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The major let uce growing areas in the Unltea States .

'are in &Pizona Californaas anﬁ.Texas {9). A large portion-A
Aof the lettuce grown in these areas is shipped 0 Chlcago9
"fNew‘YorK ‘and ?hiladelohiao . '
Trends in a@reages yield produet:.on9 and shipment f"
 ?»show an increa31ng aemand for 1et'buee0 Thls demand plus

i’increaSLng disease préblems in older growing areas has 1ed

| 0 the: development of new areas for growing lettuceo One
of the newest areas is located near Willeax in Cochise
~Gounty in Southeastern,Arizona known &s the Kansas Settle-
4ment°~ . . LT . |
| E ﬂbs%vietﬁuée pian%ings in“t5e5i0wer elevationé of
Arizona ‘are made from September 1 to Fébruary 159, Hafvést= -
ing'beglns around November 15 and,ccntlnues uﬂtil about
Miy 1. The elevat*on of Willcox is 4,200 Teet' and is
comparativelJ higher than other lettuce producing areas of
Arizona~»wh1ch vary from 150 to 1 500 feet, ﬁean temperas

:ﬂtures at Willeox average ab least 10 degrees cooler 50 that

gm lettuee can be harvestea in June and summer planiings can

‘cufbegin in’ Julyo Willcex 1ettuce can be marketea during

"perlods when mosﬁ .other Arizona areas are out ef @roduetlono

The geographical locauion of. Willcox allows thls area %o B
. 1 o



éhip ie“i;"c,xi_ee e éias't‘vérnv,mlafkétfsu e;ﬁ re‘é‘.ueéd éhippii;gl.ec;s"l;s |
aﬁd 1s somewhat. ¢closer than mgAst other western areas:-o
. ‘Tlheb ,oj'.genin‘g of this new area has brought- a.bout
| interest in the exi_:‘“ent of damage brought about: bj i_ﬁfrequent |
,' ‘jhail. Storms s 'Quality and yields of veggta.bj.e. 'cjcg:)psj -grovyn

- ‘under adverse conditions can be greatly affected.



 STATEMENT QF“ m@smm L

_ Thunderstorms occur frequently 1n.Arlzona duﬁlng
July ana August and are ofter accomnanied.by h&il (21)0«
Fifteen.hailstorms have been renorted in the Wlllcoxg

‘Ban Slmon area during the last 19 yearso - Lettuce planted

';,1n July 1n the‘%lllcox area is suoject to hail damage

|  féuring the early stages of growtho. The flrst plantlng of AR

'“" 1ettuce 4 the Uilleox areag con51sting of" several hundred ‘

~ Nacres9 wasg made in 1957o A hailstorm occurred on

'Tu‘August 30 19579 but ektent of damage to the erop was not

" riown. Hail from brevious storms was reported to range in

"i-51ze from oneafourth to threeafourths inch in dlameter and,

»_VAln a few instances up to one incho: Hall damage was’

B usually reported whenever ‘the hail was oneaelghth inch or

DI 1argero

= | Hail insurance is now available for mANy Crops
- ircluding lettuce;' Tn an effort to'better‘help the . grower

Vvand 1nsurance adjuster to estlmatc the damage and‘bossible

- flosses9 an.experimeﬁi to simulate hail aamage on 1ettuce ’

- was beguno Hail either remcves lea; area or’ makes it non-
. functional but the exact damage to. lettuce and resulting

' éffect on produe‘b on is no‘b knowrxo ‘



The most oommon meﬁhoa used %o simulate cron hail

~~;damage 1s by the removal @f 1eaves or growing poznts of

o ,}:plantso Damage o uhe lettuce 1n‘the e&perlmenﬁal plots

i was caused by cutting ofx &efinite percentages of the leaf

'area to simulate various 6eg§ees of hail damsgeo‘ Prolonged
hallstorms often cause 1njury to the growinN tip. Simulated 
hail éamage to the tip wa.s. made by dropping a steel ball on
theé. center of the Dlanto Hail may occur aay tlme during
”‘ftbe early stages of arowthg therefore damage to the plants
.'1n the experlmental plets was simulated at four. dlfferent
"'stagps of growtbo The plots were cbserved to determine the
effect of 81mu1atéé hail damage on yield and quallty of tbe"
heaése



LITERATURE REVIZN -
| Experiments ohAsimdlated haiijdamage were.first/.
hegun by Dungan (2) in 1927 at the Illinois Experiment
vv‘Sﬁatlona COfn was damaged moderatelyg to 31mu1ate hail
damage W¢th a whib consisting of twenﬁy strands of . ere'
and heavy damage was lnfllcted‘by jer@ing off the 1eaf |

| bladeso; ‘The brulsing and teafing effect of the whio
| resembled hall damageo Jerklng the 1eaf ‘blades in the

'[‘early 311k stage of corn. fesulte@ in the highest reauctlon

o jields of any treatments but damagp to youn& plants

'v‘had llutle effecto'

Eungan (;) removed a ﬂefinlte nercentage of the

‘1eaf area of cown.by clinningo He found that yields were f'

‘.'rednced in nronortion to the amounﬁ of 1eaf purface removedQ

There was a sllghi tendency for thevportlon not removed to

be more eff131ent after clipplngo Smail differences were

!f_-‘noted when one=half or . tw0=tﬂ¢Pds the leaf area Wwas removeé -

fbut when all the 1eaves were removed y1eld reductior was

-hlgho At the sﬁage of growth between tassellng and(fresh

;‘silk stage, yleld wa.s reduced 100 perceni by . complete remcvalo ,  .

Both Flages (12). and Eldredge (5) dbtalﬁed 31m11ar -
_jﬁéSuiﬁsﬁfrom s1mu1ated damage on: small graiﬂso Damage,z '
fédﬁSisﬁed of cvtting plants off even(with.the ground and

5 .



jWhipping or be&ting themo ?lants recovered best from cut»

*_ ting because the grow1ng tlp Was not damagede Klages

concluded tnat the degree of recovery from 1n3ury is
dependent~to a. large measure ubon clim&tlc eondltions
'following infliction of 1ngaryo,
Soybeans were subJected to simulated damage by
AKalton et alob(ja) by beauing and elipping. A eomparisoa
of the two methods showed a dﬂfferenee 1n yield of only
one-tenth bushelo“Weber (22) gimulateﬁ damage on soybeans‘
| by Dlnehing off leaf suwface at various stages of growth
’_and dbtained deareased ylelds w&th increased damageo:‘g‘
. Simulaﬁed ingury to corn and soybeans was also
c@nducued by Eldredge (4)9 Kiospelbach and Lyness (11)9

-and Gamery and %eber (1)0

In studies with onionsg Hawthorn (8) remove& onemiigi

kh&lf‘aﬁd«all follage w1th a grass shearso' Reductloa in

- yield was DPOdU@Gd by both the removal of one=half the

fcllage and all hhe follage w1th the bercentage loss in
yield due to co&nlete removal sign;flcaatly greatep than ;ilh
that. due to the 1088 of one-half the foliages }f:_ O
Sparks et alo (20) remeved follage of potatoes by
uclinping and beatlngo LOSS«IH yleld and - 1ossfoflgrade
U So Noo l potatoea resulted ﬁegardless of the stage of
growth at the tlme of follage ﬁemovale. The nereenﬁage
loss of ylela of U° So moo 1 Dotatoes increased w1th

7 greater amounts of xoliage femsveao_



L u7_.

Morﬁls (14) reduoed sugar been leaf area 25 75, and

”lOO bercent by whlppinv the planto In early sta@es of

growth there wa.s nractically ne aif ferenee between the

control and,25 and.50 nercent wenavalo' .atef‘ln the season,

the 50 percent wemoval reduced,yields but not as great as
,rcomnleue remov@lw Ni Pogen abelied after similated injury.
"‘had‘a beneflcval effecu on suwaw oeets grown on unfewtllized

-1ando

- Poipier (16)fsimu1atéd damagé‘to tobacco by punch-

~ ing holes in the-leéf"and‘clippiﬁg_off‘foliagee‘ Holes

o three;foﬁfths’inch in diametér wéfeVPunéhed‘ih ﬁhe 1eaf with

a hand Dunea LO 31mulate damﬁge up to 50 Derceato The yleld
w&s nOu influenced apprec*ablyyhout the selling brice Was
depressedtbecwuse of poor’ qualitv of the leafO' Reduction B
of leaf surfaee by cuitlng red&oed yields more as the plant

beeame mope matureo Gomnarlson of results with crops acuuallj'

", damaged were generallv in. agreamenﬁ with he SLmulated damageo}f

S%muﬁatlng injury “on coLton9 Fisher (7} found that

" pemoval of l@aves resulted in onlv a 571ght ylel& fe&uetiono

| I:Toweve,f*sJ removaT of leaves and joung sﬁem tlps reauced jleld

as muca as 40 percent .

A most Wecent ‘method of simulating hail injury on

'T~;plants makes use of a - snecial machlne by whlcn wind water,

and ice can be apnlied 1n.vafy1ng degreeso a??elimlnafy

reports by umyder (19) on oeansg botatoes and ﬁamétbes

‘ indleate on7y slight reduculons in yleld from ingury dnrlng o



the early veaetative.aéridd of growth. He staﬁes that
1thefe'abmears to be a deflniﬁe relatlonsnlb between degree ‘
of damage and stage of maturity of the planto Alsog wea neﬁ
"coaditlons following damage have an iﬁoortani bearing on-
‘A v¢e1d and qualiﬁyc '_ | ; A
| Zﬂne (13) constructed.an icp blov¢nw m.chine to
simulate hail damage on cott01° He found that survival.
denends on oeverlty OL dama@eg conaitloa of the Dlaﬂﬁg and
the time of QPOWlQ& season, | |
There were no reports found of any slmulated damage
to 1éttuce or‘related.leafy'vegetable crops. Literature
reports on simulated hail damage to corn and obher crops
appears to have go direét beafing on lettuce, but it is
interésting tofnoté’thét,eéseﬁtially;all the meﬂhods employ-~
ed consisted of ﬁhe rechai>of'paftsfof the plant or‘making '
‘}themnon;fﬁnctionalo"As;é-feéﬁiﬁg Yields were ﬁsually_ |
~reduced in‘pfoporﬁicn EO‘thevaméuni:pf"plant 1eéf surface

- removed.



' I@THODS ATID HATERIALS

_ Deserlbuion of Experlmental ?1otso The etperimental

gnlots were locatec at ﬁne Unlvwrsity of Arizona Gampbell
. Avenue Farm (elevatloa 29350)9 Tucson Arlzona (figure 1),
Boﬁh the tempepature and tne soil were. in a suifable range
for lettuce Droduetxon,(6)o &n eycelleqt-ODuoruunlty was
afforded to ooseﬁve the extreme ellmagic effects on the
treatmenbs as the fall blanuing was subgected to below

‘freezing temneratares and the sprlng Dlamzlng was subgecged '
" 'to very nigh ‘tempera tureso o
| ‘ R Lhe Lall nTantlng was made on. Sentemoer 26, 19570‘,
‘It eonsmsted‘o fcur beds9 eacb 208 feet 1ong9 40 inches 1n.f
w1dth w¢th,two‘rows 14 1nches apart on tae‘beao The area
was aiv1ded into four venlicatod‘bloegsof Within ea.chbloék9
 %he 16 comblnatloas of leaf reﬂoval and. stage of growta
were randomly assignedo‘ Each @1otvfor a glven'treatment
’was i} feét lonag 2 réwé wide, ‘aﬁd ebnsisﬁed'o?:apbroximately‘
20 nlantso Vaflety af 1eutuee used was Gﬁeat kes 6590

The stage of growth is d931gnate& as the nunber of

leaves on the blani at the tlme of leaf rﬁmcval The fouv
stages of growth used in botn the fall and soflng planﬁlngs -
‘wereo‘ lst stage==4 1eaveS° an stage==6 leavesg Erd.stugeauv
8 1eaves, 4th stagerlo leaveso The olaats feacned;the |

o



Figure 1.

View of experimental plots
University of Arizona
Campbell Avenue Farm

10



_ S , ‘"11
'Aaleaf stage at thinning and the loaleaf stage was shortly
fbefore the mlant began to neado The 6= and 8-leaf stages

-Were usea to give 1mtefmediate ranges Ol growtho No.damage._

"»'was infllcted after the blant began to head& &ny aamagé

v oceurring af%er th;s“per;o&.would result»invan ﬁhmarketable E
head, | : | | |
The“tfeaﬁnehtsiincludéd"ﬁhe‘remdval»of various

'pefcentages of leaf surfacey with werceﬂtage of leaf surface

".[i ﬁemoved as followso'

}Fall Flantlng ': ?ft- g l_‘ Spfinb-Elantiﬁg

o 1oo¢  ' " SN ‘100733

-0

*TaRemaval of alﬁernate 1ea;veso , : ‘ :
_bRemoval of one=ha1f or threemﬁourths of eacn leafo

, The SDPng planiing wa.s made on February 179 1958
 Due to oool damo weather that followed the plantlngg

: ‘ poor stand-was thaiaed on.tﬂe ‘south end_0¢‘the areap_ On_‘v,

":rﬁarch 11, ﬁhe érea df‘@bob stahd was replanted. The spfimg B

j‘ﬁplantln% eonsisted of flve bedsp ea.ch 208 Teet longg the

flfth.bed ‘being aseé for an experimental treatmeat on nin

"l 1njuPyo Three randomized blocks were used w1th the 16

’“eomblnatﬁons of leaf - remaval and saaqe of arewta randomly
‘asaigned w1§hin eaca‘bloekov : L

Seedxng The lettuce was planted witn a, Planet JPO.-

1zsceder Wiﬁh the Dlate adjusted to arov seed at the pate of



a denth of one=elghth 1ncho

12

ﬁwo and onemhalf Dounds oer acreo,:mhe;sge&‘waS‘planted at  % ‘

Irrigation°f The plamtin%s were 1rr1gated immediate
after seeding w*thAwell water from the farmo dater Wwas |
,allowed t0. fill the furrows to within appraxlmatelj two 1'
1nehes from tne tep of t1e bedc Water then subbe&iup to
thejtop of the bed. Irrlgatloas wepe made when the ton half
ineh of éoil became dfy, whwch varled from one week to loyh' :
days. Many 1rrigations were sunnlemented‘by rain.

Dates of Irrlvatlons or Rain

Fall ?1anting Septq_..26 30V o , ,
L - Qect. 499y12” 4%, 15%, 19,
o e, ogh Tmin T T 7T
- Nove % 16% . 25,
" pee, - B¥, 6% 15% 20, 28,
, Jano [ .89 18 . . '
Spring Planti g Feb, 28 ' L
,ﬂhara«:‘w4z " 12“ 17% : 8?0;
“L.{ADPof‘V 4? g*’ 21, 28, :
My 59 12, 199 230
%Dat;es of greater .tha.n‘ o .15 inc_aes of raln..

' Thinning: ih,bpth,plahtingé_thg‘léﬁtuee seedlings

Were‘thihhéd-12;l4uiﬁ¢hes apartuwhen,the p1énts had approx- \gﬁrfi

imately four leaves, The fall planting was thinﬁed on
September 26, 1957, and the spring planting on March 25,
1958, | o

Fertilization; Ammonium nitrate (33.5% N.) was

 3169 dressed at d‘raﬁe,offiwo”pOunds;per 100 feet bf-bed

immediately after thimning. The experimental plot area



A oo e | | ,'..,13_.?
": had,beea treated prior to nlanting w1th a mulch of barn

‘Vyard manureo

Cultlvation° Eaah planuing was weeded by hand

hoeing at the tlme of taianing and later 1n the grow1ng

season to destrcy weeaso

Inser.COﬁﬁrOlgj The fall'glanting Was‘infestéd _
by gabbaée‘lgoperkwormsuiﬁ Odﬁdﬁér; Malathion wae used for
inSect\contrel ébnSiéting'bf'é‘éo péreent.malathion;con=‘
centrate dlluted.by addlng one tablesnoon of Malathion per l
gallon of wateroik B |

ﬂéﬁhod cf In;lict;wg Damage° Removal of leaf

‘surlace on: the lettuce plants was: accomplisned by using
| SClSSOPSo' ‘The amount of 1eaf Pemoval was estimated and
‘tthen olioéed offo _~ 4 R | t‘ a
| The ramoval ox leaf surface in all treatmenis was
i1~fdone eare;ully ‘t0 avoia damaglng the grow1ng tinok A stee!
fball bearlngg tnraeafourths 1neh 1n diamter, was drooped |

directly on the tip from a’ height of approximately 18 1ncheso_- |

: ';Ihe inaury inflictea from the ball is an anpro&zmation o;

damage exeected from a hall Dtone of eomnarable 81ze
qupping direetly on the tln art ter protectlnv 1eaves have  ' :
v‘been reﬁoved; The threeafourﬁhs 1nca steel ball was used
'because it oroduced some v1sib1e damage each tine it was -

dropped and it could be dronned with accuracye

Measuremen13° ihe_fall plan&ing did not producé,.

meaSurable heads until,early!ih January. MHeasurements were



Figure 2. Removal of leaf area at the
first stage of growth

Figure 3. Removal of leaf area at the
second stage of growth



Figure 4* Removal of leaf area at the
third stage of growth

Figure 5. Removal of leaf area at the
fourth stage of growth



| v 16
' begun on the plant on Decembef 14 and Lhe heads om
January ll to insure, against the Pllling of the planﬁ bj
freezing temneratufeso Plant measufements were ma&e Wi+h
a 12=inch ruler measuring both the 1eaf area, dlameterg aadi»’
| height of the nlanto‘ Head measurements durlng growth were
| made with a. fler callner (fléure 6)9 with final. measure=
ments belng m.de on Januagy 254 Measuremenus were maae to
‘the nearest one=four%h incho " Head measurements fov the
- snring Dlanting were made on May 26, 19589 with the field
| calipers. '7 " s

» The welghts were dbtalned oy the use of hand seaies
: with a 10=quaft pa11~attaehedo .Ten‘headsrwere,putv:rom -
'each treaiment andﬂplaeed in ‘the péii¢ 'The ?éigbﬁ foffthe_
‘heado eould be Pead.ﬁo the qearest tenth o? a poundo ’The: 
i heads were weigheq on: the day foll@wing the bead measﬁré;‘
 ments on My 27, 1958, |

Gomputationsa The analysws of varlanoe (18} was

“¢omputed for the taales of means Whlcﬂ were summarlzed from ¥
  ‘the Lollowlngo,'(l)_Fall plagting=ahead 81zeb(table 2)5'

(2) Spring planﬁing;shea,d size. {tvable'.ié); (3) ;f.%;p;:%j.ngf |
plantlngauhead weiqht (table 6), (4) SDPln planhlﬁga»head\' '
. 8ize (table 8) The measurements LOP the fall blantlng were »:“
‘ ;nob rebllcated° &t the time of measurement only the heads

"in one bleck were iﬂ a satisfaotory eonditlon dne to inse@t

infestations and climatiebgqnditiqpso» Tbe error uerm used



2 the analygisfof vaﬁiﬁnéé Ktablﬁ;z)iﬁay not have been
wtrﬁe%beeaﬁse ofran-interaetiéno Aﬂa;ysiS~of véfiaﬁéé‘
‘(table‘ﬁ)IShe&ed no iﬁteraétiong_ﬁherefore'the-eorreet -

error was probably used in table 2.



Figure 6.

Measurement of head diameter
with field caliper

18



RESULTS AND DISCUSSION:

- Effect of Reducing Leaf Ares on Heading and Head

Sizes For the fall planting there wa:s no significant

effect on PeduCIng the heaa,size as a result of remGV1ng
50 percent of the. 1e%f area . Thls is shcwn.by comparlng;
the overall mean values of 3,72 1nches and 3. 66 inehes for
the two metbods of rem0v1ng 50 percent of the leaf area
‘with the value for the overall mean for no leaf removal
of 3.88 incheso‘ Also, there wasvnc difference found be-
tween the oVerali mean values for removing 50 percent of
the leaf area by two methods , The complete Pemovai-of _'
.1eaves reduced the size of the heads at all staaes of ,
growth (flgure 7). ‘Plants that were. not injured headed
somewhat faster (flgure 10) but, due. to the extended time

- of seven weeks from.headlng until flnal measurement the

injured plants from.BO percent remova1 had time to develop

as much as the plants from no removal of 1eavesol

Due to the fact thaL there is no dif?ererce in thef“~'

| ‘methoq of remcving leaf area the method of reducing 1eaf

area QO percenﬁ by/removal of oneahalf of each leaf was

used for the snrlng plantingo leferences beﬁween 50 PEr- ‘[_;

jcenﬁ Pemcval and 100 pereent removal of the leaf area_7.
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anpear %0 be auite 1arge so the removal of 75 percent of
the leaf area was added to the spring planuingo

o Slgniflcant reductions in the head sige were record- ..
ed for all degrees ‘of leaf removal from the sprlng nlantingo'
The gfeater the amouni of leaf ares, removed the greater the
reduction in sizer With signlflcant'dlfferences‘between 50 f‘
and 75 perceni and 75 and 100 percenio Tﬁis is shown by |
.comparlng the overall mean,values of 3 01 1 3.21, 3,41, and
}3 84 for removal of 100 75, 50 percenu and no leaf remaval
‘lrespeetlvely (table )) There was only a threeuweek perlod
-from the beginning of heaaina until final measuremeﬁts were
madeo All nlants begaa to form heaas w1thin a oneaweok "
‘perioﬂ so percentage of headlng'by Weeks could not be used
to‘cdmpafé‘withﬁthé'fall&plahtihg; | hefe was néﬁias m.¢h -
udlfference in;the sizes from complete removal of leaves ts
}no Teaf removal as was found in the‘ fall Dlaniingo Gverail 3
"mean.for complete removal for fall planting was 1o 67 compared .
"to 3o Ol for the snrlng plantingo' The overall means fop ne

1eaf removal Were mueh the same for both plantingﬁ with a

‘,value of 3 88 for ﬁhe fall planting and 3 84 for the spring

Dlantlnga\‘jj | _ ‘ o _ _ ‘
| g 1ifferences between leaf remOVal treatments in any
| ‘one stage of growﬁh is not 31gnlficani in all cases. In.

,_the flrst stag@«of grawﬁh (figure 8) there is no difference

"j‘between the three degrees of leaf removalof Also, there is

”‘no difference between 75 and 100 percent remsval of leaf area

/,_ "



Q.aﬁ the second and_féurﬁh stages"of growth anﬁ,betWeen“SG |

and 75 percent at'the‘fbufth'stageo' The analysis of the

head weights (table 5) gave the same fesults as the analysis

' of the head size. There ‘were no szgnlflcant interactions
f‘ found fromuibe’ana1y51s of varlance of either the 31ze o
the welght of the heads thérefore there is no relatlan
‘4betweem leaf removal aﬁé stage of- grcwtho' All nlan.’ts9 |
”whether‘lngurea in ear?y'stages OP growth Ofxlater;Saagesg'ﬁ'

proancea SWgnifieanily speller headso

Effect of Stage of Gfowih on. Headlng andkﬂead Slze° -

?1aﬁts on whleh.all leaf area Was remcvea in: the fall

nlamtlng did not. have tlme to reccver at the 1ast stage of

grewth.(table 1) with the result that no heads were formed .. -

N the time of measuremsnto The plants from thls treaté

 ment did eveniually form hea&s alter measuremenﬁs had.been

".completedo The alffefeﬂ@es between head sizes fQP the

sfages of growth for the fall plantiﬁa were not signifleanL B

(ﬁable 2) A | | ‘

. For the snring Dlanting 51gni¢icanb di@ferences
were found,between stages of growta9 with the larger heads
.5‘belna produceé from the flrst stagp of @Powtho Smaller

| size& hea&s were produced wzth damage inflicted at later .
.‘stages of growth.as shown in taoleu 3 ana 5 by eomparing

‘overall means f@r stage ef ‘growth. There Wwas no differenceA

'v”between damage inflicted.when the Dlani ‘had 8 or 10 1eaves

" ana little difference between Lhe 6w and BQHgaaes of growtne
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Table 1. Mean Hedd Diambters Resuiting from 50 Percent and
R 100 Percent LeaL Area’ Removal at Four Stages of rowth ,
, el Fall Plantlng9 1957 S

'Stégé?of“  -f”l_;?ebceht,LéafTRemqvall‘*'“'  Average R

 Growth T T  for all

®

5,767 3.73 584 337
ema zazérfg 108 585 3.97 356 -
Bra 2,16 348 3,52 3,97 - 3,28
sn 0,00 3.5k 353 - 374 2070

~-Ayeraéeiv; 1067fﬂ”‘3q7é\ -3556 . 3.8

C1st . 2. . 16"

t%Remcval of alternate leaves.
;Removal of one-hall of each ledf,
. *Bach value is a mean in inches for 20 heaﬁso

- L.8.D. at 57 level for treatment means - 1028
~ L.S.D. at 57 level for overall means 64,

 Table 2, Apalysis of Variance foeralues,in_Tahle:l |

, : . Degrees of Sumsiof”»“"wean - fptt
- Bource - Freedom .Squares " Square - Value

‘iLeaf.Removal - " 3 S i3;8823 | -4;6274 - 28,907 ;'
| Stage of Growth . 3 1.6542 5514 . 3.k
. Errort 42; 1,' :'1§5#10;Af‘=°16c1>,‘ﬂ:‘
- foﬁélylfif_-->'f»”‘15-'3,‘-‘ 17bi775 | ‘

‘ %Signifidanm‘a£ 1% levelo
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MEAN FOR NO LEAF REMOVAL

MEAN HEAD SIZE AS

Figure 7.
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% LEAF REMOVAL
(ZZZZioo

91 91

2ND 3RD 4TH
STAGE OF GROWTH

E ffects of removing 50 and 100 percent
of the leaf area at four stages of
growth (1st stage—4 leaves, 2nd stage—
6 leaves, 3rd stage—8 leaves, and

4th stage— 10 leaves) on lettuce head
size, fall planting, 1957. Owverall

mean head diameter of no leaf removal
plants—3.88 inches. 50A is removal by
alternate leaves and 50B is removal of
one-half of each leaf.



. sStage of .

. Table 3. Mean Head Diameters Resulting from 50 Percemt, = .

75 Percent, and 100 Percent Leaf Area Removal at:
~ Four Stages ‘of Growth, Spring Planting, 1958.

ot starmrv - e
————

- 'r’ﬁéfcentlﬂéaffﬁemQVél : . Average .
B : e ’ for all

V.'Growthl | 100,   A75, T ao ‘.O-; "al_ treatmsnt$ i ;

st . 3024? 4;3035» 3;44V»A43°941' =  .5949

Cema 303 3019 352 377 3.38
3ra 2.8%  3.23  3.49  3.81  3.3%
sh 2,95 3,06 3.19  3.82 - 3.25

 Average ‘3;01‘- :3;21' B4l :,“30841 '

f;*EachVValue‘isja mean in inches for 30 heads.

jLosgbobath%vleVéi for overall means .10,
L.8.D. at 5% level for treatment means .20,

" Table 4. Analysis of Variance for Values in Table 3.

‘ = Degreeé‘of ‘.$umsvoff Mean :' vt
Source .- Freedon - Squares - Square - Value

o ‘;03975 . .0198 1l.40
k4535 1.4845  105.30%
3556 L1185 . 8,40%

: Blocks‘
| Leaf Removal
TSﬁage Qf Growth fu _ |
Iﬁﬂeraction o aé780" ?'”"003091~”f"2¢19 S
Epror ”.‘éﬁggiyf'i~'£9;§;f S

- *gignificant at 1% levels
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% LEAF REMOVAL

1 /7771 100

a I I 75
50 7

STAGE OF GROWTH

E ffects of removing 50, 75, and 100
percent of the leaf area at four stages
of growth (1st stage.—4 leaves, 2nd
stage—6 leaves, 3rd stage—8 leaves,
and 4th stage— 10 leaves) on lettuce
head size, spring planting, 1953.
Overall mean head diameter of no leaf
removal plants—3+84 inches.
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Table 50 ﬁean Head Weight Besulting from 50 E@fcent
_ 75 Percent, and 100 Percent Leaf Area Removal at
 Four Stages of GPOﬁtﬁ Sppln& Plantlnog 1958

| o ] ; e ~;w;'-wf‘i”. ,71 ‘2 _  ‘  . 2
B e i S b

T Growth . T pror 8-t

AT 100 7 1,75A 50 0 vbﬁpeatments

let . .as7t ae7 507 80 509 .
Cema o 3T }fFéébﬁ"a513 . 537 459
. 3ra S ;..273 370 450 '-vo53‘7 . ko8
Who 287 U353 EBT 553 JM09
gvgm'ge} 0’3‘45 ;'412; 02;-7‘7,‘ ‘"05‘52- e

a

Each value 18 a mean in aounds for )O headso

© . LoB.D. at Sﬁ level for treatment means ,098,
e LDS Do at 5 level for overall Tmeans. QO4050,

Table 6, Analysis of Variance for Values in Table 5.

. Degrees of Sums of = Mean ngtt o

aSoureé",:' N - Freedom. - Squares ~ BSquare ~— Value

m" B

0 .01361 006806 1.9
"«’}2"181'.8’2. | .093941 . 26.69%

i",ieéf~Remdval ‘ ,
. .08402  ,028007 . T.96

- :Sua@e of Grrowth
 fIn$eract1on e _
‘AError' ,'$-';'wwrzgfff"QVNL M“*”"% :
.”:TOtai;‘;j Lw_fff‘ £7fﬁﬁ§f{ff

Lo

| .003520

o *Significant at 14 level, .

4";.0315’8 7,06;53_453' | 0.98 T
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LEAF AREA REMOVAL EFFECTS ON LETTUCE HEAD WT.
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Figure 9.

%~LEAF~ REMOVAL ~
100

2ND 3RD 4TH
STAGE OF GROWTH

E ffects of removing 50, 75, and 100 per-
cent- of the leaf area at four stages of
growth (1st stage—4 leaves, 2nd stage—
6 leaves, 3rd stage—8 leaves, and 4th
stage— 10 leaves) on lettuce head weight
spring planting, 1958. Owverall mean
head weight of no leaf removal plants—
552 pounds.
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Efzect of Tlp Injurv on.Head/Slze and Production of

f-mh1t1p16 Heaa3° Signlflcant dlfferences were found'betweeu?iV.

“-treatments but ng d;fferences were found between stages
of growth (table 7) Be31des sm&ller heads being produeed fv

after 1njvry of the grOW1ng tin many plants pr@duced

; multlple headsu

Number of Plants with -

‘Stage of ‘ .~ Ball Drops Multiple Heads
Growth =~ - Per Plant - Per 20 Plants
- 1st ' ' 1 0
2nd 1 0
) 1
3rd 1 3
. 3 - 9
4th 1 4
3 8

7 In the early stages of grawth the plant. outgrows
1n3ury and vroduces one hea,d9 but multiple heads are formed,
when the plant is nmore matureq The growing tip on'a plant
of 8,to‘1b 1eavés is weil'ppote@teéuand in ordér to drop
the ball'pn‘the tip the_outér leaves had to be pulled backs,
It was very diffieuit_to inflict injury with one drop on é
plant Qith 10 leaves. >Afteflthe tib'has been damaged, the -
’mlaﬂt dwd not prodaee any new 1eaves for apppoxlmately T o
10 dayso, The steel ball drop eyperimeni was not repllcmtea
and.was earried out in areas ihat were Peplavted s0 results_

‘are only an 1néieatlon of what damage mlght be expectedo
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Table 7. Mean Head Dlameter Res&ltlng from Tip Injury
by One and Three Steel Ball Drops at Four. Stages
of Growtn, Spring P;anting, 1958 :

”i'f"stége§f .‘ : o Eumber*of“ﬁtéelfgall Dréps“ ‘ Avera@e
st ;".aé°75%‘” 2,86  3.50  3.08
ond © .52 2,81 333 2.89
S 3rd | 2.89 5,00 3,72 3,23
Cmh o 2,09 3.25 353 2.96
Averagé‘ o 2,56 39¢O ’i 3,52 | |
2 | y -

‘Each value is a mean in inches Tfor 10 heads.,

' L S.D. at 5% level for tyeatment means .90.
L. 8.D. at 5% level for ‘overall means 0450,

Table‘Bg‘7&nalysiéiof‘variaﬁggffor V&lueéfiﬁlTablé To

SR 'Degféeé'Of _.Sums of . meaﬁ; | ‘"F“v
Bource - 4 Freedon - Sguares ‘Squarei‘: Value
, /Noo of Ball Drops 2 "‘108376"‘ ;9188 S 14096%
.:Stage of Growth - ‘f 3 | 52019 L0673 - 1.10
‘Error | 6 o 3684 L0614 |
fotal 11 2.4079

 ¥gignificant at 1% level.
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Effeet of Glimatic Factors Oﬂ,RecoverV and Result ng o

“.HYields after Injury° ' The fall plantlng was made during

© warm temperatures and,germinaticn was eompleted in four dajSeu

}The plants were thinned on: October 18 and treatment interval
. was approximately 10 dayso Beeause-of rains and resultingﬁ
‘insect lnfestationsp_planﬁs;ffem the Tirst series of treat-
4iments recovered.siowlyd_AThe»seeeﬁd.enﬂ;thifd series‘of
treaﬁmehts'recevefed mﬁeh‘feeﬁef'fpomjﬂeef removal injﬁfy;"vl
By the time ef the Iourth stage of growth treatmeni seriespw
Jthe plants in: the seeoad series of tfeatments appeared to
be a8 far along as. the Dlants in the firsto Following the

‘fourth seriee of treatmenzssinight temperatures began to

:z‘drop to.below freezingo; Growth of all 1ettuee plants was

’c',pgreatly slewea downland,recevery from eomplete remcval of

fleaves on the feurth serles e; treatmenzs was vefy slowo"'
?There was ome separatien ef the epldermial tissue on .
VDecember 3, when “the' temperature drooped +0 21°F (figure
11). Warm temperatures and rain fellowed the Ireeze and
“the plants recovered and shewed.ne signs of 1njury Prom
'coldo o "; |

. | The warmest weekly average beglnning December 9,
-re151nce the last week of Gctdber brought about head forma-

tlcnd Nearly all plamts began to heao regardless of their

:e‘fsize résulting from leaf removale The treatments that

- accounted for the greatest retarded.head formatlon were the



LEAF AREA REMOVAL EFFECTS ON LETTUCE HEADING- 31

% LEAF REMOVAL

----------- 50A (alternate leaves)
---------- 50 B (1/2 each, leaf)

Q60

DEG.

Figure 10. Effects of removing 50 and 100 percent of the
leaf area on lettuce heading over a seven week
period, December 14, 1957, to January 24, 1958
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AVE. WEEKLY TEMPERATURES', OCT. 7, 1957-JAN. 26, 1956

14 21

Figure 11.

............. AVE. HIGH
............ AVE. MEAN
............. AVE. LOW

28 4 18 25 2 6 23 30 6 13 20
JAN.

Average weekly high, mean, and low temperatures
from September 30, 1957, to January 26, 1958,
University of Arizona Campbell Avenue Farm.

F~ (low of 21° F. on Dec. 3) caused separation
or epidermial layers of plant. F2 (low of 20° F.
on Jan. 23) caused permanent injury to heads.
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AVE. WEEKLY TEMPERATURES, FEB. 17-MAY 25, 1958

————— AVE. HIGH

————— AVE. MEAN

----- AVE. LOW
17 24 3 10 17 24 31 14 212 28 5
FEB. MARCH APRIL MAY
Figure 12. Average weekly high, mean, and low temp-

eratures from February 17, 1958, to
May 25, 1958, University of Arizona
Campbell Avenue Farm. H is week in
which bolting began.
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‘plbts‘with écmﬁiete 1éaf remoﬁai'(figﬁfe i@)o The comnleteﬁ
»removal of leaves ef plaﬂts Wlth elght leaves produced4the
-‘highest percenzage of the heads of all the plants during
the»flrst week of heaalﬁgo_\Temperatures remained mild
through December and tbe-flrst nart of Januaryo Lows of

26° %o 27 F. were recor@e@ 1n early January when heads

'-;were falrlj well formea but no damage resulted., Growkh

was very slow durlng,periods of - cold.nightso A,verv cold
,‘spell began Oﬁ January 20 with the temperature falling
below 25 Fo at nlght aﬂd‘eontinuing until January 23 when

1:f20 Fo was reeordedo The next mcrnin39 follow1ng the low K

| temperature Peadlng of 200 Fo» the heads were frozen solid B

“'ﬂf'and éld not thaw out until,ncono ﬁead‘size neasuremnents

- were maae in tne afternoono Iﬁ5weeknoted that headefwere -
 ‘bec0m¢ng»mushy and many~of them had,ﬁurned”dafkﬁin color.
S8lime developeﬁ shortly after the temperature rose above

" the freezing nownt | ‘ | ‘

| | The spring ylantipg wa.s made during g week of _
falrly warmn temperaeures with no freezlng temneratures

- recorded (flgure 12)0;'Germ1nation'was very slow and me.ny

~ of the emerging seeélings were eaten by blrdso Rain and
eool temberatures énrlng the flrst week.of ¥arch prevented
seedllngs from grow1ng°¢ Re=p1anting areas of peor stand
was. made on,mareh 110: Rain and cool temperatures continued

'1”through March and the lettuce did not reach thinning stage



until March 250' The lettu@e oegan to make rapldVgPowth 1n
;S_April wﬂd tlme'between tyeaiments was reduced to eightaday S
1ntervalso> Reeovery from the severe treatments was mueh ”
 "more rapid than dnring the £a1l treatments.

_ | The flrst 1ndicat10n of headlng was dbserved on.
May 10. Beglnning an 15, tem@eratures averaged about

. 10«degrees,aboveinogmalol ?1ants megan,to show 51gns of |
bolting on May 2i and'were>nmAlon@er edible due to the |
éévelopménﬁ of a bitter ﬁaété; ééméeratures after May 21

Pémaiﬁedvabout 1@0° F. s0 héad méasurémenzs were made on

”'.;-an'26 1958, Many cf the plants 1n.the no premoval plots

| "Were already distorted due to the elongatlon of the seed—7
}'atalko The heads were weigbed en May 27 and it was noted
“Zall heads were bitter and had4a seedstalk formlngo fSome

- planis wero 1eft 1n tac% and examlnatlon one week 1ateP |
Q.shewed maﬂj seedstalks hadubroken through the'headso

Lffect of Insectso Gabbage 1ooper worms were

1 dbsa?ved:feedlng on the‘plants at the time of thevflrst
series of leaf remcval‘tfeétﬁentég on October 19, and
¥alathion was sprayea on the planxsoA_A heavy rain on
~October 22 Washed most of the 1nsectlelde of f the plant
,foTiage and the: eabbage loegers inflicted heavy damage to
the Dlanis in the treatmenz that had all leaves removedok‘v.‘
'~The loopers fed on- the growing tlps and ‘completely destroy- -

ed nearly_half the number_gf planis ln;the complete removal .
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’-,sectlon at the flrst stage of vfowth@ Plants with no leaf

.5'remcval or those W1th partial 1eaf surfaee were. not badly

]'damaged since feedlmg,of ﬁae worms was restrleted to the

: 1eaves and tips were not 1njuredﬁ_ Rains also washed off
-the insect 01de that was sbrayed on Ociober 26, s0 a third '
E spraying was made on’ Octobe? 30, ;

Weed for Furtber Study° The dlfferent results

cbtained from the two plantings are due mainly to climatic

factors. BeeauSé-létﬁﬁce ié”greatly influenced by climatié
| fackors, this'experimént.shoulé bé carried on at least one

"more Jear to compare the results of the two different w
planﬁﬁngso | ‘

, ‘The inaicatloa that tlp injury may Pesult 1n
” mu1t1p1a head format¢om should,be further explorede
*20331b1y a split-plot design could be used, The. present
‘.block Sjsuem wovld remaln the same angd undef each.treatment ~
,several plants could.be used for tlb 1nguryo In this way,
the effect of 1eaf removal and tig 1njury,could be used to -
similate hall damagee o :

. The fall plantlm at ‘Z‘ucson should be made by |
September 1 to allow suffic*ent tlme Lor the plants to form
heads and mature bezore freez;ng temneratures begin,

- By using ﬁables 3 and 59the den31ty and weight oap'a
,unit'volqme.for the mean ﬂead.;n:eachrtreanment’was computedo

' It was found that the complete removal treatment produced a
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| "_more dense head uhan those Lrom Dlants wiLh noe leaf remcvalo_,”,_

l;Mbasurements were made of the head whea it was 51111 1ntact

“L.on the plan.'i:go Tbe xolloving day the head Was cuﬁ off and

B welghed so the dlfLerence m&y be. d@e t0 the method usedo‘
I the same resultc were dbtalned oy cuttinm off the head,
measuring With a. tape and then«welghlngg it may be that

leaf removal does produce a more compact head.



SUMMARY AND GONCLUSIONS

1. Removal of leaf surface. tofsimnlate<hail L

  ‘damage reduced Jields w1th highew redactions from ﬁncrea5=

inglj greater perceﬁtages of leaf surface removedo

2. Remcval of 50 neroent of the leaf area by tne
‘metnod of aWternate BeaVes or. oneahalf of each leaf bro&uced‘
31m11ar effectso_ L | ) ‘

3. Injury of the tin, esneclallv as the plant -
maturem; broduced multiole head fermatlono> ?1antstthat
broduce mltiple heads have no m&rketable value so ylelds
 j.wou1c be greatly redueedo o ,, . |
| 4y o Insecﬁ infesbations were found to be an 1mporbant |
factor’ after hail when the nlants were in a weakeﬂed cendi=
bthHo ‘. ’ | : .

50 Cllmatle eoadltlons follow1ng simnlated hail
_i damame anpea; to be as. impowtanu as Lne damage 1n¢l*ctedo

‘Under oonditlons of warm temperatureu the Ulanus recover
rabidlv ffom 1nguryo. Vzﬂld is dexlnitelv reduced when
,cold wet conditlons follow seve;e 1eaf removal Heads
prodnced Trom plants - damaged are smaller +than heads from.

«plants w1th no inguryo,

,,v' 38  }' ;-
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| Appendix = |
- Table 1;,;Weeklﬁ:Eéanfﬁeééfbiaﬁéﬁers,Résulﬁing 'fzf"om‘w
50 Percent and 100 Percent Leaf Area Removal at
Four Stages of CGrowth, Fall Planting, 1957. .
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S ‘ 3

T

6 ©o 9 o
o

DO OWOO Ul ~JUIAO
WHUIO HO®Y NIV U .

[+ o ] el
< [+

e o o

© o

. 3 - hoa : : 2,92 .
Leaves oBob - 2,94

[}

o o ] o
R - °
NUIVIO. QOUIEE WWOooOoW oo~-J12

0o

0 Tse o aiss
‘Leaves . BOR. - 2,71

FUEFO VOO VOO  HFUOO

o -0 Q [+

=]
o
o
4
o]
o
o
DILIGIO Gl L D W D Wl
WO VIO WOED WUV

.o 0 - e

#Each value is a mean in inches for 20 heads.
SRemoval of alternate leaves. : ~
,bRemoval of one-half of each leafl.
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| Table TI, Block Meéan Head Diameters Resulting from 50 Percent, =
75 Percent, and 100 Percent Leaf Area Removal at Four - '
- . Btages of Growth, Spring Planting, 1958, .
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"~ ¥Each value is a mean in inches for 10 heads.
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e Tablelﬂz Block Lean qead(Welghts Resulting from 50 ?ercent
’ 75 Fercent, arnd 100 Percent Leaf Area Removal at Four
B Stages of Growtn Spring Plantlng, 19580 -

'“-Stage.of:' vv‘: zPércén£" . Block
Growth = Lealf Removal ~ = . v R L
TR R BRTIEE . Im . Im

10 1% a8 380

Cwo o Ty o BE 0 50 BB
Leaves . . 50 - W45 .59 48

o 1000 LA 3k .28
~ 6 . 75 W52 .39 .35
Leaves. .- - . 50 S «59 .50 . 45 ,
. . . . ) ) O T . ‘ 62 . 052 947 .

R L ;’ibo«»%~- 22 o34 .26
8 -+ . T .33 .36 42
Leaves. : - B0 - S 47 '3
: ‘ o .50 .53 .58

SRR 100 37 25 26
10 . s .39 33 .54
Leaves ¢ B u o 40 45 W46
T T 62 . B .58

“Each value is a mean in pounds for 10 heads.
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' Table V. Percentage of Heéads Formed in Each Treatment

at Four Stages of Growth at Weekly Intervals =
December 14, 1957,  to Janmary 24,.1958. .
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g bﬁemoval_of one-half of each leaf.
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Table Vo Daily HighpLow Temperatures from @etober T, 19579

- %o January 26, 1958, University of Arizona
_ Gampbell Avenue Farm

-Qcﬁdber_‘ . November Decenber  January
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'.: 75&48‘”
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7653 .

71-21
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CL 632
-75?56",
75=35
6783
o TAS32,
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U TR
63259

T2-62
64-49
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65=30
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B 1

o 6T7-49
© 0 68-30
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- T0=29 -

.. 70-29

69-29
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64-30

61-26
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. 67-48 . .
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7027
 68-29
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- 67-29
6hon

71-23

R Y

69-38

.w69;42 S
.56928 A
58-24 :

. D9=23

53-23

- 61-20 -

L 65.25 . T
6529
73-31 -

R
‘ .Degreesf?ahrenhei§h._

S T329
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Gampbell Avenue Farnm

Daily High=Low Temneratures from Fébruary 179
1958 +to May 25, .1958, University of QWizonaiv'_ 
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#Degrees Fahrénheit.



