
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rent 

\J [ 7U. 02 SO (j 86 

72 
 8 7\1 01 73 7 80
l 

7 83 1)2 i2 10 82 

72 S SO \)·1 i2 !) 81 

75 


72 (\ 78 !ll 70 6 76 

SO \)2 US 7 75
71 8 


7[ 7 7S \13 7\ 0 80 

(\7 10 77 \1.\ li7 11 78 


ns S 7i) \).\ Ill) 13 82 

(\i) 12 77 \)3 (;.\ I 13 77 

n.:; \) 7·\ \)\ UI 13 74. 

!is . U 7U i 02 (;·1 \) 71 


f 71)(j,1 \\ 75 02 G3 ·1(; 

(Hi 7 73 r I Oi) 6\ \ 12 72 

(i., 10 7·\! H2. 62 1 11 73 


8, (j ""77, '2'-I"'uir;-r(;7~ S f'\ 0, 1 I 77. 7
.\v·('rag.pl ..... _.. .- ...... _.. _.I U2.;; 72. n 
I , ...--~.--,,~ ~-.,--_.-

I This i" nn a\'t'I'n~c of the monthly IWl·ragcs. Eal:h Slunple had the same 
llulIl\)('r of \l'tlluuls. 

. The ~7 plants l'oYt'I'Nl by t110 partial BllL'\'ey of the association actu
ally tre:ttl'd (Hlll ton::;. The 1;> plant;.; not l;o\'el'l'c1 by the sunrey served 
nppl'oxinlatl'l,Y :2.000 addit iOlHd Hcres ami treated approximately 1:200 
tullS. The total IllllllUer or gl'OWel'S whm;e wnlnuts were ethylcne
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FI',lla 'I'h.. lil'-! "P:\t"!,,'I' .. :t1ilt:;. Illdt I'''il''l'lIl'I''1\ "":11' 1'111'1111', II llil~ 
,11l!ici"111 1"1]1,1' :1.1 I .. (,:,',dj,· ,,1',"I! -I :,.J\!kL' "allllll, (''1l1h;oIl'1I1 Itl I:.! ("11,~ Ill' 
d"j"d II:rillllt .. , 1'1'1 ... I" il ..d ~!."I" 11"I';l!'tIlI"1l1 "I' ,\"rio'IIIIt1I'O' I'I'I"'IIIIIII'IHI" 
1f!I' ~tt"rdi;.~ lIf ill! tit'· ... IJ!;;h·~ .... , tllld utl11'1' lippil tlrbt,..... withill Ii (pl'l of the 
II'J("· Ht' ~l'lIlntiL} • 

.. 
• . 1
" 

•1'1'.1 ':' :.::: I", \ T'" .. I' Lr,' I':'" "'Ill' lrl'''~'''' 1I1oil !i'lnll" l!'~l" h~' ,\"I'j('III, 
1'1':1' 1>_iIW': i':.; IJj, - "II, !'UI.,:<i1S Itr ('iI:iflll'llia, 
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treated is not known definite1y becl\lIse of the cURtom tl'eating, hilt 
it is known to Le approximately ;}OO, the COIIlIllCI'l'ial plant ill !tin-l'
side havillg 1Il0L'e than lOU customel'S, The was SUL'\'ey shows C'lll

sidcrable variation. ill tlte use of tl'eating facilities by lhe growel's, 
One operator treated 25 percent of the first pickinl! only, From this 
low percentage lhe IH'OPol,tion runs to 100 pel.l'l\t or the lhl'ee pick
ings, 'rhe ll\'crage use of tt'eating facilities is ill lhe neighbol'hood 
of SO pel'eent of the first piekillg, -J5 1>l'l'(,l'l11 of the 8et'olld, 1I1ll\ 30 
Pl'l'Cl'llt of the thil'(l. All ~7 Opl'L'atOl's ll:;ed l,thyll'lll' foJ' lhe linit 
pit-king, 11) used it 1'01' the 8l'('OI\(I, Hnd only 7 lllwd it- :fol' the third, 

In this SUI'V('Y gl'UW(IL'S who IIst'd tIll' ethylene tl'l'atllient weL'U askt'll 
if they felt that tlll'Y del'i\'ed Ul'lll'lit fl'OIl\ it. All but olle !tllswel'cll 

' . V'r" (. , . 

..... C"",4 ••_ ~'.,1".. 
l"IOUHI,l :!-I.-<-IIl[\'I'Ip!' I'll'\\' oj' IIII';.:'i' t'th~'Ipll!'-tl'('atillg UI1It bnill ill 1!1:{;) In HUll 

~'l'l'lIl1l\d() \'nlh'r, Clllif. It hus slIlIiCll'lll 1':lp(l('iQ' tu IHIJ\tlle 1--(1'('('11 slil'inlghts 
ill l'Xl'l'SS of !II(' I'quiYltll'nt of G() tOllS oC llt'jt'tl 1I'Illllllts, 'l'he wullluls U1'(j. 
oS fl'('l I\I:PP, NolP the shUll!: of the llius, 

ill the allil'l1l11ti\'e. In answer to the qllestion, "'Vas any injUl''y caused 
by the pl'o{'e;;:-;(' thl'ee illllknted that there hall bcen some injul'Y, 
;-,tnling, hOWl'\'el\ that this injury was thC! l'e::lllH of picking immntUl'(l 
walllllt~ UJ». TIll' pl'opOrliOll of the Crop injtU'ed wus vcry Sl\lall. 

FOH£ICN SllIPMEl'i'l' OF GH£I':X WAL~U'l'S 

Because of inabi1itv to 1'emo\'e thc hu11, the Cali l'ol'nia 'Yalnllt 
(il'owel's As::;ociatiol\ "IHtd bl'ell lUIHbk' to supply gl\'l'll walnuts to 
Encrlallll before the dC\'t'lopll1l'llt of the etltylLilll' IH'uc~'ss, The Eng
li:ill tl'lHlc desired IIl'ltl']Y lIlaturc walnuts thnt were huller1 but not 
dl'ied. so tlH.' pellil'1e cOllhl be peele(l and the cotylt'llollS eatl'n, In 
u):\-l the tl:isodation etltylllllc-treatcd It f~'\\' hundred 21-pOlllltl bags 
of walnuts in early Augu:it, The hulls were remoyell satisfactori1y. 
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In 1935 the association shipped to England 10,853 bags ~f 21 }loullc1s 
each, all of -which had becn treated with ethylene to remove the hull 
However, the expense of handling~ including freight, coupled with • 
low prices in England and cOll1petition with French walnuts. avail 
able on shod, haIti, made this outlet unprofitable. No subsequent 
shipllJentB ha ve ueen made. 

IMPHOVEMENT IN GHADE AND INCHEASE IN VALUE RESULTING FROM 
COMMEHCIAL USE O~· ETHYLENE IN WALNUT HARVEST 

'l'he potential cconomic yalu(> of til(> ethylenc IH'occss was l'ceognb:ed 
immcdlatcly by II :f(~W gl'OWN'S who Imel open attplIlpting to J)\'(~serve 
the quality of thc Cl'OP at its peak tl shOJ't tinw befol'e nOl'l1ml harvest
ing. Gencl'll! recognition ('ante within ,t Ol' :) yeal's. IllCl'Ptlsed cost 
of hn.rvesting was studi(>d in 11)34 and 1935 (4.18, 51). Harvesting 
Wllluuts in the gwen HI iektig111 ::;tage 1'01' ethylene tL'eatment costs 
il'om three-fourths to J (,(,lit a pound more than nntuml hal'\'(\f:;t. 
This is ctll1::;l'd by the lIifli('ulty and eXpt'IlS(' 01' shaking, tIll' necll for 
the use of tOW('l", in all piekingH, ('I(J::;(> eool'dinatioll of shaking and 
gathering gt'C(>1\ sli('ktigltf-s 1'l.'olll Ihe gj'oullll to pl'(>'n'llt gl'Ollll<l senld, 
the n('ed fOl' rigid sepal':llioll. thp gl'('atel' IJldk and ,n'ighI' of gL'(>en 
Rticktights as ('0III I:m1'(> d wilh fjpld-hlllllid IHlhl, tl1(' 1IC('pssity of passing 
all treated wallluh:; thl'OlIgh 1l1('('halli('al hl1l1(,I'R. tilt' lOllg(>l'(ll'hYlll'at:~un 
llec(,RSltl',Y to I'l'1ll0Ve tlwmoisftll'(> ('ontpllt of f't'cated walnuts; alld the 
overhead on additional ('apitnl in\·pstnwllts. 

The econollli(' Hl:lp(>('I-s of t11(> IH'O('PSS wPl'e shldied in southern Cali
fornia orchal'lI::; inW;H. W:}:j CP. .i,]). 1D:30, and U)3!) (18). Data • 
were obtnill(>d 1'1.'0111 51:2 ol'l'hal'(ls ill the foul' s(>asons. '1'11(1 results 
of these ('ost studies arc sunlJll:lI'izedin lab1e21. 

TABLE 21.-InGJ'ea8e in "on t1'ce" value 01 1.Nilmtts 1Y'8ulting 11'0171, 

'Pl'ompt and' 1'{(tdd ltaI'1'<'8t 1.l'ith aiel of ethylene 


Value per hundredweight 

SeasOll Kind of trees Location 
Not Treated Gaintreated 

,..,,_. 

Seedling____193'l Puente, Los Angeles County____ $:3. GGBudded ____ - ____ do_______________________ $G.5'l $0. 88 
__ __ do_______________________ 7.98 8. 37 ,39~L935 Scedling____ 4. 38Budded____ .. ___ .do_______________________ 5.78 1. '10 

7. GO 8.5L .91193G Seedlillg____. . Los Angeles County ___________ 5.2l 8. 00 2.79Bndded____ Los Allgeles ane! Riverside G.43 8, GO I 2. 17
COllutips. ___do_______1939 Los Angelcil, San Bernardino, G. 85 8. 1G 1. 31

nnd RiYel'side COlllltics. 
 I

Average for all yel1rs_________________________ G. 	 30 I 7, 71 I 1. 41 
1 

In calculating the values in table 21, harvesting costs were de- • 
ducted, leaving an "on tree" -value. 'This gives a true picture of the 
gains mnde possibl(· by the use of ethylene. 



• 


• 


• 

USE' OF E'l'HYLENE IN HARVESTING 'fHE PERSIA.c," WALNUT 71 

In 1934, at 'Vhit:tier, a 30-acl'e orchard produeed 18 tons of wltlnuts 
havin cr a value. of $4,188. No ethylene treatment was used. In 1935, 
with Ole ethylene ITeatmellt, the Sllme orchard pl'odllced 14 tons with 
It value of $·L\)OO. This was a net increase of $117 pcr tOll, in spite 
of the 1 cent: lower pl'ice pel' pound Tor all grades ill 1\)35 as C01l1

pat'ed with 1f):~4. The same pl'iec pel' pOlllld as in 19M would have 
added anotht'I' $:30 pel' ton to tIw incl'ense ill mine resulting from the. 
use of the l'f:hyiene process. All lots ill the IUai) CI'OP wel'C Dialllond 
I.,(Tad(',18 l\'iI'lt tJll' exceptioll of two Slllall lots. the color of which WIlS 

ii.dvl'I·~elj' all'e('ted becami!' of impl'OpeL' deltydl·atioll. In 1UiH, 30 days 
werc n'qllil'ed to cOlllpll'te the hal'vpst; ill u):~5, ollly 10 clays were re
quired. The vttlue of' all ('tu')Y alld short han'cst: Lwrio(\ hils been pre
viously disl'ussNi ill conneetioll witlt I\'alnut hw,k-fly infestation and 
c1cvl'loplllellt or IllOld. 

811 1\',)'l'1' alld .J 1Il1gel'lI1111l (Ii./) sho\\' that thc gl'adcs and values of 
ethy Ipnc-pl'o('(lssl'd \l'n Illuts ill Stn II isla liS ('011 Illy «('ell I' I'll I eaIifOl'llia) 
in wal: as ('()IIIIllll'()d wil h 1lIOS(' of the l!);:l.l!);;~. allc\I!):l:l CI'OPS I)l'oved 
till' ('onllllt'I'eial vailic of till' IH'o('('SS ulIliet' inlt'I'iol' ('Iinlatic COil( itions. 
Tlwil' dala :-;\IOW that tilt' illcl'ea:;ed eost of thc additiollal operations 
incident to the usc at: elityl('ne was Hi cents per hlllldl'edweight of 
dl'j'-wl'i~ht wailluts. Thi~ incl'('ascd cost illelll(\ed interest tuid de
pl'eeial ion ella l'gN; 011 tl](' ('qlli pment uSl'd by the gl:OWCI'. 'fhe im
p.l'O\·Plllelli: in ~l'lIde whi('h 1'('sltiled, shoWIl in table :22, is discussed in 
the followillg statclllcnt tak('1l frolll their article: 

'!'.\ll/,E 22.-Pel'centa,r;e of'mtt8 by (Jt'ades 1 


NOlltreuted 
l~thylelle 

---~-~.-:----- treated,Vuriety Grade 
1934
HJ31 1932 1933 


--------1--- ------- .---··--·1----1----1·---

El MQnte________ DitLIHOIl(L. ,.--- .. L... ---- ---- .. --- -------~ 78. 2 


18.2 20,!) _______ _ 

SUII tltIlCL __ . 

1. 
49. 2 5. 6 


EIIlC'rtll<L __ _ 2. 4 

50,2 45.3

Eureku_____ ___ _ _ _ niulI10llcL 8,0 3.8 5.2 60. 3 

EmcralcL__ _ 

. 

20,9 55.5 67. 6 21. 9 

SUlltllncl ___ 01. 3 2G.O 9. 8 1.6 

Concorcl_____ • __ • ; DiulllollcL __ 77.0 
I EllIeralcl ____ ._ 35. 8 1.4 

SUlltlLlHL __ . 45.7 78. '1: 86, 8 1.6 

Payne ___________ ])iUIIIOllcl - 71.2 34. 7 46, 7 77.7 


EmcrulcL___ ___ - __ 8,1 35. (l 11.6 6.7
FiunLulld _________ _ .5 3.•1: .4 


Franq l\('Ue __ , _ • _ DiuJllOIlcL 28.3 83, 7 82. 3 80,0 

EllIemlcL___ .. 57. ·l 11. 3 G.5 15, 8 


I Hllntuncl __ _ -- -- ......... -_ ... ----_ .. --

Mayctte_____ _. _! Diumond_ - (lG. 8 48. 7 83. 7 76. 2 


I Emerald ---- - . -. -  21. 8 45. 2 6, 3 14. 0
1. 5 ________ ________ 1. 4
I Suntand___ . - • - - - 

-------~--
I Sawyer orchard (5J). 

,. Hnille! 1H11I1(' of ('ullfol'lIll1 \\"11111\11 fll'lIw('rR ASf:OC'illt-inJl for' fir:o;t-grnde wal
uutl';. which lit thnt tilliP \\'('1'(' g'\lIII'1I1I1(,p!1 tu cOlltain GO percent 01' more of light 
nntl 00 pcrcent or wore or $OUlld kerncls. 
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~'lIe first S years, 1031 to 10:'13, Inelu;;!\"e, the nuts wen' !lot tl'ellt(J<I, while In 
lOa·[ till were trented, Vtu'l(>ties suc'h as El Monte, 'I~uL'eka, and Cone()I'd show(,t1 
stl'ikillg irnpr!n'CIIIPnt In q1lalit,r as the result of lhp cl hYI!'np-g-as tl'eatnl()llt. '.rhe 
1;1'011'1'1' \\'111{ nPI'Pl' IIhle to olJll1ln Dilulloml ~rad(' on gl ~lol1t('s ill tlw thl'ec previous 
YPH1'S, hut ill 1!J:{-i with till' ~as tl'catnwnt thcy I'nll 78.2 PCI'I;I'UI: Diamond grad!!, 
~l'lI(' ('oll('orils, 1\'11('1:(' lll'(!\,iously no DllIllIol1(ls \1'(11'(' 1II1I'I'('St('<1, ga l'cT7 pet'ccnt 
DIIlIlJOn(l with ('{'hylpllc trC'lItIllCIlt. ~l'he l~lIl'ckns, II'hieh al'p 1111 (Ix!'cllcnt IIUt 
fOl' IH'O(lud:lon in this tCl'ritOlOY, IIlIH:tC GO,S pel'cent Dialllond gl'lIde whel'(' l)l'c"l
ollsly tlw l.ilgllC'st Diunlol1(l ppr('('ntnge was 5,2 PCI'cI'nl, 'I'hel'e WIIS IIlso 1111
[)l'OI'Pllll'lll: III l'a.I'II('S, li'raIlCfu('ttes, nllcl ~Iayptt('!;, 'L'lte 1'lIYlll' gl'll(/(' WIIS 77,7 
[)('l'(I('nt DIIIIIlOn([S In lOa·" 1I'1t('I'('n;.; Inwa:! allll 1033 this \':Il'i('t~, silo\\,pti 3,I.i 
IlI'I'C'('nt IIl1d ·10,7 j1(,I'l'l'nt DillIIlOIHIH, 1'('HllP('til'ply, '1'h(' l!~l'alHlu!'t tpH sltOll'l'li t ha t 
,wnw ~'(,Ill'H this l'UI'i!'t',I' dl'op:; down ill Dilllllond ,l!I'lh1(', llH in 1!l31 \\'h(,11 th.,y 
I'llll 28,3 LlCl'c('nt ()illlllOlHls, lind th(' )III~'ptt('s III 10a2 only (lI'otiU('NI ·1S,7 jJ('I'('Pllt 
DiulIHlllllH, With tllP ~HH U'pal'IIll'1I1 nit ot' (11('):(' IlPpl'/)ll('hl'<i HI) Pl'I'('PIII' DlulllOlul 
~I'Il(lc in l!l:J.I, wiliph WIlS n s(,lIson of Huhlllll'lIltll quality in thl' Sun ;Jollljuill Ylllle~', 

In ('(lllsJd('l'ing' till' ('OIIlIIIIl'Mil'(' tig'III'PH III 1i1(' ('lulI'I', It HIIOlIIll hl' lIotl'ci Iltat 
tit!' [Jel'('f}lItu~P;'; ill PIII'h Itllalilr ~I'lIll(' HI'!, 011 an (lI'!'hllnl-nlil hUHIs, In othl'I' 
words, the Ill'l'('('lItU~l'H of DilllllOIHls, gllwl'aills, ali(I SUlltululs ,. fOl' II ~"'pn 
YHI'ic'ly Oil It gJ\,l'1l ,H'III', \\'IwII Illl<l£'d IOl\'pthpl', ;;in:- tht· tollt! P('l'c'cnta/-:(' of 1Ill'1:
('hUlltHhl!' nuts, ami Ill(' !IitTl'I'Pll(~' hl'tWl'('ll that totllllllHl :10(1)('1'('('111' 1'('PIWiPlltS 
cIIIIS Itllli hloll';;, In th(' llInjm'ity of ('as(';; the ('(h~'I('Il(' fI'('1I I IIIPllt IIlal(!l'iully ill
CI'PIlSC!l the Jl('I'('pntag-p of 1lIl'l'ehHntahl(' nuts as well as t1H'11' quality, 

The iJl('I'PH",P([ Iwt' I.'ptlll'" I'p,;ulting fl'OIll fhi:> illlPI'O\'l'lll(lltt in gl'ade 
is indieated as follow:.; (iii) : 

~L'iliH I'PI'Y striking l'pslIlt til illlPI'IlI·lllg qllalit~' hy tltl' 1I~l' of' ('tit,I'II'II" tl'patllH'llt 
l't'suHl'1i in tili;; ol'!'illll'lI IH'odllC'ill;! Ihl' l'p\'(JIId i1lgll('s(' qualil,l' lIf all titl' /-:1'01'(',; 
In till' ('ost study, 'I'll!' iti!!i1l';;t· «lIatlt,I' gl'(I\'(' had a hi,!!II"I' al'l'I'l1/-:1' ;':I';rll(' hl'eauRe 
oChlll'lng all ~III,\,l'tt(';;, II'ltic,lt llSllllll," mnke Piamolld ;':I'alip, ' 

'l'hc gl'OIl'Pl"H a I'('I'H/-:e prJ('C' 011 :III r:lI'iN Ips ant! gmdps II'IIS $11,,/0 pel' Irllllfln'li
W('i;!ilt, 'l.'irl' 111'(11':1;':(' in till' "luli," II':lH 811l"m fOl' W:{·I. TiI(' ;':I'O\\'l'I' l'slilllatl':; 
('onSC'I'I'a liI'ply t 1111 I (III' 1'1 hyll'llI' t I'P:1 tllH'nt 1'01' thl' l!l;\,1 hlll'I'PH!: i 1H'I'l':1H('l1 his 
net r('tul'll orN' 1111 (,PHts bl'tll'C{'1I $l,;'()O :I!ld $:!,()OO Oil a ·10-1:1)11 ('I'OP,'" 

III H):3:,) a Sl!11111l;lI',Y of tile walnut ('o;;l "t lid,)' or StanislallH ('Olttrty 21 

silowl'd. thl' I'('sltlt,; of ~ ypal'S' liSt' or l't1l\'lelll' on 011(' ol.'('hal'(l alld 1 
,)'(':11'\; 011 ullotlH'l', '1'1)(' 'gl'nc!(' \\'a:,; illlpl';,\'pd (0 sltt'h all l'xtl'llt' that 
till' I'aitll' of Lilt, ('I'OP ilH'I'l'aspd fl'Oll1 $1 to $:L12 IWI.' IltlIH1I'('!l\\'l'iglrt. 
Thl' hal'I't';;(ing eo;.;! iJ)('I'(·a:-.pd :;;O,,-,!1 to ~O,T;) pl'I' hlllldl'l'(l pottllds, 
lllakitlg a Iwt ill('I'l'''::l' of$(J.;"j() to :;;l.:~T lIPI' 1IIII1dl'pcI PUUllllH, 

'i'abll';; ~;l and ;2·t Hilo\\' {Ill' iIII PI'OV('lIlPIII ill qua.I i{.r all(1 the i I1cn'ase 
in Iwl ill(,Ollll' l'pslIlt illg 1'1'0111 (hl' lI~(' of till' ptllylplll' PJ'()(,l'SH OJ) a.llo(hl'" 
o/'('har'(1 IIlIdl'l' illfl'l'iol' ('Iilllali(' ('ollditirlll;o; i~I('I'('('d COil II!,)') , The 
in('Ollll' was 11/~ (,Pl1t;; jJt'l' poulld Iti!!hpl', whilt' at till' ;;alll(, t inte tile 
pl'ic'(' ;;(':Lil' :l\'('I'!lgpd 1 ('pllt IUII'PI'. 11111;; LJI'od\willg' all adual higlll'l' 
vatllt' of ~1:, ('('Ill:" FI'OIl) (hi;.; (hen' :,llOUld iJt' <il'dul'il'd (),8~ ('ellt 
a poulld 1'0',:- ilH'I,(,tI;;l'(l ('o:,t of hal'\'('stillg. lea"illg a, IH't gain of 1.G8 
l'('lIlH, 

Oil the bUHis of eo::t data ,!!al'ht'J.'£'d at PIIC'l1h', Los _\Ilgelt,s ('ollnl.,)', 
;n ID;3!J, ('hl'i:,tit' (/,\') (':11('111:11('<1 the \'aIttl' or til(' l'tityl('Ilt' (t'(latlllcnt 
for :I, l~(l()(J-pol1lld yil'ld, His figl1l'l's al'C 1>1'(';;('111('(1 in talJle ~f). The 
usc of cthyll'lll' r('sulted in tl Jll't pl'olit of $U,Do an acre. The culls 

"]':l1Il'l'nld nlHl ~llnt:ll1d al'!' California 'Walnut Growers Association bl'am]s 
fOl' ;';('('01](1, lWei tilil'd-l!I'llflp lI'aI1111(";, 

", i':'[llivulpllt 10 ~1."'T III )o::!,.-,I) (H'I' hIIlHlrC'c1]lOllIHls, 
'l,Jl'Sm:H~I.\S, .\, A" lIlld IlI'HIl'\("UII':, 1\, H, FlJiT" AXXI',\I, '\I'M,XI''!' 1{l'~I.\JAILY 

OV HT,\.\ I>:iT,.II''; l (H';\T\' Wln1 ~-Y"_\lt Sl'.\LIl,\lty, C'uliL A~r, Ext. ~el'\', :!411Il, l!J::!;:;, 
[~nlll('o;;rlllllll'(1. ] 
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from b'eated crops are,vorth mOI'C than u.nh'entedculls because thev 
conhlili less mold, plll'ticulurly in the latter purt of hal'vest, alld 'a 
highel~ proportion of lite kel'llels. 

'l\\lu.E 23.-G1'ade8 0/ ethylene-treated Placentia10almttll in a 111e1'cea 
Ouwnty orchard ,I'll 1[}35 (,011ipm'cll1olth tlwse of uni1'('aieri1oalnut8 in 
tlte tJ 1)re'lJiml8 years 

Orndo 

Mason 

Dialllond Elllornld SUllw.nd 

--------,--_.,.. '. --------
Not treated: • Percellt._._ Percent1032______ ____________ ______________________ PcrcclIt 

~ 

1033__ -________ •_________________________________ _ 38 6!l 
66 34.1934_.", ,, __ •••••• _.____________________ 7 (j2 31Treated: I O:lii._ ... __________________________ .__ 04 (j 

T"'lu~ :H.-ralues of ethyZene-lI'ealed 1)lacellli(lw((ln'Uts in a 'ALe'rced 
Oou.nty ol'c/ulI'(i in lDJ,j (,OIl!PWWlll'ith thoNe of 'lwh'Nt/Nt 'walnuts 
in J.I),J4 

Incrcasc in 
Value por vnlllo por Hem pound pound in 

1035 

I1l1rvl'i:iting cosl:
1034 (untn'lIlNI) _____ ... _____________________ $Q,0143 
1!)3ii Clrl'tltedl______________________________ ,025 $0.01 

::;<'111(' of prie('';: 
l!la·1 (ulltn'utcdl ____________________________ ,(3ii-, ISO 

\Oaii (trt'lLt('(\) ___________ • __________________ .132,-. I(I!) 
 1-.01 

Avemgl' pri('(' Tl'cpi \'(1d:
19a·1 (Ulltrl'tltNIJ ____.. _ ... __________________ ,15 

103ii (trc'tLt('d)__ .",." _____ .____________ ,165 
 .015

Actunl \'ILllIe ," ',, __ • ___ ,.,., __ '. _ ....... ______________ _ 
 .025 
Sl't gain (actual ill('retLHI' in \'alu(' IIdllllH adclitiOlml han·p:itillg; ('()~t) ._. _________ • __ •• _. ___ • _________________ _ .015 

-_..._----_. _ ..----_. --------'------'---- .. _ 
1 ~UnIlS si!-;lI (-) inc\ictLl('s 11 decreaso. 

STRUCTURES FOR TREATING WALNUTS WITH ETHYLENE 

III the :fall of 1\):3:3 the fil'st- wnllluts treated with eth'ylene. in the 
field bN'flI1H' 1;;0 cold that the I'ate of hull loosening was sel'iolls]y re
tarded. The walnllts Wl'!'e in boxes nlld sH('k" undel' two and thl'ee 
layers of eallnu; ill fl.'anw buildings anci in galvHnized-iron dehydm
to!'s loea(Nl ill galmllized and fl'anlP dt'hyd\'a(ol.' bllildings. As a. re
sult of tht'sc t'xpl'l'ielltC's, the Agl'i(,llltlll'lIl EnginN·t'ing Di\'j.sion of the 
Fnin·\'sily of Califol'nia \\'a~ l'{'quC'~ted to Illakl' 11 study of st!.'udm'es 
suitable [ot' lIIailltaillillg the lIeCesslll'Y tl'lIIVe\':ltUll!, uetween 70° and 
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900 F~ .Accordingly, during 1934, 1935, and 1936 (1xtensivc studies 
were made. 1.'he plans J)roducecl (;26) call for insulation for l'oofs 
exposed to dir(lCtsllllslune, balllllcing the thermal conductivity of 
double-walled cOllsh·uction. Insulution wus advised for side wuils in 
close pl'Oximity. to some source of heat, such ns a dehydmtol'. COIl
structlon debuls with sample sllf!'ty factOl'S ba:;ed on the physical 
propel·ties of gl'Ctm sti('ktight walnuts Ill'C given. 

1.'AJlU~ 2:').-N('t gain8 /"07/1, l'llly7cne tN!at7llCnt 0/ 'w(llnuts 

Item QUllntity Value 

Untreated: POI/uris DollarsYield per acre__ - • ___________ • ___________ • _. _ _ 1, 000 : 

Blows (17,4 percent) ___ ----.-----.-----.-----_____ I~IJ 
Saillbic nuts.___ c •• _______' __ • _______________ _ 

820Culls (31.2 percent)_ _ ______ . _________________ _ 312 19.86 

MerchanLllble gmdes__ .. ___ • ___ • _• ___ • _________ _ 514. 244.72 
Total return ____ 'c ___________ ._. ______________________ ._ 

04.58 

Treated:Yield per acre___ .0.__________________________ 1 000 ,Blows (17,4 percent) __ ._________________________ IN ". _______ _ 

1----:Salable nuts •• __ •. ___________________________ _ 826 .. _______ _ 
Culls (l7.-l percent) _______ -_-_-________________ _ 17·' I 38.00 

1----Merchantllble gmdes ______ 0 __ 0 _________________ _ 052 ' f 66.57 

~I'otal return____ •• __ ., •.. _____________ __________ 74.57 
Additional harvesting cost of 1 cent a pound ••________ __________ 10.00 

!';et incomo__________________________________ __________ 64.57 

Net gain of treated over untrented______________________ :_ 9,99 

1 At $3.16 a hundredweight. 

2 At $8,70 a hundredweight. 

J At $4.00 a hundredweight. 

• At $10,21 a hundredweight. 

It was later realized thnt the eurly part of the lOaa walnut-harvest 
season was ul1u8ually ('old, Under the p1't's8l1re of ecollomy, growers 
in various sections utilized s('\'('\':I] types of h'l1lpol':lI'Y stl'uctUl'es. 
Rooms built of half-inch building plyboill'(l ill hll'ge sheets, single

'wnll sulfur houses, and 1'0011IS IWlde of two thiekill'sscs of canvas lo
cated in open sheds wpre used. and were satisfactory. Thc tempera
hIres of walnuts dur'ing tl'!'atrn('llt l'eillained \Yithin the range of 
safety. One careful test of tIll' I'llte of hull loosening and the effect 
on kernel color 'was conduded WIth walnuts jn box('s pfaced under two 
layers of cnnvas in open sheds with gnlmllized-iroll roofs. The test 
showed that this type of structure, as w('11 as all the commcrcial tem
porary structur'es tr.ied. was satisfactolT. A goodlow-cost temporary 
ethylene chamber can be built with walls of baled hay and a double
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canvlls roof~ Doubll,~thiekncss Cllll\'4~S ,iSllsec1 foJ' the ends, which are 
raised for ventilution, The cost of this type of unit is less thun the 
co;:;ts shown in table:2(j, The hay used is not damaged, 

Thcse trials lind pxperlences (40) over a period or years have 1ed to 
the condustoll thut in most seasolls first-class, double-wall constrll<;tion 
with immlatioll is lIot lIl'e(':;sill',Y to coni:t'ol the tel1l[J<'l'atul'l! of walnuts 
£1U1'i])(t trcatment. Eliminatin(r this featul\' 1'(I(IlIt'PS till' ('osl of in~ 
stallatLoll mat('rin\ly, as is ind\7'atNI by II\(' data il\ tabll' ~(i. which 
W('l'(, glltlH'I'Nl in l'oJlllcl'tioll with the cost study of IVa.:; (40). This 
tabll' give:> data 01\ lIim' plant,.; with (Iollblp-wnll imHllatioll, on the 
ba;:;i;:; uoth 01' the IIl'!'l'Ugl' of the on'hal'din ",hi('11 thl'Y we\'l~ bl\ilt flud 
of the I\t'!'l'ugl' tlll'Y l:ill("'(I(l fot' tlwit' O\\"I\Pl'S and fo(' ('ustonl work. 
Figu('esror two plant:,; built rO(' ('U:;tOIll WOl'k or buil(lillg-bOll\'(l Qt' 

t;1I II \'as ('Olll'tTUelioll in ",bieb walnut::; \\,~1'l\ U'l'atNl in o!'Hllg(:Hdd boxes 
are.incllld~'d ill til(> ttlule, 

'1\\(\1,1': :W,,/ /I/'( 81 1/1 ('/({ ilt. alld ol'('J'ltead ('osl of, ethylelle h'eating 
plants 

.~--".,. ._-". __._--" .,_...., .,.-' ...•" ...,--;----------,-----

ITemporary 
const.ruction 

i with building
Pt'rllHllH'1I t: bill COIlIlem 	 ; boarel or:>truction Oll~- j cllnvas sides; 

'I boxes IlS COll
. tlline..s 011

. ~ 
/Jaws of 1J1Isi,~ oj B(/sts of 
(lIN/a II('rNI(j(! acrea(j1J 
cH'reil!le i served I served 

:\"umht'r or pllllltS. ___________________ ~_, 01 !) 2I 
032 

ToIII I IlR(' " __ .,,_. __ ." ___ • __ ~ 3til. 7 ·rna, 3 301. 5 
'\'OlllliIlH':I\/lIt'lll. .. ----- ." .--".--.--~ SS, ().la, iiO $8, (H3,:')0 IACrl'll~\, ".- ' ••• -.---~------l OIH ' 043 

I $2,470.00 
I, 	 , I I .-q , I), , '18 3,90('I' 1l1'1'\' ' - ' " .. - , " " ~I ' • ')~ ;)" 
\,pr \011 _.! 25. ·1:3. 18, 13 8.21 
lntpr!,,,t u( ii !lpn"-1l1 0/1 olll'-italf a\'{,I'n~n : ; 

ill \'('sl IlWIt I 223,50 223,5!.1 fit. 75 
Pl'r Ill'l'(' , .. _ ' .. " _ _ , au ,2·{ ,10 
P('r tOll _, "'_' ___ ' ____ "'___ • H·I ,·15 .21 
J)pprl'('ialiu(I .. _.• _. _...... _. ___ • ·107. rhi 407,55 2173,50 
PCI' lien', - . _._ •• ---.--.-.---~.-i . (Hi ,43 ,28 
P';'r tOl'- •. '- . ~,, ___ ... ___ •• ______ I I. Hi ,83 .58 
'l'!HnJ Il\,i'ril!'ml: 	 I 

1'('1' a~n' . _ •• ______ • ___________ ' 1. 02 	 ,38,ml
1'('1' 11)11, ••• _______ • _____________ _ ~. SO 1. 28 	 I ,79 

I 

I Hoof, Sllpports, aile! l'OIll'!'I'II' noor:;, S l ..liO.; boxp,:, S t ,000, 

2 Depn'{'i:uioll Oil hllildill,!!. :; PNl'('lIl; 011 hllS('S, to jll're'.'lIl" 


Tlli'I'l'IS n ditl'('('\'((('(' 01' ${j to $10 all Hal' in tIl(' cos! of the' two types 
or <:()nstl'lIdim~. AII!\lHtI intl'I'l':;l :l!Hl dl'p!'p('iation C'1l:ll'g('~ are. much 
lowel'for till' tPIlIPO('Hl'y-('on"t !'lwt iOIl plant;.; a:-i l'olllpal'ed with the 
pCl'Illafl('nt tY[lc. C\'('ll 011 thc basis of til(> I;cla1 aCI'C'agC' f)C'l'\'ed, .A 
t('mpO!'lll''y l'OOIl! with ball'tl-lt:l,Y wall;:; allll ,,{ollblp-t'HnvHs ('('ilings and 
ends co:,;ts e\'1:!1l It:,,:; thall tl\l' lll'I'IlUlIll'llt "tl'udul'l':S ill tnule ::!(j, In 
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inet, the cost of such treating chambel'S is less than the cost of boxes or 
other conbliuers to hold the walnuts during treatment. • 

In connedionwith in\'l'Htl1lents it should be pointed out thut a . 
huller must be availabJe for ethylene-treated waluuts. 

SUMMARY 

Presel'ving the lite ('0101' of the ket'nel ill the Pel'sian walnut as 

gro\\'n in (·(>t'blin parts of ('alifomia constitutes a majol' pl'oblem of 

the mdustl'Y, 


The maximum numbl'l' of kel'nels aL'e lit('-('olored when they have 

reaC'ilNIl'ullmatul'ity and fOl' It shol't tim£.' thel'paft!.'I', In all s('dions 

of the State remov('iCfrolll the ('oa!;;t, maturity of thl' hull, as evidelleed 

by its sepal'ation fl'om tll(, :;1ll'lLo('c'uJ':;](] day» to 4 \\'('('ks llf'tN' t"lle 

lwrllel has L'ea('hC'd matul'ity, DUI'ill.!! this pel'iod tlw kernel color 

detl'I'iol'at:ps, '1'11(' hulls of wailluts ill wlti('h Ihe kPI'IIl'i:-; am lllatul'C 

can be IOOSPIlC'l1 fl'om the shell by exposul'P to ('thylellc gas at It concen

tl'lltioll of 1 pal'/; of t,thyl('lll' [0 1.000 parts of ail', 


EthvlPIH' is 11IoSt l't1'('di\'p in I()o:,;ellinl! titP hulls of \\'alnuts at tel1l

pel'atllrC's bc,t\\'('PI1 iO" and ~)(P ]P, Ih,I()\\' (jOo it is almost lIonopera

ti\'e, and ilt lOU:> it' I'('hll'll" the rati' of hullloOSl'lIillg, 


The hulls of l1lalUI'C' walnu!s al'plooSPlIl'll fl'olll till' shell by GO hOIl1'S 

of tt'(>utmellt ulldel' propel' cOllditiollS of t(,l11pel'aturp alld humidity, 


Si 11(,(' pi hvIplI(' aIso loost'lls t 11(' h1111" () f i1I1111H t UI'(' \\'a IlIut·s. a ea I'e

iul l1lutul'it'5' tcst is 1I(>('(':;sal',)', A silllpip [psi that is easy to USe under 

fi(,I<l ('onditiolls has be'('1l d('\'l'lopp(!. 


ThC' !'ale of loosening of II\(' hulls i" llIoSt l'apid \\'ll('n the humidity • 

of tt'('atitlg ('hal1lllc'I's is mailltninC'd bl'lol\' Raturalioll; condellsation 

of l\loistllJ't, 011 tht' \\'UllllltS is IIIIIS ;t\'oidl'(L 


Cal'boll dioxide i:::: PI'o<lIl(,t'd ill lar.!!l' qllalltifieR tlul'illg ethylene 

trt'atment. but ('onl't'lItl'atiolls l'x('('edillg a [It'rl:t'llt \\'(,I'C found only 

011('(1 ill (,OI1IIllt'I'eial praeti('(', 

To gual'lI against high ituillidity alltl ('x('c'ssin' a('('llIIlulaUons of 
carbon dioxid('. til(' tl'('at illl! (']1:IIIII>(,I'S shollid U(> vl'lItilatt'd at least 
e\'NT 1~ hours alld I'('('hal'g(,'(j with et hylene, 

(;ret'll sti('kti.!!itl \\'allllll:; Iyill!! on till' surface of the gl'oulld ill the 
hot SUII U\'t, <[uickly and s(,\'pt'('ly illjm'l'll. 

.Lots of walnuts should Ill' sppeially »I'ppal'(>(l for ('thylelle treat
m(>nt by ['('1110\':11 of thosp with loose hulls. [hosp. badly sUllbul'ned, and 
tho!;;(, with blightl'd 01' (lpl'aYI'd hulls, )I('('itanit'al Illeall::!' have been 
dt'\'elolw(l to f:wilitatl' sppal'atioll, 

In l-lOJlle di;-;tl'i('[s alld ill ;-;0111(, ypat'B it is C'olllll1(,I'('ially pl'actieal to 
l'elllO\'p l)('fol'(' !I'('at·llll'nt all waillut:; ha\'illl! allY cyidpllct> of Slll1
bUl'l1NL hulls al-l a Il\('tlns of illlJll'ovillg tIlt' .!!1';I·dl', 

To /l\'oi(L dp('lim' of kl'I'I\l'!-('oIOl' quality. w1l1lluis sh()uld be hulled 
lllill cll'hnll'ation :,;taltl'd as ;-(lOIl ns [[1(' hull has loos('II('(!. 

Vigol:ous \\'!lshill.!! is IIP('('ssal',)' ;lft(,1' hulling to n'lIlon' pil'tes of 
bl'llispd hulls that 1I<l1Il'I'(' to llll' slwll. 

Hapid haITt"..;ting with thl' lIl-iP of 1'1hy11'1I(, will pmcti('ally plimillate 
ntol(l\- walllllt:::, 

Cildpl' ('o(lstnll'lilllalic ('olHlit ions tl1(>I'e is no 11(,('(] for the ethylelle • 
prOl'l'SS, but III iHtel'iOl' al'paS tltl' l)l'OL'ess is al ways practical. 
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In intel'lllediat(\ ('lilll(ltic ar(>HS thepl'ocl>S;; has l'esu1t('d in impco\,e
ment of Itl'IHh, ('adl yeaI'. After exc~('din~ly warm wintl'l's, when 
<1el:,,'e<1. ,foliation t~sults in ulleven matudly, less improvement in 
c0101' <tua~ity cnll. ue expected, but the reduction of 11101d alone justifies 
tlw use of thl' 1>1'0('('ss. 

'V:\llluts in the gl'e(\n hull are two llnd ollt'-haH times as. bulky 
nshu\lptl wtdnuts and weigh approxilllately 11\,(' ti1lH's at; IllUl'h as thied 
11 1I \[(~d WII In1I ts. 

Ethyl~ll(,' tt:entllwnt has 110 ell'l'et 011 the n;\\'OI' or ke(\ping quality of 
tho P(,l'sinn walnut. 

Tl\l' ethyll'll(' 11I'ot'l'liS 11m;. \well adoptNll'olllm('l'eialIy ill California, 
ill intl'l'nl('(liatt' and intl'l'iol' l'lilllHtk' 11I'ens, Wlll'I'(' it is incl'casillg' the 
valll(' of t'I'OpS by a [lpt'oxi Ilta! l'ly 111 t0 ~ t't'nls Pt'l' pound :rft ('I' a pPI'OX
ll11att'ly 1. (,l'nt (ll'l' pOllnd ltil~ hl'pn lh'dul'tl'd fot' ndditional harvestillg 
(,0,,( o('(':lsiOlw<l by 11101'(, diflintft ph-king and ~hakillg. gl·l'nll'!.' tonnage 
nnd \'Ollll1lNl to Ill' halldlt'd. and O\'l'l'lll'nd Oil additional C(ptiPlIlt'Il't, 

Hal 1\('1.' ~ll11L>lt, (·qlliplIll·nt eal1 lit, ll~ed. fot' drpl'l in' h'patil ... llndet' 
tl)t' 11,,11:11 wpat Itl't' ('oIHlition:> of ltal'\'p::ittillll', Hl'atillg may u';; nec(lS
Sil!.')' in tho occasional cold St':lSllll. 
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HOO1'EI\, 'v. n. 
llKn. 'rill!:! 11:\ 'rUE YEAn '1'9 1'II01't:CT QUAr.tTY IlY 1'1191''':11 IU1IVt!S'I'lNU. DON'T 

1.":'1' m:l.AY 1N OATllt:1I1N'G, IIl'l.l.lN'O. ,\N'U IIUYlNG AIlII TO TIlt: .\!.lItJADY 
AIIN'OIDlAI. 1l.\MAO":. Dlllllwutl Wulnut News Iii (4): 4. 

In:~:l, HAn: YOU IIUIl.'!' '1'UN1' '1'0\\''':11 "1\'1'1 ~[M'l 'I'Y1't:S .W.\lLAIII.":-IlEIIE 
IS ,\ :lEW ONE. DilWIOJlll WU111llt News liJ (4) : 7. Wus. 

Kt:lln:sz, Z. 1. 
,W:.l:t Tin: OXIlMSt: 8l"8'1't:.\[ Ok'.\ N'ONItIWWNIXH n:I.WW Pt:.\CH. N. Y. Stnte 

Agr. l·ixllt. Htu, 'rt·ch. Btl\. 211.), Hill!. 
KlIflJ, 1<'., lIud \rES'L" C. 

:t!l:!;:;, 'I'll t: ('I)l"ItS" (It' IIt:SI'III.\'I'OI\Y .\C'I'I\ l'I''' 'I'll nOI'Gllott'r TilE I.Wt: m' AN 
.\1.'1'($. (Gt, Bl'it.] j<'(I(Idlll\'('st. Bel. Hilt. In:!-l: !?7-:l-!, ilIlIs. 

KBIIIALI .. ~I, n, 
HKlO, IL\lIn:lfl'INO .\;'0;1) plt(JFIT. ,\ 1.A'I't: SLOW 11.\11\'£8'1' ('.\N :\[A1(t: A 1'00R 

IHI.\I)t:\WTIlb: IItX!' W,\l.Nl"rs, nitllllollli Walnut :-\ews12 (4) :4-5. 

:l!);:;{, 1I.\lln:S'I'I;-\(; ~n:'I'Il()IIS .INII Ql',lLl'l'1' 1'lIg:;~;ltI',I'I'H1N, 1t.\1'1II1'l''' .\NIl 
.\II'~I'Il(l1l OP 1I.\lIn;S'I'l:>G DII'OIt'I'AX'l' F.I(,'\'OHS IN QI',\I.I'I'Y ou'r.\IN~l\l, 
81':I',\I:'\.TI·; SILIIU::-Ill ('I:I,\\':; .\::-111 '\'O\\,KItS DII'ltQn: Ql!.\U'I'Y 1!~;'£UItNB, 

DillILwlId Walnut :-I('\\'8 Ii> I-I) : 4-:>, 

lU:H, K\ltI.Y, 'II'\l'lII II.'''I''''S'I' .1:'\\1 SIIAJ{INIo 'ro\\'lms AS QI'.\I~I'IT ~'ACTOltB, 
;-a;w JJ,\H\'};S'rJN(l SYS'J'J';~I INcm:.\;,H.:s HWl'\'/lXS, Diamond 'Vnlnn!: 
News 10 (·1) : ;1, 11111:;, 

:W;{:i, 11,\lI\'I':S'I'IXU 1!~:nl~1 ~I t:NII.ITlOXS, l'ILOl't:t:1I ,\lIn:S'I'1 XG ItI~SI'I.'I'B IN IIt:T
Ttl/: ill',\I,n'Y ,\NII lilt"! ~;Il H~;'n·IlXs. 'I'B! ~;I.Y .\IlI'IN; ON .\X IUPOR
'1\\::-1'1' 5\'11,1 Et"l'. Diallwud Wuluut ~cws:17 \-1) : n, 

In:.:;:;, ~IA'ITHITY '1'1";'1' HI':l'O~Dn:XI).\'I'lON'S ~'Oll 111::", CAU'I'ION 18SUt:n 
An.If:'.':;'\' If IIl\I';;';Tf:'.'G TOO r';.\I([;)' f'Ot: I:!Tlfn.~:NI~ 1'1l0CE5S. Dilllllond 
W:tlll\ll .:-\(·Ws '.17 (;:): ,I. 

IIK{U, nOEl; 1<;I'II1'I.\':X" (;'\S;;IXU \'.I1'? Cmll'.\ItNI'I\,I'JtJ':('~lIl11S ox COSTS .\NIl 
ItKI'l'HNS \1"1'1'11 .\NII \1' 1'1'11 0 l"l' ~;'nLYI.~:N''', Dillillollli Waillut N\'ws 
IS (·1) : 6, 

.waG. ~I,\'ITm'L'\' 1'1::" TO StTn;ss In,' t~I·IIYU:XI·: G.\S 11.1111'1';8'1'1:->0, QItOWt:ItS 
~11':i'I' "'011' ('UOP IS .\I.l'n'm'; IlJ:;FOIll, l'I,M:l:>q w.\I.;>;\1'1'8 IN GAS, 
lllnll101111 Walnut X('W~ IX (;:;) : n, 

ID!;U. WJn;;.; JS .1 \\'_IJ.;';l.c~J' lIATt1Jlt:? HOW 'rO Dt;n:lt~IINJi! WlIt::N 'ro ST<\lIT 
11.\H\"I~:';T FUll .11.\~rMl·)1 Ql'.\l.lTY, Dl:IIl\ollll Walnut News is 
l·l) : 3. 

l1K17. \)()t:s .IJOI!tlIlN H.IJtn;S'flNG 1',\ \'? '1'1 It: !,,In:S'I' IXFOII,\I,\TION ON 
,\11:;'1'.1\0118 ,\NIl t:Qlll\'~n;N'1', \)iU\llOll(l Walnut Nl'ws 10 (") : 4-5, 

IIHO. lIOW t;TllYI.~:Xt: ll":; Olt \\',\'rl':" sln:.\'[ l'AX III;; \:S1.;Jl IIY S~l.\Ll. O.1IOII'EIIB, 
Dialllond \\'nlnlH News :.!i (4) : G, 

LO::-lc;, J, D. 
1!J:H. How'ro )11'11.11 A I:W.\KIXt1 TO\\,~:lt, l"N'I\'''IISITY'S [CAt.n'OllxrA] AOIlI

(TI:I'l'lt.lf. t;:\"(l!N'Et;IIS I'ItI:;P.\Ht; I'I ..INI'; FOIl INJi!XP"N'St\'E 'rOWERS. 
D1UII\(\IHI Wnlutlt Nt'\\,8 In (:J) : (\-7, illus, 

~L\ltsll. {:. Ii. 
I!l;m, ItEl (I)DI ~;~J)"1l lJI~lI.\'IlIIA1'loX l'Il,\("rrn:s, COI.OI! Ot' l{lmN't:t.s ,WmCTEI) 

ItY 1~ll'nOI'EII OI'EIt.\'l'IOX Ot' 1I~:ll\'l)I\.\,l'OltS. Diamond 'Vlllnllt News 
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