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t¡ield. erperf-ments were cond.ucted" at the Uníversity
of j*ia.niioba Ln Ig65 and L966 to study the effect of a

calcium follar spray a.nd soil sa.llnlty upon the ineid.ence

of tomato frult craclr-j.ng and" blossom-end. rot" In the

second" yeÐ"v, the effect of a nanuri¿;l treatment also was

stud-ied," 'i'he calclum was applied as a 0"04iï cal-clum

cirlor'1d.e solutlon the fårst yea.T and a.s â 0"06iï calci-um

chlorid"e sol¡,ltlon the second. year, SodLu¡n chl-oride and

sod"lunt sulfate l\rere used- to lncrease soil sallnity Ln

a 
^/ 

/1965 rçhl}e only sodium chloride was used In J-966"

The cal-elum chloride foliar spra.ys slg;niflcantly
red.ueed ihe lncirlence of þlossom-end rot one year" No

red.uctions in field" cracklng r,{ere record"ed in 1965 but

ind"uced cracklng vras slgnifLcantly less severe, Ifl l-966

the lncid.ence and severity of frult cracklng was red.uced

significantly in severa.l of the spray treatments"

l,io d.eflnlte conclusions could. be d"ralrin airout ihe

effect of the sa.liniì:y treatments, but a red,uction ir:.

frul-'b cracking vras record"ed in J-966"

In a greenhouse e>periment d.eslgned to stucl¡r ¿¡s

effect of varying calcium io nagnesium ratios, increas-

f"ng the calciurn concentraùion d.ecreased. -r,he l-ncidence

of blossom:end rot and- the severlty of frult cracirLng.

The calelum content of the frult 'r,\ias significa.ntly

and nega.tlvely correlated with frui-t cracking" Highly
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signlficant correlatl-ons víere obtained between the severity
of concentvic cracklng a.nd fruit calclum and beti¡¡een the

incldence of rad.lal cracking ancl frult calciu.m" Increas*

ing the caLclum to ìnagnesium ratlo of the nutrlent sofution
significantly increased" the calclum content of 'Uhe fruit,
the lmportance of the na.grreslum concentration belng second-

ary to the cal-cium concentra"tlon,
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2A^ 'Ïne effect of r.'-a.r,yin!, cåìiciu.:n ùo nagnesiun
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ffianltoba. grovm tomatoes are a.ffected. frequently by

a hlgh incid"enoe of frult cracklng and blossorn*end. rot,
The severiiy of these two d.lseases varies wid-ely from yeä.r

to year but fruit cracking is usually the more serious"

Cracked frults ha.ve e. }o'*er narket value and are easL1y

invad.ed by d.isease organisûls, The lowered- market value

is especially pertLnent in lvianltoba where all the tomatoes

grorÄn are for the fresh market trad.e, lúhlfe the lncid.ence

of blossom-end. rot 1s less severe, fruits infeeted wlth

this d.isease have no market value 
"

The inltiatlon of frult cracks occurs just prlor to

or shortly after the lnsipld" stage of rlpenlng, Thls

forces rnarriet ga"rd-eners to harvest their tomarNoes 2-3

weeks before ripening" 'Ihe cost of thJ-s practlce is hlgh

not only because of increased handling and storage but

also because of the loss of slze and l'¡eight d.ue to the

lmaaturlty of the tornatoes 
"

Tornatoes constitute an lmportant source of lncome

for many market gardeners" In 1965u 2u835r000 pound.s of

tomatoes i'vere produced. i-n llanitoba for the fresh rnarket

tra.d.e. The farm value of the crop was ü208e000"00 (98) 
"

ln ad-d.j-ti-on, many more thousands of pound.s were grolvn ln

horne gard.ens 
"

I'ianl-ùoba ls a 'potential producer of processlng

1
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tomatoes" Carntlng companies already esËabllshed. i_n the

;orovince v,iould. have little a.ifficulty lncorporaÈ1n65 toma-

toes into their operations, Southern sections of the pro-

vince have the land and- cLimati-c requl-r'einents and the

poientlal irrigation facllttles whlch coulö make rneciranized

fomato prod.uction feasible" I4any drawbacks are unresolved.,

Ì¡uf the high lncid.ence of blossom-end. rot, and. eËpec1al-ly

craeking, thaù occurs on the bush-type tonatoes presently

grown poses a serious problem.

Iìesearch on tomato fruit crackl"ng and- blossom-encl

rot in lvianitoba has been very llmLted. This study was

J-nitlated. to investlgate some of the causes of and"

possible contro] aeasures for these two d.lsorders"
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Tomato frult cracking occurs ln tr¡o basic i'orias,

radial_ and concentrlc (]B), Radla1 cracklng involves
cracks tna.t radia.te out from the stem:end of the fruit and

vary consid"erably in depùh" concentric cracklng lnvolves
cracks tnâ"t extend" more or l-ess longitudlnally around, the
shouLders of the fruit and_ are only skln deep,

!'razier {?g) publlshed. one of the earliest reports
on tonato fruit cracking" lie observed. tlna.t when d_etached.

fruits were lnrnersed. in a dre, the dye d-iffused. lnto the
fruiù through the stem scar along fi-nes that coincLded
wii;h the area where the lnterlocular septae join the outer
wall of ihe frult, Thls vras the sa.me pattern tirat radlal
cracking followed-" Bl the use of sectlonLng proced.ures,

he reported" a flssion of the tissue lying directly above

the locular dlvlsion" He hypotheslzed that water follows
a sLmilar pathway upon entry into the frult, tr:rlzl-er ¿md

Bowers {,32¡ pred.icted that any factor r^,'hlch increa.ses

the pressure of the focular contents of the frult beyond

a certa,ln limit w111 câ.u.se the frult to rupùure a-t these
weakened points in the eel1 waIl,

crack inltlation and the severity of cracking usu.ally

inerease wlth the ripeness of the fruit {63) " r,razler (29)

reporËed. that i;he longer the fruit was on the vlne, the

3
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more susceptible l-t was to cracking. Hepler (¡g) found.

that the greatest amount of induced. cracking generally
occurred at a ma.turlty stage of about 6 days prior to the

begirrzring of coloring, Erazier and Eowers t3Z) observed.

rather infrequent cracking of tomato frults earl-ier |-ktan

LZ da"ys prior to the pirik stage, and a-fter a. tlme when

bhe highest da"ily increments of grornth occur, Orrce a

crack lvas lnitiatedu though, lengtheniirg proceed.ed" easlly.
The relailonshlp be'Lween ra"d.lal and concentrLc crack^

J-rrg- has not been clearly def ined." Frazier and Bowers (32)

observed. that severe concentric crackf-ng d.id. not seem to
be related to i,reather cond-ltions cond"uclve to radtal crack-

ing, They reported t'nar concentric craci<ing of greenhouse

tomatoes was always 1ow or non:exlster¡t,

Several sclentists heve associated water wlth cracklng

{3Ir32e6!ef00 u63), Frazier (29) observed. that heavily

irrlgafed. ploÈs prod-uced more cra.clring than plots lefÈ
conùinually d"ryn Fi€ reported that raln, even a light shower,

would" ind,uce cracklng' faster than irrlgati.on" Bro-wn and"

Price (9) reported tirat non-iuatered, plots prod.uced. 20 per-

cent feiqer cracked. fruits than watered. plots, Iuiooreu

Iiatbanu and Flemlng (621- showed tlnat cracklng was lncreased.

oy a higher lrrlgatlon l-evef and reduced. þy a. closer spac-

J r¡È) o

The beneficlal effects of shadlng on red"uclng craclcing



ha.ve been reported (29s3Lr631100) " Frazfer and- Bolvers (32)

found i;hat shading red,uced- 'Lhe severity of craoki-ng, but

bhat it v¡as relativel¡' less effectlve in red"uclng ra-dial

cracking as comlrared. to the concentrlc type. Broirv-n a.nd,

Price ( 9) reported that r¡¡klen plants were shad"ed with

cheesecloth there was about a ]0 percent reduction in

cracked. fruits" On the other hand, liepler (38) fourrd no

d.lfferences between shaded. and- non-shaded. fruif s'

Frun3.ng' and stakS-ng of tomatoes ha.s been reported to

increase the sever"lty of cracking¡ especl-al}y the incl-

d.ence of concentric crackíng (29) " This rnay be d.ue to

the d.ecrease ln the amount of follage cover for the fruits

(31)" FrazLer (:O¡ states, I'i';ithout a. single exception,

percentage of radial a.nd. conoentric cracking was hlghest

on fruits from pruned., staked. vinesrr"

Conflictlng observations v\iere reported" by Brooks (B)"

He found 'bhai a mod-ifled pruning nethod whereby only Ùhe

si-de shoots between the first and fourth cluster were

rernoved, resulted ln up to 60 percent less eracked" fruits"

Frazi-er (30) found. no eppreciable differences d'ue

io fertilizersp althougir he reported that his results

i\rere extremely varia.ble. lloore, KatEanu and Flemlng {627

oi:served tnet high fertillty increasecl cracking"

Several researchers have observed that varletal

differences exlst in susceptibility to cracking (29e3Ie

32s62sBOe100). Uhllnger (89) speculated that Ùhere are
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flro separafe geneflc systelts for resistance to radial
cracking. Under cond.itions of mild_ stress, resistance to
cracking was observed to be d"omlnant to susceptiblllty,
i,vhile unoer cond"ltlons of -qevere sùress, resistance wa"s

recessive to susceptibility" Fíesis'bance ùo concentrlc

craclNing appeared to be dominant to susceptlbility und,er

t;he conditlons of Uhllnger¡s experlae¡tt"

Recent research on cracklng has dealt wi-th Trays and.

means to evaluate the cracklng resistance of breed.ing

llnes when extensive fielä cracicing does r:.ot occurè

Ilepler (,3Pt) d-evised a r¡ethod rnhereby the deùacÏied frults

r¡¡ere im¡iersed in distll1ed water and placed" lrnd.er vacuum

until all the air trappedL 1rl the stem scs.r ha"d- been wiih-

dr¿w-"r1. This proced"ure allo'/red the u¡ater ùo errter the
-îr,r¡it freelr¡ The fruíts were al-l_or^ieq to rernaln irarnersedv ¿¿ vv4.) ð

for a glvei:. j:erloo of 'Liiae and tlren the severity of the

inouced. cr¿¿cks w¿rs record.ed" !{epler reported tha.i the

cra.ck ind"uction results paralleled" field observa.tlons

ia.ken on the same varietles or¡er a period of years"

Voisey and Ly'al} (91) usea- a puncture test rirethoo. for

evaluatlng crack resistance. They record-eC signlflca.nt

clifferences beilyeen va.rieties tested. The vari-ei,ies vEhich

exhibiied tl:e least r-esisiarrce io puncture had the highest

incidence of fielo cracliing"

'lhe beneficl-al effect of calclurn on reduclr:g crackl"rig

has 'i¡een reported. (J.6). Dicklnson and I'icCollun (17), uslng
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Heplerrs method of crack ind"urction, found. that r¡hen CaCl2

!'ra.s a.doed to the infiltratlng solur.blon, crackLng was

r"ed,uced signii'icantly or prevented " iVa.Cl or KCl did not

control crercking. They furtkrer reported. that a 0,O4l'i

CaGl2 sprey "æpliee io the lniact toma.to plant g¿:re a.

significant reduction iri tire length of lnduced. cracks a.nd

à slgn.iflcant lncrease ln the calclura content of ùhe fruit
when compa.red 'bo the oontrol.

å. conslcl-erable anount of research has been repo;"ted

relating cracking, fir'niness, a.nd the calclu.m content of

the frtiii, Uhlinger (89) founcl a positive correlati-on

between softness and cracking ii: the field. (r = 0,30 to

0"50). A higher correla-tion of r = 0"50 to 0.80 l^ra.s

r'ecord-ed. between softness and. cracklng from externa] press:

ures, Rlzk {,74) observed ti-ra.t there ¡ras a good positive

correl¿.t1or:. between the calcium content of the fruit and.

firmness for tonatoes of the sa.me matu.rity" Sha.f'sh¿rk a.nd

¿ilnsor (78) f'ouncl Lne"t lime signif icantly lncreased ihe

firrriness of the fruit of one varieiy they tested"

lielatlonships between frult f irmness, cra.ckLng,

chemical constltuents ¿:.nd na"turity have þeen noted.

Fra.zier {29) suggested that cr=acklng nay be caused by the

breakdown of protopectin a.s rlpening ad\rattces, Rizk (74)

reported ar good positive cor::el-ation beil^¡een alcohol

insoluble solicis, lnsoluble pectLa, total pectic s'-tbstances

and, the flrmness of tomatoes " I{e found- an excel-lent
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nega.tive correlatlon bet$feen solubl"e pectin and firmrress,

tsizk observedt tinaí firmness correlated hi.gher v¡lth insol--

uble pectin than wlth soluble peetin" El Sayed. and.

Ericlcson (ZZ1 repor'teCL simil-ar results. i{obson (¿lf ) found

a significant negative correla.ilon betvreen frult f irmness

anC, the units of polygalacturonase aciivlty in toniatoes*

Polygala.ctLtrorrase hao been id-entified prevlously as a

pectic enz]¡ne" Singh (80) reporteir a deflnite increaÊe in

solubl-e solios with a.dvancln¡5 maturity" He found- t;b-at

a. lov'¡ concentra.ti-on gradient of so1r.rb1e solicis, dry matter,

ancl liyd"rogen ion concentration from bhe stem bo the bl-ossom-

end. "r¡a.s associa.ied r'rifh increased radial cracking"

One of the first researchers to suggest the essential-

rol-e of pectlc maierials iir ple.nt tl.ssues vra-s Bail.y (4)"

i.Te reported.,

Pectl-c substances â.re the prlnclple factors for
s'bructura] ir:tegrJ-ty in fn-r,its and. vegetairl-es" Plant
cell-s are thought to be bound. toget?rer ln insoluble
pectlc compourtd.s of i;he mio.dle ]amella and the
softening of tissues ls related to the degradatlon
of these pectl-c inaterials 

"

The importance of calclun and" pectic subsÙances and.

their role ln toma.to flr¡:ness wes denonstrated by loconti

a:rd Kertesz (50), They showecl that i,vh-en peeled tomato

fruilts were ftrst imnersed j-n a d.il-ute solutlon of CaCA2u

the anount of calcium pectate extracteC. from them r,las in

all eases higher than from the control samples. ?he

frults r/iere flrmer a"l-so, 'Ihe tomatoes lost thelr flrmness



upoll ii¡mersion ii:. a-mmoniurn ci-trate

cissolved 'bhe pectic subst¿.nces "

upon re-imilerslon ln CaC12"

SLOSSOIri-Ei'fD fiOT

tsfossom-end- rot is a plTysiological or non-pârasitic

disee'se (tB¡. It first apaoeãrs as ê. l'sater-soaked spot

near the bl-ossom-end- of the fruilt" This spot becomes

brorrrn to bla-ck a.nd enlarges until 1i ma.y cover a third

io half of the su.rfaee of the fniit " frs lt increases in

size the tissues shrink; the surfa.ce of the spot becones

flr;ttened or concave and. dark and- l-ea.thery. There is no

soft-rotting of ihe fruii unless Nhe spots are invaded

Ìry ì:acLeria or fungi"

The tomato fruits Ð.re most eommonly affecÈed- r¡hen

a third to hal-f growil, but they nay be affected at any

sta.ge (t81" r,{esterhout t93) reported 'bhat in vlgorously

grovcing plants ùhe inciplent stages of blossom-end- rof

occurred from ? to 10 iays after anthesj.s, Rigglernan {73)

olrserved a range of 10-24 d.ays a.fter anth.esls in the

varietl-es he tesf ed..

The cause of blossom-end rot frequently has beerr

attributecl to aTì apparent vlater d.ef icib 1n. the pla:rt " The

vuater deflci"t ls believed to resul-t ln an insuf ficient

a.mount of lvater reaching the frr-i'it, itiih 'bhe resulta'nt

solution which

\lo flrming occurredr
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collapse of the eells of the blossom-end. (52r70r75uB5) 
^

Experimenhal observa"tlons provided eviderìce tlnat elther
irregularity in the vlater supply or lor¡ soil molsture

i-ncreased" the occurance of brlossom*end rot d7 uB5) "

äigg;leman 173) reported, rrIrrJ-ga.ting vqhen 50 percent of

the availabl-e soil inoisture was d-ep1e'bed consistently

reduced the incioence of blossom-end. rotrrn

The aCverse effects of hlg;h salinity upon the occur:

ance of blossom-end- rot has been citecl (34r35u1+2r7?),

Clay a.nd Hud"son (1Å1.) reporüed tha-t blossom-end- rot i¡ra.s

lnc.urced. ìry salinlty" ?hey found. tha.Ì; ad,ding potassiun

or Ílagnesium sulfa.tes to the soil lncreased the lncidence

of the rot. Robbins (75) d,emonstrated- that v¡hen tomatoes

were grohrn in nutrlent solu.tions of increasing concen.tra*

t1ons, the increase in the percentage of ii:fected- fruits
pa.ra.}1e1ed the increaslng concen.tratlons. Iiigh solu'bion

concentrations and- any other fa"ctors seriously restrict-
ing the i,uater avallable to the fruit were lnterpreted by

Ë.obblns as favoring the developnent of the d"isordero

Simple tua.ter relatlonshlps or vua.ter siress Ô1d. not

explain the occurence of bLossom-end. rot entlrely" Brooks

n) reported tìnz.t continued excesslve waterLng may caLlse

the d.lsorcler. Stout (85) observed. that hea.vy i:ifrequent

vra-teri-ngs gave less blossom-end. rot the.n llght frequent

r,late:.1nss - 'ilhe hiciher the lncid.ence of ì:l-ossom-end rotg a¡¡v
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accompâ.llylng over*!,rajrerlng was attributed, by Stou"t to
the red.uction in the size of the root system" Stout

stated that simllar results had been observed when

tornato plants rdere staked. a"nd. pruned,, À itigher lncidence

of blossom-en.d. rot wa-s accompanied. by a resiricted root
sys'bem on the staked. plants " -i{igh or }ow transpiratlon
r¿rtes were reported by Fosfer t,2.8) to have no effect
on the incidence of the d"isorcler,

The effect of competiü1on (plant popula.tions) ha-s

been noted. L'then moisture wa"s 1im1ted, hlgh plant popu-

lations were reported to lncre¿¡.se the amount of the

C"isease present {9+) , i'then noistuz.e i,'ias not limitedu

high plant populations decreased the occllrellce of the

d.l sease d73) ,

Dif f erences l¡etvseen varieties in the ir susceptibility
to blossom-end" rot have been observed {57r73u99)" However,

attempts to þreed for resistance have not been successful

(Bg).

irlunerous reports on the effects of fertLlity levels
and nutrient -oala"nce have been ma.de" High levels of
nitrogen frequ.ently have been cited. as contributlng to
the incidence of the clisea.se ("7 rZBu35u54r|LrB3 186) "

Brooks (8) reported tnaþ ¿LmnonJ.ca.l fertll-i.zers ln par-

ticular favor the d"evelopment of the rot but tlna.t nitrate
of soda. tend.ed to d,ecrease it" Lyon, Beeson and Barrentine
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(,52) reported" no eorr.elatlon beËr¡¡een the nitra-te supply

a.nd the incidence of ùhe rot, fialetgh and" Chu.cka (71)

conclud-ed that balance between the eleinents was more

important tha.n a"ctua,! concentratlon or the osmotic va.lue

of the nutrient solution.

B.ecent research has dea.lt mainly with the calcium

nutritlon of the planù and fa.ctors affecting the avalIa.-

i:ility of eal-cíum to the fru"it. 'Ihe lmporta.nce of calclum

was first suggested by Brooks (?) ln 1914, He recommend.ed

that lime be used- to d.ecrease or check the roi" Foster

(28) re;oorted later ttrat superphosphate, whi.ch contalns

gypsuil (CaSO¿r,), Tta-Õ. a rnarked effecb in red,ucing the occur-

ellce of the disease" Fialelgh (?0) d"emonstrated that only

in those solutlons lacklng cal-cium d,id- typical bl,ossom-end.

rot symptoms develop.

ihe first sclentists 'bo definitely implicate cal-cium

o-eficiency i.liih blossom-end. rot were Lyon, Beeson and"

Earrentine (52¡ ^ They -"tucl1ed. the ocourence of blossom-

end rot 1n sand culture ltith a ''¡l1c1e rânge of d ifferenf

nutrlent sol-uitions varying 1n the relatlve proportions of

the qra.cronutrients, Their resnlts showed ihat the inciaence

of the rot v¡as associa.ted. only v¡ith calcLì.ira deficiency"

In irea.tments where the rot r'ras most severe , the fruits

were lovr ln calcium and high in pota.ssium and" magnesiurn"

Beeson, L¡'on a:rd. Barrentlne (5) reported t'{Êt tire ca-Iciu-m
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supply to the rootÊ îras signlficantly a.nd" posltlvely

correla-ted r¡ith the calcium content of the frui-'Ð, Further

conflrma.tion of the im¡rortance of cal-cium was given by

l,icï}ra,bh {58) " LIe observed tlna"t visib}e signs of extreme

cafcium d.eficlency t{ere evldent during the stage of rapid

fruit enlargement, Raleigh and Chucka- (71) reported tYtat

any treatment vuhich resul-ted. in less than Q,20 percenf

calclum ln the fruit (dry weight) inoreased. the incldence

of the disease,

Evans and Troxler (26) used" field a.nd greenhouse

experlmenbs to eva.lurate 'bhe effect of calciurn fertllizersu

cal-cir"lm chlorioe sirra.ys, and calcium glu.cona.te injections

lnto the frui-t in 'Lhe preventio:n oi' blossom-end rot, Only

the cal-cium glu.cona.te l:njeciions fa.iled to red.uce 'bhe rot

significa.ntly" Geralctson {3Ll) confirned the v¿:.lue of

calciun fertilizers a:td" calcir-trn spra.ys i¡r the preventlon

of blosson-end- rot, Gera-}d.so:n (35) conelud-ed that a

d-eflciency of calcium is the fundamen'bal cause of blosÉom-

end" rct" i{e sta,ted t}rat soluble calciurn salts in the

soi.I n¡¿y be c"eficient or excesslve iota-l salts nay inter-

f ere ',ilth the calelum nutrition of the plant. Similar

flnd-iirgs .¡:'elatlng ca.lciu-n defieiencies and blossom-enC- rot

Yròne been reportec" lt]"+ r 5? u?3 u?9 ,Bi ,86 u9g ,93) ,

Spurr (BZ) ¡nacLe a" C.eiailed histopathologica.l study of

olossom:encl :'ot -r¡;ith special reference to cal-clum nutritlon'

ile found. that the first signs of the d.isease i/'lere brown
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proieinaceous inclusioyrs in the protoplasts of some of
the epiderinal cells at the d"ista.I end" of tine fruit.
This !'ias fol-lo;¡¡ec1 by d.isor"ganizatLon of bi:e pr,otoplasis

of the e,oldermal cells and colla.pse of some of the u.nd.er-

l;ring cell-s of tire ,lrericarìo" Depresslon of 'Lhe fruit ',¡¡as

noi;ecr to be due to the eollapse of these cells" Cyto-

plasnic disorganization has been noted. as one of ihe f1rsi,

slgnificant fee"tures of calciur¡: d.eficiency;collapse of

ihe oel-} l^¡a.lls vua.s secondary (,55) " Spurr su¿gesùed tha.t

e. rr3-fe¡ o,eflcit i,vas not the primary cause of the d.lsord-er,

but a cal-ciuin d-eficlency a.t the activel_y groiving fru.it
J- i-rrr/ +_È/ €

C:i]-, CIIJiII ÀV*iÏLABIIT Iry

¡i def ic.iency of calcium in the tomaDo frul-t prevlouslj¡

lras been repor=ted. as olr.e of ihe primary causeÊ of frult
cracking and blossom-end. rot" A reviei.¡ of some of the

facLors reportecl as limiting or facil-itating uptake ancl

tra"nslocation to i;he fruit seems pertinent.

lligh concentra'bions of soluble salts in the root

zolte Lrave been a.ssociated- ,¡¡ith reduced" calciuin u;ota.ke by

several workers (lLt u33 u3I+ u3 5 r4B uW u73) " 1ns¡saslng salt
concenbraf ions ir¿rve been noieCL as d.eereasing the effective
concentrations of the divalenì; cations (e,g. Cu.*-r) re1a"*

tively fa"si;er than tkre effectir¡e concelltra.tions of ihe

roonovalent caiions (e"g, K+ and. lia+) " The red"uced" Ca+*
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ion activity results in a lowered ulrtake of ca++ by the

i:lant, relative to the other ca.tions (18p35),

Higir conceirtr¿:,'i;ions of certain indlvidu¿rl ions have

been d-enonstrated" a.s decreaslng ca.rcium upta.ke a.nd trans*
loca.tlon" Some of these to:rs are: thosphabe {1OrtZ) ;

.¡rotasslum {5rr5u35uI+9u'oo e6? 168ur6) 3 ma.gï}esium (35,t+3usgu

60) ; sod"lun (13 u35 16A u68) ; and- a:n¡ronlum (L3 ,35u gg ) "
several factors have been found to accelerate or

fa"cillùate calcium uptal<e and transl-ocation. ,rirey are:
eopper (fO¡ t inc:'easing tenperatur.e (lZ¡, i.nereasing

noisture levels {l-ze73} 3 sodlum (46r8?); and" hlgh piI

tz,68,86),
ca:-cium has 'oeeir reported to be a.ctlvely absorbed.

by the plant (23u25u5Iug6) " Bpstetn and teggett lZ+)
found. tha.t cal-ciuin competecl v./ith stronLium arrd_ ba.rium

for ldenticar blnding sites or reactive centers on the

carriers but not r¡ith magnesium.

The cl.ay l-atttce struetu.re, the percentage ba.se

sa-turatlon by dlffereni mlnerals and. the root cation
excha.nge capâclty have been noted a.s affecting ihe cal-
clum absorptlon by the p1a.nt, Ja.rusov (4ll) found. thab

ca"lcium was more n,oblle at j0 percent saturation from a

ca-F.t cla.y tlnan from a. ca.-{ig clay a:rd sti}t rnore tiran from

e. ca-i'if4 cla.y, I'iehl-ich a.nd. col-well {59) reported t}rai for
a. montmorilloni-bic soil , increa"stng i;he per.centage of
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nâgnesiurn sâ.i;urâtion lvhlLe holding the calcium constant

tended" to lower the ca"l-cium conteni of the leaves, Ttre

effect vüas especially signif icant at the ]oinrer levels
of total ca.tion exchange cå.pacities" They al-so observed-

ihä.t calcium release wa.s fowesb in a montmorlrlonltic
soil and bire rna.gnesium release the highest, as indica.ted_

bJ' .ola.nt u*oiake. lleh1lch and colwerl furthei: reported.

fhaü the ca.LcLum content of the pla.nt r^rãJs nore directly
related io the percenta,ge base saturation tha.n to the

to'bal amount of calctum present in montmorllfoni-tic soÍ1s 
"

äehlich and, Iìeed (60) found t]na,t lnerea.sing the .cercent-
a.ge of .oota.ssium or nragrlesiuin d,ecreased the calcium con-

tent of the ple-nt. i'iarshall- (56) established. t]na.t the

€âse of exchange of the Ca*+ ion againsi the I.l+ ion

d.ecreasecl more rapidly v;ith successive removals from

mo,ntmorillonitic clays than frorc kaolini.tic clays, Below

f0 percent saturation -r^¡ith calcium the montmori]l_onltie

clays i/íere clna.racterized by an extrenel_l 1o.ø¡ active frac*
tlon a.nd" by a. hlgh energy of absorption for the Ca+* ion"

Singh and lioorth¡r (81) olcserved. that the activity coeffic*
ient of exchangea.ble rûagnesl-um is hlgher than bnat of
ca.lciurn, Osmond (66¡ reported that in the toma.to, d-ivalent

catlon up'take ?ra"s sa.turated a.t relatively 1ow concentra-

t lons .

Dra.ke, Vengris a:nd Colby (19) found tha.E the exchange

capacity of the root can affect the relatlve uptake of the
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ions " That the rooü cation-exchange ca.pa.clty of the
tonato is low for a d.lcotyledon wa-s sholr'n ìry Drake and.

canpbell (zo¡" The cation excha.nge ca,oaclty of the ton:ato

roots r,i'â.s fou.ird to be 34"6 rnilllequiva.lents (me,) per 100

grams cornpared to lettuce and carrot at 6t,I and 5L,? me,

per 100 gra-ms respectively" lla.lla.ce (gZ) reported_ thai
l'uhen a:valla.ble potassium was high a.nd ca.l_ciuin v¡a.s lo'r,ru

plants with lor¡ catlon exchange eal,aclty rooüs frequently
suffered from calcium deficiencies,

The successful- use of ca.lcium foliar sprays for the
control of blossom-end rot in tomatoes (IBeZ6r34r?g),

blackheart ln celery (33), and cracklng of tomatoes (16,

l-7) has been reported." Hesearch on optimum ra.Les, pHu

carriers a.nd. r,¡etiing agenüs has ì:een mea.ger {96) " ca.lciuru

is knovrn to be a.bsorbed. c;,urlckly by ùhe leaf 'l:ut it is not

easily translocaùed- (11r64 169ug6) " increasing root tem:

perati.lres ha.ve been shoi¡m to increase follar applied" cal-cj-um

absorptlon much rnore tlnan increasing a.lr tenperatì.rres (69).

The extreme im-nobility emd" lack of translocation of
calclum was shov¡n by Braciy (6). tïe denonsira-ted. that v¡hen

calcium uras supplied to only half of the r.oots of the

peanut pla.nt, there v{as no tra.nslocation of ca.lclum to the

other half of the roots,

The research cited. lndicates that fol_iar a.pp1ied,

calciurn must enteæ the 'bornato through the skln of the

frult ltself , There ls evidence tha"t this occu.rs" yarna.da



ß7) found that ca"lcium permeated the

of the tonato faster tinan any of the

*¡Iso, intake greably exceeded. loss,

1B

isol-aüed cuticle
other ions tested,
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In L965u the effects of cal-cium f'oIia.r sprays and

soil sallniiy upon ton¿'to fruit cracking e.nd. blossom-end

rot v'Iere stud"led" In L966, a rilanurial treaimeni l.ras ad.ded

and" in ad-o.ition, a greenhou.se experinent was conducted to
¡f,'Ã.. +L^ ^F;'^^+ ^1' ---.*--!--srucrs Eße er¡ect of' va,rying Ca--';lrigì-1- ratios upon cracking

and" blossom-end. ::ot 
"

In 1965u an lnd.eterminate tomato variety, eueensu

l"ia.s used"" Previous erperience had- shor,vn this varleihy

to be crack susceptlble" In 1966, two highly recomrnended.

va,rieties were used" 1n the fiel-d. experiments, an Lnd.eterml-

nant variety, i'ioreton Hyi:rld, and a. deterninant va.rietys

Starf ire. i,loreton ilyorid v¡a.s used. f or the greenhouse experi*

ment as r{el-l@

lhe field experintents T/rere cond-ucùed. on ùhe Unlvensif.v

lrlof s, the soll- of which rn¡as ela.sslf led as a Fort Garry-
rJsl:orne cla.y (21). Va.rying anounts of ca.lcium and naglles:

ium ca.rbo'nates may have been pr"esent In the soil, al|hough

this fact was not verified.. Soil sarnples were taken from

the plot areas and- ana-lyzed ln the Provlncial Soil Testing

Labora.iory, Department of Soil Science, Unlversity of

Itlanitoba, for nitrate nitrogen, avai-1able phosphorousu

exchangeable poiassiun, pH a.nd. conductivity" The mod.lfled,

i{arper l,lethod- (36) rrâs ernployed to d.etermlne ihe qua,ntlty

of nitra.te nitrogen and- the bicarbonate (0"51{ 1\ia;'{C03)

extraction solutiorr-, developed by O1sen et_ 41. (65) , T/ras

used to deter:-nine ùhe avail-abfe phosphorus" Exchangeable

L9

I?II+TEBIALS aJ'ID i'iETiiODS



2A

potassl-um ïras extracted- v¡ith 1,0N a.mmonium acetate a.t pll

7 ,0 and Cl-etermined by the Baird. AtomLc flame photoneter 
"

A 1:1 nixiure of air d,ry soil and distilled t'¡ater as out-

lined by Janl<e {45) tras used" to determlne the pH and coTt-

d.uctivify" In ad-d-ition, the þa.se exchange capacity and"

the exchangeable calcium and magnesium were agcertained,

as oui;llned" by Aùkinson et aL"(3), Thls iirethod. involved.

leachlng the Êo1J- v¡ith I,0Il ammoniun acetaþe (NH4OAo)

ad"ju.sted ì;o pFi ?,0, renovLng i;he excess NII4OÀo vtrbln 95ito

ethyl alcohof and. d.eterminlng the amount of ammonia

ad.sorbed by the soll to cal-cul-ate the base exchange capa^

clty, Exchangeable calclum a.nd magnesium was d-etermined"

from the amount of calcium and ma-grresium d-issolved- ln the

Itill4OÀc leachabe,

FTHI,D EKI'ERTI'LE;}]TS

The experlnental desl-gn was a ra.nd"onlzed block ltlth

six trea.tments and flve replicates, 'Ihe six treatnents

r.rere ¿ì-s fol-1ol'vs :

(1) check;

tZ) 0.04lui ca-lcium chloriCre {Ca.Cl-) folia.r sioray;

(3) 2L7B pou.nd.s -oer a.cre of soc-iun chloriile (t';aCt);

(At) 2l7B pound.s per acr"e of tVaCl plus a 0,041{ CaCL2
follar spra.y;

{5) 3267 pou.nd-s per a,cre of sodiurn sulfa-te (t'ta2S04)

Exoeriment I (1965)



"å"I1 pioùs received" a-n a¿:p1i-ca,tlon of 48 pounds oi

1. i +- ^.,.^1- / ï., I r.-^^ /./.l ^n'""Ã c nf -,irno--l¡c l-a I Þ^n \ zraæ .À (11.âlrrur v6Ç' \i!,/ ¿.nd" 60 poLr.rld.c of phosph.ate (PZA ) per a-cl:e o

*r\rr ail.alysis oÍ' i;he soi.1 l)rior to trernspl:'nting

shci¡¡ed 268 "! 1:ound"s per ecre of nitra.te riiirogen to the

2. foot ler¡el , L4'"0 pa.rts per. rnill-lon (ppm,) of ar¡ai]-a"ble

ptrosphoru-s arlct 526"3 ppni" of excÏre'ngea,ble potassiun,

Phosphorus is the only ma.jor eLement whl-ch luould- not be

consicjered very high (44), 'I'he pil and" conductiviiy of the

l^iatef. extra.et tt¡ere ? "51 e-nd. O "44 mrnho s "/crn. re Spectively,

irrd"lcating ¡ç¡r:.i ihe soil !,¡ãs slightly alka.line ln reac'bion

å.nd. very 1or^¡ in solu-ble salts, The total base exchange

ca¡;aclty r^ra.s 4'f "f} me",/1OOg, v¡hile excha-ngea-ble calcíun

ernd magnesium ì¡\rere 23"26 and 23"6I ne/L00g. respectivel¡',

Due to oalciua and uagnesiurn carbone"tes in tl,e soil-, the

ex-ci:angeable Ca** arrd tlg++ read.ings i,,reï'e i;roberbly high'

Á"1-1 the pr.eceeding val-utes were a mean of L2 samples ta.ken

fron dlfferent sites in tlie ploi; a'Teaø

The toma.toes víere seed.ed ln the greenirouse on ¿lpril

26u "pricked oudr on ìliery 1l anfl trainspla.:rted. to the field-

on June 9, All plan'Es were hardenecl for one week prior

to settl:lg 1n the field". Deaiì cr daneged. plants þ¡ere

replacecl as they a.ppeared." The planis vEere pruned ã.nd,

(6J 3267 pound-s per acre of itlazs04 plus a 0,04lri
CaCl2 foJ-iar sprayø

2T

tieo to stakes J iimeÍ; 
"

The sodiui-l chloriC'e

e..L:id raked 1n on July 11"

and" socliun sulfate uiere broa,dcast

The calclum i,,¡a.s appf ied- as a 0"04
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fiola-r soluiio:r of calcíu-. chic::icl"e lcaca2) ¿rl-oÍlÈ1' '+iin a

s r,lrfacta-ni ('Iuee:: '¿e) u,S in¿,^ a na.nct C ir'ec'Le cì, necha:lrcå.I-i}r

lo¡¡ered Spl'.aye r In 6 senarrate a;pr.lic¿;'bions ceginnirrg

,riugusi l-l- anii enilng Serrtenber 8. Jil1 f ert j-liz;er was

a.p¡riieo by p.i-aci.ng a heif ou.:lce of l-6-ZC-0 an:ilysis

fe¡.'iiiizer 6 inches to lhe side oi eech .cl-ani and 2. inc.hes

Ãoa'^

ûoulbl_e roi,,' su'i:¡:lolS v¡iti: J o-laniS per rori,i r¡iere U.Sed,

'Ihe 1rJ-:r.nts i'{ere sia.ggerecr. in bhe roîi';s, each plani kreing

18 lncnes Epart l'¡iihi:l tne ï'o-r.r ti.nar. ?ì foot a'1rert between-

¡lie rowS, Í'o:: eaCh Subrc'-Iot" !-'he ,tTe"à. ¡;ilOi;teC each planb

1iía.L: + ^?5 sou,i'.ï'e f eei" The oi s;ra¡:.ce be¡¡'¡ee¡ su-bplots r'lil$

^ 
{'o al-: vu v â

ïhe fru.iis r,!eï'e ¡-ricxed. ju-st ria.si tbe pink stage of

riceness, :,:nt all Í':'u.it, ri¡:e ii:f-i- úreen, r"rel'e i:iii'l-esteo

cn 5e lirenber' 10 "

sx,:;erimeni rl. i iY66 )

The e).,peri:neni¿il d es1¡.n colis j steC of iiço rand omize¿

biooltS, cne fcr e¿ich vai-iety, lhe e4?eriilienia\ tìI-ea. ì¡iã'S

fa1ci. oui So thai; tìle i,'in¡-0;'andonized bloc'¿s couid" be a'naJ-¡'sed

aS ?,. sin¿1le oplit-pl-oü desiAn in cF-Ses '¡¡i;ere :l,ossicl-e

difÍ'erences betr¡eea r¡¿.,rieties liere ilr¡:oi'ta.nt " !'or-' each

,.ra.riety there iíer'e 6 i¡-eat:rren'bs a.nci 5 r'ei:iicates ' lhe

si;r- treaine¡lts "nç'€r'e as íoilc'r;s:

( 1 ) c'{ie cx. i

tZ) C,06i'i c¿il-ci.u¡: c?:1-oric-e iilaCl-2) foiier s:t'rey;



ß) 5A1000 poi.ri:cls per acre of rotiecì rna.nure;

(li,) 50r00Q pounds per ecl'e of rctied aall.ure plus
a, 0,061'i CaCl2 folia.r spray;

(5) l-0r000 pounds per â.cve of sodiu.rn chloride
(i'iaCt ) ;

(6) 10e000 ponnds per acre of i[a.Cl plus a 0,06iui
Cz;CL2 follar spra.yo

the toma.ioes were seed.ed. in the greenhouse on Þiay

2oltprJ'cxed out'uon i':lay lf and. trai:splanted to the field on

June IJ anö- :-6, Transpla;rt l-oss was severeu especia.lly on

the high salinlty treatments, probably due to a.ltern.ate

perlod.s of excesslve tenperatures and- flood"ing" Dead

or r)-amaged pla.nts were replaced u:ntll July 7 ^ 
The I'foreton

Ìiybrid variety plants rnrere pruned and tled to stakes 3

U Jll.tÇ È s

I+ruits were piclced- lvhen pirrk col-ored until the fl,naI

harvest clabe rrhich rças Septenber l-9,

The sod-ium chlorid.e ¿rrrd üianure were broadcast and

rakeC. in pri.or to transplanti'rrg: and after the pla-nts

'/íere establ-ished aù1 plots ïrere rotovated, The calcium

was applled as a 0,O6ivi solution of caloium ckrlorlde

(CaC12) together llith a su.rfa"ctant, Ii^:een 20, using a hand

directed., meelranicall¡' por,rered sprayer in B sepa.rate appli-

ca.tions 'beginning July J.9 and end-ing Septenber 7 "

Three row su"bplots r,l'ith 4 pla-nts per row ïrJere u-sed-,

äoreton Hybrid plants nere ;rlanted. 3 feet aparrt between

the rolJs and fB inches ap,a.rr withirr the rows, ?he a:rea

2?
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al,Lotteá eacn piz-nb t',ias 4"5 so.Li?rrê feei " Si¿:.r.iire i:i.ants
?,¡ef'e i¡lantei. J f'eet apart ','iiihin ani- be¡xeezL ï"otrrs ai:C. ihe
ere er.J-l-ouNeo e¿:.ch pia.::ü wa.s y,0 seu.í:rr€ f e er,

ä-he experinental design rï'e.s ccni:lele1y r,an.j,oiriized

'¡;ith 6 rrera.tinen¡s a.ncr 4 :'ei;lica.tes. The trr+atinents wera:

tf ) I- coiitplÉjte nirÈrient soluiion 'lr j-tirr a. Ca+f :
I'ig.--t rat io af 5t 5 per iiier.,

{ Il ) iiui¡iber t r ) a.r. hçLf s';:-engti.r,

{III) i conp}e'r;e :tu.trient sclu¡ion r,¡ith a ta*=:;,ig+-
ratic of' 5zZ per licer"

{ IV) ¡iur.n-ber { ril ) i:t ira.lÍ str--.r:gth.

('/) .u cornplete nutrieni soi'urtion r,r

r¿.Li;ic of iC:2 .ue:: l-itez".

{\iI} irfu.¡nber {V) a.ù i:¿.if str-ongth"

l.ire cnerilic¿ l ccinpositiori of scl ubio¡s { Ii , { lt-; , ancr

{ i¡) 1s shcwn ln Ta.ble 1" :rna13,li.ca.f ¡._i:'erd.e cnemicals r,ve r€

u.sed f o ¡re oare ihe stocir: scluti.oits"

scciurli cnlor.ióe fia,s a.d"oed Èo sol_u|ions {I) and- {Iï)
to gi'.i-- ei-1ual- osmc¡ic eífecis:-n all- -"oir.¡tioJt-a. itea.r the

end, of the exT;erinrent, the ar¡ou-nb oí ¡,i.i.c-rs_-rnoï,cu.S in ;he

soiutions -¡,¡a.s dcubleci and the a.'u-.oant of potassiurn incr.eased

bit o:re sixih ,r¡hen it r,\iås obsei'veci ihat bne r-¡Iams '¿ere 1ol'r

i¡l çneÊc eler¡ents"

t¡oriz' i''Jee:í oio rcrna'co tr;i¿r::'bs a-coui; .l- j inckres r:ig1h

,,,rere placec rn ir¿rIÍ' galion cerarcic cr.ccL;s coi:taiüing 18,00

nl- " o f nu.ir':l eni solu.ui on " The ¡.o cts ',{ere suspenoled in bhe
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solution by inserting bhe plants in e cross*slit uiad-e in
a la.yer of polyfoa.m placed_ orre:: the cr.ocks, Support øa"s

obta.ined. by tieing the plants with tv¡ine hung from over*

head wrres. The solutions vlere aera.ted constantly and"

changed every week for the firsi nonth and every J days

thereaf'ter" Supplementa.ry light t{as su¡_;pliecl to give

a. d-aylight periocr of e"pproxima.tely 14 Ìtours"

*i completely ra.nõ-oml-zed d.esign r+as used wlth each

plant representing a replicate, Flants v,¡ere spa.ced 18

inches a,oa.rt,

The experiment r,ras initiabed. Sepbemirer 15 and d.f s:

continuecl Ðecember' 23 
"

YIETD $I\iD T¿L_¿|I,]TY EVAI,Lu{TTOJiÍS

¿o

In experiment I ylelds l'rere expressed as tl:e fotal
l'leight of all fruit iiarvested a-nd- as the botal i^relght of

ma.rketabl-e frui-t. Triarketabl.e frl:.1-L included only those

fruit tha.t were cle"sslfied as rn¿;Nure green, irad good- shapeu

were 2¿ inches in dlarneter or greate:: (a.pprox3.mately 140

greins), and exhil¡ibed no symptoms of bLossom-end rot,
No yield.s lvere recorded for experiments fI and ïTT

but the percen'ba.ge of fruit 150 grå.rns or greater t\ras

recorded in exneri mprrf. TT -

f 2 I yi cl ,l n{' itr^r,r..t- ¡ ¡ n*\J¡'.IÉ1 UUt;Þ

(b) Bfosson-end. RoJ

The percenta.ge oí d.isea.sed. fru-Lt r'ía.s recorded in



¿,(

e,";perimenis rs ïr and rrl., The vÐ.lues were transformed

for statisiicar analysis usin.g the e-rcsin transfornation
in experirnents r and. rrr. The square root plus a lna.lf

fransfoz'ma"tion wa.s used in eq:eriment fJ" Al-l_ the values
relf,orf ed. a.re fron transíor¡ned d.ata,

(c ) Crac4lng

Th.e percentage of frr-rits exhibiting oracking ir'hen

irar,vested v¡a.s recorded, in all e:,,perimeiLts, In experi.ment

I the severity of laborâtory inouced cracking -r,uas observed

a.nd, coded- I-5, t¡;ith I for severe and. 5 for crack free, Á.

sanp]-e of 10 fruits v¡a"s used. The method used was sirnirar
to that ilescr'lbed by .{ep]er (38) and Dickinson and_ jrjccollun

(]7). The fruits were inmersed in d j-stilled water at TZ*
'-r. O-'/+ r,'ail.c1 sui:jected ùo a. vacullrn u:atil all the irapped air
l^jas removed r'rom the sien sca.r a.:nii ihen al_l0i,;ed to remain

in the l'rater f oy a per.iod" of tv¡o hours"

In experiment fI, 'bhe perceirtage of cracked fruits
weighirr.g 1J0 gramÞq or greater was recorded_ a.lso, fn
a.dd i bloir, the .¡rercer:tage of f ru.its exhiì:itirrg cra.cks

totalii:g 6cm, or greater, ?tas recorded"

rn experlment rire ihe only cracklng obser¡¡a-tion used-

ilor statisticar pLlrposes was the toia.l leirgth of cra.cks

_cer fru.lt. the valÌles r;ere averaged- foi: ea.ch re-t:licate"

The a.rcsiil iransforma"tion tiâ"s employed to a.iral-yse

t?re d.a.ta of exÌrerinents J andi TI" The squa.re root of X
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cril" pius ?-' i1,å-s used i'or a1re.1l,'sinÉ-, exper:imenb fff " #.11

r¡a.iu.e s recoried are frorr tr¿:rsÍ'orned cafe.

Tlie .¡-erceninge Ci"¡- ;,tu¡ter. and ;cH itere d-e'bern1ned

in erltrerinents Ii ¿;.ncr îII " T?re ue¡hod cons is¡eo oÍ' nixi-ng

F:. ranclori sanple of 1Ü r-t¡.i.Íor"n-lv r'i-,re frr:fi in :,, biender"

One hunor"ed. gr'äilts cf the nuree r.;a,s u.sed. f'cr dz'y na.¡ter cteter'-

minat iorrs, tlie reíníiìj-nd.et' 'oeln¿ sâ-''e'û- Í'cr 1;Ii cei;ez'nii:ariorls e

The lateriai i'¡as cv'1ed.'ior 24 hours in a convencional cven
0^at 7A C a,ndi iiren 1n p- \¡acu.rr.ßr overl ai |C"C unt11 ä cousta.nt

r,:ei¿;ht rïÐ.s reaoÌled..

{eJ ua 3.gg_i,Ê

In e:çeriüients II e.nd I.i-fe ti:e ca.lci-u.in and. Íiä[,:I].esiu.n

coi:tenri of liie fr'.rit '*e.s d"eteri:lined-. 1-en f'ru.ii -can"Jles

i'"'.'on 4 replicates ,/,¡el"e used Í'or i'roretor: rlyl-¡r'iC'¡;hil-e 5

re.i1i caùes i{ere u.seû f or Siarfire. lhe ce thod. en_cloyed

i,,ias tl-rat ouùlinea by ùÌ.i.e !e:'kin-äiner Corl:c.r'a-tion {1) "

rhe Crieit n¿;.terie-LI',!'P^s tçei ashed 'qiin nii;'ic, cer"chlci"ic,

¿"nð- su.iÍuric aci.is, '-i-'he ;-;ar'is i'er ar-rlion cf calcium and.

lne'.¿.:nesiu.r, ?,ere detev'lri.ned on ir- Perkin-9;1trer -ìC3 ANonic

I d i 'l;.-?-êâì-lf.f,ç,+ j')-ar¡ ,, 2r j-:czr p7.ìd r,,j\ u / J L¿ V9-aVe,rrç r'! r)_ j.9 û LiLf elrv v3-

28

fibscÍ''nt ion $1;ecti'o¡,þç; or.e; er .

The sia"i;isilcai a.n¿rl-.y'sis ¿.ne,- interpreta|ion cf

resul-ts âr'e basect on :nethoCs cle-ccribed by r¡e3l- eno. '-:crrie

t>1 \l



'Llhe effecr',s of CaCl2 folia.r sprays r,nd higTr soil
e:l ì¡iJ:r¡ rrnnn tona.ioes onlt" sburd ied rçith special consiri.er-

aiion of frult cracking and blossom-end- rot, /\ n¿r.iluriål

soil ire¿rtnent i'las ad"d-ed" ivr one e,rperiment a"ncl the effect

of veir;ring the ca.Iciurn i;o mãl,gnesium ratio of the nutrien'i;

so},ltioir ;tas stud.ieo in ¿t Ereenhouse e4i;erimeni"

Eltpgl-ìTi'iitr\ir r {tg65L

ÊES-úLTS *rl'lD DISCLTSSIOi$

No statistically signiflca.nt c'l"if ferer:ces bett'rteen 'Lhe

various treainents were record-ed for ei'i;her total or inarkeb-

able yields, a.l.bhough the spray 'i:r'ea1;menis Þrere found- 'bo

reduce yield.s slightly (1.'a,b1e 2) 
^

T:+BLE 2u The efÍ'ect of sod.íum cirlorid-e a-ncl sodlunr
sulf¿ite soil irea.tnen'bs, ¿ind. 6 cal-ciun 'Îol-J-a"x

sprays ot1 tota] and. marketable ylelds of
torn¿¿boes,

llreatment

Check

i'{aCI

l\ia ^S0r,áÈY

0, O4i'i Çaclz

iriaCl+O "04i'i CaCL2

Na"2S04+0 "04iui cacl-2

H.a.te of a.plrlica-
i ion Lb " /a.c "

l'laCl

^l 
hôáL{o

21 AR

Ila2504

?tAn

?2Ár)

Via-lÄc - ê-nIrçlllp gv¿

_ plo_t (lb,_L*-re
58 "0

55 ,5

52 "2

)á øQ

37 "B
2rlJ T øà

lh I
Jv@¿

?1 lr

?"1

3?,a
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*4^ possible reaso¿l for the la"ck of any a.poa.i:ent effeci
of the high sal"t treati-nents upolr yield can be attrij:uted
to the anount of ra.infall receirrecl- af'ber appltcatiorl"
onry 0"56 1irches of raj..n fell- d-uring the zJ ð.ay ¡:erioo-
follolving applicatlon, This ¿¡"rr cane in rlgh-b sholrers a.nd_

d.id" no-b mo'Ì.re ùhe salts down inbo 'che root zone" soi-l
tests iaken J weeks after appllcation sho-r,¡ed, tha"t the sal-ts
Ìracl noù penetrated pa.st the 6 inch r-evel in the soll"

The ca.lcium sprayÊ reduced yields slight1y. ,Ihls

irend agr=ees lvith ihe report of cla.y a.nd_ Hud_son (14.). Tirey

found þ'ha"c fol-iar spr¿iys reduced nar.tr<etabl-e yiel<i-s slgnlfi:
n ¡ili'l r¡ i z'l q 

^,r 4v?,aru{J ¿r¡ pw'uê }¡ea.fs u

Tlre effect of sod"iäm cirlorid,e a¿ra sod-ium sulfe¿te¡ alone

anrl- in coitbinaùion ;,;ith calcluirr fol_iar Ëpral¡s, on the

incioence of blossom*end r.o1, is shor,'Tt tn Table 3*

m r\ TìT -tr' 2¿$!JJ!s 
' 

ô

Treatmeni

ì,!¡ 1lì.i.\úvI

tla2S04

Check

'i'he effeci of soo-iurn chloi:id-e a-nd. sod.ium
sulfa.te so11 tr"eatrnents " and 6 calcium
folia.r sprays upotl" the .þercenta.ge of
blossom-end. roiu

o ,04ì!i cacl2

¡is.CI+0 
" 
041'i CaCI2

iriarS04+0,041,i Ca.CL2

Ê r+11- Yalues shol,,J:n are
rarv data,
Data not ici.entif led
canfly Ö-ifferent at

Rate of applica-
@i)Eç] Na-2$Otu

,1 r7 Q.

)1 r7Q

1 / (\'/

=cÁ,,)

Bl-ossoin-end. rot
Çl n'ç' f ær: i {-/v vr rruÀu
af f ected'F

orbhe arcsin iransforma-tion of the

by the. sa.ne letter (arb) are signi.fi-
the 5'/, LeveA {Duircan!å i,tulülple Eange Test),

26 
" J2s+++:'

26,66a"

26 "lea"b

23,64be

'¿J 
Ð ].Oc

22 
^ 54c
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signiflcant differences at the J percent l-evel- vrere found.

betweerr trqo trea.tments receiving the ea.lciuin fol-iar spra.ys

and. the unsjirayed ireabnenLs, flhe difference betlveen the

cacL2 treatment ¿:,nd" ihe check wa-s just short of the a"ccepted.

level- cf signif icance, being signif ica.ni a.E the 6 percenb

level. The reduction J-n blossom:end rot agrees r,r'ith the

research of other r¡orkers presented" previously" fhe tdaCl

a.nd Na.2SO¡. lreatments responded similarly to the checkL4'

treatments, as they did in yle1d.s"

There rrere n"o significa,nb d-ifferences ln the pe::cent-

ag'e of ina::icetable size frult exhibiilng cracking¡ â.s

ind"icated" in Table 4, although slight reductions in cracking

i^rere observed f or 2 of t]ne 3 s:ora.y treatrnents, i{ot only

!ve-s the incidence of craclclng low bu'b also the s everity;
't he longest cracks neasured only 2*3 cfl. in length,

Because the incid"e:rce a.nd severity of field cracking

was low, a test i{Ð.s cond.ucted, using the crack ind"uction

nethod. d-eseribed by i{epler (38), It r{as hypothes:-zed t.nab

signifiea.nt differences between treatments might be present

if the severlty of cracklng couLd. be increased " These

resu.l-ts are given in Table 5"
ô: *-^4 ð: ^-ùréurr rçd.l1t d-if f erences at the 5 percent level t¡íere

recorded between the s;orayed. and unsprayed, treaùments, These

results agree v;ith those of Dickinsoll a"nd I'icCollum (17).

Àny effects du.e to the Ìrigh. sa.lt treatrnents were not evident,
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T.É'BLE 4" The effect ai sod.ium ehl-oriCie and sod-ium
sulfate soil- irea.tnents, and 6 calcium
follar spreys on 'bhe percenta.ge of market-
abl-e slze fruit exhibiting cracking.

Check

0 "0/+i'i CaCL2

ila.Cl

NaCl+O,04i'i cacL2

I'[a. ^S0,,z+
iilarsor*+O 

" 
o&ili cacI2

Trea.tment

ilaf e o1 aþ-l)J lca-
r q ^-^ ¡ .^ /2-^
Í/ ¿lJtL LUq ë.\i ø

irlaCl

¡lrii l!t l- (L¿auÐÞ J 6

2L7B

2L78

ila^S0r,Lry

u llgLil!

Irl c l-i'ì

lüa-S0r,

0 "0Å!l'i CaCl2

Treatment

3267

?2 Ár)
JþVI

fhe effect of ilaCL and. i'iacSOr, soll
ments and" 6 ca"lciurn folia.F sflrays
the severlty of indu.ced cra.cklng.

,Á

Cracked.
fruits

iriacl-+0,04.14 CaGI2

lla2504+0"04ti CeiCI2

?'l É,,)
)LøJL

26 "4U

20 2b

çÁ Ls,lt,

27 "l+2

z( "Y+

n^s-

ì+ Loi;er nunbers represent more severe cracking,

Ra.te of applica-
tion l.-b^/ac^

LIô 
^II\d.UJ

?]-7B

,1 tA

trea.t-
upol'L

itÞ2S04

ec 4"7

3267

Q. axrc r ì 'l- :¡vvvv¿Èu¡J,
nf

Cracking*

3.090 a

3 "O?B a

3 "042 a

3.|'az b

3,670 þ

3,601', b
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Larger diff erecces 1{ei'e r:eccro-eC. b€ì-.heen ¿ree"tl¡ents;

bl:an in ];he fierl-i :'esulis " '{ pcssible leiÌson is ri:¿ii the

CT.e,cN ini-u.c¡io¡r 'bestS ileI'e cc¡d.uCied, ino:-e t-iz:if o::lnl;'r. ifi;.it

oí uniforrn size ¿:ind :'ipeness tr"obabi;ø l-oNered the v¿l.riabiiity

oí ¡ce te si; - ì-Ìre f rr-l1CS used ',.¡ere ccliec¡eC aft.'r ihe l-aSf

ir:,rvesù a.no thei:ef'ore L-iad i=ecei¡,'ed the iz'r'gest nu'nber of

c::l-ciun spïa.J¡s and. ¡he c¿-lciurn ccntenl: of these fruit-q

was p¡'oba"bly irl¿ner ti:.an ttia.t of r¿ì.ny of the f;'uii rec'ílrded

ã.s ha.vlng been c-i'¿ckeci on the rri,c€, i¡h.e most l-o¡aical

explz'nei];ion ilppe¿ll'S to be il'a.t ihe dr'¡' cor:dit j-or:s in the

fieic. rd'ere n-ot ccrlcu"crve to i'iel-C cracking. 'Ihe irLcreasei

iìei¡el.ii¡r ¡f the cT.áìcK inil-Lrctj-cn rest caused reai d.1fíerences

io oe o"oserved "

Ii irusi be reríìeni:ereC ti:¿it tites.: resr,il-ts a-1'e ì;he'/isLìa"l-

obser.r¡¡.tions of cne ajerÊon. Tnerafor'e, hulian error ¿"nd.

bia s coul-d. be a:roirre¡' íacicr' -bo cojls j.cle¡'. The strongest

:îea.tltre of ihe craci< inaue'i;ion vesulLs is i'n¿'i ti-:e¡' ;;rovlð'e

evícì-ânce to i:id icp..te -bha,t iur'-ther research iS''t¡'lT'i:¿rnied "

E;{?Iiïjri-L,i{T I L { 1966 }

Soii sa.tnples ''tere takel fr'clr ¿:.11- tae 1;iots afte¡ the

l¿ist lia.rr¡esi a.r-Lcl aneiSr.q-^¿ " Dii"f e¡'ences in pH a"r:d conclUcf i*

r¡itl- bet',,;eeri the :r:2r-¡:u.f ial :r.¡'J- cì:.eck ireatilents i'+€re neglip;ibie

ina"i.catin¿. tc¿it bne ita.nure 'fi¿¡.d beer iow in so-'Luble salis

{Tabrie ti) " i'ire tt:gh sal.t tr:r¿:;lleni tL'La-C1} ;-'ecìr-rced lhe pri
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s1-lgirtly a-nd- raised the cond-uctivity to a" level v¡hi-ch r¡ould-

be classified" e.s saline in ihe 0-6 lnch oepth. Samples

frona the 6-LZ lnch o,elt'bh ranged in conductivity from 3^5 to

5.0 irr-,rhos"/em., values r'¡hlch r;or.lliì be cla,ssifled as slightly
saltne (Lls). Sxarnination of a few s¿¡.nþlês in the f.2*2fr, ineh

c)e;cLir rer¡ee.l-ed concl'-rc bivít ies of l- ,5*3 ,O nr:ho s . /cls "

Trea,tment

Tlre eÍ'fect of tlanuri.r-1l a.nd. sodiun chlorJ.de
soil treatrients Lipon the p.t e.nd. conductivity.

Check

Checli

Ivia"nure

iliailL1re

l{aCl

I\3.UI

Ra.be of Jr"o-ol-ica.-
t ion 7-b " /ràcre

iijanure

The räa-nur'ial- .i;reatments sig;nlficairtl-y increased_'bhe

a.nour¡.t of avall-able phosph.orus and exchangeable pota.qsiìlm

as was expected, but no lncrease irr. nitr'ate ¡itrogen i^las

r"r.cni.derl f ¡¡a irl p ?) 'i"or sêvêÏ.2l noss'ì nl e '?ê',, soLs - T,ea .'nlrtç;ruvvav:çç, \rv-v+L I I Nrvvv*

hacl proba.bly reinoveCL most of the nitr¿ites eLaborateCr ;ori-or

to a,oplication so tÌr¿-t very liitle nitreite nibroge.n ì,ra.s

e.pI'lied-, The h.igh nroisture l-er¡els ikiat l-,reva.lled dnri¡g

the sumr¡er proba.bly created ana.erobic concj"ij;ions lr'h1ch

inhibiteo- nlbrif icatior:, The breakdol,rn of organic ara.tter

50 p 0oo

<A nôn
¿lv gvvv

i{aCl

'l 
^ ^^^JV " VV\,r

-Ì n na\nIVTVL'V

l/ f r

'/ h It ø vÉ

7,47

7 ^46

a o -'./

ñ nl¡( øU't

7.05

1ìnøÀVvrJV 6

-,,"t^ ^ ^ /sulrlu È e /

a,?5

A IJÉ.

o 
"Bo

nryÁvofv

AnA

f-ì ll



i-n !f=i:aitoLra is u-sualiy sl-oì+r a.s rre11, i;r'obalcly c,üe i;o

lol'; soi] ieioperaiu.re " 'Iha.i sna.1l- a.irlol2nt o.fl niira.te n:¡ï'oSen

i'elee-,sec, possi blJ/ i'ias le acned d,or¡n belo-r.l tae L?t' sa.m.cling

oenth ciue to inÊ, hig;h .:rec:.rit¿¿tion of ihe su-nrle j. * Aisou

che scil sa.rairles-rqere lob j-nrleCia;eiy C.¡'i.eci, bur re,*nairied

norst f'or '¿, cau.pie oí o,e'y-< a;'re:" ;hey Ì,'lere iaken so tnat

Ciff elenl;ia1 o.r'y1ng cou-ti h¿lve ca.'¿seci nnequ-al arnounts of

nit:'aies ¡o be e-La:bora|e c, coniri ou.tlng 'Ûo the va:'iai:iiitV'

The si¡4riif icantly nigher n:-tr<-'''gen l-evel in ttre i{4.C1 trea.t,-

nents can be atiribuLed io ihe l-ii¡ribeo, ¿rrolith tcirich occurred

in 'û nese plot s 
"

i;r ri i-ìl- = a_L¡r!.!L í a

.'rea.tlrte ni

1 -'t

The e|ileci of nanurial- a.nd i'iaCl- soil- ireat*
nenbs on bhe l-etrel- cí nlcrogeru roncsl;hcz'us
a:*nd actassiu.a"

}ianure

iriã.nLrre

Check

:1.Í. \JJ

iiaCl-

,Jì:e cx

Fiabe cf ,rrppl,ica-
i:.on 1b " /acre

.fiDntrFâ

50.0û0

50,000

1ç r-; v J_

tr Da¡a no-f
:'ica.ni a.t

1 n rìfìÔ¡vgvvv

lûe0cc

Il0 j-i{
r,. I ,>çl

{1o")

4? 
" 
o b+i 33 ,4 a.*' 565 ,8 a-rr

i eì e:n i.. i r, 'ì a'õ hr¡
]. ¡o ( r or"¡c-n:V rrL -/ -L,u a v sr¿u

2Q?h,./ øJ

L!8"2 il

AYail " -i:-ixcl.t *
?ä

i p-or¡, ) {Ëæn" } 
-

66"7 aa 15,9 b +81"9 bc

gi:"\ a 15"ó b 4.8i"7 bc

z6 "9 uc 13 . o__p 460 ,2 c

32-6 a 557,3 a.

i4"o b, 5ii.+ b

f..re !ì.r,ÍrÊ ieil+r {ir^'r-c) silni-l-'êvâv/ -*=

I ^:, ^'lIçVgJ6
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Thu- reslll ts o'f rof al- cål siun deterüinetions orr â

ga.ni¡;'l e of fnllt ironi eÐ.ch 'bre¿iiinent shci\ied- ri:a.t, ûhe cal--

ciiìn conterrt of ';he L¡-ea-iments i'ihich recei¡¡eC '¿. f-ol-iar

aj)plicaiicn of üa.C]2 !,ras hig,her Lnan tllat of th.e ccnSrara.ble

tz.earments (ta¡le 8) - !]:e diffe¡'ence bei'¡reen the CaCI2

anii, fhe check treaiments e¡.nC .ûtre inanure p3u.s Cz.GL, and the

na.nure trea¡nenis i,Ja.s sl¿.nif ica.ni íor :coth. va::ieties" lhe

sif ference betl,;een ihe itra.Ci nl-us CaÜ12 a.no. tire liia..CL 'i,reat-

nen.ûs ides signiflca"nt in the variety Sûarr'i;'e only, Signi*
j'icant oii'fer ences ,,rirhin ihe s-íjr-¿:yed tna unsprå]¡er ire¿it-

rnents occurred, only oïtce" :ihe ¿¡.a11,'sis of va.ria.nce shotr'ed

'tha.i bhe d if :ieren.ce bel',";een v¿rrietie,s wts nighly signif icenf ,

''ìAELE 8. Ihe eÍ'iec¡, cí a.-oçlrcations oí üta,liure and r',e.tl-
io i rre soil- and B cå.l-ciuil foliEr spra.J¡s i.l:oon
the ca.lciur contenf c! tire tona.f o i'r'u.if 

"

Treatnenb

0 *06lii

l,lanure
wo.wLz

Ì:{aC1+0

Cireck

;'ia.nure

i{atl

rì ^ fr'lvav&2

+ û"c6iil

, 0 6l'i CaCl- Z

Ë.ate of i..cn--ì- ic.a.*
i ion Ib,Þc r-_**

i,.anure

5c,0c0

Íô nn^
JU , t-J \-,\-/

.i\la Lrl

.L'ofal Ca contenf
g" /l-o_oo.å " dry_ ,,';t "i'iorei on Sia-rf i:'e
H,lrbrid

l-0 å 000

l0r0ü0

I,B0 D.

| '/x ç ^¿ o I V e.v

i,61 bc

| \4 
^Lã J)

llrQn:ø | /

J- o _,rv v

214 =Lø+r' v

2"A] a

2"0L ztÞ

L "93 bc

r ov I uv

l^76 c
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The îosr striL;ing ieÉ iure of rl:e ,i;recec.in¡r resu]ùs

l.;as tne signlf ic:,rnt inciease in tire ca.l-ciun conteni of ¡ne

s;;ra.yeC- f ruit s, Sirniia.r' resul ts Ì:¿.r¡e be en r.e'-rorled i:y

oti-er r;orkers { 17,lIi.) "

The fru.it ca.lc:.u"n c,í the i:i-¡;h si,iliiiiiy lreatn:ents

r¡.-as louncì io be r-i;uich Jo';iei' tllan tiie corupera'ole silrrryeõ

¿i¡d uns-cT't.)red- ireaf;ne:ats" 3i:is was ex¡:ectecr since high

sa.l1n1ry and. hign scdiur ion co;rrsenttaiicns i:iar¡e l¡een a.ssoc*

ii,ted by :, nu,nber of r.;or:iei's { 13 , i¿l , -i3 034 ,35 r1+ó 26íi þ68 r?I,
73) i,iith a r.educeo. calciun urlrtaxe,

'j'lie me.nurial- treatrents i4jere sl lghtly lo;ce3- ihan ihe

com,c,,erable check treainenEs in rotal- cal-ciunu a.lihou.gh

ì;ne resuiNs û"ic nct reach sienij,liceLnce" This trend" ï¿âs

oue ¡;rob,:bir'' to ì,he i:i6,ì:e r -o¡:ios:ii'loru.s :-,ni ¡rcLa.ssiun ievsls 
"

Ti'ie se elerL.enbs h.a.ve been re;oorted. 'i;o l-o1.,;er calciu.m ujl|¿"-rie

and Lra¡t-st oca¡ion tc the fru.it t5 ol-'.: rJ 5u35r+9 r60 067 uó8 r?6j "

The Ð,verage ,¡ei3i'its of üûÊ ripe r'r"uit ha.rvesied- ere

si:cwn in T¿ible I, Ihe itaC} .i;i:,eerir.re.o.ts produced" tne snall*
e si Í'¡'u j-t, tire cl if íere.nce be i-ng' s i¡nif i-cs.ntIr¡ l-or,'rer llrern

ihe in¿lnur1¿rl- ti:ez.¡inents for bcLh varieties ani r;he check

1;z'ea.t:uentíor i.jorecon 1ì¡'ct'iC,

'.i-his p,.cpâ.renr saliniiy efÍect aErees l¡ith [,rer.ricus

reporis i 14 ,72) " I'to signif i.e¿1i d.if f --rences i,rere r€cor,jed
'oeilçeejl eni¡ of' rhe oti':er tI':âilre lrf S, ho';;eÍer " the cäl-ciuirì

f'oli.¿r's';:r:ã}ig reouced íruii l,;eig.tris -qligi::l-y iri:i:cs'i cå.ses



TÄBLE 9" l'he eífect of ruanurial- and i\laCl soll treat-
ments and- B cal.ci-um chl-orlde folia.r sIrraJ¡s
upon the a.verage frui'L i^reight"

Treatment

Irlanure

i'lanu.re + 0"06i4
CaCI2

Check

0 "061'i cacLT

Na,Cl

ltracl + o"o6i{ cacl2

*:.^.F¡
lÌú ug

t ip4
i'lanu.re

50rooo

50å000

Sinclair and Brown (79) re,oorted tl¡¿a.t a c¿¡"}ciun foliar spray

red"urced. narketabfe yields" GeraLdson 135) and" Die.kinson a,nd"

lvictollua (]7) iloulnd, t]r,.at burning of bhe leaves occu::red ivhen

1:igh rates of CaCI2 folia-r sprËiys l''rere used,, The red-uction

in yJ-eld- reported- by Sinclair a:rd Brown v¡as d.ue probably

to l-eaf i:urning" i{o burning was oJ¡served" in this experl-

nentr.bu.t ihe slight reduietion in frtrlt slze may have been

du.e to red.u,.ced l-eaf assinilation, 0n the other hand,

liattan, Sta.rk and i{rane¡' (47) reported no sig:rificant d"eereases

in. yield. using fol-iar sprays a.t similar rates a.s those u.sed"

in ihis e:,perimeirt,

,à considerable ainount of va.ria.Nion was introd-uced i:nto

the statisiica] anal-ysts by the itaCl treatments, These

*iverage
l'toreton
Íiybri,d

10 r 000

l0 r 0o0

Lg6,B à

1^/
Lö'O @> cl

a^^ì^
t |>lL/¡Jàù Y'

W3,B ab

L57 "g b

LtJ "ö O

ruit wf 
"

Starflre
l-9B "9 e.

l)A "2 a.

l.82.0 a.b

aBZ "6 ab

163,2 b

-l-69,0 b
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treetn.ei'r"ts had feu¡er pla.nts, hiere later na,tu.ring anð a

cou.ple of plots víere rn:issil-rg-" These factors ïíìay ¡ave

obscured- Some s'ì r,*ni f i n¡nr: .liff erences Í.ji.bhln the other-

tl'ea-tnent s 
"

To study fu-rbher the effect of rnanuria.l- trea.tnents
and calciuri:: folla-r sprays upon fruit size, the ¡:ercen1,age
of fruit ecluial to or greater than 150 grans r.Ês calcula,tecL,

no'i, consio-ering the high sallnf_iy treatments (tante 10) 
"

The va.lue oÍ' 150 grams (ap¡-rroxtma.tely 5"3 ounces) was con-
sidered to be the lov¡er l1mlt of consu-mer fresh narket
accepta-nce since I'fanitoba. colLsuaers have shoy¡n a pj:eference

for boma.toes v,reighing approximatefy ? ourrces, The effect
of ihe l,iacl- treatrnents vrere no'b consid-ererl beca.use or.ly
h¿tl-f of 'bhe frui"Ì;s i^iere ln irris class, maklng the sarrnple

size small and variable,

-lAliLE 10. 'fhe effect of 25 tons of rilanure per s.cre
and- B ealcium chlorid.e spre.ys, applled"
alcne and. in comblrrat ion " upon the Ðer-
cer.Ltage of fruLt 150 .rrans õr greatèr,

i''ianure

Check

I'lanure + 0"061!i

0 ,061"i cacl,
wavLZ

65,80 a"

/^ / ¿ou@o, aþ

P ¿ 
', 

/2) ^+O DC

<l r7Q 
^JLøIV V

te.rf l-re

62 Lt,ç z
v¡vø tþ *

56å8 b

56 ^9Lv a

<< ¿rR h
JJø IV



For lToreton Fiyirrid, the f oriar spra,ys slgnif ica.irtry
z'educed ihe percentage oí fr-u.it 150 grÐ.ns or grea't,er over

tlnzt of the corresponding unËpra.yed trea,tment" llor" starf ire,
the ulrspraycd i.i¿'nuriel tre¿.tnent h¿lcr- signiÍ'l.cantly more

fru.ii greater than 1J0 gr¿rns than nny of ihe other treat-
rnents" This ef fect of the cacl2 sllrz-ys Lliloll reduciüg f ruit
vleight jìTãs proÌlably due to reduced leaf a.ssimilation a-no]

a.grees lvith the findings of Sinclalr" and. Broi,,m {Tg),
llhe incidence and severity of frurlt crackir:g oir the

trine tl,ras high, The pruned- and st¿iked variety, îuioreion

i{ybrid, irad very llttle coücenbric cracking' bu.t à. high

irrcid.ence of raC,"ial cre-Lcklng r.anging u.,o to 75 percent ot?

some suibplo'bs. Conversely, the ind.eter,ilina.ni varietyu
Starf i re - hed îr5-nr¡ I i ++l ^ -.adial CI'¿¡ CLçilr" hl:J; sÊrrêrê CO.it*rv*J r¿ev¿u Lu.vL'J,L vt.-/.v:!¿_!t] pvv UvvUtç \

cent¡'ic cracking, The d.lfference in the ty¡-,'e of cracicing

be'b'¡;ee¡. ¡¡s 'ii^ro v¿rz.leties -!.ia.s highly signif ica.rtt {fab}e 11) "

'ïABLE fl, ifire per=cenì;ags of i;onai;o fruri'bs e:,iribi'birig
eith"er concentric or re"cl.ial cra.cking only,

¿lo

ì7ñ .- { ^!=-Vú.t'¿tr' uJ

ìjí¡ r6.i- 6..n .Jrrìrn I {v vr¿ :tJ ur ¡L

Starfire
+r All da.ta not

sip'ni'îic¿-,ntlv

Þar"er.rrt,qc'p Of¿ v¿ vur¡v!4ef,v

fru.its concetltric*
all-ir cracked- only craclçed- on'l v

'ì,lo-¡tl fi arl ìrrr f,þg SA,ne letter la _ b) FÌievJ vl:u uLir!:u +v v uç L:À v

different a,t tÌre i percent level,

u < h q7f
./@JJ e'

<-r tu¿L h

Perr'.or¡1:¡ c-a nf
friiits r.¡di¡-ìlv

4Z,rB a"+',

B.OB b
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i3ecause of the high incid,ence oil cractreing, a second"

clessi.fication, the iiercenta.ge of fruii exhibitlng craclcs

-ürith a io'bal length of 6 cnt" or greater-, iiúa.s created" ái

totat of 6 cnu of craclis per fruit l,ies arbitrarily cliosen

¿rnd" consiO-ered to be the ex'brene lintt of consuiller aecep'i;-

i-ì?-ì rìê These 1'o-lrrnc --l n-¡. r¡¡i J:h ];he ne¡c6:nJ:pc'e of f rlritSø;rwÇ e rrrLpç Vc',JLdgÈ, ó-I\JIIé !iJ-Lr(J Urlç lilf vçl.LL/c.ös vr I ¿ u:'

crackecr are presentecl in Table 1-2"

q] ,i ittT ;¡ -l tLT.L'ÐU LQ@ The effect of 25 ton,s of ma.nLlre Ð'nd. J tons
of irTaCl per acre appli-ed. to the soil- and I
CaCl2 foliair sprâ.ys, aPPlieci al-one andr in
conbinati.on r,vith the soil treatments, upon
the inciclence of' torna"to fruit cva"cll-ilrr1.

lf ::eatment

iiie.nl.rre

Checie

^ ^ /,.-Irräilüjfe * UøUOI'.i
Ca.Cl2

0,06ii Gacl2

i\iec1

liac1 ì- 0 ,0 ól'i
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ore
'Ã
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65 "z a"ït
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57"7 b
l, ¿ /+t,o c
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of f rtiit s
cracked
Z 6 cfil,

'Ihe h.igh salnity treatnents iivaCt) trad ]ess c'racklng

than the other treatnenis, the difference belng sLgnificânt

for a.bout half of the comperi-sons" Ihese resu"lts were

opposite to r¡rhat ha-tl ìreen expecieiì., Llhe l-ov¡er cal-ciurú con-

i;ent of the fruii ha":'vested, from tÌre i'laCl- 't reatinents,
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prev'ioLr.sly i:resented, vras expected. to ;orod-uce an increased-

incidence of creicklng simila,r' io ii:ie resul-ts reported. ìry

Dicicinson a.nd i'icColl-urn {17). SLmllarly, the Ca.Cl2 folia-r'

sprays, vihich increased the cal-ciurn content of the fru-ii,
ha.d no effecÌ, upon frurit cre.ckii:g i.n the i\aCl treatn:enùp,

l-l possij¡]e reason for the red-uced lncld.ence and"

sever:iiy of craelcing is tl:.ai the high saiinity may ha,ve

decreased the v;ater upta.ke of 'Lhe fruits and. thereby liraited

the stress upon the outer i,;all- of the fruit" 'Ihe resul-ts of

the percentage dry ma.tter d.etermlnations, Tab1e 13u help

sul¡sta.ntla,te this iheory e às 'bhe lla.Cl treaiinents had the

highesi ¡-'ercenb:;ge dr;r :natter values for ea.clt va.rieiy,

ThBi,E 13, The effeci of rna.nlrrial- and ila.C1
and, B Ca.Clr fol1ar spra-Jrse af one
nation, upõn the percentage dry
tomato frnits*

f'r-ea.tment

äaCl

i',tatf+O 
" 
06j\j ca.cl2

I,ianure

Check

^ ^ /.,.irrâlìU.I'€l-U 
" 

UOl,t
î1 -, f1-1uowLZ

0.0ót,t cacl-2

Baùe of iip'pliea:
r1a!?'l I rl /DFlaâ

¿vâlL4v*v

i'lanu.re

soll. trea.tiaents
a.nd in combl-

nq*'l-a-n n'1 'ri-'o

50r000

50 r ooo

r\4UJ

10 e ooo

l0 e 000

ta lì'n\i , Df f ô11
_/v uL:J trv¡vv\

i'Íoreton
ily'brid- Starf ire
6"07 a
\ Xr\ âtìJOvJ ev

5 "90 ab

5,82 b

J"44 c

5"48 c

h X,f D
Jøv* 6

)øav úu

).oU aþ
¿ l. -.,,+9 0e

5.32 c

Jø)L v
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d-ecreaseC the tenclenc¡t for cracliing ro occur. Ì.esults
-¡par¡i nrr c-ì r¡ ia-'..rSenjteci in T'ai:le 9 Sktg1,,red. tha,t ûhe A\f e¡,à1et/¡vY

frr-rii r,reigh'ü r/!âs lor',ier íor ihe iìa.C] ireatrcents" In aCLdi'bionu

the e-bsence of fLucturatlng rcoisiure conditions d-urir:g 'bhe

experlment linited any severe srresses t'aa.t rna-y ha.ve occjLirred

due to 'üÌre irigh saïniiy" r-.urthernore, the smal-l-er sanples

obta.ined froin the high salinity treatmei:ts due to rnissing

plants, rnissL119 plots and 1ate rna"tur"ity contributted. to -th.e

tr."riahi'ì'itv of ihe exnenl,rnent and rna.cle real d-ifferencesv¿4J 9r,

irard-er to detect o

The CaCL2 folia"r spra.ys reduced the percentage dry
L

ma-t-uer of the frr-ilt over .bhat of the conpa.rar'ble unsp::ayed-

'oreatmentu the difference being slgnif icant in some cases

lTnh] e l3) This f inilinE a.c-reês rrri tn i:he re sea.rch of\:!avÀu ¿Jl ø

Dickinson an.cl- l';jcCollum (17) u.ind e.ppears to be due to red.uced

l-eaf assirûil-atiorr. The i''Ia.Cl treatments increased the

percenta.ge dry matter ccntent of the fru1t, proba.bly due

to increased soil salinity, SiniJ-¿ir results l^rere reported.

by fiinsor et al {95) ^

Exanirlai;ion of the cra,,cking dr^ta. after the d"is'bttrbing

influence of the I\r.aCl- treatments ha-s been renoved reveal-s

some signif lcant differences betv+een th.e treati"¡.enis (Table

r rr \ T-^ ^a r 12-ses 'hhr. inanurla.I -cxea.tne:nt exhibited. thel1 ,l o -l-.1.r. .1-L -L L¡<,. ù Ç ù t U trI; L.tuLl

inost Severe cracliing víith signif icant d-if ferences 'oetçeen

l,he rna.nurial and check treatu:.ents bei:rg recorcr'ecl ti¡iCe, Once
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in each variety. ido signif icant cliffere¡ces ürere recorcled

beil^;een bhe calciuin str)ray treatnenis, 1,11 tlre s,ore.yed.

treai;rnents exhibited less cr'a.ck.ing tha"n the unspraJZed

trea.f¡13n¡s, the difference being signif icant ln some cesesø

TABLtr 14" ith.e effects of 2j ton.s of i:ia:r.ure per acre
a.pplied to tlre soil a.r:d B CaÇ12 foliar
sprayÊe a"Lone and. irl combination, upon the
lncidence and severity of tomato frult
cracking,

T:'eaiment

j'ianure

Cheek

i'ra.nure + O.O6li
^^ 

ñ1
va:Lv L 2

^ 
a/",;

U 6 UOir¡ çiztVJ- /

cracked-

Siimila.r resu.lts r..rei:e obtained lvhen only fniit 150 gra.ils

or greater were cor'isidered. {Table f5)" l',io differences wlth-

irr ihe unsni.Frred or,the snrar¡od i.'r,a?trneyltS T/Je1'e feCOfcied-¿¡.1 UrÁV 'r!i.pl,¿ Ç.J vu vÀ vr¿u p-A/À e.)' v!! vi !\,

but d.ifferences betv,;een these trea.t¡nents l'¡ere sharp'ly

def ined," Grouplng the frult by r,+eight removed. error vrhich

migh| have been introduced by smal] fru:it.

A-rr evalua.tion of a}l- ihe craclr*j-ng aara ind.icates some

irnportant brend.s. l1^t ntosù cases the nanu-rial tre¿"tnent had.

the highesi incidence and severity of cracltlng. The eheck

7o^7 a

65"2 b

cra.ckeCL
- ^Íra v vtlt6

4ry r)
Jl @ I

?"oqJ-/ø./

31"2 a

24"5 a

,?2çþJøJ

bc

c

StP,.rf ire
7b oï l ru].Ï s

cracked
cra.cked ä 6 crn,-

71-,5 a

66"T ab t+5"5 v

Á1 ?

2Y"2

5+øt e

bc

c

38,5 b

39"1 b
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treatnent Ïias 'Ltre next hi-ghesi;, bui sigiriflca.nt differences

beti,'¡een the check and- the manur.ial trea"tnenüs were record-ed

o:nly tivice" [iinila.r' relationships li\iere observed tieiween the

m.Ð.nure lJlu-q taCl2 a.nd :ulne CaCl2 tre eitnei:.is. These ti¡¡o were

loiter tiran ihe uns{-:raysd" ire¿i.bmenbs in al.l cases 3 "bhe CI. j.f fe-
reilces being sbatistica.lly signiíicarnt in a nunl'i:er of

instance s "

TABLE 15. The effect of inanuria.l- soil trea.tments and. B
CaCI2, foliar sprays¡ alone and in combinatiorrp
upon the incid,ence ancl severlty of cracking of
fruits 150 grails or greateru

Treatment

ili¿ìnu-re

Check

0,06I'i c,acT2

^ ^ /^i',anure + 0,0611
CaÇT2

ì,Tnr"cr.l- n:r l,r¡lrz.i ¡1vv+¿ ¡¿J v¡ ¿u
ò1. ^.Fr +.ãi, i + -

-,/o--e¿--lj'qi!-VÈ--
cracked

there are severa-l- posslb1e reasons trthy the nanurial

treatment-q shor.¡ed aore fru.it craickitrg, The hlgh.er soil-

feriiliiy levels rel-ablve to the check probably conÙz'ibuted"

to the in.creaÈqed cracking as observed by i,ioore o Ke.ttan a.nõ,

Fleuii¡.g (62) - ,iiEir levels of ¿ivalle.ble phosph.orus, potass-

'il¡m and ?rossihlrr er,rr:Õil ium 7ril,rorren rnav hâVe feduCed.

a¡r ai,.- ,,-4-^.1ra âS Of eViOlf g]rr me-ilì:inncrì C)ìa #nr..al-1ra:" ;,ì-i|;l)Õ'Lç ¿t/,UI ttp t ¿ì5t. " -'-*.J :r.tclf,t/ I\JJ.lç!,t v¿ 9 vL/Ëç ullç¿ vrJ

oiher. facl;orS -cueh aS inproveO. aerc*tj.on and v¡a.ter holC.ing

rr,prìr--¡ri trr nrnhR jr-l v snoedor{ rrìr crr^Ì,7+}ì rn'l-gg - na}linS fftlit Svv.l/l,vÀy¿rvj/vvvuuøt/b-

cracked.
ñ^ ^(LøY a

ry??:r
Í JøJ *

\u{n
J/ âJ

6z.Z b

>6cm.

35,7 a.

"lLnçJtøl

26,4 a

29"0 a

'.i nf fnrri#
Starfire

cracked

76^Q a

n^Qs
lvq./

h"/ 5 rìvkøJ

AeqhvJav v

cracked
>^ôm
- 

V VIU â

ou€) a
rl, / -,+ øo aD

t+Lt -g þ

43"! c



inore su.scepfj-bl-e to cra"ck1-og,

The u-se of a ca.lciurn foliar spray lovsered the inci*
cience and- severity of cr.a.cking, aEreeing lvith the research

of Diekinson and" i'rcCollun (f7) " This þr?,s a.ceompani.ed by

higher l.evel-s of calcium in the fruit a.nd, since folia.r'
a;oplied calcium is poorly translocaterl (6+196) u the only

node of elr.try seelts to be thror-rgh the fruit skin, '.r.here is
evid.ence that this Ooes occLtr (97) " ill-so, the calcium

a.bsorbed by che root may l¡e ù::anslocated. 'bo the frurit in
rela.tlvely la.rger amounts i,uhen the vegetaiive ;oart.s recelve

a caf cluin s.oray"

'Ihe incid-ence of 'ol-ossom:--,nd rot y¡a.s very lovi (t'a¡l_e

1ó) a.nd- no statl--"tiea.,lly significant differences beti,veen

t\T\r n€ l-i.ra +-ñÕâ'bneTltS i¡lef e r,ennrÃcÂ ê\¡ê1f thOUgh nO Õ- j Sep-i Sgd"-r¿rt vÈrv u¿ \-e v!-:vrivp ,r'ç! L ¿ uvvl,-1.-tr, !- v Ç

fn.titÊ t;ere fou.nd on ¿àny of the spr¿y treatilents.

Tiilil,Ë 16" The effect of nanurial a.nd i'la.C1 soil 'breatnientso
al-one a.nc1 in co.rnbinatlon wlth. B CaC]2 foliar
sprays on fhe incirlence of hlosson-enc1 rot.

l,/TPO

,Irea-tmenf

Chectrc

0 
"061'f cacL2

I'laÌ1u_re

i,ianure+O, 06tl Ca.Cl-2

irtat]

I,IÐ.Cl +-0 . 061'i ce.cI 2

i.ioreton l{1,'brid.
Perce:ntage Blos som-end. I-'ot

| 5È1tr

0.707
'l 22ñ

0,707

1"171

0,707

n" s,

(l*a¡--f i t"o

0"BLB

Q "7O7
1 tRrT>rø.4vt

D.?Q?

0,707

o.672

11 nS,



4?

I'ioistu.re rele.ùionships ei,opea.r to offer. the only explana_
tion for' these res-url'bs, The c¿i,lcium co:,rtent of tire :l.nrit
r/ías ap.¡:a"::entry 10w enou¿h for bl0ssom-end :.ot to occlr_r as

iÌa-leigh a.nd. chucka (?l) repor.terl tine.t a.ny trea.tnent wi:lch
1o,r¡erei -Lhe carciuin content of the frr,rit belor¡ o "ze percent
of the dr¡r ¡¡"rght increases the chance of blossom-end rot
occuring" Du.ring tkre c'or.lrse of the exi:erirneirt ti-re::e vüas ï1o

occa,sion lvhen the moistlrre content of the soil was J_ow, ancl-

the ternlrere-r.tl.ires cluring .bh.e critica"l periotl of r:a.pi.iì, ffl_iii,
g?owrh irere not elicessive. l3ecetuse the soil moisture leveLs
::ena.ined. quite high ¿:Lno unflr.ictura'bin¿:, it seem,s i:ea.sonable

to e,sLqur:ire th¿:t i;he I or,* incideirce of blossorn-encl rot i^¡as d.u,e

ì:nore Lo envlronmenta-l cond.j.tions than to i;ny orî .Lhe -crea,r-

:nei'lt of ilar, l- cv su ø

Poor corr"elailons beiween the percentage of cracked

frui--bs and. i,i:.e calcium content r/iere obtained l,:,hen all .l;reat*

ments were 1nc1u.ded-, but when ttie high sali:nity (i!ãCl) treatments
i'rere oni.tted, goocl correlaiions l.fere found" {Taþle 1?), ,rire

disiuz'bing j.nfl-uence of the high saliirity trea.bments .i,ras

expected since ti:rese trea.tments had- been founcr to be Joy¡er

in ealclum content, yeb exhibited- l.ess crzcking ilran .bhe

oiher trea.'bments, lrn¡r correla¡ion i¡hicÌr incl-u.cleil a.fl trea.t,^

inents v¡ourli. then be i:ecessarily low,

llìhe irerceniarge of cr¿lci<ed, fniits ¿rrrcl the ca.r ciuin

coirten-r, l.;er.e si:.or,vn to be nega-tively :ind. sigirificanÌ;ly
correl-a.teC. r¡¡hen ihe high sa.linit¡r tz'eatnents î¡reï.e exclud-ed,"



1'ÁBLli 17, Cor¡el¿itioyrs trej;v,¡een toraa.io
a.nd" tìre calclum conbent"

Co¡:cari son

i/a"r,i'ioreË on iiybrid"

Percent of cr.a.cked.
fruibs Ys.Ce. content

Fercent of fruits
cra-ckecl. è ócm 

" 
vs 

"C¿¿ coni;ent

fåf,r', SÌ;a.rf ire

Perceni of cracked"
fruits vs.CÐ- co:rtent

Percent of fruits
cr"acked- å 6cin,vs,
Ca content

i.nclrid ed.

õ+.-^--J- ^õ¡, Ulilcrl-U Þi

a't 'l

iiinus i'laCl treatments

fruiü cracking

Àl I

I,iinus i.laCl treatmeni; s

4B

+'ç Signiflca.n'b at the
")Éì'i Significant a"t the

¡-or iioreton riybrid, the coefficient of oeierrilination (ro0rz)

ind.lcated bilat variatlon in l,he calclum conrent of th.e fruit
could account f or 69 "92 percent of ¿¡.ll observed vairiability
in the percenbage of cracked fruits, a,nd for 3l"BlL per.cent

of all- the observed verierbility in the ;c,ercentage of frults
cracked 6 cmn oir greate::" r'or siarfire, the coefficient of

d,eterrrina.tion for the percentage of cracked fruits and the
_.rcrna_,r'l-t c'c õþa¡,v¡ vç*vsõe -* åcked" 6 

";, 
of grea ber vs " the carciurn content

1.das ZLl"48 per.cent and. 66"98 percent, r€spectivel¡r,

ÁIt-,
irlin.lrs. lilaCl trea.tment s

i't'l

þiinus i'iaCl treatments

^l^ñ-/a-v @Lá / I. OJ
-0 *839l'* 69 ,92

-a "236 5.56

-a ,564x 3l "Bt+

I
.rc v,n¡rr-l- 'l arro'ìv *v Y v¿ o

-'ro-nna'n {- 'l or¡a1s !v v v! o

-0 
" 
150 2,25

-O,LV95++ Zl+.LtB

-o "z]"l+ l+ 
" 58

-0 " 
Blg,,cx 66 "gg



Sorne obvious concl-usions can be dr¿i.,¡n fro¡n the corre-

l-atioir d"aùa. The ìrerceìti¿--te of cracked fru.its ¿rnd- iheir
calciurn coi:tent seem to ìre el-osely r.elated v;kren rniidely

d-ifferent trea'bments a"re noi 1ncluded_ in the corlel¿.tion
val-u.es. rror toila.to va"rietisg lvhere the aa.in ty.ue of cr'¿.ck-

itrg is of the raC.iaL type, such as i'ior"eton l{ybrid, a corre*

la,¡iot betrneen the lrercentage of cr.a.cked frult vs" the cal-cium

content appea"rs more useful- than a correlation 'beti¡¡een tire

percentage of fruit cracked 6 cmn or greater vs. tite calcium

content. ilhe inltia.iion, tp,.ther than the leugth of fruit
cracks, seems to be related 'bo cal-ciun content. The reverse

situ¿,t1on. appee.r's true for ti:e variety Starf ire where corl-

ceniric cracking Tlred"oìïi.na.te s,

The GaCl2 folia-r spt'ãys lowerec']" the pii of ühe rlpe
-1¡rriJ. Ì:r -'l'l insl;aifCeS_ Of*^-^ -,:.-^ ¡3i ^^1..1-"lr' ^5¡^-ñ +.^2.t1I'UrJU, ¿11 e:II sr:Þus¿Ivuùå v¡ l¡UlI ¡ìJ-e-t-l_I-!. IUúllUI,V 9 UVçI' lr!I<

nf .r-ha ô^ir- .ì*o?-rl a rr-nailFtrrrêÄ tfea'Ument (Table 1B) " The a.ddi:v L¡ç vvuliJe:r ç.v¡v y,-L¡ÐrwJ c!ùv ç!

tion of l'ia.C} to the scil -'l_olvered the pi{, similar to bhe

sallnlty ef fects reported by ''"*inser et al- t95) "

4g

TABLE l-8, 'i'he effect of nranurial end iriaCl-
nien'bsand- B CaCL2 foli¿¡r spra.ys,
in co¡o-oin¿'tion, npon the pLI of
fruit 

"

ïreatment

Check
I'ianure
0 ,06I/i cacl2
ì'îarru.re+O 

" 
06Ì{ Ce.Cl2

Ii:a.Cl
.ùia"cl+0 

" 
06it ca.cl2

Ba'be of -+oollcation
Iija.nure

50, oo0

(a\ ô /an
)v gvvv

so il- treat-
alone and

ri*^ *. n*-.i-n
a J-f,U ç V v!L\!" tJv

ìraCl-

l0eooo
I n nnr\Åvrvvv

l+oreton
Iiy"orld Siarf ire

4 "3r a. 4.33 a.
L',,28 ab 4 ,3Q ab

PH

l+ 
^2'c n4^25 n

41 ,15 c
Ll "Lz c

l+,z? hc
4"26 c
t-/

4, 
" 
Ie¡ 0-

L, J5 ð_
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illossorn-end rot occurred_ in all trea'bments" lixcep'b

for a fei,i fruits from trea.tment r riirich deveropec the

d.isea.se late in the seÐ-eo-ri¡ al-l of the diseased- fru.rts
occurred i';iNhin a. period. of less tlna.n 2,, r,veek" 1.he nrajority
of these fru.its weighed, bet-r,;een J0 and 50 grrâ-nls€

i;ignif icant d-if ferences in the incidence of bl-ossom-end.

rot occuirred beiween some tr"eatments, r.vlth treatnent r hav-

in¿- the highest ¡lercenta.ge of j.nfected" fruiis a.nd- treatment

Vï the lovrest (Ta"ìr1e 19) , 'ihe stronger nutrient soLu.tioil

co.ncent::ations prod.uced" e. higher percentage of d_isea.sed,

fruits then tl:e l.ovrer coricentre.tions, while inc::e¿sing the

Ca:ï'!g ratio decreased. the incidence of the d_isea.se " lhese

resuits are similar in trend to research i.:reviously reported
(5,5Zr7Io75), but drr-'v;iirg airy definite concl-ursions frorn tiie

d-af¿a r,'rot.ll-cl- not be recom¡nend"ed. i:ecau.se of ihe hieh varia-b1l--

it¡' t,t¡t"h cccurred, (C"V, = 40 percent) 
"

The only trea.imen| whlch shov¡ed. significantly less

fru.j-i cracking r,tas the 1o','l co::centr¿;-ü j-on solutlon v;iiir
a 5zT ca.l-ciurn to nagnesiun ratio {Ta.bl-e 20).

The trena" of the results indica.tes tnat increp-slilg the

calcium concentra.tion of the nuirient solu.tion d-ecreases th.e

ser¡e:ciby of fru.il; cr'acicing i;Ìlile incL:easirr¿ the tota.l. nu.tr.ieni

solution incre¿rses tire serrerity oÍ cra.ckin¡;o ;tssuming that
a.ny trea.trnent which. increa.ses the ca.icium ccntent of the frui|

2A



1'¿\BI"Ët 19, The effect of varying Ca:tig
tion conceriir.ations upon tìre
blossom-end. rot n

Trea"f rnent

T

TI

ïïr
rV

VT

Concenbration in ne,/
llter of solution

ve'

(a\

)"V

l" )

l.l n

)"U

rÐ.tio s and solu*
occLlren.ce of

TÄBIfi 20, Uh.e effect of
s breirgbh u.pon
cracklng *

iis Bl-ossom-enct rot
(n

Za)

2^0

1,0

2"0

l_"0

inl n íì'i- -ncyr cj-r¡ 'l i {-a -a
Uv!:¿sVv* vrrÉ VLr IJ Uu¿

lgeaiqent .lquoles /liter -6---.---T[s

(l

r,)c,'nocv¡'l ç c;a nf¿ ur uv!trvrr,Õ\.

f
IT

ïif

IV

V

VI

42,63 a

29,13 a'il

21 44 ¡'l^'
JaõJJ *P

f0,10 cd

^ t.'¿+, tt 0c

7 "Q5 d

rrtr v'r¡i ¡r¡ /ìq .Tfnvs ¡r5
ihe scrror.i i:'i¡

37 "o

'1 R (

ra.b io s a.nd, s olui ion
of totna-fo fru.lt

)"U

JnU

lô ô

)"9

)sU

2,5

2"0

fr0

2n

1"0

T ^-^^.J-t^ -^^-^Jrellé UIl -pE.,Å-
Tomafo

2,0J4 a

! "746 a

2,024 a

Lq()w cL

I ^7tt,5 a

l_ ,0Bl_ b
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-f'{i11 inhibit cra.cking, the treno- reported was expectec.,

iilo| only should relabively irigher calclum l-evels in the

nutrient sol-ution relise the calcil¡.m cc:nient oÍ' the fru'.lt
(5r3+r52,7L) out a.lso 'Lhe ?iigher nu.tr,ient solution co:ncen-

trations v¡l-1.1 d.ec:r.,ease cal_clum upi,arke (3t+ r?L) .

?he cafciu.in content of tkre frr-llt fr.orn ,creatnents V and

VI r¡ith at ta-:l"lg ra"tio of 5:f ne,/Liier respeciivelye 11ras

I/a¡rìv signifi ngrn.l:'l rr'ì¡ir.-ho¡ ¡-tlrn .ac.,iô^-,.ì,r,vc¿J ùrÈ3r¡rr. rL;c"rtu¿J r¡¿e)!¿ur s ¿'tle ñlaglle slurn conbent of' thg

f'ruii ',,Ia.s reduced slgirlf 1cânt11r a,.s the ta_;¡'it ra.bio bjes

raised" and, a"s t;he solution conce.ntra-tion was lowez'ecl {Ta.b1e

2!) ,

l.l-BLE 2L, The effect of varying üa:.r.ig ra.tios and solu-
tion s'breng'bh upon the Ca. eind. I,ig content of
the f'r'u1ù 
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f ound to be nega.tively a.nd sigi.rif icantly correl¿:.ì;ed lvitlr

total cracLç. leng'bh per fruit" *oba.l ,r¿ìgnesiuin l^¡as not fou.nil

tc l¡e correl-¿''tec1 to cra.ckiirg. r,rariaticns in the ca"l-clu"n con*

tent of ihe fi'u1t could- ¿Lccouint for" a.pirroxina.tely 50 1:ercent

of ì;he o-þserved ve.ria.tion in biie severi.by of cr'a.crr;ií16,

l.aBLH 22. Correlations beivçee:: the Ca and r='ig content
and. cyecl,i length of th.e tornato

,a ¡.-'-., :¡-i -aø\/WI:lrUqI J- ÈVll

Ca confent of fr'uit
vs" cr¿:ck lene;th

1.,¡' co-nJ:eirt o-f' f'ruitI r¡i

'\rf:l e¡-n.e1"a I enr"üh

-:'¡')ï Si-¿nif ic;an'b ¿rt, 'i;ne 1 ; er'cent letrel 
"

Ileca"urse il:e calciun content via.s found, 'i;o be correla.ted-

wiih the severiiy of s1":,lcklng, niul'û1pJ-e a,:rcì. p;rrtial regress-

ion coeffici-^nts r,,íere cal-cul¿:lted to shov',r the effect of 'bire

varying calcium and. nagnesl-unl ¡:atios iir the nutrient solu-

tion u;oon tire cafcium content (':farbie 23) " The tlvo sol-ution

s'brengths irere considere d separâtel-y .

The hignl;,- sigrrif icaint multiple correla"'cion coefficlent

valures ind"icate thai the calcium coirtent of the frult was

r.el_aied_ to the coürbineil effect of .bìre calciu.n and. rr.ìagrlesiurn

coticen-bra.t;icr:s of -ihe nu.'brient neoium" ¡iince the ca.lcluil

a.nd na.g:lesiuin concen'ûraLions were not rand.o¡n, lo atternpt

was nade io d-eterline i.çliether or noi si¡,.nific¿int dlfferences

r

-0 "f Q7t'x'

-i-0.174

lOOr2
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exls-i;ed bebl'¡een them" i-jowever" rlecâ,L1se the rr¡rr value for
n.¡-lnirrr lrn-l rl'ì.- * -ì.r*. ^^.^-,1-^--.r- r."¡.' 14f¡1n6v'þlr:.,¡ ihâtLiL, ILiJL¿lU, r.iL'-L(-trÍlti !i:C:ð,rrcù,LLllll Liufri:trÇ)!!\J, l'iGÈ r.'.Jà-rlgl tJL!a.t! |

'flo'r, .nFr;npsium- holdi4- ca"l c''--- ---- -!^---L ¿ì11 'rF testrr liia.s*-c--- r --- * * ---c --.* .i I t/il-l UUl.iÞ t é-LtU e

coïld-Llcteci- io cieterniine if i;ire i.lp:** ion concentraticn in the

jrlrtrieni ijred,iLla Árives inforinabion alcout the calcium co:ntent
-l-JoÍ. i;he frrilt whi-ch hrâ¿q rlot given by tkle Ca" lon concelltre-

tion" The tt¡r testsir f'or both nir.irient sol-ution strettgths
r.Tê?aê hi <,'hl ¡r sr'ì r ir'ì í'i n¡rrì. i rrÃi ne'h-j -,rc' 'l-hat tne i,icl** ion co:i-L-v¡v¿ Ç ir¡èj,.¿rJ urËr¿¡r¡ ÅvLrrf,v t ¿r.ruJv?. vrLaÉ v!3ç- v ur¡u riÕ

centra.tion does influence tire ca].ciu.n conien'b of the fruit,

Sizrce trrtr i"rF-.s negative, i,he ef feet cí incr.'easing t?re rna.giileLriu.m

conceïltra.tlon. tiour:l-cl. ile to l-o=,¡er tkre ca.l-cium content of 'bhe

-P-¡r r i 'l-!LqJV@

'IABLii 23 
"

¿ l,

Trea,'bments

'Ihe l:esults of å. regression a.nelysis
the Ca(){1) and. Iig{Xe) conc.entra,tions
nutrient solution as the irrd.epen"denf
abl-es ¿i:nd tìre Ca cor:.tent of the frult
es 'bhe o e"'errd-ent varia-ble n

ïr:[J.rV

f-i, rYrYl

Iire preced-ii-rg resulis shoi,r 'l¿ta¿t the fruit ca.lclu"n l'ra"s

negatively coruelat€d, ';¡iti: the severlfy of crzrc!:ing" 3oth

the Ca-i* a.nd i,ig+* ionic concentra.bions of the nu.ùrieni

solu.tion influenced. the c¿Llciun content of the fru-it, the

'l;-:i -ie':rìfinrl:r* c1- l-l-r.. I -¡.a-¡no:r1- 'l arra"lu+Õ:¡r; rvu.r--w v- v v-ru a. i,,-, uL14u JU v vr 6
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Coef-iiv-12

Q 
"9L2+r++

n ,q] ?-;1-lív ovej

r,v ith
of tire
vari-

f .,-ì

o .827 5

^ /ô^^
u ô oÕuji

-o ,57 68

^o "4a -"3



<É.

calcium concenf ra bion ì:eing the Írosi irnportani " Prevlons

research. lend"s sui-r;rtort to ùhese resuilts; L-rickin,son and-

i'icûol-lum (1?) reported t.lna."c those treabments exhibitiirg

i,he inost severe cracki-ng hail the l-owest cå.lcium conient,

Increasing fhe calcium concentration of the nutrieni solu-

tion ire.s been found io lncrease the ca.lcium content of the
| ¿ 

^ 
l. /ê \fruit \5r34u52u57), There 1s evidence 'i;hat ralslng the

c¿ilcíun to magnesiurn ra.bio in the nut::ient solutj.on i.ncreases

ihe f ru.iL cal-cium, e specia.--ì-ly a"'b 1oi,'¡ solut ion c oncentrat ions
( É, 

"t:. 12 "r ì 
-.;hil-e increa"sirrg the io-ba.l nritrieni solu-bj.on\JtJ ¿ 2-'kt lLl

concentr¿.'uion tends io lower' 'i;he calcium conieni of 'bhe

rr'Lilr l /IJ 
"

Ihe high c¿ilcium to i:na.¿ilesium ratlo soluttions had ihe
I ^-.,^ ^.j-IU!'VC Þ U UJ.'J rlld. U t/(-l U'tJlr. U!3IIU, - ic\lltrJ-J LÀJ J f, Er c

from ihe lor,vest calciu-m to nagr'r.esitrn .r:a-iio trea,c'rtents

(ta¡le zLt),

T,aBL,Iì ZLl, îhe effect s'f lra.r,ying Ca.:itig r.a.iios and.
nutrlent sol-Lltion conc e:ôtr'¿',tions u-;;on the
percenti;ge dry rr¿:t'ter.
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t'"!"iionshil: between tne incicience of fr',-i1t c::acki::g and"

bl-o s soin*end. r o l; ancL j;he level of ca"lc ium nuirlt ion " fncrea s-

inL l-evels of sa-li-nlt¡' e.nd- irLagnesiuiit vieï'e fotrnd" to o-epress

ca,l-ciuär u^;:ta.ke, 'Ihis is si;tplror'iecl by the resear'ch of' otller'

r,,iorkers ( 5 rlL+ ,3j ,3lr u35 r!+3 ,l-t7 u 52 u|L u73) " i" sligiri re ductioir

in'i;he c¿Ll-ciurir content of the f::ult d,ue to hlgirer ll-e.¡els of

nhos.-rhort)s ¿ind ¡rntass-'ì r:¡r i s inCl j.Ceied end- -¡rer¡iOUS re See:'Ch
iitl.L/PirLv¿ ØtJ ¡-'vvqr ùL

alsc sr-r¡.;.¡rorts iiris findin¡r (5rl-0 51_?. el.5 r35 u49 u67 r68 r76183),

!hc' so11 useö- in tirese e:r-¡-'e rir,tents inias a.l-](el-lne in

re ¿rc.biOn ¡ind non-s¿¿.1-ine, The c1a¡' 1¿r.ttiCe S ir"tlCtt.l::e v'ra'S

neinJ-¡r montnorll-l-oniiic '.tith a.n -oxcl:an¡;eable Ca: i''ig brrse

sa.bLlr2rtj.on ln r,rill.ieclr-ti"tralents of ¿ipproxirnately l:1" '),lhile

the soll co::.tainecr. åirproximately 23 ne" of ce'.Icir;¡i:r! r:er 100

gra-ns as well es soirûe free calciuin cäri:o:nates, the ila-g:i1esium

corrtent tqár-s equa:"ll)/ a.S high., Th.e niâgnesiun co;itent of 'bhe

sllbsoi.1- riay be even rela.iiirely Ìrigirer. fn l'i.o instanee the¡

cloes ihe 1:ercent j:ase satur¿Ltion lvi tlr ca.l cit.l¡n exceecl 50 l.-er'*

ceni" ii'he exchangsa'ble 1-'otassiurn conteni was :i-or"lnd' to be

h-igir ?;.ttð- 2- co-ilsicieT'aD1e cr-i':rn'bi-t¡r of iilxe<1 a'n'mo:niunr rna'y har¡e

.oee.n ltr.esent as r'¡elf, Ili::i¡ar: {3q) r"eported. s.n average of

oî¡er li. rle. o-í f ixed, :'-ni:iro:riuin pe:: 100 ,grarns of -"oil in sorie

S¿j-.rk¿:irche-r\la.n aTe"ii,g |iiti't rh.e heavier ,SOilS cor:t¿ril,li;lg -che

,ilos'u f ixed- å-m;lotiluliir " i3Or-rle of the SOiiS i-iinr:e.n te sted- l'iere

s j-n:11¿ir io i"it?.i u.seil i::. tr'l eSe eXller'lL¡len l,s , the 1:redoi:lirtai;e

cl-a¡i ni.nera"ls bei-n¿ ncil'b',lo:îi.11o:nite and- i-111te"

Ä revie,¡ of tTre t?lree exlrerimer.ts siior,ls ¿l cl-ose



Tbe c?rara"cteristi.cs citec.i i-rl. i-,he pr-ecedi-i'rg lerrag::a1:h

ìrive bee n re .r:orteC previoL,,:ly i: r; inhi'lriiing c¿.1-ciun rel-e ¿¡.se

í::om tne b¿ise-exclier.¡19*.r;rsi;eie cf -bÌ:e soil ¿r,nd. uptirke oi:

i;r'ar:sl-oca"tion b¿i ihe p]-ir¡.¡, Caiciu.¡n ::el-ease lrc;n raorrti-no::il-1o*

:lii,ic soil-S Ì1Ð.s been founcl 'l;o be c-l.epressed iJy i¡cre t:sing t?re

::¿,¿r-e s.iui¡ s¿-iu¡-a.t j-on (+l+ 
þ 59 u6A't , 'o.y :ï¡cr.ea..qlng tir.e etrtìroniulì

sa.ti.t::¿ition il4'11') , .-,nd by inc'ep.siirg tÌre Þo';a,ssiLim sa'i;u::ation

(.60) " i,r'Ìrenever: the câ.1-ciLlm f;Ð"iu.r:;;.t,ion of rnontmorill-onitic

soil,s r¡r¿;.s less t:nan f0 perceirt, 'ri-.e erergy of a.bsor';ol,io:r

¡'? n r'r a -ì rr-.r lrr¡ tha nr r,rr iiÌrr q ,^r ri i -he hi .¡ lr . r"ela.'b irre to bh-e,"J v¿ _J .44+v,.. r.\¿¿r:9

other cl:t¡r iypes (55), I;/orl, Buckman ¿inrf ôra.dy {5Ð suggest

'bh¡:t in c¿:.ses vlirere the ci'oc LLa"s a h.igh c¿r.Iciu.TÌl rer¡,",:.irenetrt u

pe.t"v of i;he ,5oi1 shou.ll-C. 1't¿;.r"¡e -ì;-'t-rr'u:{-ina.te1;v e,i p0 1:iercent ba"se

s¿-iiura.tion iiith c¿rlcluiin, ilhe rel-ease of ca.-l cium ha.$ been

obse::vec. to be lot'¡est -'Ln cro¡r'cmor'i-l-lonitic solls while

la.Ai]esiu.ia release was .bhe highest {59) anrl u thr.rs, ihe mÞ,9-

nesiurn na.y e:ihj.l:it an antagonistic effect upoil calciLllil

ç,-^¡ni--nr,--1 nn (., < iJ? ì i-tì oh .rOtaSS j-Un 1er,"el-S üâ¡r inlf ibit C¿' l--
r! ¡,¿v¿i \JJt 'J I a

ciurn up'bake ¿rs irel-l t5rt5u35rLVgr/o7ø68u76), as inight Ûhe

aninonj-um coir.cerlbr¿:iion (t-3,35rBB¡,

liecause of .bhe i-npor"ta.nce of calci.un i:r the preven.bion

of fruit cracis.ing a.rtd blossorn*erid ::ot, the soil en¿'ractet*

is'üics cited, suicir as the non'çinorlllonític clay l-atiice

Structure , tiie lolt *ije rcentaEe of ce-lci.tlin Sa¡i-lra-iion, ald

-i;he hign I evels of rnagiresinlä irnd. po'reis-*ium probaÌ:l-y col'1*

JI



u:"i cr-rle '!c ii:-' high 1*ciôe::ce of tì:ese -:it¡'siciogica-l
d i soraei=s,

'Ihe rel-a'bi rel-y ioi'¡ cario:n exchat ¡7e cir t:rt.olrJ¡ r'e¡,:'crted-

for ioÍri¿ì.io i:la.r:t roots {20) is ¡:r"obabl¿" ci:"ibe in;¡or"ba;-¡:t

s ince ii"le coitceiitra.çiorr cf ;ire lnc;no¡,.ûtlettj; c;.rrof:s "i,\íEi,s *i8h ,

eSl:eCj.¿'Iiy U.nncnii.¡.,1 :---rrid i-,OiaSsii-:-in, r,,ii.d"eZ'¡ìleSe CoztditiCnsu

calciu.:it ion absor:;tio.rr he.s beeä repcrted, 'Ûo be l-o"'c i1'?i "

i,u.l.ci:el-irtoitO, ûsrconð, i66) rei:oriec- ¡i:.eii; c-:l¡:il-erl'b ce"t ior:

"- r-1-^ -':---'i-ì^¡ Loir¿;.ro I'co'ts u"rr;s s¿:.tilr¿Lted. ai ¡'el¿riively -iol'r
LdL'l/¿;i'!cj JJ ui¿ú

conce ¡.'Lra.f i orrs n ThU.s, tleepi,rg ihe l-evel-s of üollova'1Êni:

rr,ì'h'i ñi. s sne.'l' ais :otassiu.t Ð.nd. t:niironi-u¡n u a.nð- oiv¿'len¡ulr vav-irL 9 ) -- _

ca.LiCns, SUci:. as ì'û¿j,Eneeiuill, Iox, ;,¡ouId, a1fpe¿rr io f'¿iciiifate

C¿ilciu.ir: Ui-'bake, 'lrhe nigh ¿nciC,enCe of bonr¡-;tc frui¡ CTrs'c"r'

i.ng anC Ol-oSSoî:-ena r'oi OÌ¡serVea irll-;e ¿:1-S ¡O k¡e d"Ue prillltrily

to i;iie 1c'¡; a.i/ai}:rbil-iiy of c¿iciuiß to ll:e p3-:lni roots ca'used"

i:y ihe cl-o,¡. si::u-c'iure of ihe so1-l-, lríLd 'parf'icuJ-urri-y tl:e l-ow

1;ercelia.ge sr.iu:ra.iion of the base excliange i';iih ce.lciun*

,{ig-n 1er¡el-s of n¿.aliesiuinu lcotassiu.n, ana lroSSibly e-rmnonium,

.)-^?1à-n^¡+- 'l:r -ñ,n"b1" ibf,l.¡e iC ine lgtf Ce.iCiUrn fel-eese " SOil
=. r)'.)ci.L çl:UIJ v'Ji

^^ "l i -¡.! r .,ì:icl -L¿¿¿¿rrJ vr 1rä c.oes rrot aÐpe8ir ic b'e a i)¡'obl e'rn, a'lLhcugh

tne high "cä m:l;r ii3 u.p sone c:il-ciutn as insolubie phosphate

coict:ou.nd.S n l;io1s'bi-¿;:e level-s and- teitpeï'e'i;i.lre inây iiar¡e a'

secoiroai';,' ef :lecÙ, sui cl-o noi seen to j:e cf prinar"y inccrtl;.n0e"

Ilre soil- siruc¡ur"e ain'1 ine r"elp:.ri'ue .cercenuages oí batss

Saf Ura-';lo¡t C¡n nOt be eCOriOnliCr¡.--l-i "v alie::eC." jtrny COnlrOL

:oea.Süres for cz'àciti;lg a.nd- licssotl-enü ro ç on Scils siit:11-¿"r'
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'ûc trc¡ usecl" in ;ìLeSe ê,-"oeri;nentg in;ouLl-d- inr¡oh¡e e,!:i1yin8;

..r,ìrÌìr-.-r ÊrrÊlli,,:ii^7 c,älciut,t ¡o iire frLiit .cy a, íol-iar slll'¿:y o--v -'- d

I'his ,spta.i,¡ shoulc- be apir]_reo. cirec'ily rc rhe íruit -Deca.lise

of the iuülobl-ì-ii¡i oÍ' ca-Icii-iltl;o j:r l--ed-uciion in yieJ-d- may

oGcl,lT' es:oeclaJ-iy if a veT'i¡ co:ricentr';il=d' spr'åìy 1s used- n

Tire use o:.' ierzli-izers con¡¿inini: e?;c€Ssi¡¡e ¿rnouaiS Of

a-:nirronice.i- niirogei:, phosphor"u"s ::.t:cl .po-r,assiun snould be

a.voiciec,

illhe red-ucticn ir: ori:cxir:.g zl"ni 'o.l-ossora-end. rot atir'¿*

b,,l"i;ect to b?re ûã.Cl- 2 iatrac si-rrâtys i',te*q ct; s¡p.cointrng¡ com,cãred-

bc ;he resulf s 1"-'-co:.'¡ec -o¡l 
*;,re víotls i',o;'ile rs i 26 o3*) "

Li-o ¡iinsor'i ar:C. i LcColiun ( 1? ) observed Ð. r¡e lrl' s iF-:ri f lcar:f

red,ucùion in 'bhe severll¡' o-f inO-u¿ced cr'a.cl;ing oi' ihose

i'ruits ;,;i.,icil ï'ecei¡¡c.d ¿. t,Cilil CaC)-2 f'oli¿rr SP,i:'¿ìy, rela"i1r¡e

to 'bl.ie checx, Sinciair :;nc Bror,';lt î?9) r'ei:oried \rery

rs ignií1caüi recì-t,.ci1or:s in -bne inci ci"eilce o:' irl-ossom-.e nd-

r.ot u-qingì ¿:. û"051'i Ca.CL2 foliai' SpreJ¡, Tile loT'teT' Soil

¡e;Tpeï.¿r,tlireS f cund irr irianiuooa soils .¡'e1aii¡¡e tc ¡hose

in tne e¡':.siern U.S.-t'i" mey l-ra-r¡e al-fected- the resul-ts of

i;hese elipeÍ'irrents " ]rh1i1-ios (69) rei;cried an inc::eas"ing

TaT,e of a.Osorpì;icn of icl-iar a.i¡pliect r¿rclicca.l-ciu.m as ;he

,.oc'ü ¡s:Lleie.tu.J'es viere irc;'e¡;se'J. Íron ?oC ¡o Z4oC, ;;hil-e

¿'.ir, ¡e ìuüerEi i,Uz'e S 'ir,te í'e f olinn io be nugii l-e sS ef f eciiVe "

,3u.r'::1ng o,' îíl€ iear¡eS ',,içh C-C!2 sol-;-iions 0.Û4i'; of S'trcnger

ìr¡r.s bee.n re.üoried. /r3?r¿8) but tais','Ja.s ilci obsel'ved-á eveJ:"

e.t, ¿r raie of t,0ói{" Pei'ìtaps Lligher- ccilcenNra.tions and Ïoz'e



frecuent ap¡:iicaticns oculd-

conLvcl " Dif f e:'ent cerriers

'na crn- ,'ì nrr¡ rlvu vlrv+vJ, vu

iüay â.lsc be

OU

üo effec'b rûore

jiìcre ef f eci ive "





?he use cf ca.l-ciun cjr.iorinr'¡ fol-iar s!re.,rrs :Jrovj.C.ed-

sorire conirol- of- -Lcn;e"fo frl,.iu cra.cìiln¿' aird Ìrlossom-end, r"oi"

Iir L9'65 r,.ce s!.rt.ys aifordeC a, r'esuc'bicn iu i;ne se¡¡€r"ir;r s¡

i;'boi'a"i;ory ind-u"ceô crackingl -oi,rt :iro ::ed.uccion i;r the i-r:ci-

cer:ce oí f ieio cra.ciring t,r;eis ::ecord,ed. À d"ecr'ease ir:' the

j-ncid-ence of co¡h z'acj-lal and concer:i:'ic ficl-o arit.cìcing was

obtainec- in 19óó" Ëe¡i,er resr"llts were recoriled in t?rat yeer

pro-ca'bly bec¿.use ihe nu-rabeÍ of spra.y apr;l-icat¿o:ls "r'rei'e

i-.ncrea.sed- r"r'or:r ó io 8 ar:cr ti:e calciuæ chloric.e concentra.*

ticn i,ras raised" frorn 0,04lui to ü.061'1, 1-he sp;.c.¡rs l-o',rer.ed-

StI'il'iAäY,ii.iii üül{ClU.SIOIf;S

ihe iäcid-ence cí olossom-end- :r'ou in l-]6j aed., rthi}-e no Í'r=uii

i,¡here il:iec¡eC. in 1966u the aiíference .i,'ias nct s*,9:r-if:-ce"nt"

The i¿.clt a! a s¡ablsticerlly s1¡niÍica:.ri; con";z'oi in i9'óó'¡as au:e to

ihe l-o',^¡ incioence oi ¡he <i,i sease in al-i 'b::e e;tne:rts, i:robabl-y

bec¿iuse of ¡iie hlgh soil noisture ievel-s ;,;hich 1:r'eirriilea :i:roììEn*

out i;he enti:'e seÐ.so:ír" +. slighi o-:'op in yieid ¿.nc fru.ii size

','rÊ.s recoi'i.ed. on bhe sÐr'e../ tre¿:trnenis l¡u¡ ti:ese red.ucf ions

r"iere not slgni;'ica.i:t. Cals¿u¡n chloriåe spr"e.ys appear to of fe:'

a, Ìaezlns of reo,u.cing tce incic¡.ence an.J se'rerity oÍ'fru.it craek-
i - ¡- ñ-¡.¡ -^r ¡ ^-^; -n ! -^'ì+ 'nôþ/r j,r-áôrììì -t¡E ¿;frÕ- CO:Ceg:ff f¿:.'Ledrl-rFi ú--tiu UIUÈÞU:l;-tjJ--lL¿ J- V u ¡ U\'l\J ,l:\J¡ ç l: gUu-ç.

dr.-ãDr¡,- ^'^nr,'l Ä '-,c-nlrÊ¡rq 'no tr".r e d iC a.íf O::d. lifC::eaSed- nf.OteCÐ*ù!rf c.J ù È:IvU.a¡J- r/Ë¿ l!c!Uù Uç UJ :çu Jv Ç.:-vt J.

ion"
j,io d"iffei:ences in ihe incid"eace of torr:ato í::uib cre-,ck-

ing zlna blosson-enci- i'cr t¡icre iecoriled in L965 -,'¡hen Ð.TL a.ïbempt

nas rrìad-e to inci'ease -i;he scil sel-irllry c]' ;he e.c.cl-:-cation oí

OI



Lt?B poundis peï' ecre oÍ' sod.ir.¿ril cnl-srid.e oT 3261 pcvn6s per

ac:,:e oi sociun strl-íate, }i :-966, soqiu:n chlo::id"e applied

¿r"i l-Cr00rJ pouniis ceï' acre cÐ,l¿seû sone si-gin-if ica"r:t red-Licilons

in íruit cr.aciting ccrrl:e,reci 'l,c ihe checit, ì:u.t dii" noi affect

ine inclC,ence cf blosson:-end- r'ot' Taese ¿ìtte,rpts e't increas*

ing the soil se.l-liLiiy i$ero :.el-a'bively u.nsLictessful in bo'bh.

yeaf'S" tn 1965 r,ne sal-ü Kas a"p.cliea a.ftey the pl-an|g lTere

estab]ished. and. d.iC- noi í]el^reEràuve fa.r errougn in¡o the Scil

tc aífect ùhe 1:le;nis, In L966 Lhe salt l','a"s ap¡Iiea ,c::ior

ïo Ni.eilsr:,1a.ntin¿ ¿ttÔ. Ou.e ì;o hlgh irreci!-'itation e-nd ex¡reme

'berupera-tur€S 1räied.ia.iel¡. folio1¿'ringl, a nla¡xroer of pla.ntS liei'€

¡:íl-ie o er:d. OtiterS i,'¡e 1.€ SeE -Ca.Cl.r 
Se\,"e tle};r" iJI.v- atlenpi; tO

i,ra.'ç,¡ def inite conclusions a-oou.b tire ef jlec| of sa'l inlty tipoÊ

cr¿Lciiing ¿i.1tJ- bioSSon-end- rol ¿iI'ð ih"ereÍ'ore not recoicnend-ed.'

The iiiatrurial ¡ï'et"tírìenf; i';l:ich ',nla.s acld-ed in 1966 pÏ"o*

C.uceci- a co:L:sis'Len'i1y higher incidence a,nd severiiJ aî îruIi

cracliin¿ tnzn Lne check ire¿"ine:ri in ooth ve.r'ieties tesiec,

a.iihor-i1ah. the iüei'easeS þIere si.Snificani for only oT1e con-

parri ssn" this inere¿lse IeåS ai;îributed- to the nigi:er soil

{iør¡t i I I i:r¡ I crreIS Ct-ee.bed, * t)jO dif f ereneeS ir: fhe OCCUrã.1LCe: e¡ v+ÁÅ yJ

of cicssotil-end" rci i^rere ::ecord-ed"

In expe::rqient I1I, ine:'e¿.sing :te Caiciç.m concentT'a--

rioti cr' 'bhe nu.'brienN Soli,:iion uas foun',i ¡o d.ecrease .ihe

incid"er:ce o'f blosso¡:-end roi e,nd fiee Se\reÏ'ity oí cl:a'cKilLge

|he uifferences being sig:nifrcr-.ni for Êcnle cc:ti:'arisonË"



f,ecr"e¿rsing ti:e l:agnesiun coneen-bratj-an naõ, a sinS-lar,

'bnour.:h less tcronounced ef fect"

.åcal:¡sis of ¡he fru-it íron dxperinects IT a.nð- I,¡.r

revealed taai i?re cal-cir,:.i:o ccnl,eni of ihe fruit r'"{a's nega-

f.ir;-,=i¡¡ rTorr.e-lated. ¡lith Lhe inCið"enoe ani" SÈT,reÏ" ity Of AXZC?*u ¿ v u ¿J

i:rrg,: ',tni1e iÌlagjlesiuut ',';a-s :1o1. In e:<lreriment fI, tì:e calcium

chlor"ide foij.ar sÐra¡r5 increase$ ti:e ca,l-ciun content of Ùlie

f¡.uii ¡,r-hile the ì:igh saltnity treatälen'b sì-ig}:tiy :=ed"uced" tire

c¿,Iciu;n conierl'b. itlr.e na-nuri¿:'] 'brea-'bments ap;oearei" Lo iiave

E depressing efíecr upon üiie cal-clLlfil con-bent' Higher

co¡:centra.tions of ca.lciun 1n tire nu-f;r:.eni sol'¿tion increaÐed-

ihe fru-ib ca.-l ciu.in in erçe:'inent llip itnils raising ïÌre toÈa"?

sciuurcn concentra.Ni-cr:. 2-fol-ct red-uoed the calciun co¡:teni

slighÌ;iy" 'ihe na.grìesiun coircen.ir¡-:-tio:r ol' tlle nutrient

scluti on ,.,ras 1et'alively co:'::el-abeÕ. '¡;ith frui-Ë ca'Iciun but

i^tÊ.s of l-ess iil¡-rc¡¡3-ta"* tr'-ar: inc= ca'Aciu.n concentr¿-tion"

In expei'ineni If , coyicen'bric creickirrg .creOomina¡e d,

or:. lhe cleteri^linanr var'1e'by, St:;.i:f i.reu i¡,lhil-e ra.ois.i- c:'acxlng

t'ías ik¿e rionina¡'ri t;'rpe on tiie ii:ceierninant 't¡e.r'ieij', i'ioreic::

liyrc¡id." Ine seyeriij" u ra.Lher than tire ipcidence cf concen'-

t::ic cre.clling, p,roou.ceC. a ni¿ì:er ccrrel-aiicn ;'+ith fru.j-ï

ca.l-ciun, Con";e:'se1¡', tne 1.*cid,enoe of re-d.ia"l oraCHilige

ta.-uneT tir¿tn ¡i:e Severiby, !ã-Ve F,.. hì-g'.rer Coryel¿tion l'¡ifk;.

i;he calciun ccnì;eni cf iite fruit"

Íihe hign incidence cí f,i:uiî cre.c.{i-:{I,E ¿ind lciosson-ead i'ct
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tìrar occur-q Und-er iocel concilions i-s corlsirlereC ïo be

ctu-e io fac¡or"s o'iirrch crepsess tI:e unta¡ie oí ca.iciu.lti J'r'orn

the soiI" The nüSI i:r;cO;'tani r'a.C-r,Or'Ëq ¿rìJl-)ea'r 'UO -Ce ii:'e Clã"Y

Ia"iÌice sr¡,ucture of tne L,oil-, rel-Fj.i;ii/-'^ly high l-eveis of

,octassiUra :rnC na.gnesiutn satu.ra-iion o't1 ihe base Êl'chånqe

a,nd. the sUbse ,1uenr 1ov; IlerC eYtTe&e sair-.lraticn of câ"IciUät"

Si::ce soils våÍ'J¡ col-ì-sicera'bl;' viithin the F'r'crrince of

r,1--¡ifn¡e {-1"nss SoilS v;it}t *une highesÙ Satliraiion of ca.I*
f.lrjl_L UL] üci_, Urr¡Jl

cium on ¡nÊ'oase excha.n6le nay-be iire þest su.ifed fcr toua'to

liiro,J.UctiOn" i.eS¡-;l-ts oÍ' tir:-S r.ese¿¡rch inCicate TIÊ''E if

t;ould. oe a"i ¡¡ant=ip-reous i'o Ï i'i.'i:rritoi:a ËT't"\'el's -r'c l--'ro-"icle

suprllelrenl;al Cäiciuiû io ;onaio i:lanì;S by -L:3âl1s of í)'

c¿l-c1u¡l Í'clis,r. s.cra']r"
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